
Clays and Clay Minerals, Vol. 29, No. 4, 277-284, 1981. 

COMPOSITION AND ORIGIN OF SMECTITE IN SOILS 
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Abstract--The sand and silt fractions of soils derived from Tertiary basalt in northeastern Ireland exhibit 
unusually high cation-exchange capacities. Smectite was identified by X-ray powder diffraction in all size 
fractions and was selectively dissolved by treatment with 1 N HCI and 0.5 N NaOH. Structural formulae, 
based on chemical analysis of the dissolved material, suggest that the smectite is intermediate in compo- 
sition between a di- and a trioctahedral mineral and that the octahedral cation occupancy, together with 
the numbers of Mg and Fe atoms per unit cell, decreases with decrease in particle size of the soil fraction 
examined. The mean formula for the smectite in the clay separates is: M§ 
Fe3+0.4,Mgo.s2)O,0(OH)v Similar analysis of smectite present in clay-size material separated from weath- 
ered basalt rock taken from the bases of the soil profiles showed that it had close to the full trioctahedral 
occupancy. It is suggested that the soil smectite is a weathering product of the trioctahedrai smectite in- 
herited from the weathered basalt. 
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INTRODUCTION 

Tertiary basalts cover an area of approximately 4000 
km z in northeastern Ireland. The lava pile is built of 
many successive flows and varies in thickness from 100 
to perhaps 1000 m, but its original thickness or the 
length of time required for its emplacement are un- 
known (Charlesworth, 1963). Mineral transformations 
probably took place between successive outpourings 
of lava and where water-saturated flows were buried 
beneath fresh lava (Charlesworth, 1963). According to 
Patterson (1955), the most abundant minerals in the 
basalts are labradorite, augite, and olivine. Smith (1957) 
identified vermiculite and kaolinite in apparently un- 
weathered rock. He considered that the vermiculite 
was an alteration product of olivine and that the ka- 
olinite was secondary to labradorite. Walker (1960) 
identified saponite throughout 800 m of basalt inter- 
sected by the Langford Lodge borehole. These occur- 
rences indicate that the saponite formed prior to pres- 
ent-day weathering of the lavas. 

The area is covered by glacial drift, generally of local 
origin. Most of the soils are classified as brown earths 
(Brown, 1954) and are characterized by high levels of 
extractable Fe and AI, high phosphate retention (Evans 
and Smillie, 1976), large cation-exchange capacities 
(CEC) and, commonly, high amounts of exchangeable 
Mg (McConaghy and McAleese, 1957). The sand and 
silt fractions contribute substantially to the total soil 
CEC (McAleese and McConaghy, 1957). The clay min- 
eral composition has been reported to be vermiculitic 
(Smith, 1957) and to vary from kaolinitic to montmo- 
rillonitic to vermiculitic (McAleese and Mitchell, 1958). 

The purpose of this paper is to show that a smectite 
mineral, inherited from the parent rock, is responsible 

Copyright �9 1981, The Clay Minerals Society 

for the high CECs of the soils and the soil separates and 
to discuss changes in its chemical composition during 
pedogenesis. 

MATERIALS AND METHODS 

Samples from two soil profiles derived from basaltic till at 
Woodburn and Upper Woodburn, County Antrim, Northern 
Ireland, were analyzed. The Woodhurn profile showed some 
mottling in the B horizons, indicative of drainage impedence, 
whereas the Upper Woodburn profile appeared to be freely 
drained. Some properties of these soils are given in Table 1. 
Sand, silt, and clay fractions were separated by the usual siev- 
ing and sedimentation procedures following dispersion of the 
soils using a Rapidis 150 ultrasonic vibrator, according to the 
method of Genrich and Bremner (1972). After destruction of 
organic matter (OM) by H202 treatment, the separates were 
Ca-saturated, washed free of excess salt, and dried. Clay sam- 
ples were also separated from fragments of weathered basalt 
by first crushing them in a mortar and then dispersing them 
ultrasonically. 

Free Fe and AI in the size fractions were extracted using 
dithionite-citrate-bicarbonate (DCB) (Mehra and Jackson, 
I960). Noncrystalline material was dissolved by boiling DCB- 
treated samples in 0.5 N NaOH (Hashimoto and Jackson, 
1960). The Fe released by this treatment was extracted by an 
additional DCB treatment. CEC was determined on deferrat- 
ed, NaOH-treated samples using a BaCI~ solution buffered at 
pH 8.2 with triethanolamine. Potassium fixation was estimated 
by the method of Alexiades and Jackson (1965). Removal of 
interlayer AI was attempted on selected samples using the se- 
quentiai sodium citrate extraction procedure of Frink (1965). 

X-ray powder diffraction (XRD) analysis was carried out on 
deferrated, NaOH-treated samples of the sands, silts, and 
clays using a Philips X-ray diffractometer and Ni-filtered 
CuKet radiation at 40 kV and 20 ma. The sands were prepared 
as random powders, whereas the silts were sedimented onto 
glass slides. The clays were divided into coarse (2-0.2 tzm) and 
fine (<0.2 t~m) fractions by centrifugation. Subsamples were 
saturated with K + and Mg 2+, pipetted onto glass slides, and air 
dried. The K-saturated samples were also heated at 300 ~ and 
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Table 1. Some properties of the soils containing smectite. 

