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Abstract 

Five horizons were sampled in profiles taken from four 

soil series of Orthic Podzols in the Province of Quebec. Rapid 

quantitative mineralogical analysis was performed on the primary 

mineraIs in these samples using x-ray diffraction methods. 

Statistical analysis of the results showed that seven mineraIs 

out of the twelve identified varied significantly between 

horizons. The minimum percentages for mineraIs found susceptible 

to weathering were usually found in the Ae horizon rather than 

the F, suggesting that some circulation of sand particles does 

occur. 

New indices of severity of ~~eathering and heterogeneity 

of parent material are suggested and compared with the literature. 

Use of these indices suggests that texture of the parent material 

significantly affects the rate of weathering of primary mineraIs 

in soils. Comparison of results obtained for different soil types 

is suggested. 
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INTRODUCTION 

Although some information is avai1able in the literature 

on the weathering of primary mineraIs in soils, this has largel~, 

described detai1ed work on one or two profiles. As a result, 

there has been 1ittle opportunity to derive and test a suitable 

index of weathering for a profile, or to draw general conclusions 

about the variations in mineraI percentage with depth for specifie 

soil types. 

The aim of this study was to perform rapid mineralogical 

analysis on samp1es from several profiles of Orthic Podzols, 

perforrning density separation with heavy liquids and analysis of 

each sample by either petrographie microscope or x-ray diffraction 

methods. Five horizons were sampled in each profile: the F or 

bumus layer, the elluviated Ae, the illuviated Bfh and Bf, and 

the C horizon composed oi relatively unaltered parent material. 

It was hoped that the relatively large number of 

profiles examined wou1d provide sufficient information to make 

possible statistical conclusions regarding the typical variation 

o:f mineraI percentages with depth due to weathering in Orthic 

Podzols •• It was also hoped that suitable indices of weathering 

and heterogeneity of parent material could be derived and tested. 

From this it was intended that comparison wou1d be made with 

work done on the same profiles by Valentine (1966) based on the 

physical properties of these profiles. He concluded that the 

litbology of the parent material pro:found1y affected the 
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physical properties or the soils, and that such a criterion 

should be introduced at the ramily level or the Canadian 

system or soil classification. It was hoped that a similar 

conclusion could be arrived at with respect to the severity 

or weathering or primary mineraIs. 



LITERATURE REVIEW 

Primary MineraIs in Soils 

1. Primary MineraIs Identified in Soils 

The first stage in any quantitative analysis consists 

of the identification of the constituent mineraIs. Lamar and 

Grim (1937) identified hornblende, pyroxenes, garnet, magnetite, 

epidote, tourmaline and zircon in some Illinois sands and gravels 

of 'glacial and recent' age. They stated that the deposits were 

of fairly uniform composition. Tamura and Swanson (1954) reported 

chlorite, hematite, quartz and feldspars in amounts of 5 to 10 

per cent in a brown, podzolic silt-loam derived from sandstone 

and shale. Dell (1959) identified hornblende, garnet, micas, 

magnetite and pyroxenes (in decreasing order of abundance) in 

the heavy fraction of a 'glacial sand' from southern Ontario. 

These authors' work was done using the petrographie microscope. 

Brydon and Patry (1961) used x-ray diffraction methods 

to examine the silt fraction of a Rideau clay and some Champlain 

Sea sediments. The light fraction, comprising 90 per cent of the 

total, was composed of 50 per cent potassium feldspar and 25 

per cent each of quartz and plagioclase feldspar. The heavy 

fraction contained hornblende, pyroxenes, garnet, tourmaline 

and zircon. Little variation was round between size fractions. 

Millette and Langmaid (1964) and Pawluk (1961) used 

heavy liquids to separate a specifie size fraction into three 

density fractions to obtain better mineraI segregation. For 
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a specifie gravit y of less than 2.70, both identified quartz, 

plagioclase and orthoclase. For the fraction 2.70 to 2.95, 

both found muscovite, biotite and chlorite, with Millette 

finding impure quartz and plagioclase in this fraction, and 

Pawluk finding weathered amphiboles and pyroxenes. In the 

heavyfraction both identified zircon, tourmaline and epidote. 

Millette mentions spinel, hornblende and 'opaques' while Pawluk 

identified magnetite, hematite, amphiboles, garnet, pyroxenes 

and apatite. A comparison of the results in these papers is 

also of interest since Millette, using optical methods, produced 

quantitative results, while Pawluk, using x-ray diffraction, 

produced only semi-quantitative results but was able to identify 

the opaque mineraIs. Millette and Langmaid's results were for 

various Podzols and Dark Grey Gleysolic soils developed on 
~ 

weathered shale and till, while Pawluk's were for a Grey Wooded 

soil developed on glacial tille 

2. Relat~ve Resistance of MineraIs to Weathering 

a. Evidence from Geology 

Many factors affect the persistence of a mineraI, 

those due to its surroundings and those inherent in its 

composition. Upon leaving the environment of its formation, a 

mineraI is no longer in equilibrium with its new environment and 

is subject to decomposition. At or near the surface of the 

ground, weathering varies considerably in its rate for a given 

mineraI depending on, among other things: climate, soil type 

and partie le size. 
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In order to average these effects, Pettijohn (1941) 

examined the frequency of occurrence of several miner al species 

in sedimentary rocks of increasing age and proposed a sequence 

which is a measure of their relative persistence. Abbreviated 

to the minerals identified in this work, his list in order of 

decreasing stability would be: 

Muscovite, rutile, zircon, tourmaline, garnet, biotite, 

ilmenite, Magnetite, epidote, hornblende and augite. 

This compares well with the sequence of Goldich (1938) 

based on the order of crystallization in a melt: 

biotite, hornblende, augite, olivine. 
Quartz, muscovite 

K-feldspar, alkali feldspar, Ca-plagioclase 

Smithson (1941) stated that zircon, rutile, tourmaline 

and apatite were 'stable', garnet was'unstable' and the ferro

magnesians were 'very unstable'. Brewer (1964) compares the 

results of several workers and states that Pettijohn and Goldich 

summarize current information fairly welle 

b. Evidence from Mineral Analysis of S6ils 

Soils in general have a relatively restricted range 

of chemical conditions compared with geologic processes as a 

whole. A specific soil type, in turn, has an even more restricted 

chemical environment so that general conclusions for average 

geological conditions need not apply. Considerable work has been 

done in examining the behavior of mineraIs in different soils. 

As Hendricks and Newlands (1927) stated: "A knowledge of the 
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mineraIs present (in the soil) is ••• of importance ••• Such 

information should be utilized in soil study, and the 

mineralogical composition of the soil deserves attention 

in drawing up a scheme of soil classification." Graham (1950) 

examined several soil types and concluded that anorthite 

weather2d about sixteen times as fast as albite in soils and 

suggested that the Ca:Na radio in the plagioclase feldspars 

be used as a weathering index. Harris and Adams (1966) 

examined five weathering profiles on granitic rocks and 

concluded that, regardless of climate or local physiochemical 

variations, the sequence of decreasing stability was: 

quartz, K-feldspar, biotite and plagioclase feldspar. 

He also concluded that the largest physical and chemical 

changes occurred in the transition from the C horizon to the 

B horizon. 

Turning to Podzol soils in particular, Pawluk (1960) 

stated that feldspar weathered faster than quartz; hematite 

weathered faster than hornblende; and garnet weathered faster 

than Magnetite, for two Podzol profiles in Alberta. Alias (1961), 

working on a Humic Podzol, stated that, in the 50 to 240 micron 

size range - from the A to C horizons - the stability of heavy 

mineraIs against chemical attack decrease in the order: 

zircon, iron ores, tourmaline, garnet epidote = augite, hornblende. 

For the light mineraIs the order of decreasing 

stability was: 

quartz, microcline, orthoclase, albite, oligoclase, muscovite. 
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Hornblende was the most strongly affected mineraI, 

especially in the very fine sand. In 1964 the same author 

produced results for an Iron~umu5 Podzol and gave the following 

results for decreasing stability: 

quartz = zircon, tourmaline = opaque mineraIs = microcline, 

orthoclase, epidote = plagioclase, hornblende = muscovite = biotite 

Jackson (1953) took another approach by stating that 

"there is a m~~imum size at which a mineraI of given stability 

can exist in a given intensity and time of weathering." For 

quartz he found this to be 0.1 microns in a temperate climate, 

and for feldspars, this would be about 2 microns. However, for 

young soils on glacial material two differences existe Firstly, 

feldspars of less than 0.2 microns may be round in large 

percentages; and, secondly, calcium feldspars weather more 

rapidly than sodium or potassium reldspars. He concluded that 

feldspar content and species in the clay rractions were a 

sensitive measure or the degree or weathering or a parent 

material. 

c. Evidence rrom Element Mobility 

Sever al workers have attempted to examine the weather

ability or primary mineraIs in a soil by comparing the mobility 

of various consitiuent elements. Loughnan (1962) stated that 

the weathering or silicates was a function of mineraI structure 

and the mobility of the essential ions. Correns (1963), rrom 

laboratory work on chemical weathering and the efrects on 

feldspars, brucite, amphiboles, and olivine, concluded that the 
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more common mineraIs vary in vulnerability to weathering and 

that the stability of a mineraI depends on external conditions 

such as pH. 

Gradusov and Dzyadevich (1961) stated that, in a 

podzolic horizon, the order of decreasing mobility of elements 

is: K, Ca, Mg, Si, Al = Fe, with aIl elements mobile except 

the Si of quartz. Bloomfield (1964) said that "contrary to 

the premise that iron oxides are among the least readily 

mobilized mineraIs in soil forming processes, laboratory 

investigations and studies of gley soils and Podzols show 

Fe is very readily mobilized; but that reprecipitation of 

ferric oxide during supervening oxidising conditions frequently 

obscures evidence of translocation in the field." 

3. Mineral Weathering in Soils 

a. Variation with Horizon 

Even if a mineraI is shown to weather significantly 

in the surface environment, its susceptibility will vary 

considerably between the various horizons of a soil since 

each of these is a function of the chemical environment. 

Cady (1940) found that podzolization caused a reduction in 

hornblende but had little effect on epidote, garnet and 

magnetite. Matelski and Turk (1947), working in Podzols, 

found that the total amount of h8avy mineraIs was greatest 

in t~e C horizon and lowest in the B. He identified hornblende, 

gamet, epidote, zircon, tourmaline, tremolite, muscovite and 

opaques. Cady (1960) concluded that 'The formation of true 
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Podzols causes the destruction of weatherable mineraIs in the 

A2 horizon and the movement of the products out of the solum 

or into the B horizon. In Podzols in glacial material containing 

an assortment of weatherable mineraIs, particularly hornblende, 

augite and hypersthene, from the C horizon upward to the top 

of the B horizon, these mineraIs are fresh-appearing, and their 

percentages are almost the same in both horizons. On the other 

hand, in the A horizon, the percent age of such mineraIs drops 

by sixt y to seventy-five per cent, and the remaining grains 

show etching and pitting, some to such an extent that they 

appear skeletal." Pawluk (1961), working in Grey Wooded soils, 

developed on glacial till in Alberta, stated that pyroxenes 

and amphiboles showed weathered coatings towards the surface, 

reldspars showed dissolution, and iron oxides and apatite 

showed some significant trend with depth. 

Three workers examined the effect of Podzols on 

feldspars. Van der Marel (1949), examining the greater than 

sixteen micron fraction, stated that podzolization is accompanied 

by a strong attack on the mineraIs by humic and organic acids. 

'Resistant mineraIs' (opaques, staurolite, rutile, tourmaline 

and quartz) concentrated in the zone of strong weathering at 

the expense of amphiboles, muscovite, epidote and saussurite. 

The zircon concentration remêdned almost the same throu9hout, 

increasing only in the 16 to 60 micron separ~te. Feldspars 

showed a marked decrease only in the 'lead sand' horizon. He 

concluded that the K-feldspars are decomposed only by strong 
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acid concentrations, and the plagioclases hardly at aIl. Of 

the primary mineraIs in the clay sizes, only quartz was left. 

Novorossova (1952) round that the Fe, Ca and Mg oxides from the 

breakdown of feldspars increase with depth. Cann and Whiteside 

(1955) used quartz as the standard in the resistant mineraI 

method or Marshall and Haseman (1942) and concluded that, as 

a result of podzolization, there was a slight gain in orthoclase 

and a loss of plagioclase. 

b. Physical Weathering and Choice of Stable MineraIs 

Many problems or soil formation are considerably 

simpliried ir one mineraI in the soil can be considered 'stable' 

i.e. it does not decrease signiricantly in either size or 

absolute weight in the soil environment. Ir this is so, and 

the parent rnaterial rnay be considered homogeneous, a cornparison 

of the proportions of mineraIs present berore and arter soil 

formation May be made. However, neither of these assumptions 

ê.re unhTersally valide St. P..rnaud and Whiteside (1963) suggest, 

as a result or their laboratory work, that physical breakdown 

or minerê'.ls does occur wi th freezina and expansion, in particular 

for quartz. If physical decrease in particle size occurs for 

the 'stable mineraI' in the soil, the discovery of equal quartz 

percent ages up the profile for a given size fraction is not 

necessarily due to homogeneous parent material. They therefore 

conclude that only total quartz, for aIl size fractions, could 

be considered ~ 'stable mineraI'. Russell (1936, 1937) examined 

hundrecls of samples from the length or the Mississippi River 

and concluded that there was no significant sorting or destruction 
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of any mineraIs by the river, justifying the assumption that 

loss by abrasion is non-existent in soils. 

