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84-047 THIN SECTIONS - 

1. Application 

.- 

1.1 Examination of soil thin sections under a polarizing microscope 
allows the microscopist to see the size, shape and arrangement 
of solid particles and voids, and to determine, to a degree, the 
nature of mineral and organic particles. Thin sections are made 
by impregnating an 'undisturbed' soil sample with plastic, 
mounting a smooth surface on a glass slide, and grinding the 
soil down to a thickness of 25 to 30 pm. Soil thin sections 
can be made using equipment that ranges tremendously in 
sophistication and cost. Generally, the best results are 
obtained with good equipment but the skill of the technician is 
at least as important. 

2. Apparatus and Materials 

2.1 Kubiena boxes - made from galvanized iron about 20 gauge. The 
usual size is approximately 7.6 cm long by 6.5 cm wide and 5.0 
cm high with open top and bottom; other sizes used are 8.6 x 6.5 
x 3 cm and 6.5 x 4 x 3 cm. 

2.2 Lids - plywood 8.5 x '7.0 x 0.5 cm (or appropriate sizes for 
larger or smaller boxes 

2.3 200 mL waxed paper "coffee" cups 
2.4 Ultrasonic cleaner 
2.5 Fume hoods 
2.6 Ovens 
2.7 Diamond saws - large (50 cm) and small (20 cm) blades 
2.8 Grinders and polishers 
2.9 Grinding wheels fitted with diamond discs having grit sizes of 

70 urn, 45 pm, 30 urn and 15 urn 
2.10 Hot plate 
2.11 Aluminum foil , plastic bags, pins, Styrofoam 
2.12 Wide mouth plastic bottles approximately 12 cm diameter and 2 

liter capacity, or plastic boxes of appropriate sizes for 
Kubiena boxes 

2.13 Diamond pencil 
2.14 Impregnation desiccator - 25 cm vacuum desiccator 

modified to hold a 500 mL reservoir that will 
permit the addition of the plastic solution to 
the sample container which is under vacuum, Figure 19 

2.15 Vacuum guage 
2.16 Petrographic slides 
2.17 Vacuum resectioning holder (Copeland, 1965) 
2.18 Slide holder (Cochrane and King, 1957) 
2.19 Nylon and Texmet polishing cloths 
2.20 Plate glass 
2.21 Polarizing microscope for checking thickness of section 
2.22 Polarizing microscope equipped with accessories for 

photomicrography. 

- 
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3. Reagents 
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3.1 Acetone - technical grade 
3.2 Polyester resin (Canus C-32, available in Ottawa) 
3.3 Catalyst - 60% methyl ethyl ketone peroxide in dimethyl 

phthalate (Lupersol DDM, from Wallace and Tiernan) 
3.4 Accelerator - 1% cobalt napthanate in styrene, dilute from 6% 

which is commercially available 
3.5 Petroleum ether - technical grade 
3.6 Plastic solution - 2000 mL acetone, 2000 mL polyester resin, 1 

mL catalyst and 0.2 mL accelerator. To avoid an explosion, mix 
in catalyst thoroughly before adding accelerator. 
For some studies such as pore analysis, a fluorescent chemical 
may be added to the resin. Uvitex OB (Ciba-Geigy) has been 
found suitable. (Solubility 2.0 g in 1000 mL acetone). Mix 2.0 
g of Uvitex in the 2000 mL acetone then add to 2000 mL resin. 
Add catalyst and mix, then add accelerator. 