Depth CEC Base sat, Organic matter Sand 2 Silt Clay 
Horizon (em) pH (meq/100 g) (%) (%) (%) (%) (%) 

Woodburn ~ 
Al l  0-20 6.13 58.3 52.6 9.25 21.8 (38.4) 42.9 (36.1) 35.3 (60.5) 
AI2 20-35 5.56 53.0 39.5 5.61 17.3 (36.0) 42.6 (34.2) 41.1 (63.1) 
B2 35-65 5.78 54.3 18.3 4.15 22.3 (55.5) 55.7 (46.0) 22.0 (67.3) 
B3/C 65+ 5.92 54.7 64.2 1.00 20.8 (54.87) 51.5 (46.8) 27.7 (65.7) 

Upper Woodburn 1 
Al l  0-20 6.00 62.9 36.4 10.51 19.8 (35.9) 48.3 (40.7) 31.9 (64.3) 
A12 20-35 5.62 60.4 25.3 8.88 18.4 (36.7) 46.3 (40.3) 35.3 (67.3) 
B2 35-65 5.70 57.6 16.1 5.35 26.4 (47.0) 49.9 (41.6) 23.7 (71.6) 
C 65+ 5.55 54.7 44.5 0.98 18.1 (54.0) 46.8 (56.7) 35.1 (69.9) 

Both soils are classified as Dystric Eutrocrepts. 
Sand = 2 mm--50 tzm; silt = 50-2 ~m; clay = <2/zm. 

Numbers in parentheses are CEC values (in meq/100 g) for deferrated, NaOH-treated samples of corresponding particle 
size separate. 

550~ in a muffle furnace for 2 hr. A Mg-giycerol sample was 
prepared by suspending a Mg-saturated sample in 1 ml of 10% 
glycerol in water. Differential thermal analysis (DTA) was per- 
formed on samples of clay (<2/zm, Ca-saturated), equilibrated 
for at least 4 days in a desiccator over a saturated Mg(NOa)2 
solution, using a Stanton-Redcroft 673-4 instrument at a heat- 
ing rate of 20~ in a nitrogen atmosphere. A1203 was used 
as reference. 

Acid dissolution of samples, previously treated with DCB 
and NaOH to remove free oxides and amorphous silicates, 
was carried out by digesting 100 mg of sample (Ba-saturated) 
in 50 ml of 1 N HCI on a water bath at 80~ for 24 hr. The 
residues were washed with 25 ml of 1 N HCI. The wash so- 
lutions were combined with the supernatants and brought up 
to volume. The residues were treated with boiling 0.5 N NaOH 
for 2.5 rain. Si and Fe 2+ in the extracts were determined col- 
orimetrically (Pruden and King, 1969). AI, total Fe, Mg, Ca, 
K, and Na were determined by atomic absorption spectros- 
copy. The effect of time on acid dissolution of selected silts 
was assessed by subjecting the samples to acid treatment for 
from 2 to 45 hr. The residues were boiled in 0.5 N NaOH as 
before. 

RESULTS AND DISCUSSION 

Properties of the soils 

The CECs of the soil samples were quite high (Table 
1). The values were relatively uniform within the pro- 
files, despite the decrease in organic matter with depth. 
Ca was the dominant exchangeable cation, but ex- 

changeable Mg was also high, reaching 15.6 meq/100 g 
(data not shown) for the B3/C horizon of the Woodburn 
profile. The ultrasonic vibration procedure produced 
more 'clay'  (31.5%), on average, than the conventional 
'Calgon' method (25.8%). McAleese (1954) attributed 
the abnormally high CECs of the coarse fractions of 
similar soils to the presence of composite grains which, 
even after repeated reduction with sodium hydrosul- 
phite followed by shaking with ammonium hydroxide, 
did not disperse. In the present study, microscopic ex- 
amination of sand fractions confirmed the presence of 
composite grains containing phyUosilicate material. 
Walker's (1960) observation that saponite occurs at all 
depths in the basalt at Langford Lodge suggests that the 
composite grains are rock fragments and that the ma- 
terials composing them are alteration products of the 
.primary basalt minerals. Some of these materials are 
undoubtably clay size, but because their aggregation is 
geologic rather than pedologic, their complete disper- 
sion, even if it could be achieved, would not be appro- 
priate for the characterization of soil texture. 

Properties of the particle size separates 

The sand, silt, and clay separates contained large 
amounts of DCB-extractable Fe and A1 and substantial 

Table 2. Extractable Fe, A1, and Si in particle size separates. 

Extractant Sand 
and component 

extracted t Mean Range 

Silt Clay 

Mean Range Mean Range 

DCB FezOa (%) 6.1 3.6-8.5 4.5 3.%5.7 5.7 3.6-8.1 
DCB AlzOa (%) 1.8 0.9-3.2 1.9 0.8-3.4 3.8 1.3-6.6 
NaOH A12Oa (%) 2.7 1.5--4.6 3.2 1.6--4.9 7.4 5.7-10.1 
NaOH SiOz (%) 4.5 3.0-5.7 8.8 5.9-13.7 11.1 8.8-14.3 
DCB FezOa (%)2 0.7 0.5-0.8 0.6 0.5-0.7 0.7 0.5-0.9 
DCB AlzOs (%)z 0.2 0.1-0.3 0.2 0.1-0.4 0.4 0.3-0.6 