Raeside (1959) said that, '~ecause of its susceptibility 

to physical breakdown and solution, quartz can only be accepted 

as a stable mineraI with certain reservations. It may be 

admissible as an index mineraI in young soils, or in semi-arid 

soils with pH values below 7.0." With respect to garnets, he 

stated that, "Some members of the group may be sufficiently 

stable to serve as index mineraIs, but there seems good reason 

to exclude garnets high in iron :from the list." With respect 

to zircon he quotes Carroll (1953) who concluded that zircon 

grains do corrode, especi~lly in lateritic soils subject to 

alkali leaching. 

Cogen (1935) questions the use of a 'stable mineraI' 

as a standard since this assumes that the material is resistant 

to abrasion and decomposition, and that it is uniformly 

disttibuted through the profile. Tedrow and Wilkerson (1953) 

point out that mineraIs weather from the surface inwards. 

This may weIl affect results based on size-fractionated 

samples. 
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4. The Brrect or Parent Material on Variations 

in Mineral Proportions 

The variations in mineraI composition or a soil are 

a partial rerlection or the mineralogy or the parent material. 

Hendricks and Newlands (1923) stated that local dirrerences in 

silicates in the soil indicated local dirrerences in the parent 

rock. Jerrries (1937) and Jerrries and White (1937, 1938) 

examined soils derived rrom various limestones, dolomites, and 

shales in the eastern United States and round their mineralogy 

qualitatively similar but quantitatively dirrerent ror some 

mineraIs. They recommended examination or some or the heavy 

mineraIs ror comparison or soils. 

Rubey (1933) round that epidote, kyanite, andalusite, 

rutile and hypersthene percentages increased with increasing 

particle size. Jerrries and Yearick (1948) round that in the 

sand and silt sizes, variations in mineraI percentages in the 

soil were mainly due to variations in the processes that deposited 

the parent material, and they concluded that the main dirrerences 

between soil types were round in the clay rraction. Chernov (1965), 

however, said that "Accumulation or the clay rraction in the 

illuvial horizon depends less on the degree or podzo1ization than 

on the mechanica1 composition or the parent rock and is greater 

the lighter the parent rock." Haseman and Marshall (1945) stated 

that difrerences in the origin or parent material at dirrerent 

depths are readily shown by heavy mineraI analysis. Bear (1964) 

and Brewer (196~) contain excellent discussions of the available 
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methods for testing the homogenéity of therparent material. 

Coninck and Larnelle (1960) consider the main Podzol

forming factors to be the mineraI composition of the parent 

rock, the texture of the parent material and the drainage 

conditions and humidity of the soil. Sokolova (1964) stated 

that a soil on granite had a profile typical of podzolic soils, 

while on amphibolite there were no morphological signs of 

podzolization, although analysis showed them to be podzolized. 

Jeffries and Jackson (1949) suggested that one 

should identify as many mineraI speeies as possible, espeeially 

the accessory mineraIs, when wishing to make a comparison 

between soils. Rubey (1933) statea that it is not possible 

to compare different-size fractions of samples or even the 

same size fractions of different samples. Cogen (1935) agreed, 

adding that one cannot compare res~lts from one size fraction 

with results from unfractionated samples. 

Carroll (1952) stated that, in statistical analysis 

of particle size distribution, soils derived in situ from 

granitic rocks tend to exhibit a positive skewness, whereas 

soils !rom sedimentary rocks have a negative skewness. The 

same author in 1957 concluded that "Analysis of variance can 

be used for counts of heavy mineraIs, expressed as a number 

percent, because the population will have an approximately 

normal distribution." Thè'use of statistical methods in the 

description of mineraI variation was an important part of the 

work und.ertaken by the wr i ter. 



SOILS AND MBTHODS Œ' ANALYSIS 

1. Field Sampling 

The work undertaken by the author 'Ras a continuation 

of that of Valentine (1966) and, for this reason, the sample 

sites chosen were identical to his. A relatively homogeneous 

parent material was required in order to permit study of the 

effect of soil horizons on the physical and mineralogical 

changes within the soil profile. Consequently, four soil 

series, aIl developed on ~àcial till, were taken as repres

entative of orthic Podzols. These four were the Ascot, Greensboro, 

Magog and Roxton series. Profiles were examined at five sites 

in each series for five horizons - the F, Ae, Bfh, Bf and C 

horizons - of the Canadian System of Soil Classification. A 

listing by co-ordinates of the locations of the sample sites 

will be found in Appendix 1. Profile descriptions may be found 

in the soil survey reports of stanstead, RiChmond, Sherbrooke 

and Compton Counties (Cann & Lajoie, 1942) and Shefford, Brome 

and Missisquoi Counties (Cann et al~.,19~7) in the Province of 

Quebec. 

2. Preparation for Particle Size Analysis 

Samples ot approximately 500 gm were taken from each 

horizon, returned to the laboratory and air dried. A repres-

entative portion weighing approximately 20 gm was obtained from 

each sample by the method of quartering, exc~pt in the case of 

the F horizon where larger portions were taken due to the high 

content of organic matter. After removal of gravel and root 
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fibres by passing through a 2.0 mm sieve, the samp1es were 

weighed and treated for the remova1 of organic matter by 

Kunze & Rich's method as quoted in Black (1965). Free iron 

oxides were then removed as suggested by Mehra and Jackson (1'60) 

as quoted by Kunze in Black (1965). 

3. Partic1e Size Ana1ysis and Density Fractionation 

Separation of the si1t and clay from the sand 

fraction was performed by wet sieving through a 53 micron 

sieve. Both fractions were then oven dried at 800 C and 

wëighed. The sand fraction was further split into five size 

fractions (2000 to 500, 500 to 250, 250 to 105, 105 to 53 and 

1e9s than 53 microns) by sieving for 10 minutes on a reciproca1 

shaker. The three midd1e sand sizes for each samp1e were then 

separated into three specifie gravit y separates after the 

method of Cady in Black (1965). Mixtures of tetrabromethane 

and nitrobenzene were used, resu1ting in separates with densities 

greater than 2.95 gm/cc, 2.75 to 2.95 gm/cc and less than 

2.75 ~cc. The silts and c1ays were separated into three 

sizes; greater than 2.0, 2.0 to 1.0 microns and less than 1.0 

micron equivalent diameter, using the sedimentation column 

method. Rates of fall were obtained from Tanner and Jackson 

Bach fraction was then dried and weighed. 

4. Quantitative Minera1ogica1 Analysis 

Quantitative analysis on the various sand fractions 

was first attempted using grain counting techniques with a 
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petrographie microscope. The grains were gelatin-mounted 

(by the method of Marshall and Jeffires (1945), and the 

light fraction was stained for feldspar identification as 

suggested by Millette and Langmaid (1964). The petrographie 

methods used for grain identification were obtained from 

Fry (1933), Milner (1952), Cady in Black (1965), Wahlstrom (1962) 

and Berry and Mason (1959). This approach, however, was found 

to have various drawbacks, in particular the length of time 

required per analysis, inconsistent results from staining 

techniques and inability to identify heavily weathered mineraIs 

and many of the opaque mineraIs. Consequently, x-ray diftraction 

analysis as suggested by Brdosh (19'5) was finally adopted. 

5. X-Ray Diffraction Procedures 

Brdosh (19'5) worked on instrumental methods for the 

rapid modal analysis of rocks and devised the basic method used 

in this work. After density se?aration, samples were ground 

in a pestle and mortar and slides prepared by a paste method 

similar to that suggested by Theisen and Harward (1962). The 

midd1e density fraction was re-combined with the light fraction, 

due to its very low yields, mostly of impure quartz. Erdosh 

strongly recommended the calibration of results by the addition 

to the sample of a known proportion of an internaI standard. 

Unfortunately, this was not possible in the current work due 

to the extremely small weight of some fractions after both 

size and density fractionation. It is recommended that in any 
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similar work at least 50 gm of soil be treated for each horizon 

in order to avoid this problem. 

Klug and Alexander (195.), p. 412, showed that the 

basic equation of quantitative analysis was: 

Ii = KiX;i 
fi (Xi (pi - .am) + pm) 

where Ii is the intensity of diffraction due to a particular 

d-spacing of component i; Ki is a constant for component i and 

the apparatus used;t, X and ~ are the density, wèight fraction 

and mass absorption coefficient of mineraI i and matrix m. 

From the above equation it can be seen that: 

1100, i = Kj 
filoli 

where IlOO,i is the intensity of diffraction of a pure sample 

of component i. Since Pm is the sum of ~jXj for the remaining 

components, it can be shown that: 

Xi = Ii • 
IlOO,i 

Thus, if it can be assumed that aIl components of the x-ray sample 

have been identified, measured and their mass absorption coefficients 

known, it is possible to perform quantitative analysis on the sample. 

Due to the number of sample fra.ctions to be analyzed, as weIl as the 

small quantity of Many of them, no more time-consuming method of 

standardization was considered feasible. Diagnostic peaks were 

chosen for each of the mineraIs identified, and the peak intensities 

were measured for standard mineraI samples. Checks were taken at 

frequent intervals to see if any unidentified mineraIs were present 

in large quantities. Since the samples from any one soil series 

were of very similar origin, this was considered a sufficient check. 
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Although this method is doubtless less accurate than 

the internaI standard method, and it must be stressed that 

quoted percentages are subject to considerable error, the 

approach was considered justified for the following reasons: 

1. The absence of an internaI standard peak for comparison 

purposes would produce random errors in percentage values. 

This would decrease the sensitivity of the statistical operations 

performed, rather than produce erroneous conclusions, particularly 

since the factorial design of the analysis of variance is based 

on means of at least 60 replicates in the three-factor design 

and lS replicates in the two-factor design. 

2. Random errors due to the presence of a non-systematiëàl1y 

varying unidentified component could produce additional random 

error and a decrease in Mean values obtained, but would have no 

effect on statistically identified trends. 

3. Systematic errors due to the presence of a systematically 

varying unidentified component could influence identified trends 

if present in relatively large proportions in the analyzed 

fractions. Spot checks taken at random showed no evidence of 

persistent, systematic or large unidentified peaks in the range 

of 100 to 600 2 Q, CuKa radiation. Table l compares results 

obtained by the auithor using x-ray diffraction methods with 

results obtained by A. Schori using optical microscopy. It 

should be emphasized that the five profiles compared were 

sampled in the field on separate occasions for the two methods 

and will thus exhibit differences due to sampling as weIl as 



TABLE 1: COMPARISON OF ANALYTIC MBTHODS 

Quartz % Plagioclase % Orthoc1ase % 
Profile Horizon (X-ray) (Opttca1) (X-ray) (Optica1) (X-ray) (Optica1) 

Ascot 1 Ae 67." 100 25.9 Trace 2.7 0 
Bth 77.2 82 15.8 18 1.9 0 
Bf 70.5 71 22.8 24 2.3 5 
C 67 •• 66 20.6 30 6.5 " 

Ascot 2 Ae 83.2 100 10.8 Trace 1.7 0 
Bfh 82.2 95 9.2 5 1.8 Trace 
Bf.:} 66.1 80 17.6 20 3.2 Trace 
C 67.0 72 16.4 23 2.7 5 

Ascot 3 Ae 81.5 100 14.1 0 1.1 0 
Bth 75.6 90 15.7 10 2.0 Trace 
Bf 6".6 77 25.1 23 3.0 Trace 
C 69.9 69 20.9 28 2.5 3 

Ascot 4 Ae 87.1 100 8.0 0 2.0 0 
Bfh 86.3 88 8.6 12 0.8 0 
Bfd 81.1 76 12.2 20 2.4 4 
C 68.6 -- 24.5 5.0 

Ascot 5 Ae 8~.8 100 10.5 0 1.2 0 
Bfh 78.4 89 13.9 Il 1.8 0 
Bf 71.5 81 17.0 19 3.4 Trace 
C 83.5 70 2.6 25 4.4 5 

-19-
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laboratory technique. 

Values obtained in this way were combined to give 

percentage of each mineral in each size fraction fraction using 

the weight of each density fraction. Fig. 1 shows a flow chart 

of laboratory techniques, and Fig. 2 a flow chart of statistical 

tests applied to these results. 
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RESULTS & DISCUSSION 

1. Bxistence of Trends - Analysis of Variance 

a. Overa1l Analysis of Sand Size Fractions 

Analysis of variance was performed on the results 

for each soil series, profile, horizon and size fraction 

using a three-factor split-plot design for each mineral. 

Hornblende, aagnetite, epidote, plagioclase, enstatite and 

orthoclase were seen to decrease significantly in the F and 

Ae horizons as compared with the percent ages present in the 

C horizon. The Bf horizon was grouped with the C, while the 

Bth was usually intermediate between the two. The percent age 

of quartz present increased significantly in the F and Âe 

horizons as compared with the Bfh, Bf and C. Ilmenite, zircon, 

rutile, garnet and augite were not found to vary significant1y 

with depth. Of those minerals thaLt did vary significantly with 

depth, the most susceptible to weathering was hornblende, the 

mean value in the Ae horizon being 35% of the mean value in the 

C, followed by magnetite with 47%, epidote with 50%, plagioclase 

and enstatite with 56% and orthoclase with 64%. Of those 

mineraIs whose variation with depth was not shown to be signi

ficant, possible due to analytic techniques in some cases, 

augite decreased to 60% in the F horizon, garnet decreased to 

66%, zircon and rutile to 83% and ilmenite to 94%, all in the 

F horizon, with an unexplained maximum of 124% in the Bfh 

horizon for ilmenite. These results are shown in Fig. 3. 
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Quartz also increased significantly to 1121 in ~he Ae horizon 

due to loss of o~her mineraIs, primarily ~he feldspars. 

