
MIKERALOGICAL AND GENETIC STUDY OF SERPENTINE 

DERIVED SOILS IN GILLESPIE COUNTY, TEXAS 

By 

HAMOUDA MOHAMED MAOUI, B . S . i n Ag. 

A THESIS 

IN 

AGixONOMY 

Submit ted t o the Graduate F a c u l t y 
of Texas Technolo<3icai Coxlege 

in P a r t i a l I '^ulfillment of 
the I^equirements fo r 

tne Degree of 

yiAoTZR GF SCIEi\'CE 

/approved 

Accepted 

August, 1 9 6 ^ 



n'^ 
Sos-
T3 
\%L 
Mo.10^ 

Co o ^ 
ACKNOWLEDGEMENTS 

The author is deeply indebted to Dr. B. L. Allen for his 

direction of this thesis, and for his translation of reference 

material from Spanish. The author is grateful to Dr. A. W. Young 

and to Dr. W. T. Parry for their advice, helpful criticism, and 

service on the graduate committee. 

Sincere thanks are due to Mr. J. R. Rogers and Mr. K. R. 

Deland, graduate students at Texas Technological College, and to 

Mr. J. L. Hensell of the Soil Conservation Service, for their aid 

in selecting and sampling the soils. 

The author wishes to express his appreciation for the 

use of the X-ray diffraction and differential thermal analysis 

equipment of the Department of Geosciences, and for the use of 

the infrared spectrophotometer of the Department of Chemistry. 

ii 



TABLE OF CONTENTS 

LIST OF TABLES vi 

LIST OF ILLUSTRATIONS vii 

I. INTRODUCTION 1 

II. REVIEW OF LITERATURE 3 

Geography of Gillespie County 3 

Geology of the Coal Creek Serpentine 

Mass 3 

Weathering in Soils 6 

Weathering of Serpentine l6 

III. PROFILE DESCRIPTIONS 20 

Renick Soil 20 

LBJ Soil 23 

IV. METHODS OF STUDY 26 

Mechanical Analysis 26 

Fractionation of the Sand, Silt, 

and Clay 30 

Determination of Soil pH 32 

Determination of Organic Matter 32 

Cation Exchange Capacity Determination 

of Total Soil, Clays and Silts 33 
Determination of Exchangeable Cations. . 3A 

iii 



iv 

X-ray Diffraction of Clays and Parent 
Rocks 34 

Differential Thermal Analysis of Clays 

and Parent Rocks ^6 

Infrared Analysis 37 

Microscopic Studies 38 
V. DISCUSSION OF RESULTS 39 

Particle Size Distribution 39 

Renick Soil 39 

LBJ Soil 41 

Homogeneity of Parent Materials . . . . 42 

Field Characteristics 42 

Sand Frequency Distribution. . . . +̂3 

Soil pH 48 

Organic Matter of Soils 48 

Cation Exchange Capacity of Total Soil 

and of the Ciay and Silt Fractions. . . 50 

Exchangeable Cations of Soils 53 

X-ray Diffraction Studies 55 

Renick Soil ' 56 

LBJ Soil 69 

Differential Thermal Analyses of Clays 

and Parent Rocks 77 

Renick Soil 79 

LBJ Soil 83 

Infrared Analyses of Clays 90 

Renick Soil 93 

LBJ Soil 96 



« 

V 

Microscopic Studies 99 

Renick Soil 99 

LBJ Soil .106 

Discussion of Clay Mineralogy H I 

Renick Soil H I 

LBJ Soil 113 

VI. SUMMARY AND CONCLUSIONS 115 

Pedogenesis 115 

Renick Soil H 5 

LBJ Soil 116 

Weathering and Mineral Transformations . II6 

Renick Soil II6 

LBJ Soil 119 

Proposed Name for Classification . . . . 120 

Suggestions for Further Study 122 

LIST OF REFERENCES 123 



LIST OF TABLES 

Table Page 

1. Weathering Sequence of Clay-Size Minerals 9 

2. Processes of Origin of Clay Minerals 12 

3. Conditions Necessary for Formation of the Clay 

Groups 13 

k. Chemical Analysis of Coal Creek Serpentine 17 

5. Percentage of the Sand, Silt, and Clay Fractions . . . ^0 
6. Percentage of Each Sand Fraction Based on Total 

Sand and Percentage of Greater Than 2 mm. Material 
Based on Total Soil ^7 

7. Organic Matter Percentages and pH of Soils ^9 

8. Exchangeable Cations and Cation Exchange Capacity. . . 52 

9. Characteristic Infrared Group Absorption 

Frequencies Found in Minerals 92 

VI 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Geologic Map of the Coal Creek Serpentine Mass . . . . 4 

2. Landscape of the Renick Site 22 

3. Profile of the Renick Soil 22 

4. Landscape of the LBJ Site 24 

5. Profile of the LBJ Soil 24 

6. Particle Size Distribution in the Renick Soil 44 

7. Particle Size Distribution in the LBJ Soil 45 

8. X-ray Diffraction Patterns of the Coarse Clay, 
Parent Rock and Stone from A12 Horizon of 
the Renick Soil 57 

9. X-ray Diffraction Patterns of the Fine Clay of 
the Renick Soil 65 

10. X-ray Diffraction Patterns of the Coarse Clay 
and C Horizon of the LBJ Soil 70 

11. X-r.ay Diffraction Patterns of the Fine Clay of 
the LBJ Soil 74 

12. Differential Thermograms of the Parent Rock from 
the Renick Soil 80 

13. Differential Thermograms of the Coarse Clay from the 
Renick Soil 82 

14. Differential Thermograms of the Fine Clay from the 
Renick Soil 84 

15. Differential Thermograms of C Horizon Material 
from the LBJ Soil 85 

Vll 



v i i i 

LIST OF ILLUSTRATIONS 
Continued 

Figure Page 

16. Differential Thermograms of the Coarse Clay from 
the LBJ Soil 87 

17. Differential Thermograms of the Fine Clay from 
the LBJ Soil 89 

18. Infrared Absorption Bands of the Fine Clay 
and Coarse Clay of the Renick Soil 9̂  

19. Infrared Absorption Bands of the Fine Clay and 
Coarse Clay of the LBJ Soil 97 

20. General Fabric of a Soil Ped from the A12 Horizon 
of the Renick Soil 101 

21. General Fabric of a Soil Ped from the A12 Horizon 
of the Renick Soil 101 

22. Serpentine with Channel Cutans from the C Horizon 
of the Renick Soil 10̂ + 

23. Serpentine with Clay Stringers from the C Horizon 
of the Renick Soil 104 

24. General Fabric of a Soil Ped from the A12 Horizon 
of the LBJ Soil 107 

25. General Fabric and Embedded Grain Cutans frcxn the 
A12 Horizon of the LBJ Soil 107 

26. Channel Cutan in Serpentine from the C Horizon 
of the LBJ Soil 109 



CHAPTER I 

INTRODUCTION 

Pedologists consider a soil to be the result of the combined 

effects of several soil forming factors. These factors; climate, 

parent material, relief, time and living organisms, through several 

complex phenomena known as weathering processes, will direct the 

genesis of a parent material toward a specific kind of soil and 

determine its characteristic properties. However they believe that 

a proper understanding of the genesis of a soil can only be achieved 

by placing the aforementioned soil forming factors in proper perspec

tive. 

Very often the transformation of minerals during the genesis 

of a soil gives important clues to the factors which have dominated 

its development and to the processes which have taken place during 

that time. 

It was the purpose of ihis study to define the mineral 

transformations and weathering processes that occurred during the 

genesis of two soils developed from serpentinite, a rock composed 

mostly of the mineral serpentine. The mineral has a specific formula 

of Sii^MgrO^Q(OH)g. Serpentine is the geologically altered product 

of other minerals believed to have been originally mostly divine and 
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enstatite contained in ultrabasic rocks. The mineralogical trans

formations that it has undergone through weathering and soil develop

ment have not been studied extensively. 

Two sites were selected to determine the degree of variability 

in the soils developed from the serpentine. In selecting the sites 

consideration was given to their representativity in regard to 

topography and pedological features. 

The study was carried out by describing and sampling the 

soils in the field and by analyzing them in the laboratory. The 

latter included selected chemical and physical analyses and x-ray 

diffraction, differential thermal analysis, infrared absorption and 

microscopic studies. The conclusions were drawn from the results of 

both field and laboratory work. 



CHAPTER II 

REVIEW OF LITERATURE 

Geography of Gillespie County 

Gillespie County is located in central Texas and covers an 

area of 1,055 square miles. The county has an altitude range of 

1,100-2,250 feet. The average annual rainfall is 28.37 inches. The 

mean annual temperature is 65°F.; the mean average temperatures for 

January and July are respectively 49*^. and 8l^. The population 

of the county in I962 was estimated to be 10,032. 

Livestock provides 90^ of tihe agricultural income. The 

county is among the state's leading producers of sheep and goats. 

About 2,000 acres of land are under irrigation. Miscellaneous grains, 

truck crops, peaches and other fruits are grown (4o). 

Geology of the Coal Creek 

Serpentine Mass. 

The geology of the area, where the two soils are located, 

has been studied by V. E. Barnes, £t al (2). They called it Coal 

Creek serpentine. This mass is 3.7 miles long in an east-west direc

tion and ranges from O.3 to about 1.4 miles wide with important lobes 

at each end. The relation of the Serpentine mass to surrounding 
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formations are shown in Figure 1.. The attitude of the main body sug

gests that it dips about 45 degrees westward in its western part, 

steepening on the eastward side to about 6o degrees. 

The serpentinite is bordered along the south and along the 

western one-third of the north side by the Big Branch gneiss. For 

the rest of the distance along its northern side, it is bordered by 

the Packsaddle schist, which is chiefly an amphibole and mica schist 

containing numerous soapstone lenses. Pre-Cambrian rocks outcropping 

within 2.5 miles of the serpentinite are listed as follows: Valley 

Spring gneiss to the southwest; Red Mountain gneiss to the northeast; 

Town Mountain granite to the southwest and the southeast; and basic 

intrusives mostly to the north. The serpentinite contains numerous 

inclusions of Packsaddle schist and what is thought to be altered 

Big Branch gneiss. 

The age of the serpentinite is still in question. However, 

since it is cut by aplite and pegmatite dikes, which are entirely 

similar to ones derived from the Town Mountain granite, it was con

cluded that the serpentine is definitely older than the Town Mountain 

granite. 

The origin of the Coal Creek serpentine has not been clearly 

established. The literature available on serpentinization (9, I5) 

does not give an accurate explanation on the formation of the Coal 

Creek serpentine. 