3.7 Canada balsam neutral (Buehler) 
3.8 Epoxy - Araldite 502 resin with hardener HY956 and styrene 

(avoids bubbles), ratio 10:2:1. The proportion of styrene 
required depends on the kind of epoxy resin. Prepare 
immediately before use (Araldite and hardner are available from 
Ciba-Geigy) 

3.9 Diamond paste 6 pm and 1 urn (Buehler) 
3.10 Aluminum oxide 9 pm and 0.3 urn (Buehler) 
3.11 Lapping Oil 
3.12 Chloroform 
3.13 Uvitex OB fluorescent dye (Ciba-Geigy) 

4. Sampling for micromorphology 

4.1 Site selection and description. It is of the utmost importance 
that the site and the soil be representative of the segment of 
the terrain that is to be studied. If soil maps are available, 
they should be used to select areas were the soil to be studied 
is dominant. Checking soil features at regular intervals along 
a transect through the area provides information on the 
variability of properties. Depending on the purpose of the 
work, the investigator may wish to include the full range of 
observed properties in the samples, or he may wish to focus on 
the site showing maximum or mean expression of the feature of 
interest. The basis of site selection should be included with a 
description of slope, aspect, vegetation and other site data 
(Day, ed. 1983). Ideally, the soil feature of interest should 
be sampled at a number of sites. 

-, 

4.2 Sampling for thin section preparation. The goal is to obtain 
undisturbed samples. 



4.2.1 

4.2.2 

a) 

b) 

d 

d) 
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Use a Kubiena box to support the soil when taking the 
sample from the pedon. The size of the box depends upon 
soil properties and size of section described. For 
sampling organic soils with a Macaulay Auger plastic PVC 
tubing is suitable. The 3.75 cm PVC pipes are cut to 
obtain half cylinders of 15 cm lengths. 

Prepare the face of the pedon by smoothing the surface. 
Push the box into the soil carefully to minimize the damage 
from stress cracks. The following approaches can be used: 
Hand pressure. The box is pushed slowly into the soil by 
using hand pressure. This is usually suitable for sands 
and very wet clays that offer little resistance. 
Knife. Cut (using an oblique angle) around the outside 
edges of the box to ease it in. Or, take a large clod and 
carefully cut the soil to fit into the box. This may be 
necessary for dense clays and organic layers that are very 
fibrous. 
Hydraulic Jack. Place a board (2" x 4") across the Kubiena 
box and apply pressure to push the box into the soil. This 
approach is often good for very dense clays with minimum 
disturbance resulting. 
Hammer. Place a board across the Kubiena box, and use a 
hammer to gently pound the box into the soil. This method 
can often lead to shattering of the structure, therefore it 
is not a preferred method. 

When the front end of the box is even with the soil face (the 
box has been completely pushed into the soil), carefully cut the 
box out from the pedon using a sharp knife. Trim the soil level 
with sides of the box. Place the sample in a plastic bag to 
prevent moisture loss. Cover the open ends of the box with 
precut l/4" plywood lids. Wrap together tightly with masking 
tape and label (see 4.2.5). 

4.2.3 For organic samples , place the plastic tube over the sample 
removed with the Macaulay Auger. Carefully cut the soil 
with a knife and slide the soil off the auger. Place the 
tube in a plastic bag, and cover with a piece of plywood 
(l/4"). Wrap tightly with masking tape and label (see 
4.2.5). 

4.2.4 Extremely dense and cemented horizons such as fragipans or 
duric horizons may be too hard to sample as described in 
4.2.2. Also, some soils contain frequent large stones that 
interfere with the box as it is pushed. In these cases, 
clods (approx. 5 cm minimum dimension) should be removed 
from the soil and carefully wrapped in plastic and masking 
tape. For transporting long distances these clods should 
be packed in a box as protection against breaking. 
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4.2.5 All samples (clods, Kubiena boxes, or plastic tubes) should 
have the following information marked on the container. 
a) Profile site number and soil name 
b) Horizon designation 
c> Depth from which sample was taken 
d) The direction to the soil surface. In addition, the 

front of the Kubiena box (the exposed face of the 
pedal , and the compass orientation to which the 
profile face is exposed can be included. 

4.2.6 Supporting environmental information about the pedon is as 
crucial as good sampling for the interpretation of the 
fabric. The following supporting data are highly 
recommended: 
a> Profile description (a soil survey form such as CanSIS 

Soil Data File-Detailed Form or Canada Wetland 
Registry forms or similar form) 

b) Sketch (draw to scale) of the soil profile with the 
locations of the samples noted 

c> Environmental data - topography, vegetation, parent 
material 

d) A bulk soil sample for determination of chemical and 
physical data. 