1 Separates were sequentially treated with dithionite-citrate-bicarbonate (DCB), 0.5 N NaOH, and again with DCB. 
Amounts extracted from the samples after NaOH treatment. 
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Figure 1. X-ray powder diffractograms for clays (DCB and 
NaOH treated) from Upper Woodburn A12: (a) coarse clay 
(2-0.2 ttm), Mg-saturated, (b) fine clay (<0.2 #m), Mg-satu- 
rated, (c) fine clay, K-saturated and heated at 300~ (d) fine 
clay, K-saturated and heated at 550~ (e) fine clay, Mg/glyc- 
erol, and (f) acid residue of clay (<2/~m), Mg-saturated. 

quantities of noncrystalline aluminosilicates, as defined 
by the Hashimoto and Jackson (1960) dissolution pro- 
cedure (Table 2). The CEC data (Table 1) show, how- 
ever, that the crystalline fraction is the main source of 
negative charge in the samples. A member of the smec- 
rite group was the dominant mineral in both fine and 
coarse clays (Figure I). Small amounts of kaolinite, 
mica, and quartz (in coarse clays) were also present. 
The silt and sand separates also contained smectite 
along with labradorite, quartz, and augite (Figure 2). 
The smectite, therefore, must be responsible for the 
high CECs. 

Representative DTA traces of the clay fractions are 
presented in Figure 3. All samples gave quite similar 
patterns. The large, low temperature endotherm at 
130~ is characteristic of expanding 2:1 phyllosilicates. 
The dehydroxylation endotherm between 540 ~ and 
550~ is close to that of beidellite (550~ and nontron- 
ite (500~ but is low compared with that of  diocta- 
hedral montmorillonite, which occurs at about 700~ 

a ~ ~  

320 3.34 426 Z2 143 

d-spacing (,~) 

Figure 2. X-ray powder diffractograms for Mg-saturated 
samples of(a) basalt clay (<0.2 g.m), (b) Upper Woodbum A 12 
silt (50--2/zm), and (c) acid residue of Upper Woodburn A I2 
silt. 

Greene-Kelly (1957) suggested that the shift of the de- 
hydroxylation peak of smectites to lower temperatures 
may be due to increased tetrahedral substitution. Mac- 
kenzie (1970) concluded that substitutions such as Si by 
AI, AI by Fe, and Mg by Zn tend to decrease the de- 
hydroxylation temperatures, probably due to strains 
set up in the structure due to different sizes of the ions. 

Selective dissolution o f  smectite 

Calculation of smectite composition by applying cor- 
rections for the other minerals present was successfully 
employed by Sawhney and Jackson (1958) and Mac- 
kenzie (1960). The low temperature of smectite dehy- 
droxylation in the study clays precluded quantitative 
determination of kaolinite by DTA or by the dis- 
solution procedure of Hashimoto and Jackson (1960). 
Acid treatments have been used for the selective dis- 
solution of chlorite (Brindley, 1961) and vermiculite 
(Ristori et al., 1974). The partial dissolution of smectite 
at low pH during CEC determinations (Curtin, 1979) 
suggested that smectite might be selectively dissolved 
using dilute acid. The smectite was completely dis- 
solved by an acid dissolution procedure similar to that 
of Ristori et al. (1974). The residues consisted of ka- 
olinite, mica, and quartz with a trace of feldspar in the 
clay separates, whereas quartz, augite, and feldspar 
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Figure 3. DTA traces of clays (<2 p.m). 

remained in the silt and sand separates (Figures 1 and 
2). 

Chemical analyses of the HC1 and NaOH extracts of 
the sand, silt, and clay separates from the Upper Wood- 
burn profile are given in Table 3. The data for the Wood- 
burn samples are similar and are not presented. Most 
of the clay fraction was dissolved by the treatment. The 
solubility of pure kaolinite and the amount of K in the 
HCI extracts (Table 3) indicate that the nonsmectite 

minerals in the clay fractions were partially dissolved 
by the treatment. However, the intensities of the ka- 
olinite, mica, and quartz diffraction peaks were much 
increased by the treatment, showing that substantial 
concentration of these minerals had occurred. Because 
the initial amount of kaolinite, mica, and quartz in the 
clay separates was low (e.g., K20 = 0.22-0.80%) it is 
unlikely that the partial dissolution of these minerals 
led to a significant error in the calculation of smectite 
composition. 

The solubility of the silt and sand fractions was lower 
than that of the clay fractions. The alteration of the non- 
smectite minerals in the >2 txm fraction was assessed 
by subjecting silt samples, which had been pretreated 
with DCB and NaOH, to acid treatment for 2-45 hr. 
Typical dissolution data are presented in Figure 4. HCI- 
soluble Mg showed little increase after 2 hr of acid treat- 
ment. The amount of Fe extracted increased substan- 
tially between 2 and 8 hr, but longer extraction periods 
removed little additional iron. Although A1 extracted 
by HC1 also increased substantially between 2 and 8 hr, 
subsequent  increases were relatively small. The 
amount of AI dissolved by the 2.5-rain NaOH-boiling 
treatment decreased as the duration of the acid disso- 
lution increased. The amount of Si dissolved by the two 
reagents paralleled fairly closely the total AI dissolution 
data. The fact that little or no increase with time was 
noted for Mg suggests that augite, which has a high Mg 
content, was not being attacked by the acid. Some dis- 
solution of feldspars occurred as indicated by the pres- 
ence of Ca, Na, and K in the HCI extracts (Table 3). 
Plagioclase feldspars are increasingly susceptible to 
acid attack as the Ca content increases. However, an 

Table 3. Elements dissolved from Upper Woodburn samples by the 1 N HCl and 0.5 N NaOH treatments (% of oven-dried 
samples). 