Romberg and Barnes (36) suggested that serpentinization may 
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be related to groundwater circulation. This could have taken place 

during any one or all three of the cycles of erosion; Pre-Upper 

Cambrian, Pre-Edwards Cretaceous or during the present cycle. 

Probably the serpentinite originated by alteration of a basic intru

sion. No recognizable remnants of the original rock are found with

in the serpentine mass. The original igneous rock from which the 

serpentinite formed intruded the Packsaddle schist and Big Branch 

gneiss as evidenced by inclusions of both rock types within the 

serpentinite. 

V. E. Barnes (3) calculated the theoretical mineral composi

tion of a Coal Creek serpentine sample. The sample was collected 

from a quarry located approximately 10 miles northeast of Willow 

City and about 0.4 mile northwest of the soil sampling sites. The 

composition was as follows: serpentine (antigorite) 93'19^; 

magnetite 1.39^; chromite 0.67^; pyrite 0.06^; calcite 0.l4^; 

opal 4.72^. Several other minerals were found to be associated with 

the serpentine. They were tremolite, dolomite, talc, biotite, il-

menite, and hornblende. 

Weathering in Soils 

Weathering in soils is a complex physical and chemical 

phenomenon. Extensive research has been done and the material pub

lished on the subject is so abundant that it will not be reviewed 

here in detail. Hence, only the main concepts will be examined for 



the purpose of this study. 

Weathering occurs when new minerals or products are formed 

from primary minerals contained in rocks when they break down under 

the chemical and physical action of atmospheric agents. Jenny (2l) 

applied this concept to soils and defined them as the portions of the 

solid crust of the earth which have properties varying with the soil-

forming factors. His definition is expressed in the following equa

tion: 

s-f(cl, o, r, p, t, ...) 

where s is any soil property which is a function of five 

main variables: 

cl • climate 

o • organisms 

r - relief 

p - parent material 

t - time. 

Other soil-forming variables can be added as is shown by 

the ellipsis in the equation. 

Jackson and his co-workers (19) set up a weathering sequence 

for the clay minerals. The sequence is given in Table 1. In this 

concept, weathering sequence is expressed as a progressive increase 

in stability of the minerals. There are I3 weathering stages calculat

ed by using two groups of factors, called intensity and capacity factors 

The intensity factors of weathering are related to tempera

ture (T), rate of water movement (H2O), acidity of the solution (H+) 
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the degree of oxidation (e"), and its fluctuation (oxidation-reduction, 

Ae-). 

The capacity factors of weathering are the specific surface 

of the particles (s) and the specific nature of the mineral being 

weathered (km). 

These factors were used to express the weathering rate as 

a function of time (t) in the following equation: 

Weathering rate = intensity factor x time factor 

= f (temperature, water, protons, electrons) 
• X (surface, nature of mineral). 

The weathering stage is expressed as follows: 

Weathering stage = f(T, H20,H+, e",s,km,t) 

The weathering sequence was applied to soil colloids and 

sediments (less than 5*0 in size) according to the following principles: 

1. From three to five minerals of the weathering 
sequence are usually present in the colloids of any soil horizon. 
There is a tendency for the composition of the colloid to be in the 
form of a distribution curve, being dominated by one or two minerals 
(40 to 6o ̂ ) with other adjacent minerals of the sequence decreas
ing in amounts with remoteness of the sequence. 

2. The percentage of minerals of the early stages 
of the weathering sequence present in a soil clay fraction decreases 
and the percentage of the successive members increases with increas
ing intensity of weathering. 

3. One to three intermediate stages may occasionally 
be absent from the sequence, particularly those following quartz. 
An example would be a quartz, montmorillonite, and kaolinite colloid. 

4. One or more stages may occasionally occur out of 
sequence as secondary depositions, particularly gypsum and calcite. 

5. The alteration sequence of the colloidal minerals 
of sedimentary deposits under the impact of decreased or excluded 
leaching and oxidation tends to be the reverse of that of the weather
ing of the colloidal minerals of soils. 



TABLE 1 

WEATHZKING Si£QUi£xNCE OF CLAY-SIZE MINERALS^ 

Weatherinr; Stage 
and Symbol 

1 . 

2 . 

3. 

4. 

Gp 

Ct 

Kr 

Bt 

6, 

7. 

8. 

9. 

10. 

12. 

13. 

Ab 

II 

X 

Mt 

Kl 

Gb 

Hm 

An 

Clay-Size Mineral Occurring at 
Various Stages of the Weathering 
Sequence 

Gypsum (also halite, etc.) 

Calcite (also dolomite, aragonite, 
etc.) 

Olivine-Hornblende (also diopside, 
etc.) 

B:.otite (also glauconite, chlorite, 
antir;orite, nontronite, etc.) 

Albite (also anorthite, microcline, 
Gtilbite, etc.) 

î uartz (also cristobalite, etc.) 

o muscovite, sericite. Illite (als 
etc.) 

Hydrous Mica-intermediates ("X") 

Montmorillonite (also beidellite, etc.) 

Kaolinite (also halloysite, etc.) 

Gitbsite (also boehmite, etc.) 

Hematite (also goethite, limonite, 
etc.) 

-̂̂ .natase (also rutile, ilmenite, 
corundum, etc.) 

^Jackson, M. L. et al. (19) 



10 

Barshad (,h) studied the relative stability of minerals to 

weathering and to decomposition with acids. Stability appeared to 

be related to the degree of basicity, degree of linkage of the 

tetrahedrons, relative number of alumina and silica tetrahedrons, 

and other factors that induce a lowering of the basicity of the 

mineral and a destruction of bonds linking the tetrahedrons. A 

list of the relative stability of minerals was suggested as follows: 

Olivine 

\ 
Hypersthene 

Augite 

\ 
Hornblende 

\ 
Biotite 

Increasing 
Stability 

Calcic plagioclase 

Calc-alkalic plagioclase 

/ 
Alkali-calcic plagioclase 

/ 
Alkalic-plagioclase 

•*-Potash feldspars — 

i 
Muscovite 

i 
Quartz 

The decrease in stability of the minerals in the branch 

rising to the left of the potash feldspar is due to a decrease in 

the degree of linkage of the silica tetrahedrons, whereas in the 

branch rising to the right of it, the decrease is due to an increase 

in the number of alumina tetrahedrons. 

Other factors that appear to affect the stability of the min

erals are the following: 
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1. The presence of ferrous iron or.other cations that 

oxidize during weathering greatly reduces the structural stability. 

2. The more closely the oxygens are packed about the 
cation other than in tetrahedral positions, that is, the smaller 
the volume occupied by a given number of oxygens, the more stable 
is the mineral. 

3. Closely related to tightness of packing of the oxygens 
is the occurrence of empty positions in certain parts of the structure. 
Empty positions reduce the electrostatic forces and serve as ports 
of entry or departure and accelerate reactions which alter the paLrticle. 

4. The reactions of crystal particles during weathering 
occur in the unit cells exposed at their surfaces. The smaller the 
percentage of unit cells of a particle exposed at the surface, the 
more stable is the mineral. 

5. The relative stability of a given mineral may be 
affected by the nature of other minerals associated with it through 
their effect on the composition of the solution in contact with the 
mineral or through their direct contact with the mineral. 

6. The total cation exchange capacity of montmorillonite 
and vermiculite clay minerals strongly affects their stability in 
an acid environment. The higher the cation exchange capacity, the 
more readily and rapidly does adsorbed H+ interchange with Al-^ 
and Mĝ "*" of octahedral, or Al3+ of tetrahedral positions. 

Keller (24) studied the processes of origin of clay minerals. 

The summary of his study is given in Table 2. He also studied the 

conditions which are necessary for the formation of the clay mineral 

groups of kaolin, montmorillonite, illite, and chlorite. The condi

tions are shown in Table 3. In his dicussion (25) on the formation of 

clay minerals, he made the following observations on kaolinite and 

montmorillonite. 

Kaolinite signifies, relatively, a high ratio of Al to Si; 

high H, but no Na, K, Ca, Mg, Fe; an acid abrasion pH; and synthesis 

restricted to low pH of 4.5 or 2.5. 
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TABLE 2 

PROCESS OF ORIGIN OF CLAY MINERALS'"-

1. Crystallization of clay minerals from solution. 

2. Weathering of minerals and rocks, including glass, by 

a. Cold "fresh" water, regularly renewed, usually 
more or less carbonated, 

b. Supplemental action of macro and micro-flora, 

c. Ocean water (briny), 

d. Lake water (various ionic concentractions). 

3. Dialysis of clay minerals (Donnan effect) by 

a. Fresh water, 

b. Aided by supplemental action of plants. 

4. Reconstitution of degraded clay minerals (inheritance of 
lattice energy) by 

a. Restoration of M ions in vacated positions, 

b. Exchange or replacement of critical ions. 

5. Hydrothermal alteration of solid rocks. 

6. Laboratory synthesis at elevated temperatures and pressures 

teller, W. D. (2̂ +) 



TABLE 3 

CONDITIONS NECESSARY FOR FORMATION 

OF THE CLAY GROUPS'^ 

13 

Groups 

Kaolin 

Montmorillonite 

Illite 

Chlorite 

Conditions 

Weathering of alumino-silicates 
combined with complete leaching of 
Na, K. Ca, Mg, and Fe ions and intro
duction of H ions. 

Weathering of alumino-silicates in 
an environment in which relatively 
high contents of silica, Ca, Mg 
and Fe, and alkali conditions pre
vail. 

Conditions similar to those for 
montmorillonite plus an adequate 
supply of K. 

Sufficient Mg supply, other re
quisites for the reaction have not 
been established. 

teller, W. D. (24) 

In terms of geologic environment these factors may be met by the 

alteration of an alumina-silicate parent material, under extensive 

leaching conditions, where pH of 7 or below is optimum. In essence, 

this means topography and climate where Ca, Mg, Fe, Na, and K are re

moved freely, and H ions are supplied abundantly by acids or from dis

sociation of water. 
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A relatively high ratio of Al with respect to Si indicated by 

the composition of kaolinite, may arise from either a highly aluminous 

parent rock, addition of Al ions, or differential removal of silica. 

In pure water, silica is appreciably more soluble below pH 8 than is 

alumina, and extensive leaching of an alumino-silicate will effect 

enrichment of alumina. 

The presence of acids during argillation, whether they be 

carbonic, organic, plant root, or mineral, will provide sources of 

H ions in higher concentration than in water, and will accelerate 

the processes of hydrolysis and expulsion of M ions (other than Al 

and Si) for which H is substituted, thereby effecting kaolinization. 

However, an environment lower than 7 in pH, is not absolutely neces

sary for the formation of kaolinite, provided M ions are removed 

and H ions introduced. 