Varia~ion in mineraI percent age due ~o particle size 

was also tested for in the analysis of variance design. This 

was highly significant, in almost aIl cases, at a considerably 

higher level than variation with horizon: Over ~he range S3 to 

SGe microns aIl the mineraIs increased in percentage significantly 

with decreasing particle size, with the exceptions of orthoclase, 

which bad a maximum in the lOS to 2SG micron range; garnet, wbich 

tended to decrease in percentage above 25Q microns, and quartz, 

which increased significantly in percentage with increasing 

particle size up to at l.east seo microns. These are probably 

reflections of the composition of the parent aa~erial but do 

not seem to vary much between 50 il series. Mean particle sizes 

for sand between S3 and soe microns are given in Table 2. Since 

only three class intervals are useà, ~hese are necessarily 

approximate. 

TABLE 2: MBAN PARTICLS SIZE IN MICRONS 

Mineral: Quartz Plagioclase Orthoclase Hornblende Zircon Rutile 

Mean Size: 224 195 210 175 178 189 

Mineral: Enstatite 

Mean Size: 181 

Augite 

203 

Magnetite 

177 

Il.enite 

156 

Garnet 

191 

Epidote 

174 
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b. Analysis €or each Soil Series 

For the seven ainerals found to have significant 

variation with depth, analyses of variance were performed for 

eaéh soil series separately in order to see whether significant 

trends existed in each soil series, and whether these trends 

conformed"with the overall trend. 

Significant variation with particle size and horizon 

were found for most mineraI and soil series, in most cases at 

the less than O.l~ level. Those analyses that were found not 

to vary significantly with horizon at the 5~ level were: 

orthoclase, enstatite, magnetite and epidote in the Roxton 

soil series; magnetite and enstatite in the Ascot series and 

epidote in the Magog. With the exceptiens of the above four 

minerals in the Roxton series, aIl the means followed the 

established trends even when not shown significant. 

c. Analysis for each Size Fraction 

When analysis of variance was performed for each size 

fraction separately, several things were found. As expected, 

zircon, rutile, augite, ilmenite and garnet did not vary 

significantly with horizons for any size fraction. Hornblende 

was found to be non-significant in the 500 to 250 micron ~raction 

as was enstatite. Examination of the relevant plot in Appendix 

suggests that this is due to the relatively low percentage 

present in that size fraction - a reflection of the parent 

material. A similar situation was found for both the seo to 

250 and 250 to 105 micron fractions for magnetite, and for 
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epidote, only the 500 to 250 micron fraction showed significant 

variation with horizon. 

Analysis of variance performed on the wêights of each 

size fraction of sand, silt and clay, after sieving and before 

density separation, showed that the effect of horizons on 

percent age of each size was significant at better than 5% for 

aIl sizes from very coarse sand to clay, with the exception of 

the 105 to 53 micron very fine sand and the less than one micron 

clay. 

d. Plots of Trends 

An analysis of variance table for each of the twelve 

mineraIs, together with a plot of mineraI percent age (average 

value over five profiles) against size fraction and horizon is 

contained in Appendix 2 due to space considerations. Curves 

are included for each soil series separately as weIl as the 

overall average. The relevant significance levels from analysis 

of variance are also shown. 

It will be noted that, if the curve for any soil 

series deviatas strongly from a trend found significant in 

the remaining series, the significance level is consistently 

lower. This suggests that, although a variation in percentage 

found significant with either particle size or horizon may be 

destroyed by various local factors, no opposing trend is produced. 

An example of this in the particle size curves is the Greensboro 

series for quartz, plagioclase, hornblende, rutile, enstatite, 
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augite and garnet. As discussed later, this is probably due 

to lack of homogeneity in some of the sample profiles in that 

series. 

e. Silt and Clay Size Fractions 

Appendix 2 also contaiDs analysis of variance tables 

and plots for the silt, coarse clay (1 to 2 microns) and medium. 

and fine clay (less than 1 micron). Due to difficulties in 

heavy liquid separation of fine aaterial, no attempt was made 

to separate and identify the beavy ainerals. Quantitative 

analysis of layer silicates was considered to be beyond the 

scope of this work. Consequently, the values quoted for quartz, 

plagioclase and orthoclase May DOt be considered as absolute 

percentages but only as uncorrected 1/1100 values. It is 

interesting to note, however, that these three minerals showed 

significant variation with particle size, quartz and plagioclase 

showing an increase, and orthoclase a decrease, with increasing 

particle size. Quartz showed a significant increase in the Ae 

horizon only, plagioclase showed a highly significant decrease 

towards the surface of the soil and orthoclase showed no 

significant trend, probably due to the low percent ages present 

within the fraction analyzed on the x-ray diffractometer. 

2. Form of Trends 

Duncan's multiple range test applied to the mean 

values in Fig. 3 grouped the F and Ae horizons as significantly 

different from the Bfh, Bf and C for quartz, orthoclase, enstatite, 
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epidote, magnetite and hornblende, but showed the Bth horizon 

falling between the two groups in the case of plagioclase. 

An examination of each profile separately, however, gave a 

less clear picture. Only in the cases of enstatite and 

hornblende were the Bth horizons frequently grouped with the 

Bf and C. In aIl üther cases no consistent pattern for the 

Bth horizon occurred. 

Of the seven significantly varying minerais, the 

maximum values could be found in any of the Bfh, Bf or C 

horizons, except in the case of plagioclase, for which it 

rarely fell in the 8th, and quartz, for which the minilllum 

values were frequently found in the Bf. The Ae horizon usually 

contained the maximum percentage of quartz and the minimum 

percentages of plagioclase, hornblende, enstatite and, less 

frequently, orthoclase. Magnetite and epidote would have 

minimum values in either the F or Ae horizons. This is 

summarized in Table 3 and illustrated in Appendix 2. 

One point that will be noticed i8 that, as a 

general rule, the maximum and minimum values are not found in 

the top or bottom horizons as might be expected. Although it 

is not possible to distinguish between them by Duncan'8 

multiple range test, the Ae horizon usually contains a more 

extreme value than the F. No explanation is offered for this 

since it would be assumed that primary minerais now in the F 

horizon had, at some previous time, been in the Ae horizon and 



TABLE 3: VARIATION IN MIN&.ttAL PBRCBNl'AGB WrrH HORIZON 

Bfh Grouped With: 
F Ae Bfh Bf C (by profiles) (by means) 

1 Minimum 1 Quartz Maximum ? Minimum 

Plagioclase Minimum 

L 
+--Maximum ~I ? ? 

Orthoclase M;inimum • MaximumC .1 ? Maximum 

Hornblende Minimum lE Maximum- ~I Maximum Maximum 
1 
~ 
0 Enstatite Minimum lE Maximum .1 Maximum Maximum 
1 

Magnetite ( Minimum"'r Maximum ï ? Maximum 

Epidote ~ Minimum-+- 4 Maximum ~ ? Maximum 
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would therefore have been as heavily weathered. It i9 sU9gested 

that either the soils examined were 50 young that minerals in 

the F horizon could not be assumed to have once been in the Ae 

or else this is diagnostic of an Orthic Podzol. A similar, 

but less pronounced, problem exists with respect to the 

relationship between the Bfh, Bf and C horizons. It is 

suggested that the overa11 curve shapes shown in Fig. 3, as 

weIl as the relative extents of weathering of each mineraI, 

might be diagnostic of a particular soil type. 

3. Comparisons of Soi1 Profiles 

a. Plot Scores 

Although significant trends were found for seven of the 

twèlve mineraIs identified, and no opposing significant trends 

were noted, non-significance was found in some soil series for 

a trend found significant in another. In order to try and 

attribute some of the variation causing non-significance to 

a lack of homogeneity of the parent material in specifie 

profiles, plots were drawn of mineraI percentage against horizon 

for each of the seven significant mineraIs in each profile. 

These plots were compared with the significant trend of the 

means for each horizon (Fig. 3 ) which, in aIl cases except 

quartz (for which the trend was reversed), was defined as 

possessing a minimum in the F, Ae or 8th horizons and a maximum 

in the C, Bf or Bth horizons. 

Rach plot was th en assigned a score from zero to 
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four, depending how closely it followed the trend, so that a 

good fit for aIl seven mineraIs would give a profile a maximum 

score of 28. The results are shown for each profile in Table 4 

together with a score, out of a possible 80, for each mineraI. 

TABLE 4: PROFILE SCORES 

et'ofile No: 1 2 3 5 Total Series 
Soil Series 

Greensboro 27 25 22 18 9 101/14e 

Rorlon 16 9 22 21 18 86/140 

Ascot 25 27 24 14 25 115/146 

Magog 22 25 25 22 25 124/140 

Mineral: Quartz Plagioclase Hornblende Magnetite 

Score: 77 75 65 58 

Mineral: Epidote Orthoclase Enstatite 

Score: 52 49 44 

On this basis it was decided that profiles Greensboro 

No. 5 and Roxton No. 2 should be rejected as conforming less 

than 33% with established trends, and Greensboro No. 4, Roxton 

Nos. 1 and 5 and Ascot No. 4 should be considered to be of 

poor homogeneity as scoring less than 75%. The Roxton soil 

series in general was concluded to be formed on parent material 

of poor mineralogical homogeneity. It may aiso be di~tinguished 

from the other three series on the basis of showing significant 

and consistent trends for .. ClJlly three mineraIs out of seven, and 
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having a mean quartz percentage considerably lower than the 

other series. 

b. Indices of Weathering 

Unfortunately, too little information was available 

from other sources to check the validity of these conclusions. 

Valentine (1966) eliminates Ascot 4 and Magog l, 2 and 3 on 

the basis of clay distribution in the profile, etc. Since this 

does not agree weIl with the profile scores of Table 4, some 

other parameter was looked for to clarify the picture. Two 

sources of variation were considered: that due to lack of 

homogeneity of the parent material prior to weathering taking 

place, and that dependant on the severity of the weathering 

processes. 

As quoted previously, Jackson (1953) concluded that 

feldspar species and content, in the clay fractions, were a 

sensitive measure of the weathering of a soil profile. On 

this premise, a weathering index W was designed for each silt 

and clay size fraction of each profile such that: 

+ • + -• 
where Q, P and 0 are the quartz, plagioclase and orthoclase 

percentages of the respective F, Ae, Bf and C horizons. Thus, 

W = 1.0 for a homogeneous parent materia1 with no weathering 

and tends towards zero with increased 10ss of fe1dspars in the 

F and Ae horizons by weathering. W was ca1culated for the 

1ess than one micron clay, the 1 to 2 micron clay and 
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the silt fractions, hereafter referred to as W(O), W(l) and 

W(2). 

Brewer (196~) quotes two weathering ratios proposed 

by Ruhe (1956) for very fine sand~ the first being for the light 

fraction, the second for the heavy fraction: 

Wrl = quartz ~ feldspars 

Wrh = (sircon + tourmaline) : (amphiboles + pyroxenes) 

where each mineraI species is expressed as a percentage of the 

size fraction. Since these values apply only to a single 

horizon, an estimate of the difference in weathering severity 

between the top and the bottom of the profile May be obtained by: 

Wl = Wrl (Bf) + Wrl (C) 
Wrl (F) + Wrl (Ae) 

Wh ~ Wrh (Bf) + Wrh (C) 
Wrh (F) + Wrh (Ae) 

which have the same form as the weathering index previously 

derived for the clays. This was done for both the very fine 

sand and the total sand to give Wl (F), Wl (T), Wh (F) and 

Wh (T) respectively. 

c. Chi - Square 

Barshad, writing in Bear (1964), describes the use 

of the particle size distribution ôf resistant mineraIs to 

examine changes in composition of the parent material with 

depth. If a parent material is homogeneous, he argues that 
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the proportions o~ the total amount o~ the resistant mineraI 

~ound in a horizon that ~all into a given size class will not 

vary between horizons. I~ a break in homogeneity occurs, it 

will he easily identi~iable. Table 5 i~lustrates this. 

TABLB 5: 

Depth 

0 - 8 in. 

8 - 17 in. 

PARTICLE SIZE DISTRIBUTION OF ZIRCON IN A TILSIT 
SILT LOAM PROFILE (From Barshad (lQ6.4.» 

Zircon Fractions (%) 
0.1-0.05 _f:. -OZ05io(4.82 mm 0.02-0.01 mm 

5 83 12 

3 81 16 

17 - 28-1/2 in. 5 85 10 

Total 

100 

100 

100 

- - - - - - -- - --- - - - - - - --- - - - -- - ~~-

28-1/2 - 35 in. 17 76 7 100 

Weathered Sandstone 25 7.4. 1 100 

Fresh Sandstone 31 67 2 100 

(The dashed line denotes the depth at which strati~ication occurs) 

He adds, If In ~act, the change in particle size distribution o~ 

a mineraI in soils with an increasing degree of weathering can 

be used as a criterion for establishing its degree of resistance. 1f 

Thus, the deviation of the size distribution in any horizon from 

the expected size distribution would be due to lack of homogeneity 

of the parent material, sampling and analytic error or dif~erential 

weathering of certain size fractions. This last would be expected 

to occur frequently with those minerals susceptible to a particular 

chemical environment whereas the other sources of deviation would 

be expected to affect the results for aIl mineraI specie$. The 
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expected size distribution would be defined as consisting of the 

averages, over aIl horizons, of the proportion found for each size 

fraction. This deviation from the Mean May conveniently be 

expressed by a form of the statistical function~2 (chi square) 

sometimes used as a test of heterogeneity between experiments. 

This test was applied as follows: 

1. For any given mineraI, 'the proportions in each size class 

were summed for aIl horizons within a given profile and then scaled 

to St~ to unity. This gave an average particle size distribution 

for any given mineraI and profile. These values were designated 

ml to mj where j = the number of size fractions tested. 

2. For each horizon, the raw values, consisting of the 

percentages of the mineraI found in each size fraction tested, 

were sUIIlllled. For a given horizon this was dësignated n. 

