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7 August 1992 

Mr. John D. Wood 
Advanced Sciences, Inc. 
11003 Hamilton-Cleves Road 
Ross, Ohio 45061 

Dear Mr. Wood: 

McCrone Associates has completed the polarized light microscopy 
and x-ray diffraction analysis of the 20 soil sample cores from 
Fernald, Ohio. The work was performed under DOE contract number 
DE-AC05-860R21659 and was authorized by your purchase order 
number 0045117. 

The attached report summarizes the analytical methods used to 
determine the mineralogy of the soil samples and the results of 
our analysis. The thin sections and residual materials are being 
forwarded under separate cover. 

Thank you for consulting McCrone Associates. If you have any 
questions, please do not hesitate to contact me. 

Sincerely, 

Jessica M. Elzea, Ph.D. 
Senior Research Scientist 

JME:]c 
Enclosure 
Ref: MA21576; P.O. 0045117 
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MINERALOGY OF SOIL CORE SAMPLES 
FERNALD, OHIO 

INTRODUCTION 

Twenty soil core samples were examined by optical 

microscopy and x-ray diffraction to determine soil 

mineralogy. Mineralogy of the bulk soil and the silt and 

clay fractions was determined and/or quantified using either 

standard point counting techniques or x-ray diffraction 

techniques. 

SAMPLE PREPARATION 

Thin Sections 

Thin sections, prepared by National Petrographic 

Services, Inc., were cut from the middle of and perpendicular 

to the long axis of the core. Prior to cutting, the core was 

impregnated with epoxy. The thin sections were stained for 

calcite and potassium feldspar minerals. 

Preparation for X-Ray Diffraction 

Splits of each core, taken near the center of the core, 

were disaggregated in water, ultrasonicated, and dispersed 

with hexametaphosphate. The dispersed sample was then passed 

through a 230 mesh sieve. A portion of the <230 mesh 

fraction was dried in a 110°C oven, powdered, and packed in 

shallow plastic holders for x-ray diffraction analysis. 

Another portion was allowed to settle and the <2 pm fraction 

was pipetted and dispersed onto a zero background holder to 

produce an oriented mount for x-ray diffraction. The 



oriented mounts were air-dried prior to analysis. Selected 

samples were also ethylene glycol solvated and heated. 

ANALYTICAL METHODS 

Optical Microscom 

The mineralogy of each section was determined and 

quantified using standard petrographic techniques. 

were identified on the basis of their optical and physical 

Minerals 

properties. These properties include birefringence, 

reflectance, morphology, color in transmitted light, 

pleochroism, twinning, 2V, optic sign and color from 

staining. Malachite green stain was used as an aid for 

identification of clay minerals. 

Quantification was performed with a polarizing ligh, 

microscope at a magnification of lOOX using a Chalkley ocular 

array. A minimum of 400 non-empty points were counted for 

each section. Two replicate analyses were performed. Sample 

101403 was not point counted because the grain size was too 

small (55 pm). 

' X-Ray Diffraction 

Portions of the clay and silt fraction (<230 mesh) were 

analyzed by x-ray diffraction using a Siemens D5000 x-ray 

diffractometer equipped with a long fine focus copper source 

and a solid state Si(Li) Peltier cooled detector. Each of 

the oriented air-dried samples was scanned from 2 to 4 5 "  20 

using a step size of 0.05" 28 and a data collection time of 

3 seconds per step. Five of the oriented samples were then 

- 2 -  mccrone associates, inc. CiG,C f,J 
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I solvated with ethylene glycol in a desiccator for at least 48 

hours and re-analyzed from 2 to 45" 28 .  This procedure was 

performed to determine whether or not montmorillonite might 

be present in the samples. The same five samples were then 

heated to 550°C for one hour. This test was performed to 

distinguish clay minerals that have essentially identical 

diffraction patterns prior to heating. For example, kaolin 

and chlorite have very similar x-ray diffraction patterns. 

Upon heating, however, the kaolin structure collapses and 

becomes amorphous to x-rays. Chlorite, on the other hand, is 

largely unaffected by heating, but may show minor shifting 

and changes in the intensity of some peaks. The test can 

also be used to aid in the identification of mixed layer 

minerals. 

- 6443 
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RESULTS 

Clay Mineral Identification 

Clay minerals in the <2 pm fraction of the soils include 

illite and a mineral identified as mixed layer chlorite/ 

smectite or vermiculite/smectite with a high percentage of 

non-swelling layers. Other mixed layer minerals, such as 

illite/smectite may be present in very small quantities but 

absence of superlattice peaks makes it very difficult to 

identify these minerals with confidence. 

These identifications are based on diffraction patterns 

obtained from air-dried, ethylene glycol solvated, and heated 

mounts. Diffraction patterns of heated mounts are shown in 

a 
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Figures 1 through 20. Results of glycolation and heating are 

shown in Figures 21through 25 and Table I. 