SiOt AlzOa SiO2 AltO3 
(HCl) (HCl) MgO FeO Fe203 CaO NatO K~O ( N a O H )  (NaOH) Total 

Horizon (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

Sand fraction 
Al l  12.08 7.76 4.59 1.31 4.74 0.56 0.18 0.05 10.08 0.27 41.62 
A12 12.42 7.59 4.66 1.24 5.06 0.55 0.15 0.05 9.58 0.27 41.57 
B2 12.42 8.61 6.37 1.44 6.33 0.44 0.08 0.15 12.50 0.27 48.61 
C 11.75 7.99 8.84 1.69 6.89 0.29 0.05 0.05 14.80 0.27 52.62 

Silt fraction 
All  12.63 8.28 3.40 0.89 4.20 0.38 0.15 0.07 10.19 0.38 40.57 
A12 12.50 8.13 3.55 0.88 4.21 0.42 0.13 0.09 9.88 0.34 40.13 
B2 12.78 8.59 4.31 1.07 5.03 0.23 0. I l 0.22 10.38 0.34 43.06 
C 13.31 11.15 5.91 0.89 6.44 0.35 0.08 0.07 16.88 0.50 55.58 

Clay fraction 
All  13.60 14.94 5.31 1.25 5.79 N.D. 0.07 0.14 21.92 0.57 63.59 
AI2 13.33 14.40 5.47 1.58 5.53 N.D. 0.06 0.16 21.43 0.72 62.68 
B2 14.60 14.31 6.63 1.27 5.78 N.D. 0.08 0.27 19.96 0.61 63.51 
C 12.67 16.20 6.05 0.81 5.56 N.D. 0.07 0.12 26.30 0.95 68.73 

Kaolinite 
(<2 ~m) 3.74 2 .74  . . . . . .  3.27 2.05 - -  

N.D, = not detectable. 
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average of only 12.5% of the total Ca in the sands and 
silts was dissolved by HC1, indicating a limited disso- 
lution of feldspar. The results of Kiely and Jackson 
(1965) suggest that silt- and sand-sized quartz should be 
little affected by this treatment. These patterns of dis- 
solution are consistent with the conclusions of Grim 
(1968) that alkaline earth cations are removed more rap- 
idly during acid attack on smectite than are A1 or Fe 
and that Fe is removed more rapidly than A1. A very 
high correlation coefficient of r = 0.98 was found be- 
tween CEC and the sum of the oxides (SiO2 + A12Oa 
+ FeO + Fe2Oa + MgO) dissolved by HCI and 
NaOH. This relationship may indicate that the disso- 
lution procedure was highly selective for the smectite. 
Extrapolation of the relationship between CEC and to- 
tal dissolved oxides indicates that the mineral has a 
CEC of about 100 meq/100 g. 

Although the dissolution procedure was highly se- 
lective for smectite, ratios of the dissolved oxides were 
not constant, but varied substantially with particle size. 
In general, with decreasing particle size, Mg and Fe 
decreased relative to both Al and Si. The Si/Al ratio 
also decreased with decreasing particle size. Structural 
formulae (Table 4), based on the amounts of Si, A1, Mg, 
Fe a§ and Fe 2+ dissolved by HC1 and NaOH and on the 
CEC values, were calculated according to the proce- 
dure of Marshall (1949). 

The tetrahedral sheet was relatively constant in com- 
position and had a high negative charge. Twenty of the 
24 samples analyzed were in the relatively narrow range 
Si3.aAlo.r-Si3.sAlo.5. The remaining samples contained 
slightly more tetrahedral Al. Much of the tetrahedral 
charge is neutralized by the positively charged octa- 
hedral sheet. The tetrahedral origin of the negative 
charge may account for the ability of these samples to 
fix small amounts of K (Table 5) and for the fact that 
they expand with some difficulty. 

The composition of the octahedral sheet is appar- 
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Figure 4. Effect of duration of treatment with 1 N HCI on the 
amounts of SiOz, A1203, Fe203, and MgO dissolved from the 
silt fraction of Woodburn A12. 

ently about midway between that of a dioctahedral and 
trioctahedral mineral, but the number of octahedral cat- 
ions per half unit cell apparently decreases with a de- 
crease in the particle size of the initial separates. Oc- 
tahedral AI increases, whereas Mg, and to a lesser 
extent Fe decreases, with decrease in particle size. The 
calculated formulae are consistent with the finding of 
McAleese (1954) that heating Li-saturated silts and 

Table 4. Structural formulae for smectite in size fractions of Woodburn and Upper Woodburn soils and in clays separated 
from basalt rock. 