4.2.7 For transportation of the samples long distances, use a 
heavy cardboard box, wooden crate or 5 gallon steel 
container. Fill any empty spaces remaining with Styrofoam 
packing material or paper so that the Kubiena boxes and/or 
clods are prevented from moving about during shipping and 
handling. 

n 
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5. Sample preparation for impregnation 

Since polyester resins and epoxides are immiscible with water, water 
must be removed from the soil sample prior to impregnation. Two main 
methods are used: 1. Air drying and 2. Replacement with acetone. 
The choice of method will depend on the requirements of the study. 
Air drying may result in substantial shrinkage of the sample, and 
thus may be unsuitable for some studies requiring quantitative data 
for example, pore space analysis. Air drying is usually unsuitable 
for organic soil samples. Exchange with acetone is used in order to 
maintain the sample morphology close to field conditions, and thus 
provide greater confidence for quantitative characterization of the 
observed features. Murphy (1982) discusses the advantages of 
acetone-replacement of soil water for pore analysis studies in 
mineral soils. 

5.1 Air drying 

5.1.1 Place sample (Kubiena box or clod) into a tray for drying. 
A piece of tissue paper can be placed on surface to prevent 
dust accumulation. 



<- 

F 

4715 

5.1.2 Weigh the samples periodically until a constant weight is 
obtained. 

5.2 Replacement with Acetone 

5.2.1 
5.2.1.1 

5.2.1.2 

5.2.1.3 

5.2.1.4 

5.2.1.5 

a> 

b) 

c> 

Capillary Exchange 
Place the sample on a heavy wire screen positioned over a 
stand (empty Kubiena tin 3 cm high) inside a glass 
container of appropriate size. 
Add acetone until the bottom of the sample is covered to a 
5 mm depth. 
Cover the container tightly to prevent vapourization of the 
acetone. 
Exchange the acetone according to the following suggested 
sequence: 1, 2, 4, 8, 12, 16, 24, 32, . . . days after 
initial set-up. 
At each exchange test for the presence of water using one 
of the methods outlined below. For each method a standard 
curve of 1, 5, 10% distilled water in 100% acetone should 
be prepared using the same volumes used in the particular 
method. 

Petroleum Ether: Add 10 mL of the acetone-soil solution to 
40 mL petroleum ether in a graduated centrifuge tube. 
Shake for 30 seconds let stand for 3 hours. Observe any 
layering and record depth of layer. (If water is present, 
a layer at the base of the centrifuge tube will be 
visible). Compare to the standard curve. This method will 
detect water down to approximately 2% but the readings are 
not accurate. Thus it is suitable for the first few 
exchanges but not for later exchanges. 
Fitz Patrick (1980) describes this method of testing for 
water. 
Specific Gravity: Preweigh (4 decimal places) 10 mL 
culture tube and rubber stopper. Add 5 mL subsamples of 
the acetone-soil solution and weigh. Determine weight of 
acetone-soil solution and compare to standard curve. This 
method can determine the presence of water to less than 
1%. It is suitable throughout the exchange process. 
NMR (Nuclear Magnetic Resonance): Take l-2 mL subsamples 
of the acetone-soil solution and place in NMR tubes. 
Determine % water in acetone using a nuclear magnetic 
resonance instrument that is set for determining the number 
of protons (H+) in the sample. Calculate the ratio of 
the peak heights that is, water: acetone for each sample. 
Calculate the % water using the standard curve. This 
method can determine the presence of water to less than 
0.5% but it is somewhat more time consuming than the other 
methods. 
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5.2.1.6 When the water determined in the acetone-soil solution 
reaches 1% exchange for 3 additional times and determine 
water content. If water content remains less than 18, 
impregnate the sample. 

5.2.2 Exchange by Immersion 

5.2.2.1 In a glass container or tray, place the Kubiena box or 
stable clod on a heavy wire screen positioned over a stand. 