Conditions leading to the formation of montmorillonite con

trast with those under which kaolinite is developed. It is expected 

that the chemical system in which montmorillonite is formed will be 

characterized by a high Si:Al ratio, and a relative abundance of Mg, 

Fe, Ca, Na, and K, with correspondingly lower concentration of H ions. 

In terms of parent material, mafic rocks and volcanic ash of intermediate 

composition, which are reHatively rich in Mg, Fe, and Ca, supply the 

cations which occur between the 0-Si-Al sheets of montmorillonite clay 

minerals, and therefore are more likely to alter to montmorillonite 

than to kaolinite. Furthermore, the divalent cations tend to flocculate 
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silica (they flocculate the silica in concentrated water glass 

solutions) and thus tend to retain the high Si:Al ratio in mont

morillonite. 

The climate (both macro and micro) of the weathering environ

ment and the efficiency of drainage are just as important as parent 

material in the following ways. If the climate is semi-arid, i.e., 

precipitation less than potential evaporation, hydrolysis of the silicate 

occurs while it is wet, but as drying ensues, the solution of cations, 

originally dilute, becomes saturated with respect to Mg, Ca, Fe, 

Na, etc., and their combination with 0-Si-Al during drying can develop 

montmorillonite. Thus, by utilization of the divalent ions in the 

ground water even granitic rocks (rich in K and Na, but typically 

deficient in Ca) can alter to montmorillonite in a semi-arid climate; 

whereas, if rainfall had exceeded evaporation, they would have given 

rise to kaolinite. At the other extreme in climate, excess of rain

fall over evaporation, if the drainage is poor so that the concentra

tion of Mg, Ca, etc., builds up, the chemical system again produces 

montmorillonite. 

Goss (12) studied the mineral transformations of two soils 

developed from granite. He found that montmorillonite was the dominant 

clay mineral species in a soil with somewhat restricted drainage 

but that kaolinite and hydrous rriica predominated in a soil developed 

on a slope without restricted drainage. He believed the montmorillon

ite to be primarily a product of synthesis due to a concentration of 
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basic metallic cations and silica in the soil with restricted drain-

nage. He considered the hydrous mica and vermiculite in the well 

drained soil to be alteration products of biotite and the kaolinite 

in the soil to be derived mostly from feldspars. He also believed that 

some of the metallic cations and silica released from the feldspars 

during kaolinization were removed by leaching. 

In summary, the interplay of materials and energy governs 

the precise product formed, and climate and material are descriptive 

of the processes and product only to the degree of precision with 

which they describe the chemical system. 

Weathering of Serpentine 

Serpentine, as a mineral name, applies to one or both of the 

minerals, chrysotile and antigorite. Their structures are similar to 

those of the kaolin minerals. The physical properties of chryso

tile and antigorite are very similar, but antigorite generally has 

a lamellar or platy structure whereas chrysotile is fibrous. 

The general chemical formula of serpentine is Mg^.Sij^.O^Q.(OH)Q. 

When iron is present, it may partially replace magnesium. This is 

the most common substitution but calcium can also be found as a re

placement. Aluminum can replace magnesium or the silicon through sub

stitution but this replacement is less common. Serpentine is formed 

by the alteration of olivine and enstatite under conditions of low 

and medium grade metamorphis'ji. It decomposes at about 600 C. 
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CHEMICAL ANALYSIS OF COAL CREEK SERPENTINE" 
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CO2 

Ti02 

P2O5 

CrgO^ 

MnO 

0.06 

0.01 

0.01 

0.41 

0.04 

CaO 

Na20 

K2O 

H20t 

H2O-

0.05 

0.01 

0.00 

12.32 

0.92 

BaO 

NiO 

F 

S 

0.00 

0.30 

0.01 

0.03 

V. S. Barnes (3). 

to forsterite, talc and HpO, and its presence in a rock indicates an 

origin below this temperature. The distinctive characteristic of 

its chemical composition is the abundance of magnesium. A sajaple of 

the Coal Creek serpentine was analysed at the Rock Analysis Laboratory, 

University of Minnesota. The results of this analysis are given in 

Table k. 

There are few basic studies on the composition of soils 

developed from serpentine. A recent study of Kanno and his co-workers (22) 
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on two Brown Forest soils shows that the parent material is composed 

of antigorite and chrysotile. The clays were analysed and their 

conclusions follow: 

1. The clay mineralogical composition of the Brown 
Forest soils was strongly governed by the degree of serpentiniza
tion in the parent rocks from which the soils have developed. The 
lower the degree of serpentinization, the greater the formation of 
layer lattice silicates other than serpentine minerals. 

2. As a result of the loss of MgO and the accumula
tion of sesquioxides, the Brown Forest soil derived from serpentine 
with a relatively high degree of serpentinization, is dominated by 
antigorite and 14A minerals consisting mainly of randomly inter-
stratified chlorite/nl-vermiculite, whereas the Brown Forest soil 
derived from serpentine with a relatively low degree of serpentiniza
tion is characterized by a predominance of l4A and 7A minerals. 

3. As a peculiar characteristic of sloping soils, the 
soil material of the A horizons contains much more less-weathered 
materials of serpentine than does that of the B horizons. Conse
quently, the clay separates of the A horizons contain relatively 
large amounts of serpentine minerals, especially of antigorite which 
is.more resistant to weathering than chrysotile. 

4. In addition to antigorite, 14A (vermiculite) and 
7A (kaolinite) minerals, varying amounts of chrysotile, expanding 
minerals (beidellite), iron oxides, talc, and quartz are found in 
the clay separates of the Brown Forest soils. 

A study by Hoyos and Gonzales (l6) of several soils and their 

parent rocks in the Serrania de Ronda in Spain gives also some indi

cation on the clay mineralogy and the weathering processes of soils 

developed from serpentine. Some of their conclusions are the following: 

1. The parent rocks of the soils are serpentinized 
peridotites in which olivine and amphibole are present. The 
process of serpentinization was influenced slightly by climatic 
alterations affecting olivine more than amphibole. 
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2. The amounts of clays in the soils were quite similar. 

Eluviation of the fine material towards the lower horizons was 
noticed although it was not intense. 

3. The amounts of soild constituents affected by leach
ing was calculated. It was found that leaching of Si02 vill affect 
mostly the fine clay fraction and to a minor extent the coarse clay 
fraction. Also leaching of MgO was more intense than Si02. Iron 
stayed in some soils in a colloidal state while it coagulated in 
other soils. 

h. In the process of soil formation, large quantities 
of gels formed. Some soils showed gels of AI2O0 while others were 
dominated by Fe20o. In general these gels will be immobilized in 
the lower horizons. Si02 was completely washed or crystallized as 
secondary quartz. 

5. The clay minerals were mostly chlorite and in some 
soils there were indications of illite and a small amount of vermicu
lite. 

In their discussion of the x-ray patterns, Hoyos and Gonzales 

mentioned that the l4.4 Angstroms (A) could represent vermiculite 

or chlorite. Also the presence cf a peak at 9»l8 A could be due to 

dehydrated vermiculite but probably represents mica or talc. They 

attributed the intense peaks at 7.36'^ and 3*66 A to the presence of 

antigorite. The peak at 3.36 A was believed to represent illite 

or secondary quartz. Finally the 2.83 A peak represented chlorite 

and probably illite. 



CHAPTER III 

PROFILE DESCRIPTIONS 

The two soils developed from serpentine near Coal Creek in 

the northeastern part of Gillespie County, Texas. One of the soils 

is located on Mrs. C, B. Renick's ranch; the other is located on the 

ranch of President Lyndon B. Johnson. 

The two soils have not yet been classified into series. 

Therefore they will be respectively called, for convenience in this 

study, the Renick soil and the LBJ soil. Figures 2-5 show pictures 

of the profiles of the two soils and of the landscapes on which they 

occur. 

Both soils were described and sampled on June l8, 19^5> 

with the help of Dr. B, L. Allen, professor of soils at Texas 

Technological College and Mr. J. L. Hensell, area soil scientist, 

of the Soil Conservation Service. A sample was taken from each 

horizon of the profiles. The profiles were described by using the 

nomenclature recommended in the 7th Approximation (37)» Additional 

samples were also taken from the partially weathered rock at about 

20 inches to determine the composition of the parent materials. 

RENICK SOIL 

Location: Northeast corner of Gillespie County, approximately 

12 miles northeast of Fredericksburg on Texas highway l6 to Eckert; 

20 
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east on FM road 1.7 mile to Willow City; thence north, northeast on 

county road approximately G,G miles; thence east on private road, which 

turns east about 100 feet or so above a camp house on the Renick ranch, 

approximately 0.8 mile; thence north (by foot) approximately I900 feet. 

Vegetation: Texas wintergrass (Stipa leucotricha), fall winter-

grass (Leptoloma cognatum), Texas grama (Bouteloua rigidiseta), 

sideoats grama (Bouteloua curtipendula), curly mesquite (Hilaria 

belangeri), thelesperma (Thelesperma sp.), prickly pear (Opuntia 

sp.), liveoak (î uercus virguiniana), Texas persimmon (Diospyros 

texana), ashe juniper (Juniperus ashei), catclaw (Acacia gregii), 

algerita (Berberis trifoliolata), silver bluestem (Andropogon 

saccharoides), mesquite (Prosopis sp.). 

Parent Material: Serpentine 

Slope: 2^ facing west. 

Soil Profile: 

All 0-2" Dark brown (lOYR 3/3) loam, very dark brown (lOYR 2/2) 
moist; weak platy and subangular blocky structure; 
friable, hard; clear smooth boundary. 

A12 2-10" Dark brown (lOYR 3/3) clay, very dark brown (lOYR 
2/2) moist; moderate medium subangular blocky 
structure; firm, very hard; gradual irregular bound
ary. 

AI3&C 10-18" Mixed brown (7.5"̂ ^ k/2) and dark grayish brown 
(lOrR 4/2) sandy clay, dark brown (7.5"̂ ^̂  3/2) 
and (lOYR 3/3) moist; weak fine subangular blocky; 
slightly firm, slightly hard; clear irregular bound
ary. 
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Figure 2. Landscape of the Renick site 

Figure 3« Profile of the Renick soil 
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18"4 Light gray (4YR 7/2) saprolite; with some pockets 
of AI3 material; clay. 

Remarks: Many hard unweathered stones occur throughout the solum. 

