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Fig. 6.20 Photomicrograph of a channel neoferran from soil column saturated 

with 0.1% lactate solution at 28°C for 28 weeks. N = nodule, NF = 
neoferran, S = skeleton grain, V = void. 1) photograph, 2) schematic. 
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Fig. 6.21 Photomicrograph of an exfoliated biotite grain from soil column 
saturated with 0.1% lactate solution at 28°C for 28 weeks. M = 

matrix, S = skeleton grain, V = void, WB = weathering biotite. 1) 

photograph, 2) schematic. 

196 



1 

19 0 nm 

Fig. 6.22 Photomicrograph of an unaltered biotite grain from soil column 

saturated with water at 6°C for 28 weeks. B = biotite grain, M = 
matrix, S = skeleton grain. 1) photograph, 2) schematic. 
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Fig. 6.23 Photomicrograph of a well oriented grain cutan (argillan) from soil 
column saturated with 0.1% lactate solution at 28 °C for 28 weeks. A 
= argillan, M = matrix, S = skeleton grain, V = void. 1) photograph, 
2) schematic. 
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about 1000 point counts along a minimum of 4 transects using a petrographic 

microscope equipped with a mechanical click stage. 

Columns saturated with lactate solution at 6°C for 28 weeks showed a ratio 

of unweathered grains to weathered grains of 6.07, a ratio of fresh nodules to 

weathered nodules of 9.5, and very small percentage (0.2%) of grain cutans (Fig. 

6.24). 

The soil saturated with water at 20 °C for 14 weeks showed ratios of 

unweathered to weathered grains, and fresh nodules to weathered nodules of 0.30 and 

1.44 respectively. Grain cutans contributed 1.8% (Fig. 6.25). 

Modal analysis of a continuously water saturated samples treated for 10 weeks 

at 28 °C showed that the ratio of unweathered to weathered grains and fresh nodules 

to weathered nodules was 0.52 and 0.61 respectively. Grain cutans accounted to 3 

(Fig. 6.26). Point counts of different micromorphological features of continuously 

lactate saturated samples treated for 10 weeks at 28 °C revealed that the ratio of 

unweathered to weathered grains and fresh nodules to weathered nodules was 0.25 

and 0.12 respectively. The percentage of grain cutans was 5.54 (Fig. 6.27). Modal 

analysis of soils treated with lactate solution at 28 °C for 14 weeks showed ratios of 

unweathered to weathered grains and fresh nodules to weathered nodules of 0.31 and 

0.31 respectively. In this sample, the total amount of grain cutans was 12.5% (Fig. 

6.28). Soil treated with lactate solution for 28 weeks at 28°C showed ratios of 
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unweathered grains to weathered grains, and of fresh nodules to weathered nodules 

of 0.15 and 0.28 respectively. Grain cutans totalled 16.02% (Fig. 6.29). 

X-ray Diffraction Patterns of Soils Treated at 6°C 

The X-ray diffraction patterns of the original, untreated soil showed peaks 

attributed to illite/quartz appearing at 0.334 nm and to lepidocrocite at 0.331 nm. 

Peaks attributed to goethite and goethite/ferrihydrite appeared at 0.226 and 0.197 nm 

respectively. Peaks attributed to hematite were poorly crystalline in comparison to 

goethite and lepidocrocite and appeared at 0.252 and 0.184 nm respectively. This 

indicates that the reddish color of soil matrix is mainly due to the presence of 

hematitic iron coatings on the soil grains. 

Columns treated at 6°C with either water or lactate solutions with both 

irradiated and non-irradiated soils for 10, 14, and 28 weeks, showed weak evidence 

that some of the peaks associated with lepidocrocite, goethite, or weakly crystallized 

hematite were disappearing as compared to the control sample (Figures 6.30, 6.31, 

and 6.32). 

X-ray Diffraction Patterns of Soils Treated at 20 °C 

Columns treated at 20°C with either water or lactate solution during a 10-week 

period showed that most of the iron minerals occurring as lepidocrocite, goethite, and 

hematite are subject to dissolution. This was evident by the disappearance of peaks 
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Fig. 6.24 Modal analysis of soil in columns saturated with 0.1% lactate solution 
at 6°C for 28 weeks. 
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Fig. 6.25 Modal analysis of soil in columns saturated with water at 20°C for 14 
weeks. 
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Fig. 6.26 Modal analysis of soil in columns saturated with water at 28°C for 10 
weeks. 
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Fig. 6.27 Modal analysis of soil in columns saturated with 0.1% lactate solution 
at 28°C for 10 weeks. 
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Fig. 6.28 Modal analysis of soil in columns saturated with 0.1 % lactate solution 
at 28°C for 14 weeks. 
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Fig. 6.29 Modal analysis of soil in columns saturated with 0.1% lactate solution 
at 28°C for 28 weeks. 
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Fig. 6.30 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 
and lactate saturation and irradiated soil (LR) at 6°C for 10 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 