Sand fraction Silt fraction Clay fraction Basalt clays 

Mean Range Mean Range Mean Range Fine Coarse 

Tetrahedral 
Si 3 .32 3.19-3.42 3 .40 3.31-3.50 0.33 3.22-3.40 3.30 3.38 
Al 0.68 0.58-0.81 0 .60  0.50-0.69 0 .67 0.60-0.78 0.70 0.62 

Octahedral 
AI 0 .66  0.36-0.83 0 .90  0.81-0.99 1.07 0.96-1.20 0.28 0.58 
Fe 2§ 0 .15 0.09-0.17 0.11 0.08-0.13 0 .09  0.06-0.13 0.46 0.78 
Fe ~+ 0 .57 0.51-0.62 0 .50  0.43-0.55 0.41 0.36-0.43 0.42 0.02 
Mg 1.17 0.92-1.58 0 .90 0.79-1.03 0 .82 0.67-1.01 1.65 1.45 
Total 2 .54 2.39-2.73 2.41 2.35-2.46 2.39 2.32-2.50 2.81 2.83 

Layer charge 0.37 0.32-0.42 0 .37 0.33--0.41 0 .40 0.37-0.42 0.38 0.36 

1 Formulae were calculated from elements dissolved by 1 N HCI and 0.5 N N a O H  and are based on an O10(OH)2 structural 
unit. 
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Table 5. Potassium fixation by deferrated clays and silts. 

CEC CEC 
(C~/M~ 1 (K//NH~ 2 K fixed 

( m e ~ l ~  (me~100g) (meW100g) 

Clay fraction 
Woodburn AI 1 57.4 43.8 13.6 
Woodburn A12 55.6 45.1 10.5 
Upper Woodburn AI 1 61.4 48.1 13.3 
Upper Woodburn A12 63.1 48.8 14.3 
Upper Woodburn B2 56.4 47.4 9.0 
Upper Woodburn C 62.4 50.3 12.1 

Silt fraction 
Upper Woodburn B2 34.9 33.3 1.6 
Upper Woodburn C 53.6 45.3 8.3 

i Ca-saturated sample: Mg displacement. 
K-saturated sample heated to 110~ NH4 displacement. 

clays of similar origin to 200~ resulted in only marginal 
decreases in CEC, thereby excluding the possibility of 
the smectite being a dioctahedral mineral with predom- 
inantly octahedral substitution. 

The increase in the calculated number of octahedral 
A1 atoms per unit cell as particle size decreased could 
be due to an increase in the number of hydroxy-Al in- 
terlayers. The assignment of A1 from this source to the 
smectite structure was suggested by Sawhney and 
Jackson (1958) as an explanation for montmorillonite 
formulae with high octahedral occupancies. The pres- 
ent formulae were calculated for samples which had 
been given a NaOH and two DCB treatments, a se- 
quence which would be expected to remove much of 
the interlayer AI. Most methods for selective removal 
of hydroxy-Al interlayers cannot be used with the pres- 
ent samples because of the composition of the smectite. 
The procedure of Dixon and Jackson (1959) involves 
heating samples at 400OC followed by the dissolution of 
the dehydroxylated interlayer material in hot NaOH. 
However, when this method was employed, large 
amounts of both Si and A1 were removed, indicating 
that some dehydroxylation of smectite had taken place 
even at this low temperature. Procedures involving the 
use of acid (Rich, 1966) obviously cannot be used be- 
cause of the solubility of the smectite. The less severe 
procedure of Frink (1965), which involves repeated ex- 
traction with 1 M sodium citrate on a water bath at 80 ~ 
90~ was tried on selected samples. The total amount 
of Al removed in eight, hour-long extractions was quite 
small (Table 6). The pattern of its extraction with time 
and its ratio with extracted Fe is indicative of attack on 
the smectite structure. It is concluded from these re- 
sults that little interlayer AI was present in NaOH-treat- 
ed clays. 

Composition of smectite in basalt fragments 

Although an average octahedral cation occupancy of 
2.4 per Olo(OH)2 was estimated from the chemical data, 

Table 6. Aluminum ana iron in sodium citrate extracts of 
deferrated, NaOH-treated clays. 

Woodburn AI 1 Woodburn B3/C 

A12Os FesOs AlsOs FezOa 
Extract (%) (%) (%) (%) 

1 0.06 0.16 0.06 0.16 
2 0.07 0.15 0.08 0.13 
3 0.07 0.09 0.09 0.06 
4 0.07 0.06 0.07 0.05 
5 0.08 0.07 0.07 0.03 
6 0.05 0.04 0.03 0.02 
7 0.05 0.04 0.03 0.02 
8 0.05 0.04 0.03 0.02 

Total 0.50 0.65 0.46 0.49 

the above clays gave a weak 060 reflection at 1.54 A, 
indicating that the smectite has the structure of a trioc- 
tahedral mineral. Smectite was also present in fine and 
coarse clays separated from weathered basalt frag- 
ments. The basalt smectite gave a strong 060 reflection 
at 1.54/~. The XRD data (Figure 2) showed that it also 
had a more ordered structure than the smectite in the 
soil separates. Because the chemical composition of the 
soil smectite varied considerably with particle size, and 
hence degree of weathering, the composition of the ba- 
salt smectite may represent that of the original mineral. 
Prior to acid treatment the basalt clays were pretreated 
with DCB and NaOH. The smectite was completely 
dissolved by the acid treatment, leaving feldspar as res- 
idue in the case of the coarse clay. Little of the fine clay 
remained. Structural formulae (Table 4), calculated 
from the elements dissolved by HCI and NaOH, sug- 
gest that the composition of the tetrahedral sheet was 
similar to that of the smectite in the soil separates. Oc- 
tahedral cation occupancy, however, was close to 3 per 
half unit cell. In general, the basalt smectite is richer in 
Mg and Fe but poorer in octahedral Al than the smectite 
in the soil separates. The most significant difference 
between the two basalt clay fractions was the FC+/Fe 3+ 
ratio. Almost all of the iron in the coarse clay was in 
the ferrous form whereas, in the fine clay, much of it 
was in the oxidized state. 