LBJ SOIL 

Location: Northeast corner of Gillespie County, approximately 

12 miles northeast of Fredericksburg on Texas highway 16 to Eckert; 

east on FM road 1.7 mile to Willow City; thence north, northeast 

on county road approximately 6.6 miles; thence east on private 

road, which turns east about 100 feec or so above camp house on the 

Renick ranch, east 1.25 miles to wire gate. The site is 5̂ 5 yards 

north on fence line; thence 18G yards east on the LBJ ranch. 

Vegetation: Mesquite (Prosopis sp.), liveoak (-̂ uercus virginiana), 

prickly pear (Opuntia sp.), Texas wintergrass (Stipa leucotricha), 

fall witch grass (Leptoloma cognatuni), sand dropseed (Sporobolus 

cryptandrus), sideoats grama (Bouteloua curtipendula), purple 

threeawn (Aristida purpurea), plains lovegrass (Eragrostis intermedia), 

silver bluestem (Andropogon saccharoides), Hall's panicum (Panicum 

hallii), curly mesquite (Hilaria belangeri), ashe juniper (Juniperus 

ashei), wild buckwheat (Eriogonum sp.), leastdaisy (Chaetopappa sp.), 

croton (Croton sp.). 

Parent K.aterial: Serpentine. 

Slope: 2.5^ facing southwest. 
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^ i^rure 4 . j-<i a^cGcape of the LDJ ^ i t e 

Figure 5' Profile of the LBJ soil 
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Soil Profile: 

All 0-1" 

A12 1-8" 

AC&C 8-l6" 

l6"-». 

Dark grayish brown (lOYI^ 4/2) sandy clay loam, very 
dark grayish brown (lOYR 3/2) moist; weak medium 
platy and granular structure; friable to slightly firm, 
slightly hard; gradual smooth boundary. 

Very dark grayish brown (lOYR 3/2) sandy clay loam, 
very dark brown (lOYR 2/2) moist; weak medium sub-
angular blocky and fine moderate granular structure; 
firm, very hard; clear weavy boundary. 

Dark grayish brown (lOYR 4/2) sandy clay loam, dark 
brown (lOYR 3/3) moist; weak medium granular structure; 
slightly firm, slightly hard; clear irregular boundary. 

Light gray (5Y 7/2) saprolite with streaks of brown
ish yellow (lOYR 6/8); sandy loam. 

Remarks: Yellowish iron oxide segregations present on bedding 
planes in the saprolite. 



CHAPTER IV 

METHODS OF STUDY 

Mechanical Analysis 

The method of Kilmer and Alexander (26) was used to make 

mechanical analyses by the pipette method. Prior to these analyses 

the samples received several treatments. They were dried and ground 

very gently with a pestle to avoid any excessive breakdown of natural 

particles. Each sample was well mixed and quartered. An aliquot 

was selected at random from each one, transferred to a 1000 ml. 

beaker and moistened with sufficient water to dislodge the particles 

sticking to the stones. After two days, the samples were air dried, 

weighed and sieved through a 2 mm. sieve. The materials passing 

through the sieve and those remaining on it were weighed separately. 

The percentage of material greater than 2 mm. in each horizon, based 

on the total soil weight, was calculated. 

The next step was the destruction of organic matter, since 

organic matter had to be destroyed for X-ray and DTA analyses. 

About 100 gms, of sieved soil were put into a 1000 ml. beaker which 

was filled approximately one-half full with 10^ ̂ 2^2* "^^ beakers, 

covered with a watch glass, were placed in a plastic pan to collect 

any soil that might overflow when the oxidation reaction reached 

its strongest point. After 12 hours, the liquid was evaporated 

over a steam plate until about one-half inch of liquid covered the 

26 
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soil. This treatment was repeated twice. The additional treatments 

were made of approximately 50 ml. of 30^ H2O2 and 20 ml. of IN 

NaOAc adjusted to pH 5 with 0.1 N HCl as recommended by Jackson 

(17). The NaOAc buffer enhances the oxidation of organic matter 

and removes Mn02 by dissolution. After each treatment the beaker 

was covered with a watch glass and heated on a steam plate. During 

heating the soils were regularly stirred. For the three upper 

horizons, treatments with 30^ H2O2 were repeated seven times. 

The C horizons needed only three treatments. 

When the destruction of organic matter was estimated to 

be essentially complete, the samples were washed by adding distilled 

water, centrifuged and the clear supernatant liquid in the tubes 

decanted. Washing was stopped when the liquid was free of chloride 

as determined by additions of AgNOn. The samples were then air 

dried and moisture was determined on aliquots for correction in 

mechanical analysis in order to express the weight of the soil on 

an oven dry basis. 

An aliquot from each air dried sample was weighed and trans

ferred to a 300 ml. flask with 100 ml. of distilled water, and was 

allowed to stand overnight to thoroughly wet the particles. Then 

the samples were dispersed by adding 5 ml. of sodium hexameta-

phosphate solution (Calgon) and shaking on a reciprocating shaker 

for 16 hours. 

Following dispersion the sand was separated from the silt and 

clay by washing each sample through a 3OO mesh sieve, the silt and 
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clay being washed into 1000 ml. hydrometer jars. The sand was air 

dried and weighed and the percentage in the toUl soil was calcu

lated. The sand was separated into five fractions: 2.0 to 1.0 mm., 

1.0 to 0.5 mm., 0,5 to 0.25 mm., 0.25 to 0,10 mm., and 0.10 to 0,05 mm,, 

this was accomplished by shaking for 10 minutes in a nest of sieves 

placed on a mechanical shaker (26), Each size fraction was weighed 

and the percentage of each fraction based on the total sand weight 

was calculated. 

The hydrometer jars, containing the silt and clays, were 

placed in a water bath and brought to 1000 ml. with distilled water. 

The temperature of the bath was adjusted to 30 C. and the jars left 

to stand for 3 hours to reach temperature equilibrium. The settling 

rate of a 2,0 micron particle was calculated by Stoke's law (26). 

The equation used was: 

2(dp-dw) gr^ 

V 9n 

where: v - velocity 

g = acceleration due to gravity 

r = radius of particle (l micron) 

n = viscosity of water 

dp * assumed particle density (2,65 gms/cc.) 

dw = density of water. 

After calculating the time required for a 2.0 micron particle 

to fall 10 cm., the suspensions were stirred for 8 minutes with a 
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rotary mechanical stirrer and 1 minute with a hand stirrer. The 

time was recorded at the end of the stirring. At the end of the 

calculated settling time, a 25 ml. aliquot was pipetted from a 10 

cm, depth. After each pipetting, the pipette was rinsed with distil

led water which was drained in the weighing bottle containing the 

aliquot. Between each pipetting of aliquots the pipette was 

cleaned with acetone and dried with a jet of air. The aliquots were 

evaporated to dryness at 95° C in order to avoid splattering; the 

clay was then dried for 12 hours at 105° C. and weighed. 

The equation used to calculate the clay percentage follows (26): 

(A-B) K D » percentage of pipetted fraction. 

A • weight in grams of pipetted fraction. 

B • weight correction for dispersing agent. 

K LOOO 

D -

volume contained by pipette 

100 
organic-free oven-dry weight of total sample. 

The weight correction for the dispersing agent was made by taking 

a 25 ml, aliquot from a 1,000 ml. solution of 5 ml. of dispersing 

agent and 995 ml. of distilled water. The aliquot was dried and 

weighed. The weight obtained was used in the equation. The sand 

fraction percentages were calculated by the equation proposed by 

Kilmer and Alexander (26): 

^ of fraction • ^e^^^" ^^ grams of fraction on sieve(lOO) 
organic-free oven-dry weignt of total sample • 
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The percentage of silt was obtained by subtracting the combined sand 

and clay percentages from 100, 

Fractionation of the Sand, Silt and Clay 

For mineralogical analyses, the soil samples were separated 

into fractions of sand, silt and clay. About 6o grns. of each of the 

organic-free, air dried samples, saved for that purpose after des

truction of the organic matter, were used in fractionation. The 

samples were put into 500 ml. erlenmeyer flasks and 300 ml. of 

distilled water were added with 10 ml. of sodium hexametaphosphate 

(Calgon). They were dispersed by shaking for 12 hours on a 

reciprocating shaker. Following dispersion the sand fraction was 

separated from the silt and clay by sieving the suspensions through 

a 300 mesh sieve. The silt and clay suspensions were poured into 

hydrometer jars brought to 1000 ml. with distilled water. The jars 

were placed in a water bath with a constant 30 C temperature. The 

suspensions were given sufficient time to adjust to this temperature. 

Using Stoke's law, the time required for a 2.00 mm. particle to fall 

30 cm. was calculated. The suspensions were then stirred manually 

and the time was recorded at the end of each stirring. After the cal

culated time for settling had elapsed, each suspension was siphoned 

at 30 cm, depth. The hydrometer jars were brought again to 1000 ml, 

with distilled water and the same operation repeated. Complete 

removal of the clay fraction required from 8 to 10 siphonings. Be

tween each siphoning the suspensions which had been removed were 
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evaporated but were never allowed to reach dryness. Finally they 

were evaporated to a volume of approximately 450 ml. and poured 

into 500 ml, erlenmeyer flasks. 

The clay was divided into two fractions, less than 0.2 micron 

and 2.0-0,2 microns, by centrifugation using a modified form of 

Stoke's law. The equation follows: 

log (R2/H1) n 

-2-
3.81 yA (d2-d-L) R' 

t • time in minutes 

n • viscosity in poises 

R2= distance from center of rotation to plane of sedimentation 
in centimeters 

R-,= distance from center of rotation to surface of suspension 
in centimeters 

N = rotation of centrifuge per second 

R * particle diameter in microns 

d2= density of the particle 

d;j_= density of the liquid. 

This equation was difficult to apply with great accuracy 

because of errors in manipulation although great care was taken to 

avoid them. This applies particularly to the value of R^. Also 

the value of n probably changed with the increase of the temperature 

after the centrifuge was in operation for a certain time. The value 

of d2 used for the particle density of the clay was 2.50 as suggested 
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by Jackson (17). 

The suspensions in the tubes were centrifuged for the time 

required for a 2.0 micron particle to settle out of suspension. 

The particles remaining in suspension, less than 0.2 micron, were 

poured into beakers and saved. About 20 ml, of distilled water was 

added to the tubes and the settled particles were stirred with a 

glass rod having a small rubber ball attached to the tip. 

The level of the suspensions was then brought up to the mark and they 

were stirred with a glass rod to make them uniform. The same 

operation was repeated until the supernatant liquid in the tubes 

was clear and free of less than 0.2 micron particles. The two sus

pensions were then evaporated to a 200 ml. volume, poured into 250 ml, 

erlenmeyer flasks and stored in a refrigerator to suppress any 

growth of microorganisms. 