goethite/ferrihydrite (G/F), and ferrihydrite (F) were identified. Samples 
were extracted with acid ammonium oxalate prior to analysis. 
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Fig. 6.31 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 
and lactate saturation and irradiated soil (LR) at 6°C for 14 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 
goethite/ferrihydrite (G/F), and ferrihydrite (F) were identified. Samples 
were extracted with acid ammonium oxalate prior to analysis. 
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Fig. 6.32 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 
and lactate saturation and irradiated soil (LR) at 6°C for 28 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 

goethite/ferrihydrite (G/F), and ferrihydrite (F) were identified. Samples 
were extracted with acid ammonium oxalate prior to analysis. 
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attributed to these minerals as compared to the control sample. The peaks of 

lepidocrocite, goethite, and hematite at 0.331, 0.226, and 0.252 nm respectively 

disappeared as result of the different hydrologic regimes. 

Columns treated at 20°C with either water or lactate solution during 14 weeks, 

did not exhibit pronounced differences with columns at 10-week period. The only 

difference between the 10- and 14-week periods was that columns treated with lactate 

for 14 weeks, showed greater evidence of hematite dissolution. 

Columns treated with either water or lactate solution for 28 weeks showed 

evidence of secondary lepidocrocite formation at the expense of primary lepidocrocite, 

goethite, and the weakly crystallized hematite. The X-ray diffraction patterns at 0.331 

nm showed distinct evidence of secondary lepidocrocite formation (Figures 6.33, 

6.34, and 6.35). 

X-ray Diffraction Patterns of Soils Treated at 28 °C 

X-ray diffraction patterns of soils treated either with water or with lactate 

solution for 10 weeks showed evidence of disappearing peaks at 0.331, 0.252, and 

0.226 nm as compared to the original soil. These peaks are associated with 

lepidocrocite, hematite, and goethite respectively. 

The X-ray diffraction patterns from columns treated either with lactate, water, 

or with lactate and irradiated soil showed evidence of dissolution of iron minerals 

primarily the peaks at 0.331, 0.252, and 0.226 nm. These peaks were related to 
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Fig. 6.33 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 
and lactate saturation and irradiated soil (LR) at 20°C for 10 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 

goethite/ferrihydrite (G/P), and ferrihydrite (F) were identified. Samples 
were extracted with acid ammonium oxalate prior to analysis. 

211 



R
el

at
iv

e 
In

te
n
si

ty
 

26 
Fig. 6.34 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 
and lactate saturation and irradiated soil (LR) at 20 °C for 14 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 
goethite/ferrihydrite (G/F), and ferrihydrite (F) were identified. Samples 

were extracted with acid ammonium oxalate prior to analysis. 
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Fig. 6.35 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 
and lactate saturation and irradiated soil (LR) at 20°C for 28 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 

goethite/ferrihydrite (G/F), and ferrihydrite (F) were identified. Samples 
were extracted with acid ammonium oxalate prior to analysis. 
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lepidocrocite, hematite, and goethite respectively. The results indicated the initial 

stages of lepidocrocite formation (at 0.331 nm) for the water saturated columns. 

X-ray diffraction patterns in columns saturated either with water, lactate 

solution, partially saturated with lactate, or saturated with lactate and having 

irradiated soil showed that most of the peaks contributed to lepidocrocite, hematite, 

and goethite showed dissolution within less than 10 weeks. Secondary lepidocrocite 

as indicated by a peak at 0.331 nm was formed at the expense of other iron minerals 

(Figures 6.36, 6.37, and 6.38). 

Formation of secondary lepidocrocite in the columns treated at 20 °C and 28 °C 

for 28 weeks is evident. In the columns with either water or lactate solution at the 

higher temperatures, the weakly crystallized iron bearing minerals partially underwent 

dissolution. This is evident when comparing the X-ray diffraction patterns of the 

control to those obtained after the different treatments. Diffraction patterns revealed 

the gradual formation of lepidocrocite in columns treated for 28 weeks at 20 °C and 

28°C with both water and lactate treatment. Morphologically, lepidocrocite is easily 

recognized by its orange color. The ratio of oxalate extractable Fe to the DCB- 

extracted Fe (Fe0/Fed) appears to be a reliable indicator of the aforementioned 

processes (see Tables 6.8 through 6.10). Schwertmann et al. (1986) showed that 

natural and synthetic ferrihydrites are nearly completely oxalate soluble, whereas well 
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Fig. 6.36 X-ray diffraction patterns of iron minerals before (control) and after 

treating with water (W), lactate (L), lactate and partial solution (LP), 

and lactate saturation and irradiated soil (LR) at 28°C for 10 weeks. 
Hematite (H), illite/quartz (I/Q), lepidocrocite (LEP), goethite (G), 
goethite/ferrihydrite (G/F), and ferrihydrite (F) were identified. Samples 
were extracted with acid ammonium oxalate prior to analysis. 
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