3. 1(.2 was calculated for each horizon, using the equation 
• '2 

",2 = ~~:~ \ _ n where ai i. the value obtained for that mineraI $,L 1 1 
in the i-th size fraction. 

4. Sum the1t2 values obtained for each horizon of the profile. 

This total May be tested for significance with one degree of freedom 

less than the number of horizons since one degree of freedom was 

lost by calculating the expected distribution. The null hypothesis 

is that no values differ significantly from the expected Mean values. 

Thus, whether shown significant or not, the value of -x,2 for a 

particular mineraI in a particlllar profile is a measure of the 

departure of the profile from homogeneity. 



Heterogeneity~ was calculated for each mineraI in each 

profile (Table 6). Only in the feldsp~rsweresignificant 

values reached (the 10% level = 7.78, 5% = 9.~9, 1% = 13.3). 

Totals for each mineraI and each profile, as weIl as for 

the light and heavy mineraI assemblages, are included. With 

reference to the comment of Barshad quoted earlier, the total 

for each mineral should provide a measure of the susceptibility 

of that mineraI to weathering in the specifie soil type examined. 

By this criterion, the sequence in order of decreasing suscept

ibility is: plagioclase, orthoclase, enstatite, quartz, epidote, 

hornblende, magnetite, garnet, zircon, augite, ilmenite and 

rutile. The position of quartz in the list is anomalous since 

its deviation consists of an increase up the profile due to 

the loss of other mineraIs. Comparison of the heavy mineraIs 

witb Pettijohn's (19~1) persistence sequence in geologic time, 

produces reasonable agreement witb tbe exception of augite 

whose low value is probably due to tbe low percent ages identified 

and hence loss of accuracy of measurement. Alias (1961) found 

that plagioclase weathered more easily tban orthoclase in a 

Humic Podzol. Thus, witb tbe exceptions noted above, the 

function~ produces a weatbering sequence in general agreement 

witb tbose autbors quoted in the review of literature. 

d. Correlation of Parameters 

Since the weathering sequence of mineraIs is derived 

by summing over aIl profiles, its validity depends on tbe 



TABUE 6: VALUBS OF X2 FOR EACH MINERAL M'D PR<FILB 

Mineral: 

Quartz Plage Orth. Rbl. Zircon Rutile Enst. Augite Mag. Ilaenite Garnet Epid. Total Li9ht Heavy 
SoU Series: Total Total 

Greensboro 1 0.577 6.805 4.528 0.143 0.362 0.073 0.436 0.258 0.153 0.087 1.395 0.985 15.801 11.~10 3.892 

Roxton 

~. 
.CD 
1 

Ascot 

Magog 

TOTAL 

2 1.633 ·10.316 4.385 1. 155 1.4120.151 1.160 0.101 1.761 0.422 0.S03 1.288 24.587 16.334 8.253 

3 0.964 2.164 3.620 3.760 1.669 0.193 5. 4 86 1.107 1.078 1.236 1.045 3.636 25.979 6.767 19.212 

·4 1.182 5.826 4.773 1.b54 0.442 0.247 3.512 0.439 0.925- 0.557 2.132 0.864 22.556 11.783 .10.773 

5 Z.lH 11.799 7.4&0 0.341 0.606 0.153 1.747 0.183 0.907 0.317 0.660 0.65~ 27.971 22.396 5.575 

1 1.248 12.547 13.178 1.205 0.878 0.267 1.586 0.845 1.263 1.798 1.147 1.712 37.694 26.972 10.721 

2 1.911 9.971 9.700 2.852 0.347 0.556 2.678 0.689 1.364 0.690 1.048 1.550 33.356 21.582 Il.774-

3 6.402 17.253 14.323 1.81 7 0.749 1.251 1.596 0.776 0.537 0.713 1.553 1.117 48.095 37.977 10.108 

.. 4.83231.170.9.465 Z.367 0.362 0.494 3.638 0.254· 0.695 0.950 0.710 1.25156 •. 18645.46710.719 

5 4.255 17.438 6.843 5.187 1.792 0.588 4.575 2.584 4.283 0.962 0.921 5.404 54.Q37 2~.536 26.301 

1.2.23 4 9.7078.2870.8190.9690.340 1~398 0.468 0.370 0.569 0.250 0.675 26.086 20.227 5.859 

2 

3 

" 
5 

1 

2 

1.673 6.60Q 1.223 0.802 1.586 0.531 

0.907 3.3'14 1.523 0.968 0.200 0.293 

1.823 12.137 5.422 0.291 0.558 0.041 

2.580 21.geq 1.714 0.715 0.396 0.134 

2.513 1.114 2.038 1.324 0.828 0.306 20.5~5 9.505 Il.041 

3.283 0.723 0.502 0.063 1.03~ 0.262 13.157 5.82~ 7.333 

1.944 0.~63 0.317 0.234 0.331 0.226 23.786 19.382 4.404 

1.848 0.774 0.7~6 0.584 0.729 1.522 33.699 26.293 
1 

7.417 

0.877 9.479 5.)48 1~031 0.600 0.175 2.588 0.829 1,749 0.162 1.244 2.375 26.459 15.705 10.754 

0.946 5.504 3.836 0.442 0.464 0.120 2.249 0.501 1.609 0.257 1.019 3.666 20.613 10.285 10.328 

3 1.484 9.5"22 3.B02 0.884 0.235 0.139 2.097 0.452 0.504 0.212 1.004 0.575 20.n9 14.808 6.121 

" 1.212 3.369 5.197 0..895 0.461 0.348 1.472 1.0Q4 0.526 0.641 1.022 1.9301a.094 9.797 8.297 

5 1.289 10.Bql 5.901 0.780 0.511 0.168 0.623 0.179 0.530 0.394 0.379 1.362 23.008 ~8.082 4.926 

40.185 218.911 Il0.527 28.107 14.599 6.260 46.428 13.744 21.846 12.191 19.264 31.366 



assumption that variation in values due to error and heterogeneity 

are averaged out. This appears to be justified by coaparison 

with the results of previous workers. However, for comparison 

between individual profiles, this would not be the case, and 

therefoT.e both a measure of heterogeneity and a aeasure of 

weathering intensity would be useful. It might be suspected, 

for example, that~ for the resistant mineraIs (those at the 

low end of the susceptibility scale) would predominaatly be due 

to profile heterogeneity, whereas those minerals that weather 

easily would give a value of~ that would give a better measure 

of the severity of weathering. 

In order to test this hypothesis, correlation was 

performed between aIl the values obtained for each profile by 

several methods. Spearman's rank correlation was used since 

it made no assumptions about the population distribution. The 

correlation consists of a comparison of how well the sequence 

of the profiles arrived at by ranking them according to the 

values obtained by one method compares with the sequence obtained 

for another method. The various methods used to r~ik the 

profiles were: 

1. The weathering indices for the silt and clay fractions 

previously described as W(O), '~(l) and W(2). 

2. A score applied to each profile depending on whether 

Valentine classified it as heterogeneous due to clay distribution, 

etc. or not. This is called 'Val.' in Tables 7 and 8. 

3. The depth of the C horizon below the surface. 
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•• The plot score described earlier. 

5. The weathering indices of the sand fractions described 

earlier as Wl (F.), Wl (T), Wh (F) and Wh (T). 

6.~ for each of the twelve mineraIs. 

7. Totals of~ for aIl twelve mineraIs, the light fraction 

and the heavy fraction. 

The correlation matrix is found in Table 7, and the 

corresponding values of t in Table 8. For the required 18 

degrees of freedom, the values of t for significance levels 

of 10% = 1.734, 5% = 2.101, 2% = 2.552, 1% = 2.878 and 0.1% = 3.922. 

For the purposes of discussion, the tables have been divided 

into three parts.: 

1. Correlation of~ for individual mineraIs against 

other mineraIs. 

2. Correlation of various weathering indices, etc. against 

each other. 

3. Correlatiolrl of members of group 1 against members of 

group 2. 

Dashed lines separating mineraIs of the heavy fraction 

from those of the light fraction and from .the totals are also 

included. Correlations found significant at 10% or better are 

underliiled. 

Although significant correlations are found in aIl 

sections, certain generalizations may he made: 

1. The various indices of weathering and heterogeneity 

correlate positively but very poorly with each other. 
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TABLE 7: lWf1C CXlRRIUMION C'OIPI'reIllHrS BETWIIEH VARrous nmrcas Cff IllKAT1IIPIHQ AND ffnlllC'GlHSftY 

~ -,è ~ ~ 
.. 

-x; ..: -.!-2i!-x?-x!"'3! Depth Plot 
V fi) V (2) 'Val.' o~ 'C' $cor. Vl(I') Vl(T) Wh(') Wh(T) QTz. Plao. (lrt h. ""1. , Zr. Rut. Enst. AuO. NAO. Ibo. Gar. 

"'Iê -,e Total "'-2rotal~ 
1!J>1d., Total (Uoht)(ffClavy) 

0.17 -0.0'\ 0.22 0.22 0.06 -O.O~ -0.33 0.22 -0.01'-0.01 -0.07 O.O~I-O.O,.-o.l' -0.20 0.42' 0.01 0.01 -0.0) W (0) --, 
~~ 0.30 0.01 0.46 0.05 0.15 0.22 

~ 0.16 0.)2 0.12 ~ 0.14 

0.061-0.23 -~ -0.52 1-0.1% -0.10 -0.0) 

0.32 -0.19 -0.17 -~:-0.06 -0.16 -0.09 

0.06 0.15 -0.13 -0.16 0.05 

0.11 0.21 -0.10 -0.1% -O.o~ 

0.34 0.16 0.11 -0.19 0.11 

-0.07,-~ -~ -0.00 V.(I) 

-0.051-0.21 -0.29 0.16 W (a) 

0.3d -0.03 0.33 O.I~ 0.34 -D.071-~ -~ -0.11:-0.08 -0.14 -~ 

-0.01 O.OS -0.08 0.01 -0.05 0.06 O.Ol -0.06 1 0.07 -0.17 -0.06 

0.27 D.ll -0.00 -0.33 0.24-

0.13 -0.04 0.20 -0.~7 0.12 

. , 
0.18 -0.3" -0.47 0.11 'Val.' , --
0.24, 0.04 0.04 0.01 Deptb 01 'C" 

O.lS 0. 38 

0.3'; 

0.25 

Q.l" 

-O.G5 

0.32 -0.34 -O.~I -~I-~ -0.04 -0.27 -0.3i -O.O~ -0.15 -0.23 -0.10 -0.12,-0.53 -0.4' -0.30 

0.11 -0.69 -0.46 -0.26 1-0.17 -O.O~ -0.34 -0.17 -0.0~ -0.13 -0.~4 0.29 -0.03
'
-0.52 -0.48 -0.26 

---- 1 -- , ,----
0.76 -0.30 -0.1t -0.171-0.:H -O.ll -0.')6 -0.20 -0.2S 0.05 -O.I~ -O.2S -0.09 -0036 -0.27 -0.10 
- 1 

-0.17 -0.51 -0.41 0.04 1-0.06 -0.24 -0.10 -0.3S 0.14 -Q.40 -0.32 0.47 0.05,-0.13 -0.28 -0.22 
---- 1 --

-0.01 -0.10 -0.291-0.17 -0.26 -0.14 -O.ll -0.18 0.20 0.01 -0.22 0.13,-0.31 -0.21 0.01 

~ 0.52 ' 0.28 
--1 

Q:.i!10.0., 

1 0.11 
l---

O.IS 0.41 0.07 -O.OZ 0.11 0.50 -0.<2 -0.091 0.10 0.75 0.14 --- --- --- , 
0.11 0.11 -0.12 -0.22 0.05 O.l~ -~ -0.02, ~ 0.25 -0.11 

0.14 0.41 ~0.17 -0.11 -0.05 O.~9 -0.01 0.161 ~ ~ 0.01 
- - - - - - - - - - - - - - - - - - --- - - - - - - - - -

0.22 ~ ~ ~ 0.47 !W2 ~ ~,..2ill 0.12 2.al2 

0.24 -0.01 ~ ~ 0.5) -0.16 0.211 0.32 0.13 0.1) 

0.)4 0.49 0.31 

~~ 

o.n 

~ 0.20 0.161 0.38 0.24 ~. 

0.2~ 0.22 0.11' 0.21 -0.11 0.72 
1 --

~ 0.33 ~I 0.12 -0.14. 0.61 

~ 0.18 ~I C.,} O.O~ ~ 

. Plo~ Scœe 

\011 (l') 

VI (T) 

Wh (P) 

1r;'b (T) 

~ Qta. 

'3i: Plag. 

-:t! Ortho 

~ Ifbl. 

~:tZr. 

":r.f! Rut. 

~ bllt. 

~AQ:I. 

~Jb!J. 
0.03 0.36

' 
~ 0.]4 ~ ~ Iim. 

0.28'-0.11 -0.24 0.42 ~ ~. 
1 
1 O.)!> 0.12 0.!>5 ~ 1!:>1d. 

'. 
Q.ill 0.36 

-0.00 

TŒAL":f1t 

TOrAL~ (Ligllt) 

.. 

'. 
' .. ." 
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TABLE 8: 't' VAUlBS FOR RAMIC CtIIltUIJ.ATIClH lUI1'WI!Inf VARIOUS INDICBS ~ WllATHBRDG AND HimUIOC8HIlnY 

Depth l'lot -è 
C (1' "(2) 'Val.' 01 'C' Sc ...... Vl(") Vl(T) Wh(") Wh(T) ~~. 

~ 
Piao. 

~ .".; ~ ~ ~ ~~. -x! -.! 
Orth. llbl. Zr. !Iut. lInat. Aug. '"O. n.. Cu. 