Determination of Soil pH 

The method used is described in the U.S.D.A. Handbook No. 60 

(4l). A soil paste was made of a sample from each horizon and the 

pH was measured by a Beckman Zeromatic pH meter with glass electrodes, 

Determination of Organic Matter 

The organic matter was determined by oxidation with chromic 

acid and subsequent titration of the unused acid by ferrous ammonium 

sulfate. The organic matter was determined only in the upper three 

horizons of each profile. To 0.5 gm. of soil were added 10 ml. of 
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0.^ N chromic acid. After boiling 5 minutes, 4 ml. of concentrated 

H2S0î  and three drops of orthophenanthroline indicator were added. 

Then the samples were titrated with ferrous ammonium sulfate. 

Organic matter was determined according to the equation below. 

i2Lll X Z X N X M X 1.72J+ 
X 

= Organic matter per cent. 
W 

where X « ml. Fe(NHi^S04)2.6H20 used for blank 

Y = ml. Fe(NH|^S0^)2.6H 0 used for sample 

Z • ml. H Cr 0 used for sample 

-•5 
M = me.wt. of carbon = 3.0 x 10 -• 

W = weight of sample used 

N = normality of H2Cr20Y . 

Cation Exchange Capacity of Total Soil, Silts and Clays 

The cation exchange capacities of the total soil, the 

two clay fractions and the silt from each horizon were determined by 

the method outlined in the U.S.D.A. Handbook No. 6o (4l). The amount 

of sample used in analysis was 1 gm. for the clays and 2 gms. for 

the silts. These amounts were considered to be sufficient for this 

determination on the clays and silts. For the total soil k gms. were 

used. A Coleman flame photometer, model 21, with a Na filter was used 

in this procedure. 
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Exchangeable Cations of Soils 

Exchangeable Ca and Mg were determined on soil samples from 

each horizon. The EDTA titration method outlined in the U.S.D.A. 

Handbook No. 6o (4l) was used. NaCl was used in replacing the cations 

and 1 ml. of NaCN was added to the aliquots to complex any heavy 

metal present. Exchangeable Na was determined with the flame 

photometer. 

X-ray Diffraction of Clays 

In the section describing the fractionation of the sand, 

silt and clay, mention was made of the evaporation to a convenient 

volume of the two clay suspensions. This reduction in volume was 

done by placing the beakers and pans containing the suspensions in 

front of a current of warm air. This current of warm air was produced 

by combining an electric heater and two fans. Stahnke (38) pointed 

out that evaporation by heating on a steam plate induced flocculation 

of the suspensions which, in turn, were difficult to redisperse. 

The technique described was adopted and therefore the problem of 

redispersing the clays was not encountered. After storage for a few 

days in a refrigerator the coarse clay suspensions flocculated slightly, 

but shaking for 3 hours thoroughly redispersed all the suspensions. 

The clays were prepared by using the method described by 

Kinter and Diamond (27). The method is the following. The clay 

particles are oriented on a porous ceramic plate. The orientation 
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is done in such a way that the OOL planes are parallel to the surface 

of the plate. The ceramic plate was placed in an aluminum holder 

and sealed with two rectangular rubber bands. The holder was 

placed over a vacuum flask by means of a perforated rubber stopper. 

The plate holder has a cavity through its center large enough to 

contain 10 ml. of clay suspension. It was sealed to the stopper 

with a light coat of vacuum grease. After the vacuum pump was 

turned on, a small amount of distilled water was poured in the 

cavity of the holder and the vacuum system checked. Next the clay 

suspensions were poured in the cavity and the particles settled on 

the porous plate as the liquid passed through it. Saturation of 

the samples with a particular cation was accomplished by leaching the 

clay film on the plate with the desired cations. Glyceration was 

done by using the same technique. 

The samples were X-rayed after three different treatments. 

First the clays were saturated with Ca by leaching with three 5 ml. 

increments of a 0.3 N CaCl2 solution. Then they were treated with 

three 5 ml. increments of glycerol, dried over CaCl2 for 12 hours, 

and X-rayed. Next the clays were saturated with K by leaching with 

three 5 ml. increments of a 0.3 N KCl solution. The excess of KCl was 

leached with one 5 ml. increment of distilled water on one sample. 

It was found that this amount was not sufficient and an additional 

increment of the same volume was applied to remove the excess KCl, 

The samples were heated at 250 C. in a furnace. The K saturation and 

heat treatment was made to ascertain their effect upon the collapsability 
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of the swelling clays. They were placed in a cool furnace and the 

heat was increased very slowly to prevent peeling of the clay films. 

When the temperature reached 250 C. they were allowed to stay in 

the furnace for four hours. After permitting them to gradually 

cool they were X-rayed. The same heating procedure was repeated 

when the clays were heated again at 550 C. for four hours and again 

X-rayed, 

All the clay fractions were X-rayed with a Phillips Norelco 

machine with a copper tube and Ni filtered radiation and operated 

at 30 kilovolts and 15 milliamperes. Collimation was accomplished 

with slits as follows; a ^° divergent slit, a O.OO6 receiving 

slit and a ^° scatter slit. For the coarse clays the time constant 

was set at 4, the scale factor at 0.8 and the multiplier at 4. 

For the fine clays the time constant was set at 8, the scale factor 

at 0.8 and the multiplier at 4 except when otherwise specified. 

Scanning covered a range of 2° 29 to 32° 20 at a speed of 1° 2e/minute, 

Differential Tliermal Analysis of Clays 

and Parent Materials 

The differential thermal analyses of all the clay samples 

were made on a DTA pressure-vacuum furnace apparatus. The unit 

was built by Mr. William Lodding of Rutgers University. It has two 

furnaces, a Honeywell amplifier, a heat control unit and a Moseley X-Y 

recorder. The same sample holder, the same thermocouple and furnace 
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were used for all the samples. Approximately the same amount of clay 

and a similar packing were used in each analysis. Prior to analysis 

the samples were allowed to stand over a slurry of Mg(N0o)2'6H20 

in a dessicator as recommended by Mackenzie (29). In this method the 

relative humidity, 55^ at 65° F., over the Mg(N0^)2.6H20 is little 

affected by temperature changes. After equilibration, the clays 

were heated over a temperature range of room temperature to 1000° C. 

The serpentine parent materials were first analysed like 

the clays. Then a sample of each was treated with N HCl at 95° C. 
« 

for one hour as recommended by r̂ agy and Faust (32) to differentiate 

the chrysotile and antigorite minerals. Following treatment they 

were analysed in the same manner. For all DTA analyses aluminum 

oxide was used as the inert standard material. 

Infrared Analysis of Clays 

The disc technique described by Milkey (30), and Lyon (28), 

and other workers was used in infrared analysis of the clay fractions 

and the serpentine parent materials. In this method 1 mg. of sample 

was intimately mixed with 400 mg. of the potassium bromide used as 

the embedding medium. The mixture was finely ground in a agate mortar 

then transferred into a vacuum die. Under vacuum, a pressure of 

90,000 psi. was applied with a press to the sample in the die for 

5 minutes to make a transparent disc. A reference disc of pure 

KBr was prepared in a similar manner. The KBr discs were then analysed 
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with a Perkin Elmer double-beam spactrophometer, model 21, using the 

0 to 15 micron region. 

Microscopic Studies 

Studies of thin sections were made using a Leitz Laborlux-

Pol polarizing microscope. All thin sections, ground to a standard 

thickness of 30 microns, were made by the National Petrographic Co. 

of Houston, Texas. Photomicrographs were taken of soil peds and of 

weathered and relatively unweathered parent rock using a Leica M2 

35 mm. camera and a Leitz MIKAS micro attachment on the polarizing 

microscope, Kodachrome X daylight film was used. The thin sections 

were studied and described using the terminology advanced by Brewer (5) 



CHi\PTER V 

RESULTS AND DISCUSSION OF STUDIES 

Particle Size Distribution 

The results of mechanical analyses of the Renick and LBJ 

soils are given in Table 5. 

Renick Soil. The clay percentages show a sharp increase from the 

surface horizon, All, to the next horizon, A12. The distribution 

of the clay remains approximately the same in the A12, AI3&C and 

C horizons. This probably indicates that the soil material weathered 

and that clay formation occurred at a greater rate in the three lower 

horizons of the profile. The nature of the parent material influenc

ed, to some extent, the mechanical analyses. It was noticed that 

weathered aggregates of serpentine, present in the A13&;C and C 

horizons, broke down during dispersion of the soil. The samples 

were reanalysed and dispersed by shaking 24 hours instead of I6 as 

in the first analysis. An increase of 5 to 6^ was found in the clay 

fraction. Although they are of some value in interpreting pedogenic 

processes, the percentages of clay in the lower horizons are not as 

meaningful as they usually are in such studies. No attempt was 

made to determine the relative percentages of coarse and fine clay in 

the total clay. However, judging from the relative amounts remain

ing when all analyses were completed, the fine clay fraction composed 

39 
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TABLE 5 

PERCENTAGES OF TIiE SAND, SILT, AND CLAY FRACTIONS 

S o i l 

Renick 

LBJ 

Horizon 

A l l 

A12 

AI3&C 

C 

A l l 

A12 

AC&C 

C 

<0 .002 

27.24 

42.10 

^0.35 

42.08 

25.62 

31.19 

3^.09 

25.52 

Size 

0.002-0.05 

29.5^ 

25.98 

12.69 

21.68 

26.43 

23.41 

15.29 

10.92 

i n Mm. 

0.05-2 

43.22 

31.92 

46.96 

36.24 

i+7.95 

k^.ko 

50.62 

63.56 

S o i l 
T e x t u r a l 

C lass 

Loam 

Clay 

Sandy c l a y 

Clay 

Sandy c l a y 
loam 

Sandy c l a y 
loam 

Sandy c l a y 
loam 

Sandy loam 

a high percentage of the total clay in all the horizons. 

The distribution of the silt and clay in the profile was 

somewhat erratic and definite trends could not be established. To 

account for the erratic distribution the nature of the sand fraction 

must be considered. As stated previously, the sand fraction broke 

down during dispersion,more in some samples and less in others,and 

this was reflected as differences in the sand percentages. The 
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disintegration of sand particles during dispersion caused increases 

in the silt percentages in the same horizons which showed lower sand 

percentages. Possibly the minerals composing the sand and silt 

fraction in the upper horizon did not disintegrate as easily as 

the minerals composing the material of the lower horizon. 