This mineral, though chemically considerably differ- 
ent from the trioctahedral smectites discussed by 
Weaver and Pollard (1973), can be classified as a sap- 
onite. In particular it differs in its Mg content which 
is lower than the values usually given for saponite (i.e., 
>2 Mg atoms per half cell). Saponites are quite rare in 
soils. According to Borchardt (1977), basic rocks, even 
those high in Mg, tend to produce iron-rich montmo- 
rillonite (nontronite). 

Most of the published work on clay mineral trans- 
formations refers to environments which are warmer 
and wetter than that of northeastern Ireland. Eswaran 
and De Coninck (1971) summarized the clay mineralogy 
of basaltic softs as being of allophane, halloysite, ka- 
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olinite, and gibbsite under well-drained conditions and 
montmorillonite under impeded drainage conditions. 
They found montmorillonite in all basaltic soils in trop- 
ical environments, although only minor amounts were 
detected in Oxisols. They found that the amount of 
montmorillonite increased with wetness and depth and 
concluded that montmorillonite was unstable in such 
environments, and was in the process of alteration to 
halloysite. Reports on the clay mineralogy of basaltic 
soils commonly assume that the soils and their clay 
minerals are contemporaneous. The clay mineralogy of 
the soils of the present study is dominated by an inher- 
ited smectite, probably of hydrothermal or deuteric or- 
igin. This mineral is unstable in the soil environment 
and, although its alteration products are fairly uniform 
in composition, there is no evidence that it has reached 
a stable phase. 

CONCLUSION 

The alteration products of primary minerals of the 
basalts of Northern Ireland include a trioctahedral 
smectite. This mineral occurs in rock fragments of sand 
and silt size and imparts to these separates exception- 
ally high values of CEC. The mineral is unstable under 
the conditions prevailing in the soil, and substantial 
changes in its composition occur. Mg and Fe seem to 
be lost from the octahedral sheet during the weathering 
process, thereby reducing the octahedral cation occu- 
pancy from close to 3, as in the smectite in clays iso- 
lated from the basalt rock, to approximately 2.4 per 
O10(OH)~, although the 060 spacing of 1.54/~ indicates 
a retention of the trioctahedral structure. Such inter- 
mediate formulae have been considered by many work- 
ers, including Meting (1975), to be incorrect. Assign- 
ment of Si and A1 from noncrystalline materials or 
crystalline minerals to the structure of a trioctahedral 
mineral could lead to underestimation of the octahedral 
cation occupancy. Similarly, values of between 2 and 
3 per half cell could be obtained if interlayer AFFe or 
exchangeable Mg are assigned to a dioctahedral min- 
eral. Neither possibility explains the present formulae 
because noncrystalline and interlayer materials were 
removed by treatment with DCB and NaOH prior to 
dissolution of the smectite, and dissolution of the other 
crystalline minerals during the acid treatment was 
small. Another possible explanation might be the oc- 
currence of a mixture of di- and trioctahedral phases. 
However, the XRD data gave no evidence of the pres- 
ence of a second smectite. The results suggest the ex- 
istence of smectites with octahedral cation occupancies 
intermediate between di- and trioctahedral minerals; 
such minerals were formed as weathering products of 
trioctahedral smectites. 

ACKNOWLEDGMENTS 

This work was supported by a grant from An Chom- 
hairle Eolaiochta (The National Science Council). 

Technical assistance of Miss Annette Harkins is also 
gratefully acknowledged. 

REFERENCES 

Alexiades, C. A. and Jackson, M. L. (1965) Quantitative de- 
termination of vermiculite in soils: Soil Sci. Soc. Amer. 
Proc. 29, 522-527. 

Borchardt, G. A. (1977) Montmorilionite and other smectite 
minerals: in Minerals in Soil Environments, J. B. Dixon and 
S. B. Weed, eds., Soil Sci. Soc. Amer., Madison, Wiscon- 
sin, 293-330. 

Brindley, G. W. (1961) Chlorite minerals: in The X-ray Iden- 
tification and Crystal Structures of  Clay Minerals, G. 
Brown, ed., Mineralogical Society, London, 242-296. 

Brown, W. O. (1954) Some soil formations of the basaltic re- 
gion of Northern Ireland: It. Natur. J. 11, 1-12. 

Charlesworth, J. K. (1963) Historical Geology oflreland: 
Oliver and Boyd, Edinburgh and London, 371--432. 

Curtin, D. (1979) A study of factors influencing the cation 
exchange properties of Irish soils: Unpublished Ph.D. the- 
sis, National University of Ireland, 183 pp. 

Dixon, J. B. and Jackson, M. L. (1959) Dissolution of inter- 
layers from intergradient soil clays after preheating at 
400~ Science 129, 1616-1617. 

Eswaran, H. and De Coninck, F. (1975) Clay mineral for- 
mations and transformations in basaltic soils in tropical en- 
vironments: Pedologie 21, 181-210. 