~ ~ total j Total ~ 
!pid. Total 'X:' (Ught , (He&\IY) 

1 

0.161-0.20 -Q.~9 -0."4 0.24 O.'S -0.56 -0.69 o." 1 ., • ( ) ù.2, 0.05 0.05 -0.11 • O. 0.15 -0.18 0.97 0.91 0.26 -0.18 -1.48 O.q~ -O.ll'-O.O~ -O.ll 

2.10 I.)~ 0.C5 ~ 0.23 O.b~ 0.96 0.34 -0.99 -.1.:!1. -~1-0.50 -0.41 -0.14 
1 

0.48 0.89 -0.103 -0.53 -0.19 -0.'301-1.89 -bll-O.02 

~ 0.68 1."5 

1.64 -0.12 

-o.os 

OoS2 ..till 0.62 1."3 

1.4' 0.61. 1.56 -0.31 

0.19 -0.35 0.06 -Cl.2! 

-0.81 -0.72 -2.ll -0.Z6 -1.66 -0.18 -, 
-~ -~ -1.3B,-0.U -0.60 -1.11 

0.2" 0.10 -0.261 0.31 -0.71 -0.2" 

l.~i O.?O O.'H. -0.83 0.45 -0.Z2 1-0.9) -1.Z7 0.67 

I.U 0.53 -0.00 -1.1l!! 1.05 0.78
'
-1.54 -2.29 0."6 

1 -
0.5" -DolS 0.94 -1 .. 8 O.SO 1.0',0.1'1 0.18 0.Z9 i 

1.5<] ~ 1.08 

1.58 ~ 

1,"2 -1.52 -1.38 -3.2,.1-1.95 -0.11 -1.17 -1.80 -0.3'1 -O.6!i -1.00 -0.'12 -O.n -2.62 -Z.OI -1.33 
-. - -- ,-- --

0.49 -4.09 -2.21 -1.12:-0.73 -0.0'1-I.S3 -1.71 -0.21 -0.51-2.02 1.'9 -0.15,-2.61 -2.33 -1.14 

-0.20 ~ -1"'" -0.'" -1.68
1
-1.51 -0.4' -1.6~ -0.88 -1.11 0.23 -0.56 -1.10 -0.311,-1.65 -1.lO -0.85 

-0.14 -~ -.!.!!.! 0.11 1-0.25 -1.06 -0.+1 -1.57 0.61 -~ -I."!!. !d! 0.22'-1."6 -1.2) -0.97 

-0.10 -0.4') -I.zal-o.n -1.2l -0.58 -0.53 -0.61' 0.86 0.04 -0.98 0.5"/-1.39 -O.?I 0.01 

4.61 2.571 1.23 0.61 l.!.!! 0.31 -0.08 O.iS hi! -1.97 -0.38, ~ ~ 0.59 

~I 0.31 O." 0.45' -0.52 -0.9$ 0.20 1.11 -..!.!.§Q -0.011 ~ ~ -0.49 

'1.11 0.60 1.69 -0.74 --0.50 -0.20 1.31 -0.01, C.t'JI ~.91 5.12 0.13 

,- - - 0:97 4.~I -l:~ -1:7;- 2.24 3.08-1--:-80 'Z.ë6rl:sZ- O:9~ -'j:-"~ 
-L - --.-----,- -

1.0 .. -O.il 1.73 2."6 2.60\ -0.'8 1.21 1.43 0.55 1.49 
----- 1 

1.51 1.31 1.40 ~ 0.85 0.6', 1.72 1.06 ~ 

1.87 1.93 1.06 0.~3 0.14' O.9Z -0.46 ~ 

1. '0 1& 1.50 1. '1(,' O.~9 -0.60 ~ 

~ 0.78 2. l'l' 
-1 

I."e 0.23 hl! 
~.12 1.66/ ~ 1.54 h!! 

1.<3,~.~1.:~~ _1:99 

1.58 0.52 hl! 
6.0' 1.62 

- -<J. 02 

" (1) 

W (~) 

'VAl.' 

Det>th rd 'C' 
1'1ot~ 

Vl (") 

'Il (T) 

Wb (P) 

Wh (1') 

~f.'t&. 
-:t3 1'1ao. 

~ Orth. 

-r lib!. 

~Zr. 

":t! Rut. 

-.:! Enst. 

~ Aug. 

-u: Nag. 

-st:? llD. 

~Car. 

-.! !!plelo 

tttr.u.~ 

TOrA1.~ (LlgM) 



The only exceptions to this are Wl (F): Wl (T) and Wh (L): Wh (T) 

since they are very similar functions to each other. 

2. The various indices of weathering and heterogeneity 

correlate negatively with the mineral~ values. There are 

very few significant correlations between these indices and~ 

for minerals of the heavy fraction, and those few are of a poor 

level of significance. Signifiéant correlation exists between 

several of these indices and~ values for the minerals of the 

light fraction, the light total and the overall total. 

3. Those indices that tend to show significance with the 

minerals of the light fraction and the totals are W(l), 

Valentine's heterogeneity rating, the Plot Score and Wl (F). 

4. The~ values for each mineral usually correlate 

positively with each other. The minerals of the light fraction 

correlate well with each other and with the overall and light 

totals, but not at all well with minerals of the heavy fraction 

or the heavy total. The heavy minerals correlate well with 

each other and the heavy total but not with the overall and 

light totals. 

5. Quartz, plagioclase and orthoclase all correlate well 

with each other but quartz shows some tendency to correlate 

significantly with the minerals of the heavy fraction also. 

Hornblende, augite, magnetite and ilmenite correlate well with. 

most minerals of the heavy fraction but garnet only correlates 

significantly with hornblende. 



6. The overall total correlates very significantly with 

the total for the light fraction. 

e. Choice of Weathering & Heterogeneity Indices 

Thus, although the various weathering indices 

obtained from the literature appear rather inconclusive 

when used with the data obtained in this study, the values 

of~ obtained for each mineral appear to correlate well 

with each other to form two separate groups. Since signi

ficant correlation implies that both vari;bles are measuring 

the same property or related properties, it is reasonable to 

conclude that two independent properties are being measured 

by the variables used. 

One of these is measured by the "X? values of the 

heavy minerals and is best approximated by the sum of the~ 

for all the heavy minerals. This approximation may tentatively 

be considered as an index of heterogeneity of the parent 

material since it includes the 'resistant' mineraIs. Various 

minerals that have been shown to weather significantly by 

analysis of variance fall into this category. Since these 

correlate weIl with the 'resistant' minerals, it is suggested 

that this is due to any lack of homogeneity of the parent 

material. This would tend to affect the heavy mineraIs more 

severely than minerals of the light fraction, due to their 

relatively low percentages in the soil. 
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The second property is aeasured by the~ values for 

~be light mineraIs and, to a lesser extent, by a few of the 

other weathering indices. It is approximated by the sum of 

the~ values for the light mineraIs and may tentatively be 

considered as an index of weathering. 

f. Comparison of Weathering Indices and Texture G~ouping 

Valentine (1960), working on the same profiles, 

grouped them according to texture of ~ock type and parent 

material (Table 9) in an attempt to show the influence of 

these textures on the severity of weathering. It was therefore 

of interest to see if~, used as a measure of the severity 

of weathering in the profile, produced a sequence of profiles 

that compared weIl with his groupings. Table 10 shows the 

sequence of profiles obtained using the sum of the~ for 

the light mineraIs and for the heavy mineraIs, together with 

the sequence obtained by ranking Valentine's weathering index, 

based on particle size analysis. Beneath each profile name 

is stated the texture grouping tQ which the profile was 

assigned. This is only available for 15 of the 20 profiles 

since he rejected 5 profiles due to suspected lack of 

homogeneity of parent material. 

As can be seen, Valentine's weathering index separates 

~he three texture groupings very weIl, the flf grouping showing 

the least weathering, the c/c intermediate and the fic grouping 

strong weathering. Using the~ total for light mineraIs, a 

fairly good separation is achieved, with only Magog 4 and 
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TABLa 9: SOIL GROUPINGS ACCORDING TO THE TBXTURE œ THE ROCK TYPES IN THE GRAVBL AND 
THE TEXTURE OF THB PARENT MATERIAL (From Valentine (1966» 

Texture of 
rock types 

Texture of 
parent materia1 

Soi1 Series 
and Sites 

Connotative 
nomenclature 
used in text 

1 

Fine 
sha1e, s1ate and schist 

Fine 
L-Si1 

Ascot 1 
Ascot 5 

Greensboro 5 
Magog 4 
Magog 5 

"f/f grouping U 

Soi1 GroupinOI 
2 

Fine 
sha1e and s1ate 

Coarse 
5-51 

Roxton 1 
Roxton 2 
Roxton 3 
Roxton 4 
Roxton 5 

Uf/c grouping" 

3 

Coarse 
sandstone, quartz 

and quartzite 

Coarse 
Sl-Ls 

Ascot 2 
Ascot 3 

Greensboro 1 
Greensboro 2 
Greensboro " 

"cl c grouping" 
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TABLE 10: PROFILE SEQUENCES FROM RANIŒD WBATHERING AND HETEROGENBITY INDICBS 

Va1entine's Weathering Index 

Index 7.3 9.0 9.6 9.7 12.4 13.2 16.3 21.1 21.8 25.2 29.8 32.0 36.3 40.4 53.8 

Profile M4 MS AS G5 Al G2 A2 GI A3 R2 G4 RI R4 R5 R3 

Grouping f/f f/f flf flf f/f clc clc clc clc 1llc clc fic fic fic fic 

Total X2 for Light MineraIs 

5.82 9.51 10.29 Il.91 15.71 18.08 20.23 26.97 37.98 
6.77 9.80 Il.78 14.81 16.33 19.38 21.58 

22.40 
26.28 28.54 45.47 

Profile A3 G3 A2 M4 M2 G4 G1 M3 Ml G2 M5 A4 Al R2 G5 A5 RI R5 R3 R4 

Grouping clc clc f/f clc clc clc flf flf fic fic f/f fic ~/c fic fic 

Total X2 for Heavy MineraIs 

Index 3.89 4.40 4.93 5.58 5.86 6.12 7.33 7.42 8.25 8.30 10.11 10.33 10.72 10.72 10.75 10.77 Il.04 11·~·77ï.19.'2l'.·2Q;':30 

Profile G1 A4 MS G5 Al M3 A3 A5 G2 M4 R3 M2 RI R4 Ml G4 A,2 R2 G3 R5 

Soi1 Series: G = Greensboro R:= Roxton A = Ascot M = Magog 



Roxton 2 out of position. This time, however, the c/c grouping 

exhibits the least, the flf grouping intermediate and the fIc 

grouping the most weathering. This discrepancy is reflected 

in some other parts of Valentine's work where the flf and c/c 

groupings are not easily distinguished from each other but are 

distinct from the fIc grouping. 

g. Heterogeneity Index 

Examination of the~ values for total heavy mineraIs 

in Table 10 will show that the last two profiles, Greensboro 3 

and Roxton 5, possess values considerably larger than the reste 

This would suggest the elimination of these two profiles from 

any subsequent analysis due to poor homogeneity. This is 

supported by further evidence sifiee the~ values are calculated 

for each horizon be~ore being added to produce one figure for 

each profile. These intermediate values may be examined and 

any horizon noted whose~ value differs very strongly from 

the others. Table Il contains a list for each mineraI in each 

profile of those horizons that seem to be aberrant. If the 

discrepancy is very strong, the horizon is underlined. It 

will be seen that, for a given profile, most discrepancies 

fall in the same or adjacent horizons for different mineraIs. 

The profiles that show the most consistent deviations are: 

Greensboro 3 in the 8th horizon, Greensboro ~ in the C, 

Roxton 5 and Magog 1 in the Ae and 8fh. The table in general 

supports the heterogeneity sequence in Tablel~ 



TABLE Il: HORIZONS EXHIBrrING HIGH X2 VALUES • 

Greensboro Roxton Ascot Magog 
1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Quartz Ae Bt'h C Bt' Bt' Ae F C Ae Ae 
Ae Bfh C 

Plagioclase Ae F Ae C Bf Bfh Ae C C Ae Bt' Ae C -Bt' Ae C Bf Bfh C 
Orthoclase Bt' BÏ BÏ C Bt' Bf'h BÏ C C C Ae Btb BÏ Bfh - F C 
Hornblende Btb C 

" 
Btb Ae Ae Ae 

C 
Zircon Bfh C Brh Btb C -
Rutile C 

• ~ 
Enstatite \0 Br F Ae C Bf'h Bfh C BÏ 

1 Bfh -
Augite Bfh Ae C Ae BÏ BÏh C - -
Magnetite Btb Bfh C C 

Ilmenite Bfh C Bfb C Bf'h Ae 

Garnet BÏh C C 

Epidote Bfh C Br Ae BÏ F Btb BÏ Bfb 
BÏ C C 
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h. Comparison between Soil Series and Texture Groupings 

Fig. 4 contains 72 plots of minerai percentage 

against horizon for the three sand size fractions. These 

plots consist of the 'average profile' (obtained by averaging 

the results of five replicates) for each soil series and 

texture grouping. This was done for each of the 12 

mineraIs, and the relevant~ value is included. These 

plots have been drawn to illustrate how the deviations 

of the size fractions from their mean values influence the 

value of~ obtained and also to show the effect of grouping 

profiles according to texture or soil series. The fic 

grouping and the Roxton series are identical (Table 9). 