LBJ Soil. The percentages of the clay fractions increased 

with depth in the three upper horizons and indicate that clay has 

probably formed more rapidly in the A12 and AC&C horizons than in 

the All horizon. Although the serpentine material in the C horizon 

was relatively more stable the high clay percentage in the C horizon 

is a further indication that clay genesis is actively occurring 

in the lower horizons. When reanalyzed, shaking the soil suspensions 

for a longer time did not break down increasingly the sand or silt 

size particles into clay separates and the clay percentage did not 

differ greatly from the first analysis. With depth, the silt frac

tions decrease while the sand fractions increase markedly, due to 

partially weathered serpentine. The sand percentage in the All 

horizon is slightly higher than the A12 sand percentage. This is 

probably the result of deposition of wind blown sand size particles 

composed mainly of quartz. The percentage of material greater 

than 2.mm. is shown in Table 6. There is a sharp increase in 

percentage from the All to A12 horizons, the AC&C and C horizons 

being approximately the same. Possibly the degree of weathering in 
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the profile is more intense in the two upper horizons than in the 

two lower ones. Apparently this is somewhat related to the 45° dip 

that the serpentinite is making at this site. Water probably moves 

partially in response to the dip of the strata. Consequently, the 

more weatherable strata weathers faster causing great differences in 

the depth of profiles within a small area. This difference in the 

degree of weatherability also accounts for the marked differences 

in the amount of disintegration of the parent rock at the bottom 

of the profiles. Chemical and physical weathering are probably 

more intense in the upper part of the profile than in the lower part. 

Homogeneity of Parent Materials 

Field Characteristics. 

The Renick soil developed from a serpentine parent material 

located well inside the Coal CreeK serpentine mass. There is no 

evidence that any other geologic formation could possibly influence 

the soil formation by producing minerals different from the serpentine. 

However there is evidence that quartz is present in the upper horizons 

of the profile. Since quartz does not occur in appreciable 

quantities in the serpentinite, it is believed that quartz was 

transported by wind from the Big Branch gneiss which lies adjacent, 

south and east, to the serpentine mass. In addition to quartz, 

loose rock fragments varying in size from 2 to 5 inches in diameter 

were found in the A12 and A13&C horizons. These were later deter

mined to be composed mostly of tremolite. They were mostly unweathered 
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but certainly influenced, to some extent, soil genesis. The lack 

of abrupt boundaries between horizons probably indicates that the 

soil was formed jji situ. 

The LBJ soil, like the Renick soil, shows evidence of re

ceiving quartz in the upper horizons. Otherewise, there are no 

indications of contamination by other materials. The soil appears 

to be representative of the area in which it is located. It formed 

in a pocket entrenched between two outcrops of long narrow beds 

of resistant serpentinite. Because of the topographic position of 

the site, at the top of a hill, the soil could not have been trans

ported and is certainly residual. Hard unweathered stones like those 

present in the Renick profile are absent in the LBJ profile, but 

the pcLTent rock underlying the C horizon of both was very similar 

in appearance. 

Sand Frequency Distribution. 

The size fraction percentages were plotted against fraction 

size to show graphically the particle size distribution characteris

tics of the two soils. Figures 6 and 7 sbow these relations. Table 

6 shows the percentage of each sand fraction of the total sand size 

material and the percentage of the greater than 2 mm. material of the 

total soil weight. 

Aa mentioned previously, the sand size particles disintegrated 

when the soil samples were dispersed for a longer time. Therefore 
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the results obtained on fractionation of the sand particles will be 

discussed only in a general way. 

Renick Soil. There is no uniform increase or decrease of the 

sand fractions in the profile. This may be due to the fact that 

several minerals are present in the parent material of the Renick 

soil. In particular, the presence of larger tremolite stones 

represents a large percentage of the greater than 2 mm. material. 

Possibly the presence of more resistant tremolite particles in the 

sand produced the irregular distribution of the sand size particles. 

It can be noticed that the all horizon, free of tremolite stones, is 

dominated by the very fine sand fraction while the AI3&C horizon, 

which has the largest percentage of stones in the profile, is 

dominated by the very coarse sand fraction. However, there is no 

real evidence of any lithological discontinuity in the profile. 

A very high percentage of the soil material was contributed by the 

underlying serpentine. 

LBJ Soil. There are no tremolite stones in the LBJ soil, 

consequently the sand size distribution of the profile follows more 

regular trends. It can be noticed that the two upper horizons have 

more very fine sand than any other size fraction. The percentages 

of the different sand fractions increase regularly with decreasing 

particle size. The AC&C and C horizons show an opposite trend. 

They are dominated by the very coarse sand fraction. The percentages 
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Of the other sand fractions tend to decrease in these two horizons 

with decreasing fraction size. 

Soil pH 

The pH of the horizons of the Renick and LBJ soils is given 

in Table 7« The reactions of both soils are similar and increase with 

depth to, or sl-ightly above, the neutrality point. The C horizons 

are approximately neutral while the upper horizons are slightly acid. 

The increase with depth is probably related to the presence of higher 

exchangeable magnesium contents which will be discussed later. The 

presence of increasing quantities of partially altered serpentine 

with depth probably also affects the reaction. 

Organic y-atter of Soils 

The organic matter was determined on samples from the three 

upper horizons of the soil profiles. It was not determined on the 

C horizons because the content is probably low and was not deemed to 

be of sufficient significance. The results of analyses are given in 

« 

Table 7» As expected, the amount of organic matter decreases with 

depth. The two upper horizons of the two profiles have about the 

same amount of organic matter,while the AI3&C horizon of the Renick 

soil has much less organic matter than the AC&C horizon of the LBJ 

soil. This is probably due to different degrees of mixing of the 

materials found in these horizons and possibly there was more C 
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TABLE 7 

ORGANIC MATTER PERCENTAGES AND pH OF THE RENICK AND LBJ SOILS 

Soil Horizon Organic Carbon Organic Matter pH 

Renick 

LBJ 

All 

A12 

AI3&C 

C 

All 

A12 

AC&C 

C 

2.35 

1.44 

0.51 

-

2.05 

1.36 

0.95 

. 

4.06 

2.49 

0.88 

-

3.53 

2.35 

1.64 

— 

6.25 

6.80 

6.85 

7.00 

6.45 

6.50 

6.55 

7.10 

horizon material in the sarr̂ ple analysed from the Renick soil than 

in the sample analysed from zhe AC&C horizon of the LBJ soil. 

This is confirmed by the general morpholo.,y of the two soils. Also 

the amount of organic matter in the subsoil is rather hi.;rh as 

compared to other soils. This may be partially explained by the 

relatively thick vegetation, especially on the Renick soil. Also, 

the high montmorillonite content may have a preservative effect on 

some of the decomposition products of the organic matter. It seems 

''* ITEXAS TECHNOLOGICAL COLLEGE 
LUBBOCK, T30iS 
LIBRARY 

•"'«« rfWAto* 
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that the soils have a vertisolic tendency which accounts for the 

relatively high organic matter content in the subsoil. 

Cation Exchange Capacity 

The results of the cation exchange capacity (CEC) determina

tion of the fine clay, coarse clay, silt and total soil of the 

different soil horizons are given in Table 8. Grim (l4) gave the 

CEC values for several clay mineral species in terms of milli-

equivalents/lOO grams. These values are given below to help in the 

interpretation of the data. 

Kaolinite 3-15 

Halloysite .2H2O 

Halloysite .^^0 

Montmorillonite 

Illite 

Vermiculite 

Chlorite 

Sepiolite-Attapulgite-
Palygorskite 

5-10 

40-50 

80-150 

10-40 

100-150 

10-40 

20-30 

Besides the listed clay minerals, micas and amorphous materials 

can also contribute to the CEC of a soil. It is probable that the 

sands of the Renick and LBJ soils also have some cation exchange 

capacity since much of the sand is made up of partially weathered ser

pentine. 



51 

Renick Soil. The fine clay fraction of the Renick soil indicates 

that the same clay minerals are present throughout the profile and 

the CEC results fit into the montmorillonite range. Thus mont

morillonite can be considered as the main constituent of the fine 

clay fraction. The coarse clay fraction has increasing values with 

depth showing that montmorillonite in the lower horizons contributed 

to this increase. The presence of montmorillonite was confirmed by 

X-ray analysis to be discussed later. The silt fraction shows, like 

the coarse clay, an increase in the two lower horizons. The high 

CEC values of the silt fraction are probably due to the chloritic 

nature of the silt fraction. Possibly some silt size aggregates 

also contained some montmorillonite particles. The CEC values of 

the total soil are higher in the two lower horizons of the profile. 

This indicates that montmorillonite is concentrated in these horizons 

and probably has formed there as will be explained in the discussion 

on mineral transformations. 

LBJ Soil. Unlike the Renick soil, the fine clay fraction of the 

LBJ soil shows a consistant decrease in the CEC with depth. This 

decrease cannot be adequately explained since the montmorillonite 

content of this fraction, as shown in results to be discussed later, 

increases with depth. The CEC data of the coarse clays show a 

slight decrease from the All to the A12 horizons. Then the CEC 

increases in the AC&C and C horizons. This follows the same trend 
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of the Renick soil and probably indicates an increasing montmorillonite 

content with depth. The slightly higher value in the All horizon may 

be due to the presence of organic matter that was not completely 

destroyed in this sample. It may also be due to a slightly dif

ferent mineralogical composition of the clay. The silt fraction 

values follow the same trend as the coarse clay fraction and in 

the same proportions, indicating that the silt size aggregates 

probably contain an appreciable amount of 2:1 clays. The CEC 

of the total soil also increases from the All to the A12 horizons 

and remains approximately constant in the lower horizons. 

The overall CEC of the Renick soil shows higher values 

than those of the LBJ soil probably due to the relatively higher 

clay contents in the Renick soil. 

Exchangeable Cations of Soils 

The exchangeable cations that were determined on the Renick 

and LBJ soils are shown in Table 8. Emphasis was put on exchange

able magnesium since magnesium is usually found in large amounts 

in serpentine. The chemical analysis of serpentine ^iven in Table 

4, page 17, shows that MgO comprises 37-63^ of the Coal Creek 

serpentine. Because of the abundance of magnesium in the parent 

materials, it was assumed that there would be abundant exchangeable 

Mg. this probably being the dominant ion, and that it could have 

an important role in soil genesis and in soil plant relationships. 
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The assumption was confirmed by analyses. The exchangeable Mg 

is high and occupies a high percentage of the exchange positions. 