Illite was identified on the basis of three major 

reflections at approximately 10 A, 5 A and 3.3 A and a series 

of minor reflections. The major reflections correspond to 

hkl's of (Ool), (002) and (003) and closely match JCPDS-ICDD 

(Joint Committee on Powder Diffraction Standards - 
International Centre for Diffraction Data) card #26-0911. 

The heated and glycolated patterns confirm this 

identification. 

The mixed layer clay mineral was identified based on 

peak position, peak breadth, and changes in the diffraction 

pattern as a result of glycolation and heating. For example, 

the 14 A peak near 6.2" 28 sharpened and shifted a small 

amount as a result of glycolation. The amount of shift is 

too small for montmorillonite or some other smectite group 

mineral which typically show a shift to 17 A after solvation 

with ethylene glycol. Some of the major smectite reflections 

are also missing. This slight shift as a result of 

glycolation and the position of peaks with non-integral 

spacings suggest a mixed layer chlorite/smectite. 

this mineral collapses to 10 A after heating, as shown in 

Figures 21 through 25. It, therefore, may be concluded that 

this mineral is mixed layer vermiculite/smectite because 

vermiculite collapses as a result of heating and chlorite 

does not. However, the overall diffraction pattern is 

consistent with chlorite/smectite and not vermiculite/ 

However, 

e 
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smectite. Because the identification of this mineral is 

somewhat ambiguous, it will be referred to as corrensite. 

Trace amounts of calcite, dolomite and quartz were also 

observed in the <2 pm fraction. These minerals were not 

quantified. 

MoUal Mineralom 

Results obtained from the optical examination of the 

thin sections and quantification are summarized in Table 11. 

The major mineral phases present in most of the cores are 

calcite, dolomite, quartz and potassium feldspars (microcline 

and anorthoclase). Minor mineral components in the soil 

cores include chlorite, biotite, hornblende and iron oxides. 

Magnetite and hematite are the iron oxide minerals present. 

Humic material (decayed organic matter) is also present in 

each of the soil cores. 

Figure 26 is a carbonate-clay-quartz and feldspar 

ternary diagram prepared from the data in Table 11. The 

diagram shows that the majority of the cores are composed of 

carbonates, quartz and potassium feldspars in proportions 

ranging from predominantly carbonates to predominantly quartz 

and feldspars. Cores 100567 and 100552 are composed 

primarily of clays, quartz and potassium feldspars. 

All 20 soil samples are comprised of the same minerals 

but in varying proportions. The amount of each clay was 

estimated using peak areas. The 001 illite peak at 

approximately 8" 28 and the corrensite peak at approximately 

6.2" 28 were selected for quantitative analysis. Each peak 

e 
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was fit with a Gaussian function and peak areas were 

calculated. Ratios of these peak areas were then used to 

estimate percentages. Results are summarized in Table 111. 

Two percentages are reported in this table. One is the 

percentage of the clay fraction that each mineral 

constitutes. The other is the percentage reported on a whole 

rock basis. Illite is the most abundant clay mineral ranging 

from 55 to 80% of the clay fraction and 1.29 to 65% of the 

bulk soil. Corrensite abundance ranges from 15 to 50% of the 

clay fraction and 0.84 to 35% of the bulk soil. 

QUALITY ASSURANCE AND QUALITY CONTROL 

To assess the reproducibility of the point count data, 

replicate thin sections were made and point counts performed 

on one of the samples. Results, shown in Table IV, indicate 

good reproducibility for some phases and not others. This 

variation is probably due to sample inhomogeneity. 

To assure the quality of the x-ray diffraction data, a 

quartz standard was analyzed prior to actual sample analysis. 

This scan was performed to check instrument calibration by 

examining peak position and intensity. An example of a 

quartz standard diffraction pattern is shown in Figure 27. 

The quartz standard runs indicated that the instrument was in 

alignment and required no adjustments. 

SUMMARY 

Twenty soil samples were examined by optical microscopy 

- 6 -  mccrone associates, inc. 
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and x-ray diffraction to determine soil mineralogy. The 

soils contain quartz, calcite, dolomite, K-spar, organics, 

iron oxides, chlorite, biotite, hornblende, illite and mixed 

layer chlorite (vermiculite?)/smectite. These minerals occur 

in varying proportions. 

Respectfully submitted, 

Jessica M. Elzea, Ph.D. 
Senior Research Scientist 
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100882 

100704 

101285 

101403 

100719 
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14.4689 14.4689 10 0 100 

13.2859 14.0257 10 0.73 90 

13.7882 14.2330 10 0.44 90 

14.0992 15.4341 10 1.33 80 

13.2523 14.0202 10 0.78 90 
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e 100552 I 70 I 30 I 31.76 I 13.62 
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FIGURE 26 
Carbonate-clay-quartz/feldspar ternary diagram. 
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