No particularly noticeable effact is produced 

by taking the average profile for groupings instead of 

soil series. Bxamination shows that some soil series have 

patterns distinctly different from the others and that this 

pattern is repeated for several minerais. The Greensboro 

series exhibits relatively little difference between particle 

sizes both in minerai percentage and severity, especially for 

the light minerais. A peak in the Bfh for many heavy minerais 

in that soil series is due to heterogeneity in the profile 

Greensboro 3, as previously described. The Roxton series shows 

the widest difference between particle sizes for the light 

minerais plus several heavy minerais. It tends to exhibit a 

steeper slope than the Greensboro series for the weatherable 
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mineraIs suggesting more severe weathering. The Ascot and 

Magog series are difficuit to tell apart, as are the f/f and 

c/c texture groupings. The Roxton series usually exhibits 

a Iarger value for~ than the other series. 

A comparison between mineraIs also shows severai 

distinctive patterns. Quartz increases towards the surface 

and is most abundant in the coarse fraction. Orthoclase shows 

a maximum in the 250-105 micron fractio~, fluctuates considerably, 

but shows an overall decrease in percent age towards the surface. 

Plagioclase exhibits consistent decrease towards the surface 

and also has the largest values for~. Hornblende usually 

exhibits typical weathering curves as does enstatite and, to 

lesser extents, magnetite and epidote. The 'resistant' mineraIs -

zircon, rutile, ilmenite and garnet - exhibit no trend except 

the particle size distribution of the parent material. The 

curves for augite suggest that it was identified in too low 

percentages, or too infrequently, to exhibit any statistical 

trend. 



SUMMARY & CONCLUSIONS 

Ana1ysis of experimental resu1ts showed severa1 

interesting features in the soi1s samp1ed. Plagioclase, 

orthoc1ase, hornblende, enstatite, epidote and magnetite were 

shown to decrease significant1y towards the surface of Orthic 

Podzols, with a consequent significant increase in quartz 

percentages. Garnet, zircon, rutile, i1menite and augite were 

not ShOlVD to vary significant1y in percentage with depth, 

possib1y due to the 10w percentages discovered and the limitations 

of analytic accuracy. 

For those mineraIs found to decrease significant1y 

up the profile, the general trend showed a maximum in the B~ 

or C and a minimum in the F or Ae horizons, with the Bfh 

usua11y intermediate. Local variations could have destroyed 

this trend but showed no evidence of producing any other trend. 

Although it cou1d not be shovm to be statistica1ly significant 

by Duncan's Multiple Range Test, the minimum was usual1y found 

in the Ae rather than the F horizon. 

Since it was not 1ike1y than many of the profiles 

examined were very young, sorne mechanism may be suggested 

capable of moving less weathered materia1 from lower in the 

profile to mix with the organic matter above the heavi1y 1eached 

Ae horizon. Since the Ae horizon was found intact, earthworm 

activity appeared to have been minimal suggesting other mechanisms 

-55. 
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such as deposition or wind~lown material rrom erosion surraces 

(minimal in the forest environment) or mixing of the soil by 

the action or uprooted trees. Stephens (1956) showed that, 

over sever al hundred years, the errect or the uprooting of 

trees was a signiricant ractor in the circulation or soil in 

the rorest environment. SÏDce Orthic Podzols are considered 

to be or forest origin, the criterion or a minimum below the 

surface could be considered in the classification of a soil. 

For this, further work should he done on difrerent soil types. 

New indices or weathering and heterogeneity are 

proposed. Other weathering indices suggested in the literature 

did not correlate very weIl with these or with each other. It 

would seem that~ used as a ~easure or the variation in 

particle size distribution or a mineraI through a profile 

posesses certain advantages. ,~en values obtained for each 

mineraI in each prorile are correlated, the mineraIs fall into 

two groups, each approximating one or the two expected natural 

sources of variation. 

In this study thé ~inerals or the light fraction were 

most heavily affected by weathering severity and hence provided 

a measure of this, while the ~inerals of the heavy fraction, 

because or their relatively small concentration, provided a 

measure or the lack of homogeneity or the parent material of 

the profile. The prorile r~~~ing obtained from the rirst group 

could not be checked directly but, since the totals over aIl 



profiles rank the mineraIs in approximately the same persistance 

sequence as found in the literature, it was considered that 

severity of weathering was being measured. The profile ranking 

obtained by the second group of mineraIs could be checked in 

part by examination of~ obtained for each horizon and was 

thus considered to be a measure of heterogeneity. 

Profiles arranged in texture groupings by Valentine (1966) 

were separated into these groupings fairly weIl by the weathering 

index proposed, although the sequence was not the same as that 

found by Valentine. This suggests that the texture of the 

parent material and soil does affect the rate of weathering of 

primary mineraIs but not necessarily in the same way as particle 

size distribution is affected. 

Although this project was concerned only with Orthic 

POdzols,. the criteria used here should be equally applicable 

elsewhere. Comparative work between Orthic Podzols and other 

soil types could provide invaluable information on the relation 

between parent material, soil type and severity of weathering. 
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APpmmIX 1 

nIE LATITUDE AND LONGrl'UOE OF THE TWENrY SnES SAMPLED 

Ascot 1 Lat. 45° 31' 30" N Long. 71° 53' 45" W 

2 45° 37' 00" N 71° 56' 00" W 

3 45° 24' 00" N 71° 57' 20" W 

4 45° 25' 50" N 71° 57' 20" W 

5 45° 29' 40" N 71° 55' 30" W 

Greensboro 1 45° 27' 20" N 71° 28' 10" W 

2 45° 27' 50" N 71° 25' 15" W 

3 45° 31' 55" N 71° 13' 10" W 

4 45° 10' 20" N 71° 53' 55" W 

5 45° C11' 20" N 71° 57' 30· W 

Ronon 1 45° 21' 20" N 72° 46' 40" W 

2 45° 21' 25" N 72° 48' 00" W 

3 45° 22' 10" N 72° 47' 15" W 

4 45° 28' 20" N 72° 45' 55" W 

5 45° 33' 45" N 72° 41' 20" W 

Magog 1 45° 17 ' 20" N 72° 06' 25" W 

2 45° 19' 45" N 71° 59' 00" W 

3 45° 24' 40" N 71° 58' 55" W 

4 450 35' 20" N 71° 15' 20" W 

5 45° 40' 35" N 71° 50' 05" W 
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APPBNDIX 2 

ANALYSIS Œ' VARIANCE TABLES 

& MINERAL DISTRmur IONS 



ANALYSIS ~F VARIANCE TABLE FOR QUARTZ 

S~URCE ~F DEGREES ~F SUMS ~F MEAN F LEVEL OF 
VARIANCE FREED~M SQUARES SQUARE RATI~ SIGNIFICANCE 

SOIL SERIES 3 4217.39841.J Ilt05.19932 -, It. 65 5.0i! 

PROFILES lREPLICATESl If 11.j25.86792 356.1.J6680 1. 18 N.S. 

ERAOR 12 3626.1.j9851.j 302.20801 

\ 
\ 

SIZE FRACTIONS 2 601.j0.21091.j 3020.1051.jl 151.85 VHS. 

HORIZONS li 1I1.j65.11.j062 1116.28516 58.31.j VHS. 

SiZE X HûRIZON 8 130.1.j2363 16.30295 0.85 N.S. 

SIZE X PROFILE 36 3150.52197 82.908116 1I.33 VHS. 

HOA IZON X PROFILE 76 2376.26318 31.26662 1.63 1. Oi! 

ERAOA 152 2908.25586 19.13326 

PL~T ~F THE VARIATI~N ~F THE QUARTZ CONTENT OF THE SAND 

GREENSBORO 
AOXTON 
ASCOT 
MAGOG 

500-250 
250-105 
105-053 

F 

AE 
BfH 
Bf 
C 

PERCENT 
KEY: 

IJ. 

IJ. 

IJ. 

;, 

.SOIL LEVEL Of 
BETWEEN S('JIL SERIES SERIES SIGNIFICANCE 

.J 

~", 
TeTAL 5X 

BETWEEN SIZE FRACTIONS GREENSBClRO 1 i! 
RClXTClN VHS. 
ASCOT VHS. 
MAGOG VHS. 
TOTAL VHS. 

BETWEEN HORIZ('JNS 
'\.. ".~ " •• ç GAEENSBClRCI 

......... • ••• ~ ···::;-'~RClXTON 
_____ ~ ~~~~~s; ASCClT 

t . J~"'''('''' MAGOG 
\A 11'"1 'ft" 'ç TOTAL 

VHS. 
VHS. 
VHS. 
VHS. 
VHS. 

~----~-------------------------------~ 
65.00 

GREENSBClRCl G ____ c 

RClXTClN R. ____ ft 

ASCOT 
MAGClG 
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90.00 

R. •••••••• A 
TOTAL TL-. __ l 

.............. " 



ANALYSIS ~F VARIANCE TABLE F~R PLAGI~CLASE 

SOURCE OF DEGREES OF SUMS OF MEAN F LEVEL OF 
VARIANCE FREEDOM SQUARES SQUARE RATI~ SIGNIFICANCE 

~ 

SOIL SERIES 3 2139.07812 713.02588 6.07 1. Or. 

PROFILES IREPLICATES) II 669.21533 167.30383 l.ll2 N.S. 

ERRflR 12 lll10.07321.1 117.50610 

SItE FRACTIONS 2 271.12.06323 1371. 0311.19 87.68 VHS. 

HORIZONS II 2069.68726 517.ll2163 33.09 VHS. 

SIZE X HORIZON 8 158.36211 19.79526 1.27 N.S. 

SIZE X PROFILE 38 2913.17773 76.66257 ll.90 VHS. 

HORIZON X PROFILE 76 12ll2.91.101.13 16. 351.1ll8 1. 05 N.S. 

ERROR 152 2376.68799 15.63610 

PLOT OF THE VARIATION OF THE PLAGIOCLASE CONTENT OF THE SAND 

GREENSBORO 
ROXTON 
ASCOT 
MAGOG 

500-250 IJ. 

250-105 IJ. 

105-053 IJ. 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

BETWEEN SOIL SERIES 

~ 
/~ 

T 

BETWEEN SIZE FRACTIONS 

.. ~ ......... . "., SOIL LEVEL OF 
SERIES SIGNIfICANCE 

TOTAL lX 

GREENSBORO N. S. 
"4,~ ROXTON 

~ ••••• ~~~--__ ~_ ASCOT 
VHS. 
VHS. 
VHS. 
VHS. 

+. --------rf +,/1.. T ---. Il MAGOG 

TOTAL 
BETWEEN HORIZONS 

GREEN SB ORO 0.1Y. 
ROXTON 0.1Y. 
ASCOT 0.5Y. 
MAGOG VHS. 
TOTAL VHS. 

G " A / " ..... .-..... .-
.... V .. ~. ft! "'5.... • __ --...., 

~ ............. " •• R. ------ '\ 
:.;rt,t •• :: •••• 

.... '~ir::::".. L 7' , + •• 

s' +.~ " fi 

6.00 26.00 

GREENSBORO G ____ G ASCOT R. •••••••• R 
TOTAL ~,--__ T 

ROXTON fL ____ fi MAGOG "' ........ " 
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ANALYSIS ~F VARIANCE TABLE FôR ~RTH!)CLASE 

SOURCE ~F DEGREES ~F SUMS ~F MEAN F LEVEL ~F 

VARIANCE FREED~M SQUARES SQUARE RATlô SIGNIFICANCE 

SClIL SERIES 3 35. 65L!L!2 11. 88L!81 1.68 N.S. 

PROFILES (REPLI CATES) Ij 5L!.671j2L! 13.66856 1.93 N.S. 

ERROR 12 81j.9L!855 7.07905 

SIZE fRACTIONS 2 25.99L!52 12.99726 7.10 O.Sr. 

HOR IZONS Ij 76.58112 19.111S28 10.115 VHS. 

SIZE X HORIZON 8 36.1!8L!12 1l.56051 2.119 5.0r. 

SIZE X PROfILE 38 . 81!.07890 2.21260 1. 21' N.S. 

HORIZON X PROfILE 76 210.31192 2.76726 1. 51 5.0r. 

ERROR 152 278.361175 1.83135 

PLÔT ôF THE VARIATI~N ÔF THE ÔRTHôCLASE C~NTENT ôF THE SAND 

GREENSBORO 
AOXTON 
ASCOT 
MAGOG 

500-250 IJ. 

250-105 IJ. 

105-053 IJ. 

F 

AE 
BfH 
Bf 
C 

PERCENT 
KEY: 

BETWEEN S~IL SERIES 
......... _. 

~ 
BETWEEN SIZE FRACTIôNS 

OS""" ......... .t,.. A....... JI 
~.L+~.~.~ •.. ~ .. :....... ~ 

: ~ = Jr·:::1 R ....... ---G - - - .... , 

BETWEEN H~RIZÔNS 

G" A ~ ~ .. 
t"'" .-

"'.-:-•• Gn Ra·- ~ 
.......... t.tt.:t..:~_~ti.~ 

~A; - G .... • •••• 'howIL." .......... --..,:-"........... .. ~ .......... :::& ~.. l'A •• '::.!::l-~ 
• - - ........ + + -_.-. ...... =--...... . 

G'---~ ······· ... R 

1. 00 1l.00 
GREENSBOAO G ____ G ASCOT Ra •••••••• A 

TOTAL l 

RClXTClN fl..._ ..... _" MAGOG " ......... " 
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_~OIL LEVEL Of 
SERIES SIGNIfICANCE 

TOTAL N.S. 

GREENSBORO 1. Or. 
ROXTON N.S. 
ASCOT 10r. 
MAGOG 0.5ï. 
TOTAL 0.1% 

GREENSBORO 5% 
ROXTON N.S. 
ASCOT 0.1% 
MAGOG 0.1% 
TCITAL VHS. 