Evans, L. J. and Smillie, G. W. (1976) Extractable iron and 
aluminum and their relationship to phosphate retention in 
Irish soils: It. J. Agr. Res. 15, 65-73. 

Frink, C. R. (1965) Characterization of aluminum interlayers 
in soil clays: Soil Sci. Soc. Amer. Proc. 29, 379-382. 

Genrich, D. A. and Bremner, J. M, (1972) A reevaluation of 
the ultrasonic-vibration method of dispersing soils: Soil Sci. 
Soc. Amer. Proc. 36, 944-947. 

Greene-Kelly, R. (1957) The montmorillonite minerals 
(smectites): in The Differential Thermal Investigation of  
Clays: R. C. Mackenzie, ed., Mineralogical Society, Lon- 
don, 140-164. 

Grim, R. E. (1968) Clay Mineralogy: 2nd ed., McGraw-Hill, 
New York, 439-440. 

Hashimoto, I. and Jackson, M. L. (1960) Rapid dissolution 
of aUophane and kaolinite-halloysite after dehydration: in 
Clays and Clay Minerals, Proc. 7th Natl. Conf., Washing- 
ton, D.C., 1958, Ada Swineford, ed., Pergamon Press, New 
York, 102-113. 

Kiely, P. V. and Jackson, M. L. (1965) Quartz, feldspar, and 
mica determination for soils by sodium pyrosulphate fusion: 
Soil Sci. Soc. Amer. Proc. 29, 159-163. 

McAleese, D. M. (1954) Cationic exchange properties of 
some soils of North-East Ireland as affected by the nature 
of the clay and other soil fractions: Unpublished Ph.D. the- 
sis. Queens University, Belfast, 248 pp. 

McAleese, D. M. and McConaghy, S. (1957) Studies on the 
basaltic soils of Northern Ireland. II. Contribution from the 
sand, silt and clay separates to cation exchange properties: 
J. Soil Sci. 8, 135-140. 

McAleese, D. M. and Mitchell, W. A. (1958) Studies on the 
basaltic soils of Northern Ireland. IV. Mineralogical study 
of the clay separates (<2/x): J. Soil Sci. 9, 76-80. 

McConaghy, S. and McAleese, D. M. (1957) Studies on the 
basaltic soils of Northern Ireland. I. Cation exchange prop- 
erties: J. Soil Sci. 8, 127-134. 

Mackenzie, R. C. (1960) The evaluation of clay mineral com- 
position with particular reference to smectite: Silicates Ind. 
25, 12-18. 

Mackenzie, R. C. (1970) Simple phyUosilicates based on 
gibbsite- and brucite-like sheets: in Differential Thermal 

https://doi.org/10.1346/CCMN.1981.0290405 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1981.0290405


284 Curtin and Smillie Clays and Clay Minerals 

Analysis: Vol. 1., R. C. Mackenzie, ed., Academic Press, 
New York and London, 498-537. 

Marshall, C. E. (1949) The Colloid Chemistry of Silicate Min- 
erals: Academic Press, New York, 56-66. 

Mehra, O. P. and Jackson, M. L. (1960) Iron oxide removal 
from soils and clays by a dithiortite-citrate system buffered 
with sodium bicarbonate: in Clays and Clay Minerals, Proc. 
7th Natl. Conf. Washington, D.C., 1958, Ada Swineford, 
ed., Pergamon Press, New York, 317-327. 

Mering, J. (1975) Smectites: in Soil Components, Vol. 2. In- 
organic Components, J. H. Gieseking, ed., Springer-Ver- 
lag, New York, 97-119. 

Patterson, E. M. (1955) The Tertiary lava succession in the 
northern part of the Antrim plateau: Proc. Roy. Irish Acad. 
57, 79=121. 

Pruden, G. and King, H. G. C. (1%9) A scheme of semi-micro 
analysis for the major elements in clay minerals, based on 
modifications to conventional methods of silicate analysis: 
Clay Miner. 8, 1-13. 

Rich, C. I. (1%6) Concentration of dioctahedral mica and 
vermiculite using a fluoride solution: Clays & Clay Minerals 
14, 91-98. 

Ristori, G. G., Cecconi, S., Vidrich, V., and Pacifici, G. 
(1974) Selective dissolution and structural formula deri- 
vation of clay vermiculite from some Tuscan soils: Clay 
Miner. 10, 279-287. 

Sawhney, B. L. and Jackson, M. L. (1958) Soil montmoril- 
lonite formulas: Soil Sci. Soc. Amer. Proc. 22, 115-118. 

Smith, J. (1957) A mineralogical study of weathering and soil 
formation from olivine basalt in Northern Ireland: J. Soil 
Sci. 8, 225-239. 

Walker, G. P. L. (1%0) The amygdale minerals in the Tertiary 
lavas of Ireland. III. Regional distribution: Mineral. Mag. 
32, 503-527. 

Weaver, C. E. and Pollard, L. D. (1973) The Chemistry of 
Clay Minerals: Elsevier, New York, 55-86. 