5.2.2.2 Fill the container with 100% acetone until the top of the 
same is covered for 1 cm depth. 

5.2.2.3 Tightly cover the container to prevent vapourization. 
5.2.2.4 Exchange according to procedure outlined in Sec. 5.2.1 

Steps 4 to 6. 
NOTE: This method is unsuitable for samples of very low 
bulk density (organic soils) as the samples will tend to 
float, or very sandy soils as the soil material may slake 
and slump severely. 

5.2.3 Vapour Exchange 
5.2.3.1 

5.2.3.2 

5.2.3.3 

In a vacuum desiccator, place the sample on a heavy wire 
screen positioned over a dish. The dish will catch any 
liquid dripping from the sample. 
Add 100% acetone to the bottom of the desiccator so that 
there is at least a 5 cm space between the sample and the 
surface of the acetone. 
Replace the lid of the desiccator and exchange the acetone 
according to the procedure outlined in Sec. 5.2.1 Steps 4 
to 6. 
NOTE: This method may be suitable for organic soils 
containing large amounts of soluble humic material. 

6. Impregnating of Samples 

6.1 Place samples in the modified desiccator (Fig. 19) for adding 
resin to the sample. For large sample containers, the rotating 
platform (9) is removed. If smaller containers are used, the 
rotating platform facilitates adding resin to more than one 
sample. 

6.2 Place samples in desiccator and cover with lid and reservoir 
assembly. Fill reservoir (1) with plastic solution. 

6.3 Evacuate the air in the entire system by using j-way stopcock 
(2) and approximately 50 cm mercury of vacuum (the building 
vacuum line is suitable). 

6.4 Open the 2-way stopcock (11) and add the plastic solution very 
slowly down the side of the container to allow time for the 
sample to wet up by capillarity. When the sample is completely 
immersed close the 2-way stopcock (11). If more than one sample 
is placed in the desiccator, rotate the platform and repeat 
procedure. 
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6.5 When all samples are immersed in the resin solution close 
stopcock (11) and release the vacuum using 3-way stopcock (2) 
and remove the samples. 

6.6 Cover the samples tightly with lids to prevent vapourization of 
the acetone and rapid polymerization. Place samples in fume 
hood and keep covered for a minimum of two weeks. Longer or 
shorter times may be used depending on the size of sample and 
type of study. After the selected time period, remove the cover 
from the sample to allow the acetone to vapourize. Add resin 
solution as required to keep the sample immersed. 

6.7 Note when the plastic has hardened completely, leave it at room 
temperature for 3 or 4 more days and then place the sample in an 
oven (with fume hood) at 50°C for 2 days. Remove from the oven 
and allow to cool. Remove sample from the container and cut 
into slabs for preparing thin sections or thick slices for 
macro-observations. 

Preparing Thin Sections 

7.1 

7.2 

7.3 

7.4 

7.5 

7.6 

7.7 

Cut the impregnated sample with a large diamond saw using oil as 
the lubricant to obtain a few slabs about 1 cm thick. 
Thoroughly clean the slabs in an ultrasonic cleaner containing 
pretroleum ether. 
For samples that are not well impregnated, place the slabs on 
aluminum foil covered trays and coat the surface of the slabs 
with the plastic solution. Place in an oven at 50°C overnight. 
Remove the slabs from the oven and allow to cool. 
Using the small diamond saw and water as the lubricant, cut the 
slabs into chips of appropriate size for the dimensions of the 
thin section required. The usual size in this laboratory is 3.5 
x 2.5 x 1 cm. 
Grind one side of each chip successively on 70, 45, 30 and 15 
urn diamond laps to obtain a smooth, flat surface. Wash with 
water and dry with compressed air. 
Place the chip on a piece of aluminum foil marked with the 
sample number on a hot plate at 12OOC. Coat the heated chip 
with the epoxy mixture, remove from hot plate, place a clean, 
heated petrographic slide on the epoxy-covered chip and gently 
squeeze out air bubbles. Place the mounted chip on a sheet of 
styrofoam and hold the glass slide in place on the chip with 
pins. The epoxy cures completely in approximately 24 hours. 
Using a diamond pencil label the slide with the sample number 
and orientation. Place the mounted chip in the vacuum 
resectioning holder (Copeland, 1965) and saw off the excess soil 
with a small diamond saw; the remaining soil should be 
approximately 0.5 mm thick. 
Insert the slide in the holder (Cochrane and King, 1957) and 
grind the resectioned sample on diamond laps taking care to 
obtain a flat surface. Grind on the 70 pm lap only until the 
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sample becomes translucent. Next grind on the 45 pm lap and 
check under the polarizing microscope periodically; stop when 
quartz grains appear red under crossed nicols. Grind on the 30 
pm lap until quartz appears yellow, and then on the 15 pm 
lap until quartz appears white to grey. In the later stages of 
grinding check under the polarizing microscope to ensure uniform 
thickness of the section. Clean the section in water in the 
ultrasonic cleaner, rinse, and dry with compressed air. 