, , 

ANALrSIS DFVARIANCE TABLE FDR HDRNBLENDE 

SDURCE DF DEGREES DF SUMS DF MEAN F LEVEL DF 
VARIANCE FREEDDM SQUARES SQUARE RATID SIGNIFICANCE 

SOIL SERIES 3 20.1375Y 6.71251 1.35 N.S. 

PROFILES (REPL 1 CAT ES) y 19.95720 Y.98930 1.00 N.S. 

ERROA 12 59.81207 Y.98lt31t 

SIlE FRACTIONS 2 50. \I0326 25.20163 71. 86 VHS. 

HORIZONS Il 116.27728 11.56932 3:2.99 VHS. 

SIZE X HClR IZON 8 8.92230 L 11529 3.18 0.5r. 

SIZE X PROFILE 38 112.110202 1. 115811 3.18 VHS. 

HORIZON X PROFILE 76 101J.6527Y 1. 37701 3.93 VHS. 

ERROR 152 53.30865 0.35071 

PLDT DF THE VARIATIDN DF THE HôRNBLENDE CDNTENT ôF THE SAND 

GREENSBORO 
ROXTON 
ASC(H 
MAGOG 

500-250 p. 

250-105 p. 

105-053 p. 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

- --SOIL LEVEL OF 
BETWEEN SDIL SERIES SERIES SIGNIFICANCE 

~ 
T/ 

TOTAL N.S. 

BETWEEN SIZE FRACTIôNS GREENSBORO Sr. 
R.~_ t..l _~~ ____ __ 

- ~........ ...-------.... _-----_. --•••••• i(.: ••••••• R;'.... ~ .. -.--............ ---~-B +.. ..... ,........ ...... ............ .-.--·····tG." .. ., ................. -------

AClXTDN VHS. 
ASCOT VHS. 
MAGOG VHS. 
TOTAL VHS. 

GREENSBORO VHS. 
AOXTON VHS. 
ASCOT VHS. 
MAGOG VHS. 
TOTAL VHS. 

0.30 2.30 
GREENSBORO G ____ G ASClH Re •••••••• A 

TOTAL ~'---' ROXTClN 
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ANALYSIS ~FVARIANCE TABLE F~R lIRC~N 

SClURCE ClF DEGREES ClF SUMS ClF MEAN F LEVEL ~F 

VARIANCE FREED~M SQUARES SQUARE RATI~ SIGNIFICANCE 

SOIL SERIES 3 0.95169 0.31723 ".31 5.0r. 

PR~FILES (REPLICATESl " 0.39960 0.09990 1.36 N. S •. 

ERROR 12 0.88360 0.07363 

SIlE FRACTIONS 2 1. "6"332 0.82166 27.91 VHS. 

H~RIZONS " 0.09622 0.02ll05 0.82 N.S. 

SIZE X HORIZON 8 0.1368ll 0.01736 0.59 N.S. 

SIZE X PROFILE 38 1."7167 0.03873 1.32 N.S. 

HORIZON X PROFILE 76 2.801ll8 0.03686 1.25 N.S. 

ERROR 152 ".ll7"80 0.029llll 

PLClT ~F THE VARIATI~N ~F THE lIRC~N C~NTENT ~F THE SAND 

GREENSBORO 
ROXTON 
RSCOT 
MAGOG 

500-250 J.1 

250-105 J.1 

105-053 J.1 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

BETWEEN S~IL SERIES 

~ 
T~ 

BETWEEN SILE FRACTI~NS 

~ .. 
Î ---... A.t •••••••••••• . . ......... . 

••• " - -T- G •••••••••• ••••• R 

0.00 
GAEENSBOACl G. ____ G ASClH 1\. •••••••• R 

TlHAL 
RClXTClN fl. ____ " MAGOG 11. •••••••• " 

-71-

SOIL LEVEL OF 
SERIES SIGNIFICRNCE 

TOTAL 5i. 

GREENS80RO 0.5r. 

ROXTON sr. 
ASCOT VHS. 
MAGOG Si. 

TlHAL VHS. 

GREENSBORO N.S. 
ROXTON N.S. 
ASClH N.S. 
MAGOG N.S. 
TOTAL N.S. 

0.50 

T'--__ T 



ANALYSIS OF VARIANCE TABLE FOR RUTILE 

SOURCE OF DEGREES OF SUMS OF MEAN F LEVEL OF 
VARIANCE FREEDOM SQUARES SQUARE RATIO SIGNIFICANCE 

SfllL SEAIES 3 0.02656 0.00885 2.1,13 N.S. 

PROFILES lAEPL 1 CAT ES) 11 0.01392 0.0031,18 0.95 N.S. 

ERAflR 12 0.01,1380 0.00365 

SIZE FAACTI~NS 2 0."111,161 0.05730 15.67 VHS. 

HflAIZClNS 11 0.00759 0.00190 0.52 N.S. 

SilE X HClA ItClN 8 0.05960 0.0071,15 2.01,1 5.0r. 

SIZE X PAflFILE 38 0.15950 0.001,120 1.15 N.S. 

HC!R!ZC!N X PRClFILE 76 O.IU 160 0.0051,12 1.1,18 5.0r. 

ERAflA 152 0.55575 0.00366 

PL~T OF THE VARIATION OF THE RUTILE CONTENT OF THE SAND 

GAEENSBORCl 
AClXTON 
ASCOT 
MAGOG 

500-250 /oJ. 

250-105 /oJ. 

105-053 /oJ. 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

SeJIL LEVEL flF 
BETWEEN SOIL SERIES SERIES SIGNIFICANCE 

--> ~l 
TlHAL N.S. 

BETWEEN SIZE FRACTIONS GREENSBORO N.S. 
II. •••• ~. G ...... ~~ ~ 

"'11. Ii ~ --a fi. 

ROXTflN lOi': 

ASCflT 0.5i: ••• ~ ....... ~ •• ~'h............. 
"'~.II ______ l-~II· •••• " MAGOG 0.1 i': 

BETWEEN HORIZONS 

0.00 

GREENSBClRO 
RClXTClN 

\ ~~·~Z·················" . - .... -;:.: ..... . 
li - .,. \ ~ •••• 

........... ..- ..... . 
,.~ ... Ii ••• " 

• - - -- + ••• , 
.- - t..~ 

.. 1\0 •••• r - -G--R 

G ____ G ASCClT Ao •••••••• A 

Il.-_ ft MAGClG "-•••••••• " 
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TflTAL VHS. 

GREENSBORO N.S. 
AClXTON N.S. 
ASCOT N.S. 
MAGOG N.S. 
TClTAL N.S. 

0.12 

TClTAL lt---_l 



ANALYSIS ~F VARIANCE TABLE F~R. ENSTATITE 

S~URCE ~F DEGREES ~F SUMS ~F MEAN F LEVEL ~F 

VARIANCE FREED~M SQUARES SQUARE RATI~ SIGNIFICANCE 

SOIL SERIES 3 28.12366 9.371155 5.116 5.0Y. 

PROFILES (REPL 1 CATES) Il Il.53166 1.13291 0.66 N.S. 

ERROR 12 20.60291 l.ïî69î 

SIZE FRACTIONS 2 29.13553 111.56776 1l0.1l8 VHS. 

HORIZONS li 9.81269 2.115317 6.82 VHS. 

SIZE X HORIZON 8 2.105111 0.26318 0.73 N.S. 

SIZE X PROFILE 38 32.300118 0.85001 2.36 0.1Y. 

HORIZON X PROFILE 76 112.182111 0.55503 1. 511 S.OY. 

ERROR 152 511.70099 0.35987 

PL~T ~F THE VRRIRTI~N ~F THE ENSTRTITE C~NTENT ~F THE SRND 

GREENSBORO 
ROXTON 
ASCOT 
MAGOG 

500-250 J.l. 

250-105 J.l. 

105-053 J.l. 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

-SOIL LEVEL OF 
BETWEEN S~IL SERIES SERIES SIGNIFICANCE 
t....... 

TOTAL 5Y. 

BETWEEN SIZE FRRCTI~NS GREENSBORO N. S. 
II" ••• ~--._._.--...-... ROXTON 

'~-""'ll~~------_____ ." ASCOT 
"...... . ........ . , .... .... 

o ··A.·· •. " "MAGOG 
TOTAL 

BETWEEN H~RIZ~NS 
, , G .~vJ"PIo ./ / 

G~_"!.t~;:~ ..... ~~ ~ - _ ot.\\\ ______ 

........ . 4o.. ~ 
..... 'G A ·~I ..... r 

GREENSBOAO 
ROXTON 
ASCOT 
MAGOG 

---G .............. ] .. " "-..JI 

. --- .. - .... ~~ 
G - - - At·- •••••• --..... ~---~ " TOTAL 

0.20 
GREENSB(')A(') G ____ G 

AOXTôN Il.-___ " 

ASC(')T 
MAG(')G 

-73-

1. 80 
Re •••••••• A 

TOTAL '---_1 
H. •••••••• " 

VHS. 
0.1Y. 

0.1Y. 

VHS. 

Si: 

N.S. 
N.S. 
0.5i: 

VHS. 



ANALYSIS OF VARIANCE TABLE FOR AUGITE 

SOURCE OF DEGREES OF SUMS OF MEAN F LEVEL OF 
VARIANCE FREEDOM SQUARES SQUARE RATIO SIGNIFICANCE 

SOIL SERIES 3 0.38318 0.12773 0.65 N.S. 

PROFILES (REPL 1 CAT ES) II 0.26601 0.06650 0.3ll .N.S. 

ERROR 12 2.31!939 0.19578 

SIZE FRACTIONS 2 0.58173 0.29086 5.82 0.5% 

HORIZONS Il 0.1621!9 0.Oll062 0.81 N.S. 

SIZE X HORIZClN 8 0.20587 0.02573 0.5t N.S. 

SIZE X PRClFILE 38 3.66325 0.0961!0 1.93 0.5% 

HORIZON X PROFILE 76 5.18033 0.06816 1. 36 10.% 

ERRClR 152 7.59850 0.011999 

PLOT OF THE VARIATION OF THE AUGITE CONTENT OF THE SAND 

,- ·SClIL LEVEL ClF 

GREENS BOR Cl 
RClXTON 
ASCClT 
MAGClG 

500-250 IJ. 

250-105 IJ. 

105-053 IJ. 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

.; ~- -~ 

BETWEEN SOIL SERIES SERIES SIGNIFICANCE 

~ TOTAL N.S. 

1 

BETWEEN SIZE FRACTIÔNS GREENSBClRCl 
RClXTClN 
ASCClT 
MAGClG 
TOTAL 

BETWEEN HÔRIZONS 
... c~. ~ fI..,..._____ GREENSBClRCl 

c..-'''' t "'11. --............ -----_ .BRClXTClN _ _ _ •••• •• • •• •••• .........-..--=t=a 
- - - .,!-':-..!e. ·········.!.lt.4 .... rl-----------.... ASCClT _ .... :a:..~;;- ••• :::::::~*." 

........... ~ •••• ,_.......... MAGClG ; .... -'ils,:::- ••••••••• ··-I.A 
' ..... ••• tJ ..... -:~\,~:.!~__ T"'TAL 

.... •••• ~., ...... T ---___ R U 

0.00 0.30 
GREENSBORO G ___ ._ G ASCOT A. •••••••• A 

TOTAL ~_1 

ROXTON Il ___ ft MAGClG 110 ........ " 
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N.S. 
N.S. 
0.5% 
5% 
0.5% 

N.S. 
N.S. 
t. 0% 
5ï. 

N.S. 



ANALYSIS ~F VARIANCE TABLE F~R MAGNETITE 

S~URCE eJF DEGREES ~F SUMS ~F MEAN F LEVEL ~F 

VARIANCE FREED~M SQUARES SQUARE RATIeJ SIGNIFICANCE 

SOIL SERIES 3 2.1I9361 0.83120 1.30 N.S. 

PROFILES CREPLI CATES) y 0.82589 0.206Y7 0.32 " N.S. 

ERR OR 12 7.70071 0.6Y173 

SILE FRACTICINS 2 5.1507Y 2.57537 23.86 VHS. 

HORIlONS " 2.25Y1I9 0.56362 5.22 O. 1 r. 

SIlE X HORI'lON 8 0.YlIY69 0.05559 0.51 N.S. 

SILE X PROFILE 38 6.53830 0.17206 1.59 5.0r. 

HORIlON X PROFILE 76 9.50535 0.12507 1.16 N.S. 

ERROR 152 16.1I0768 0.10795 

PL~T ~F THE VARIATI~N ~F THE MAGNETITE C~NTENT ~F THE SAND 

GREENSBORO 
ROXTClN 
ASCOT 
MAGOG 

500-250 ~ 

250-105 ~ 

105-053 ~ 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

_SOIL LEVEL OF 
BETWEEN S~IL SERIES 

.- ...... _-~ 
SERIES SIGNIFICANCE 

~ 
T/ 

TOTAL N.S. 

BETWEEN SILE FRACT 1 ~NS GREENSBORO 1. Or. 
~~?_ •• '!a~---__ . ROXTON 1. Or. ...... : ..... ~I.-....... ------........ ---------....-::.-B ASCOT O. 1 Y. 

•••••• ,. a.. .. ...--........ ----
Ç"+ ••• " -·.R 110-- MAGOG O. Ir. 

TOTAL VHS. 
BETWEEN H~Rll~NS 

ç "/"R ...JI " " :. ..... .-.-.------... ;.lI .... A~--
'+!:.>~~.------+. 8. e •• _ _ _ ----.-

•• ft., ••••••• 1\. -~-- -------:-=-~J! ••••••• • ••• _----;::..:::r-.-----
·cf;· .... -tt- ~"'r""-
"" : .. --.... _--------

.... !Ii ",. 1 ---fi 

GREENSBORO O. 1 ï. 