The values of exchangeable Ca and exchangeable Na are low. Ex

changeable K was not determined but the amounts expected would be 

low since serpentine is low in potassium bearing minerals. Also 

it can be seen that in some horizons the sum of exchangeable cations 

is higher than the CEC of the total soil. This is probably due 

to the release, during analysis, of lattice magnesium from the 

serpentine and possibly from secondary magnesium containing miner

als with limited solubility. The high amount of exchangeable 

cations and relatively low pK raises a question. One possible 

answer is the solution of neutral magnesium, and other metallic, 

salts during the analysis as mentioned above. Another contribut

ing factor could be the relatively high energy with which the Mg 

is held On exchange sites by the dominant montmorillonite. The 

proportion of free Mg in the intermicellar solution would be 

consequently low. If neutral soluble salts are present in signif

icant amounts this could also depress the dissociation of ex

changeable Mg. 

A large amount of magnesium has been connected to low 

fertility in some soils. A chemical study by Robinson and his 

co-workers (34) of several soils high in exchangeable Mg gives 

some interesting information that would be valuable in consider

ing the fertility level of the Renick and LBJ soils, since soils 
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developed from serpentine are generally considered as infertile 

soils. They accounted for the low fertility level of soils high 

in exchangeable Mg in three possible ways: 

1. An excess of magnesia over lime. 

2. High pH causing an immobilization of plant food 
elements. 

3» The presence of large quantities of chromium, 
nickel, and possibly cobalt. 

From observations in the field, there was no obvious evidence 

that plant growth was affected by any of the conditions outlined 

above. Vegetation is scarce only in spots where the serpentine 

material outcrops and, consequently, there is insufficient soil 

to support plant growth. Elsewhere, the plants appeared to 

be well supplied with nutrients and were in a good state of 

growth. Since exchangeable K was not determined, the potassium 

status of the soils is unknown. The potassium level could be a 

limiting factor in range grass production. 

X-ray Diffraction Studies 

The ceramic plate method, as stated previously, was used 

in the X-ray diffraction studies of the clays. It was noticed 

after the X-ray patterns were obtained that the ceramic plate 

probably produced some peaks on the patterns which could not be at

tributed to clay minerals. A ceramic plate was X-rayed and the 

pattern, not shown here, indicated relatively intense peaks at 



56 

3.3 Angstroms (A) and 2.89 A. Some weaker peaks were also indicated; 

however, these did not show up on the clay patterns. 

The results of X-ray diffraction analyses will be considered in 

the following order. First the X-ray patterns of the parent rock 

of the Renick soil and of the C horizon material of the LBJ soil 

will be examined. These will be followed by a discussion of the 

coarse clay and the fine clay fractions, respectively, from 

each horizon of the profile. This will be followed by a general 

discussion of each fraction. 

Renick Soil 

A sample of relatively unweathered parent rock was X-rayed 

by using the powder method. Tnree minerals are suggested in the 

results shown in the lower part of Figure 8. 

1. Chlorite is shown by pronounced peaks that appear at 

14.0 A (001); 7.0 A (002); 4.7 A (003); 3.5 A (004) and 2,84 A (005). 

The unmarked 2.84 A peak is to the left of the marked 3*1 A peak. 

2. Serpentine is shown by two small peaks at 7.2 A 

(001) and 3,6 A (002). The latter is unmarked but is immediately 

to the right of the marked 3.5 A peak. 

3. Tremolite is shown by six peaks at 9.O A (020); 

8.4 A (110); k,2 A (220); 3-1 A (3IO); 2,8 A (330) and 2.7 A (151), 

The k,2 A. peak is unmarked but is immediately to the left of the 
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parent rock and stone from A12 horizon of the 
Renick soil. 
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marked 4.7 A peak. The 2.8 A and 2.7 A peaks are the peaks to the 

left of the 2.84 A of chlorite. The small 7.2 A peak of serpentine 

is almost masked by the larger 7.0 A peak of chlorite. 

Stone from the A12 Horizon - Figure 8. 

Relatively fresh stones are present throughout the Renick soil. 

A powder sample of one taken from the A12 horizon was X-rayed to 

determine its nature. The X-ray pattern in the lower part of 

Figure 8 shows primarily the peaks of tremolite as listed above. 

Coarse Clay 

Horizon All - Figure 8. The Ca-glycerated pattern of the 

coarse clay shows moderate, but sharp, peaks of chlorite at l4.4 A 

and 7«2 A. They represent the first and second orders respectively. 

The third order peak at 4.7 A and the fourth order peak at 3.5 A, 

which is the unmarked peak immediately to the right of the marked 

3.3 A peak, of chlorite are weak but distinct. The strongest peak 

of the pattern is at 3.3 A and is attributed to quartz. The re

maining peaks belong to talc and occur at 9.^ A first order, and 

3.1 A third order. 

The l4.4 A reflection is believed to represent chlorite in

stead of vermiculite, Vermiculites are essentially minerals which 

have the property of limited expansion, whereas true chlorites do 

not have this characteristic. Walker (42) reported that a basal 
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reflection at about 14 A should always be more intense than the 

subsequent low orders if the mineral is a vermiculite. He stated 

that heating the specimen in air to successively higher temperatures 

and allowing it to cool before examination gradually displaces the 

14 A reflection of Mg-vermiculite to 9-10 A, whereas the l4 A 

reflection of chlorite remains close to this value. 

After K saturation and heating at 250 C. the presence of 

chlorite and talc was confirmed since the chlorite at 7,2 A and 

the talc peak at 9.4 A remain. However, the l4.4 A peak of chlorite 

is not visible. The reason for this is unknown but may be due to 

the presence of crystalline KCl shown in the sharp 3.I A peak. 

The KCl was incompletely removed after K saturation. The KCl 

may have caused a diminution of the other peaks by acting as a 

diluent. It could also have adversely affected the orientation 

of the plate shaped clay particles by crystallization between the 

particles. The KCl peak can be seen in all the patterns obtained 

after the KCl treatment and heating to 250 C. After heating to 

550 C. the KCl peak either disappeared or was markedly diminished. 

The reason for this cannot be explained since the sublimation point 

of KCl is 1500 C. This phenomenon occurred repeatedly during the heat 

treatments. The l4.4 A peak reappeared after the 550 C. heating 

and is believed to confirm the presence of chlorite. The talc 

peaks were unaffected by heating. 

Horizon A12 - Figure 8. The Ca-glycerated pattern of the A12 
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horizon is very similar to the pattern of the All horizon, giving 

additional evidence of chlorite and talc. The first and second 

orders of chlorite are more intense than those in the All pattern. 

After K saturation and heating at 250 C , there was a decrease in 

intensity but the peaks remained in the same position. The mask

ing effect may have been due to KCl which has a sharp peak at 3»1 A 

showing that KCl, used for K saturation, was not washed out complete

ly after treatment. After heating at 550 C. the peaks at l4.4 A 

and 9»^ A were enhanced. The second order at 7-2 A, third order 

at 4.7 A and the fourth order at 3.7 A all disappeared. No change 

occurred in the other reflections, iguartz is shown in all the 

patterns by the 3.3 A reflection. 

Horizon A13&C - Figure 8. The Ca-glycerated pattern of the 

A13&C horizon shows tha chlorite and talc are again present. In 

addition to these tw.0 clay minerals, montmorillonite is shown by 

a weak first order reflection at l8.0 A. The peak at 9.4 A may 

be slightly enhanced by a second order reflection of the montmorillon

ite. These two peaks are somewhat broad and of a weak intensity, 

while the peaks of chlorite are sharp and more intense. The 9.^ A 

peak is shared by both montmorillonite and talc. Quartz is shown 

by the 3.3 A reflection. After K saturation and heating at 250 C. 

the l8.0 A and 9,k A reflections disappeared. The intense peak at 

3.1 A is due to KCl. After heating at 550 C. the l4.4 A peak of 

chlorite was enhanced and the 9-^ A peak of talc reappeared be

cause of a decrease in intensity of the background due to the 
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probable destruction of the KCl. Except for the quartz peak at 

3.3 A, all other peaks decreased in intensity, such as the 7.2 A 

peak of chlorite, or disappeared like the 4.7 A peak. 

Horizon C - Figure 8. The Ca-glycerated pattern of the C 

horizon shows a broad diffuse peak in the I8-IO A range represent

ing the first order reflection of montmorillonite. The sharp peak 

at 9.^ A is the first order reflection of talc. Chlorite is shown 

by a medium intensity peak at l4.4 A and a second order peak at 

7.2 A. Serpentine is shown by a reflection at 7.3 A. Tx-.e remain

ing peaks of medium intensity represent additional orders of the 

minerals mentioned above, ^̂ uartz is shown by a reflection at 3.3 A. 

After K saturation and heating at 250 C. the montmorillonite peaks 

disappeared. There was a decrease in intensity of all the peaks 

but chlorite is shown by a reflection at l4.4 A and its 7.2 A second 

order peak. The 9.^ ^ peak and the 7.3 ^ peak represent talc 

and serpentine respectively. KCl accounts for the reflection at 

3.1 A. After heating at 550 C. peaks of medium intensity at l4.4 A 

and 9.^ A indicate chlorite and talc, respectively. There is some 

suggestion of a peak at approximately 10 A, just to the right of the 

9.4 A pealq this probably represents collapsed montmorillonite. 

The other reflections are slightly weaker at 4.7 A and 3.I A or are 

too weak to be distinguished from the background. 

General Discussion of Parent Rock and Coarse Clay. The coarse 
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clay fraction of the Renick soil is mostly composed of chlorite 

and talc. The intensity of the peaks indicates that all of the 

horizons throughout 'the profile have approximately the same amount 

of both minerals. There was no indication that vermiculite was 

present since the l4.4 A reflection remained after heating to 

550 C. When this peak was absent its second order at 7.2 A was 

still present. The absence of a first order chlorite peak may 

have been due to the presence of crystalline KCl. Montmorillonite 

is present only in the AI3&C and C horizons in a relatively small 

amount since the peaks at l8.4 A have weak intensities. The peaks 

collapsed after K saturation and heating at 250 C. The serpentine 

mineral is apparent only in the C horizon. The question arises 

as to how much of the 3.3 A peaks are due to the ceraunic plate 

and how much to the quartz in the clay. This cannot be determined 

with the present data but it is believed that the clay size quartz 

decreases with depth in the profile in accord with the decrease in 

intensity of the 3.3 A peaks. If it is assumed that the amount of 

quartz in each of the ceramic plates is roughly equivalent and that 

the amount of clay oriented on the plate was about the same each 

time then the weaker peaks in the lower horizons indicate lower , 

amounts of soil quartz. This conclusion was validated by the infra

red absorption results to be discussed later. 