(Received 12 June 1979; accepted 23 January 1981) 

Pealoste--IIecqanbie n HYlHCTble qbpaI(UHn lIOqB, IIO~yqeHHhIX Ha TpeTnqHOrO 6aaam,Ta B ceaepo- 
BOCTOqHOH HpaaH~nI~, norasbIBaIOT HeO6blKHOBeHHO BhlCOKHe KaTitOHO-O6MeHHble cnoco6HOCTH. FIpn 
nOMOUaH peHTrenoacKofi nopomKonofi ~HqbparttHU aO dpparlalax acex paaMepoa 6bl~ o6Hapyx~eH CMeK- 
THT, I<OTOpbIfi 6bin ceneKTrlaHO pacTaopeH nyTeM o6pa6OTKn 1 N HCI a 0,5 N NaOH. CTpygTypHble 
qbopMyJIbL ocnoaaHuhle Ha xnMnqecKou alia.anne pacTaopeHnoro MaTepaa.aa, yKaahiaa~ox Ha TO, qTO 
CMeKTHT HMeeT npoMe~yTOqHbIfl COCTaB Me:~cO~y ~[nyx- H TpeXOKTaa~I~pHqeCKHMH MHHepa.rlaMn n qTo 
KaK KaTHOHHOe 3anoJIHeHHe OKTa~/IpHtleCKHX MeCT, TaK H KO2UtqeCTBO aTOMOB Mg H Fe B ~YleMeHTapuofi 
aqeflKe yl~ienbmatoTCa c yMeHbmeHHeM pa3Mepa aaCTHU HCCJIe~IOBaHHOfi qbpaKIInH noqB. Cpe~IKan 
qbopMyaa ~,na cMeKTHTa sO qbpaxttrtax ranH: 

M+0.40(Si3.3aAl0,e7)(Al~.07FZ+0,09Fe3+0.4~Mgo.sz)O10(OH)2. 
I'Ioxo~afi anadln3 cMeKTHTa, npncyTcTaylomero 13 MaTepnaae paaMepa ranHbl, Bbi~e.rIennoro H3 
BblaeTpeHnOfi 6aaa.qbTOBOfi nopo/Ib~ ocnor~b~ noqaeHHblX npoqbanefi, noKaaa~, qTO aTOT Maxepaa.a 6bla 
6aHard~f~ r Bnoane TpeXOrTaa~apaqeCKOMy aano2meHniO. MOXHO npe~noao~HTh, qTO no'~BeHHblfi 
CMeI<TnT aaaaeTcn npo~lygTOM apoann Tpexol<Taa~nqecroro CMeKTHTa, ynacae~10BaHaoro nx BbiaeTpen- 
HOrO 6aaa.abTa. [E.C.] 

Resiimee--Die Sand- und Siltfraktion von BOden, die aus terti~en Basalten in NE Irland entstanden sind, 
zeigen ein ungew6hnlich grol3es Kationenaustauschvermfgen. Aufgrund der Rfntgenpulverdiffraktome- 
terdiagramme handelt es sich in allen Kornfraktionen um Smektit. Der Smektit wurde selektiv durch Be- 
handlung mit 1 N HC1 und 0,5 N NaOH gelfst. Strukturformeln, die auf der chemischen Analyse des 
gel6sten Materials beruhen, deuten darauf hin, dab der Smektit in der Zusammensetzung zwischen einem 
di- und einem trioktaedrischen Smektit liegt, und dab die oktaedrische Platzbesetzung zusammen mit der 
Zahl tier Mg- und Fe-Atome pro Elementarzelle mit abnehmender Partikelgrfl3e der untersuchten 
Bodenfrakt ion abnimmt.  Die allgemeine Formel  des Smektit  aus der Tonfraktion lautet: 
M+o,4o(Sia,azAlo,e7)(A1Lo7Fe2+o.o~Fe3+o,41Mgo,sz)O1o(OH)2. Eine iihnliche Analyse yon Smektit, der aus der 
Tonfraktion des verwitterten Basalts vonder  Basis des Bodenprofils genommen wurde, zeigte, dab er eine 
nahezu vollsffmdige trioktaedrische Besetzung hat. Es wird angenommen, dab der Boden-Smektit ein Ver- 
witterungsprodukt des trioktaedrischen Smektit aus dem verwitterten Basalt ist. [U.W.] 

R6sum6---Les fractions de sable et de vase d6riv6es d'un basalt Tertiaire d'Irlande du nord-est exhibent 
des capacit6s d'6change d'61ectrons inhabituellement 61ev6es. La smectite a 6t6 identifi6e par diffraction 
poudr6e aux rayons-X dans les fractions de toutes tailles e t a  6t6 s61ectivement dissolue par un traitement 
au 1 N HC1 et 0,5 N NaOH. Des formules structurales, bas6es sur une analyse chimique du mat6riau dissolu 
suggbrent que ia composition de la smectite est entre un min6ral di- et triocta~dre et que l'occupation du 
cation octabdre, ainsi que les hombres d'atomes de Mg et Fe par maille d6croissent proportionnellement 
/~ la d6croissance de la taille de particule de la fraction de sol examin6e. La formule moyenne pour la 
smectite dans les argiles est: M+0.40(Si3.33A10.eT)(All.07Fe2+0.osFe3+0.41Mg0.82)O10(OH) 2. Une analyse sembl- 
able de smectite pr6sente clans le mat6riau de taille de l'argile s6par6 d'une roche de basalt alt6r6e prise 
des bases des proviles de sol montre qu'elle avait prbs de I'occupation triocta~dre totale. On suggbre que 
la smectite du sol est un produit d'alt6ration de la smectite octabdre h6rit6e du basalt alt6r6. [D.J.] 

https://doi.org/10.1346/CCMN.1981.0290405 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1981.0290405