7.8 Place the slide on a hot plate set at 120°C and cover the thin 
section portion with neutral Canada balsam. Place a clean, 
moisture free (pass the glass slide through an alcohol flame) 
cover glass on the thin section and remove air bubbles from 
between cover glass and thin section using gentle pressure. 
Leave the section on the hot plate for 30 minutes. After 
cooling, the excess Canada balsam can be removed with 
chloroform. The slide can be touched up by using xylene to 
remove the chloroform-balsam stains. 
Label the bottom of the slide with sample number and orientation 
using a black pen. The thin section is now ready for 
microscopic study. 

8. Microscopic Study of Thin Sections 

The thin sections facilitate the description of the arrangement of 
the constituents as well as provide information on particular features and 
how these features are interrelated. Both qualitative and quantitative 
data can be obtained depending on the objective of the study. For 
example, evidence for translocation of materials may be obtained from the 
description and analysis of clay coatings (using EDXRA, Sec. 84-048). 
Characterization of the voids, their shape, size, arrangement may be 
undertaken and quantitative information obtained by using the thin 
sections together with computerized image analysis instruments. 

8.1 For many purposes, a useful first step is to examine the entire thin 
section in one field and note the nature and distribution of major 
features. Distinctly different areas may be delineated. This 
examination may be done with a stereomicroscope at 5 x magnification 
or higher depending on the size of the section. 

8.2 Study the whole section at low magnification (10 to 25X) with a 
polarizing microscope using both plane light and crossed nicols. 
Describe the features of the whole section or of distinct areas 
delineated (8.1) according to a system of description. Currently, 
the system of Bullock et al. (1984) is being tested. It involves 
description under the following headings: microstructure, basic 
components, groundmass, and pedofeatures. A description system for 
describing organic soils at low magnification has been outlined by 
Fox (1984). Formerly the system of Brewer (1964) including 
modifications by Brewer and Pawluk (1975) was used. 
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8.3 Study particular features of the thin section at higher 
magnifications, up to approximately 400X as required and complete the 
description. Magnification of 50 to 100X are commonly used for 
describing the fabric of fine materials (birefringence fabric). 

8.4 If required, estimate or point count the area1 proportion of features 
such as nodules, clay coatings, or voids (Brewer, 1964). 

8.5 If required, photograph features seen in thin section. 
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1. Separatory funnel, 500 mL capacity 
6 rubber stopper; 

2. Three-way, T-shape stopcock, 
T4 glass stopcock; 

3. Outer groundjoint and tube, T 5550, 
to fit desiccator sleeve; 

4. Ball and socket ground joint with clip; 
5. Teflon flat “0” ring, approx. 20 mm wide 

by 250 mm I.D.; 
6. Pyrex desiccator and cover with 

T 55/38 sleeve, 250 mm I.D.; 
7. Hot drink cup (200 mL) for soil samples 

and plastic or 2 litre plastic bottle; 
8. Vacuum tubing, 1 cm I.D.; 
9. Remote control rotating platform; 

10. Plastic T-joint, 1 cm O.D.; 
11. Stopcock with T3 teflon plug; 

Fig. 19 Apparatus for impregnation of soil samples. 
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