ROXTON N.S • 
ASCIH N.S . 
MAGOG 5ï. 

TOTAL 0.1ï. 

0.08 0.72 
GREENSBClRO L ___ G ASCOT A. •••••••• R 

TOTAL 
RClXTClN Il ____ fi MAGOG 11. •••••••• " 
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ANALYSIS ôF VARIANCE TABLE FôR ILMENITE 

SôURCE ôF DEGREES ôF SUMS ôF MEAN F LEVEL ôF 
VARIANCE FREEDôM SQUARES SQUARE RATIô SlGNIFICANCE 

SOIL SERIES 3 1.17102 0.39034 1. 79 N.S. 

PROFILES (REPL 1 CAT ES) Il 0.1155211 0.11361 0.52 N.S. 

ERRClR 12 2.61657 0.21621 

SIZE FRACTIONS 2 6.1169111 Il.2111170 93.61 VHS. 

HOR IZONS Il 0.29116 0.07279 1. 61' N.S. 

SIZE X HORIZON 6 0.292111 0.03652 0.61 N.S. 

SIZE X PROFILE 36 5.99366 0.15773 3.1!6 VHS. 

HORIZON X PROFILE 76 5.3151!6 0.06991! 1. SI! 5.0r. 

ERRClR 152 6.69253 0.01!53S 

PLôT ôF THE VARIATlôN ôF THE ILMENITE CôNTENT ôF THE SAND 

GREENSBORO 
ROXTON 
ASCClT 
MAGOG 

500-250 IJ. 

250-105 IJ. 

105-053 IJ. 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

SOIL LEVEL OF 
BETWEEN SôIL SERIES SERIES SIGNIFICANCE 

~ TOTAL N.S. 

BETWEEN SIlE FRACTIôNS GREENSBORO O. 1 r. 
fIlI.lII.-.G-__ _ 

•• q~~~-~ 
---~ .... ~.~-~-~---~~ " .... .......... ~~~ 

"G ··Â: --~ ········· ...... G ••••••• A 

ROXTON VHS. 
ASCOT VHS. 
MAGOG VHS. 
HHAL VHS. 

BETWEEN HôRIlôNS 
GREENSB~R~ 5ï. 

ROXT~N N.S. 
ASCOT N.S. 
MAGOG Sï. 

T~TAL N.S. 

0.05 0.75 
GREENSB~R~ G ____ G ASC~T 11. •••••••• A 

T~TAL 't __ T 

R~XT~N R. __ ft MAGOG K. •••••••• " 
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ANALYSIS ~F VARIANCE TABLE F~R GARN ET 

S~URCE ~F DEGREES ~F SUMS ~F MEAN F LEVEL ~F 

VARIANCE FREED~M SQUARES SQUARE RATI~ SIGNIFICANCE 

SOIL SERIES 3 0.99905 0.33302 2.29 N.S. 

PROFILES (REPL 1 CATES) I! 0.1!21!23 0.10606 0.73 N.S. 

ERROR 12 1.71!1!18 0.11!535 

SIZE FRACTIONS 2 2.231!90 1. 117115 25.53 VHS. 

HORIZONS I! 0.311!61 0.07865 1.80 N.S. 

SIZE X HORIZON 8 0.20190 0.02521! 0.58 N.S. 

SIZE X PROFILE 38 1!.501!15 0.11853 2.71 VHS. 

HORIZON X PROFILE 76 1!.89906' 0.061!116 1.1!7 5.0r. 

ERR OR 152 6.65391! 0.01!378 

PL~T ~F THE VARIATI~N ~F THE GARNET C~NTENT ~F THE SAND 

GREENSBORO 
ROXTON 
ASCOT 
MAGOG 

BETWEEN S~IL SERIES 

~ 
BETWEEN SIZE FRACTI~NS 

SOIL LEVEL OF 
SERIES SIGNIFICANCE 

TOTAL N. S. 

GREENSBORCl N. S. 
500-250 IJ. f\. ...... ~. ::::::::.-_:::- RClXTClN 

··.7,1. -----~----250-105 IJ. tT:~"'_~1II ------!:'~-.JIASCClT 
O. lX 

0.5r. 

1. Or. 
VHS. 

--.. ~.. -. .-.---_...-.-......... - ......... ---.......... 
105-053 IJ. G- - -----, MAGClG 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

0.10 
GAEENSBClACl G ____ G ASCIH A. •••••••• A 

TClTAL 
ROXTON R. ____ ft MAG Cl G rt. •••••••• H 

-77-

T(HAL 

GREENSBClAO 
ROXTON 
ASCOT 
MAGOG 
TOTAL 

0.60 

l • 1 

N.S. 
N.S. 
N.S. 
N.S. 
N.S. 



ANALYSIS ~F VARIANCE TABLE F~R EPID~TE 

SOURCE ~F DEGREES OF SUMS OF MEAN F LEVEL OF 
VARIANCE FREED~M SQUARES SQUARE RATI~ SIGNIFICANCE 

SOIL SÈRIES 3 0.17095 0.05698 0.12 N.S. 

PROFILES (REPLICATESl Il 1.07298 0.26825 0.58 N.S. 

ERROR 12 5.51578 0.1l5965 

SIZE FRACTIONS 2 Il.97009 2.1l8505 23.1l8 VHS. 

HORIZONS Il 2.28021l 0.57006 5.39 0.17-

SIZE X HORIZON 8 0.97195 0.1211l9 1. 15 N.S. 

SIZE X PROFILE 38 3.01l212 0.08006 0.76 N.S. 

HClRIZON X PROFILE 76 13.38235 0.17608 1. 66 0.57-

ERRClR 152 16.09012 0.10586 

PL~T OF THE VARIATI~N ~F THE EPID~TE C~NTENT ~F THE SAND 

GREENSBORO 
RClXTON 
ASCOT 
MAGOG 

BETWEEN S~IL SERIES 

1 
BETWEEN SIZE FRACTI~NS 

500-250 ~ II".A~Mw. .. ;;._~ 
~ \"~!:l(a---- --------JI 250-1 05 ~ ••••••••••• __ <'" 

··!tH •• "Iolr--G 105-053 ~ 

F 

AE 
BFH 
BF 
C 

PERCENT 
KEY: 

BETWEEN H~RIZ~NS 
G, ,!ft."'\.... 

,~ .. ~ '" 
"' ... ~R.:::---#"~.. -=..~;:,.::. - - - - - - - -•• " ••• 11" -JI ------ __ G ..... ......... ~~ ---------

••• ~tb. - --·r··.-;n - -........ .-
Il...... 'i ...... ~ G 

0.10 0.65 
GAEENSSeRe G ____ G AsceT 11. •••••••• R 

SOIL LEVEL OF 
SERIES SIGNIFICANCE 

TClTAL N.S. 

GREENSBORO 57-
ROXTON 1. 07-
ASCI:'T VHS. 
MAGOG 57. 
HHAL VHS. 

GREENSBCJRCJ 57. 
AOXTClN N.S. 
ASCCJT 0.5Y. 
MAGOG N.S • 
I(HAL O. 11. 

HHAL 'L--_l AClXTClN R. ____ II MAGeG 11. •••••••• H 
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ANALYSIS ~F VARIANCE TABLE F~R QUARTZ 
(SILT AND CLAY SIZES) 

S~URCE CF DEGREES ~F SUMS ~F MEAN F LEVEL ~F 

VARIANCE FREED~M SQUARES SQUARE RATI~ SIGNIFICANCE 

SOIL SERIES 3 1961.3 653.76 1. 97 N.S. 

PROfILES (REPLICAHS) 4 1l01l6.8 1011.7 3.05 lO./! 

ERROR 12 3977.8 331.1l8 

SItE FRAC1IONS 2 3683.1 181l1.5 13.83 VHS. 

HORIZONS Il 121l0.7 310.18 2.33 10.i: 

SItE X HORIZON 8 1055.0 131. 88 0.99 N.S. 

SItE X PROFILE 38 3688.8 97.071l 0.73 N.S. 

HORIZON X PROfILE 76 21l931. 328.01l 2.46 VHS. 

ERROR 152 20247. 133.20 

PL~T ~F THE VARIATI~N ~F THE QUARTZ C~NTENT ~F THE FINES 

GREENSBOReJ 
ROX10N 
AS COl 
MAGOG 

2 -53 J.1 

f 

AE 
BFH 
Bf 
C 

KEY: 

BETWEEN S~IL SERIES 

~ 
~T 

BETWEEN SIZE FRACTI~NS 

5.00 25.00 

GREENSB[jRO G ____ G ASCeJT R. •••••••• R 
TOTAL 

ROXTON fLo-_o-o- R MAGOG K. •••••••• Ii 
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SOIL LEVEL Of 
SERIES SIGNlfICANCE 

101AL N.S. 

GREENSBORO VHS. 
ROnON VHS. 
ASCeJl VHS. 
MAGOG VHS. 
10TAL VHS. 

GREENSBORO N. S. 
ReJXTeJN VHS. 
ASCOT Si: 
MAGOG VHS. 
TCHAL 10ï. 



ANALYSIS ~F VARIANCE TABLE F~R PLAGI~CLASE 

(SIL} AND CLAY SIZES)' 

S~URCE ~F DEGREES ~F SUMS ~F ' MEAN F LEV EL ~F 

VARIANCE FREED~M SQUARES SQUARE RRTI~ SIGNIFICANCE 

SClIL SERIES 3 29.931 9'.9771 1.50 N.S. 

PROfILES (REPL 1 CAT ES) II 33.998 8.11996 1. 28 N.S. 

ERROR 12 79.559 6.6299 

SIZE fRACT IONS 2 193.67 96.8311 80.76 VHS. 

HORIZONS II 80.561 20.1110 16.80 VHS. 

SIZE X HORIZON 8 33.599 ll.1998 3.50 O. 1 Y. 

SIZE X PROfILE 38 98.352 2.5882 2.16 O. lY. 

HORIZON X PROfILE 76 395.61 5.2055 ll.34 VHSA 

ERROR 152 182.25 1.1990 

PL~T ~F THE VARIATI~N ~F THE PLAGI~CLASE CcrNTENT ~F THE FINES 

GREENSBClRCl 
ROXTON 
ASCOT 
MAGOG 

< 1 IJ. 

\ - 2 IJ. 

2 -53 IJ. 

f 

AE 
BFH 
BF 
C 

KEr: 

BETWEEN S~IL SERIES 

~ 
~T 

BETWEEN SIZE FRRCTI~NS 

BETWEEN HORIZONS 

:.(.~ ,,,,G 
/I><t>' G .. ,:. --

"':'iotll:ti1 ~ - - - - G -....:.,1 ............. -,..,. ---__ 
..... -a·.R -""'1, .. 1l -- G 

/

)tI • lolo. " 
• lolo. -·A ~ .....• x:; " 

0.00 2.50 
GREENSBORIJ G ____ G ASCOT A. •••••••• R 

TlHAL 
ROXT OtJ 1\. ____ R MAG Cl G Ii. ........ ~ 
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SOIL LEVEL OF 
SERIES SIGNlfICANCE 

T(HAL N.S. 

GREENSBClRCl O. 1 Y. 
ROXTClN VHS. 
ASCClT VHS. 
MAGClG VHS. 
TOTAL VHS. 

GREENSBClRCl 10Y. 
RClXTClN N.S. 
ASCOT 10Y. 
MAGOG VHS . 
TOTAL VHS. 



ANALiSIS OF VARIANCE TABLE FOR ORTHOCLASE 
(SILT AND CLAY SItES) 

SOURCE OF DEGREES OF SUMS OF MEAN F LEVEL OF 
VARIANCE FREEOOM SQUARES SQUARE RATIO SIGNIFICANCE 

SOIL SERIES 3 36.339 12.113 14.64 0.1ï. 

PROfILES (REPLICATES) 4 1.8880 0.47199 0.57 N.S. 

ERROR 12 9.9263 0.82719 

SIZE FRACTIONS 2 15.352 7.6760 10.56 VHS. 

HOR IlONS L! 2.4258 0.60646 0.83 N.S. 

SIZE X HORIZON 8 2.2101 0.27626 0.38 N.S. 

SIlE X PROFILE 38 60.640 1.5958 2.19 O. 1 ï. 

HCJRIZON X PROfILE 76 71. 398 0.939L!5 1. 29 10.ï. 

ERROR 152 110.51 0.72705 

PLOT OF THE VARIATION OF THE ORTHOCLASE CONTENT OF THE FINES 

GREENSBORO 
ROXTON 
ASCOT 
MAGOG 

< t /J. 

t - 2 /J. 

2 -53 IJ. 

f 

AE 
BFH 
Bf 
C 

KEY: 
0.00 

BETWEEN SOIL SERIES 

BETWEEN SIZE FRRCTIONS 
A~.~ ..... JI ) ,," __ -----1- ...... • .. . 

................ ~ ••• A ,.' '.1' ..... 1 ............... 4o .. tt 

n~ ... '~ •••••••••••••••••••••••• 
". ...... ~'i1 ........ tt tt . 

" " ", 
'fil ................... ~. 

...... t ••• t ..... 

... 
<)1. 

" "1\ 

2.00 

GREDS1CjRC G ____ G liseOT A. e •• 4o •••• A 
TOTAL 

R 0 X T Cl J.J 
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SOIL lEVEl Of 
SERIES SIGNlfICANCE 

TOTAL O. 1 ï. 

GREENSBORO N.S. 
ROXTON N.S. 
ASClH O.5ï. 
MAGOG O. t ï. 
TOTAL VHS. 

GREENSBORO N.S. 
ROXTON N.S. 
ASClH N.S. 
MAGOG N.S. 
TOTAL N.S. 