The l4.4 A spacing assigned to chlorite in the clay samples 

seems to be greater than generally given for chlorites; however 
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Brindley (8) has cited the relationship between the basal spacings 

of chlorites and the amount of aluminum substitution in the silica 

tetrahedral layer (Si]^_^l^) which is the origin of the unit cell 

charge, x. For the orthochlorites, he gave the following rela

tionship, 

d(OOl) = l4,55-0.29x 

For the leptochlorites a small correction for Fe*̂ "̂  would also be 

needed. It seems logical that the chlorites in this soil, if 

synthesized during spii genesis, would be high magnesium varieties 

containing little aluminum in view of the mineralogy of the parent 

serpentinite. Consequently, the l4,4 A spacing may not be out of 

line. However, the 14.4 spacing of the clay patterns is difficult 

to reconcile with the l4.0 A spacing of the powder sample of the 

parent rock. It may be that the two chlorites are of unlike 

composition due to dissimilar origins. This would imply a hydro-

thermal origin for the rock chlorite and pedogenic origin for the 

soil chlorite. The disappearance of the 002,003 and 004 peaks 

after heating to 550 C, calls for an explanation. Brindley (8) 

has stated that many chlorites show a marked decrease in the 002,003 

and 004 reflections and an increase in the 001 reflection when many 

chlorites are heated at about 600 C, This is due to the decomposi

tion of the brucite layer. Although the samples in this study 

were supposedly heated only to 550 C. they may well have been heated 

to a somewhat higher temperature, possibly as high as 600 C. Also 
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the brucite layers in fine grained chlorites may be decomposed at 

temperatures somewhat below 600 C. 

Fine Clay 

Horizon All - Figure 9. The Ca-glycerated pattern shows 

a broad peak of montmorillonite at about l8.4 A with a diffuse 

second order peak at 9.4 A, A small peak is shown at 7.2 A and 

a very sharp peak at 3.3 A. After treatment with K and heating at 

250 C , the first order peak of montmorillonite decreased due to 

partial collapse, to 10,5 A and the 9.̂+ A reflection disappeared. 

The two peaks at 7-2 A and 3.3 A remained unchanged. Heating the 

sample at 550 C. shifted the 10.5 ^ peak to 10.2 A. Also the peak 

appears sharper than in the previous pattern. The 7.2 A and 3*3 A 

are still the same. 

The X-ray patterns indicate that montmorillonite is the dominant 

clay mineral of the fine clay fraction. Expansion of the lattice 

to approximately I8.O A after glycerol treatment and collaps

ing to about 10.2 A after heating is characteristic of that 

mineral. The 7*2 A peak was first believed to represent kaolinite 

but was probably due to serpentine since it did not disappear 

completely upon heating to 550 C. This was confirmed by X-raying 

a powder sample of the fine clay. The X-ray pattern is not shown 

but it indicated a cleeir peak at 7*3 A which is the characteristic 

peak of serpentine. It should not be confused with the 7*15 A 
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peak of kaolinite as suggested by Brindley (7). Also the 3.3 A 

reflection shown when the clay was oriented did not appear on 

the random powder pattern. The background in the patterns is 

stronger than those of the other horizons of the profile because 

the All sample was scanned with the time constant set at 4 in

stead of 8. 

Horizon A12 - Firure 9. The A12 Ca-glycerated pattern shows 

a very sharp l8.4 A peak representing montmorillonite, followed 

by its second order at 9.^ A. The first order peak of serpentine 

is similar to the serpentine peak of the All horizon and occurs 

at 7.2 A and its second order occurs at 3.5 A. After K saturation 

and heating at 25O C , the l8.4 A peak collapsed to a very diffuse 

peak at lL-4 A and its second order disappeared. A weak reflection 

of montmorillonite can be seen at 3.5 A. The 7»2 A reflection of 

serpentine is still present. After heating at 550 C. the mont

morillonite collapsed to 10.2 A and is much sharper than in the 

pattern obtained after the 25O C treatment. The 7.2 A of serpen

tine is absent, possibly due to overheating, but a very weak first 

order peak of chlorite appeared at l4.2 A. Difficulties in heating 

the samples at 550 C. will be explained in the general discussion. 

Quantitatively, montmorillonite is obviously the dominant clay 

mineral, followed by serpentine and chlorite. 

Horizon AI3&C - Firn̂ re 9. The Ca-glycerated pattern of the 
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A13&G horizon is very similar to the A12 Ca-jilycerated pattern. 

The 18.4 A montmorillonite collapsed to approximately 10.9 A 

after K saturation and heating at 250 C. It collapsed to 10.2 A 

after heating at 550 C. The reactions of serpentine with heating 

also were similar to those obtained for the All horizon. There 

is little evidence for chlorite except for a very broad peak shown 

between 6° and 7° 20 on the second pattern after heating at 

250 C. 

Horizon C - Figure 9» The Ca-glycerated pattern is 

similar to the patterns of the A12 and AI3&C horizons. However, 

the 18.0 Aref lection of montmori^^lonite is not as intense as 

it is in the two former patterns, nfter heating at 250 C. the 

montmorillonite peak partially collapsed. Serpentine is still 

shown by a peak at 7-2 A. When the sample was heated at 550 C. 

the clay film peeled. The 550 C. pattern shown was obtained by 

using the glass slide technique. Therefore, the patterns may 

be compared only in a general way. After heating the slide at 

550 C. the only peak present was the 10.2 A reflection of montmor

illonite. 

General Discussion of Fine Clay. The first order peak of chlorite 

is weakly shown in the patterns of the A12 and AI3&C horizons, 

but it is not seen in the All horizon. Since montmorillonite 

shows strong first order peaks, it seems that the l4.0 A reflec

tion could not be well resolved on the pattern. It should be 
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noted that this peak is shown in the pattern of the A12 and 

AI3&C horizon after heating the samples. The heating collapsed 

the montmorillonite and permitted the l4.0 A peak to be seen. 

The first order peak of montmorillonite collapsed to 

approximately 10 A and is sharper after heating at 55O C, than 

after heating at 25O C. Tnis indicates that only a partial collapse 

of that clay occurred with the 250 C. heating, leaving a random 

spacing because of variable numoers of water layers in the inter-

layer spaces. Heating at 550 C. dehydrated the interlayers 

producing a sharper peak on the pattern. 

It was realized after the analyses were completed that the 

samples were probably overheated in the furnace at the presumed 

550 C, temperature. The temperature was estimated to have been 

about 50 C. higher than expected, due to technical difficulties 

in adjusting it properly. This may explain the disappearance of 

the 7»2 A peak of serpentine which is destroyed in the 60O-65O C. 

range according to Caillfere and iî nin (ll). From these analyses, 

it is obvious that montmorillonite is the dominant clay mineral 

in the fine clay fraction of the Henick soil. The peaks show 

an increase in sharpness and intensity with depth and it is probable 

that the mineral increases also in quantity with depth. Serpentine 

is also present throughout the profile but in smaller amounts than 

is the montmorillonite. Some chlorite is shown in the A12 and 

AI3&C horizons. 



69 

LBJ Soil 

C Horizon Powder Pattern 

The powder X-ray diffraction pattern of a sample taken 

from the bottom part of the C horizon of the LBJ soil is shown 

at the lower part of Figure 10. The six peaks at l4.4 A (OOl); 

7.1 A (002); 4.7 A (OO3); 4.5 A (020); 3.5 A (004) and 2.5 A 

(131,202) are believed to be indicative of chlorite. Only the 

first and second order peaks are marKed on the pattern. Ser

pentine is shown by two peaks at 7.3 .\ (OOl) and 3.6 A (002). 

Considering the intensity of the reflections, the material appears 

to be mostly composed of serpentine because of the sharp intense 

peak occurring at 7.3 A. The first order peak of chlorite at 

l4.4 A is broad and of medium intensity. Partially expanded 

montmorillonite containing two layers of water probably also 

contributes to the l4.4 A peak. Tr^e broad peak as opposed to a 

sharp peak lends supporting evidence. Also, as will be discussed 

later, montmorillonite was found to be the most important component 

of the coarse clay separated from the C horizon. 

Coarse Clay 

Horizon All - Figure 10. The Ca-glycerated pattern of 

the All coarse clay shows a medium, but sharp peak of serpentine 

at 7.3 A. Its second order occurs at 3.6 A which is the first 
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peak to the right of the 3.3 A peak. Chlorite is shown by a very 

weak peak at 14.4 A with its second order at 7.2 A. A strong, 

sharp peak at 3.3 A and a weaker peak at 4.3 A indicates the 

presence of quartz. The serpentine peaks remained but decreased 

in intensity after K saturation and heating to 250 C. The strong 

peak at 3.I A is due to residual KCl. After heating at 55O C. 

the first order peak of serpentine disappeared. 

Horizon A12 - Figure 10. The Ca-glycerated pattern of 

the A12 coarse clay is similar to the Ca-glycerated pattern of 

the All coarse clay, and therefore the same minerals mentioned 

above are present in this horizon. The serpentine peak at 

7.3 A is stronger than the corresponding peaks in the All patterns 

while all other peaks characteristic of chlorite and serpentine 

are almost identical to those in the /A11 patterns. After K 

saturation and heating at 250 C , the pattern is similar to that 

obtained after the 250 C. heating of the All coarse clay. After 

heating at 550 C. most of the serpentine peaks disappeared because 

the sample may have been overheated. 

Horizon AC&C - Figure 10. The Ca-glycerated pattern of 

the AC&C coarse clay shows that the clay is composed of montmoril

lonite and serpentine. A peak of medium intensity at l8.4 A 

is the first order reflection of montmorillonite. The second order 

peak at about 9.O A is very weak. The first order peak of 

serpentine at 7.3 A is the strongest on the pattern and its 
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second order at 3.6 A is of medium intensity. After K saturation 

and heating at 250 C. the montmorillonite partially collapsed 

while all other peaks remained the same in the pattern. Quartz 

is shown by a peak at 3.3 A. After heating at 55O C. the first 

order peak at 10.2 A of collapsed montmorillonite reappeared on 

the pattern while the first order peak of serpentine disappeared 

ccMpletely due possibly to overheating. All peaks diminished in 

intensity except the quartz peak at 3.3 A. 

Horizon C - Figure 10. The Ca-glycerated pattern of the 

C horizon coarse clay is qualitatively similar to the AC&C 

coarse clay pattern. Montmorillonite is shown by a strong peak 

at 18.4 A. Its second order at 9.2 A is of medium intensity. 

Serpentine is shown by two medium intensity peaks at 7»3 A and 

3.6 A. After K saturation and heating at 250 C. the collapsed 

first order peak of montmorillonite is at 10.2 A. A slight de

crease in intensity was noticed on most peaks. After heating 

at 550 C. the montmorillonite reflection increased at 10.2 A, while 

the 7.3 A is not very clear, possibly because of overheating the 

sample. 

General Discussion of Coarse Clay. The coarse clay fraction 

of the LBJ soil is composed mostly of serpentine in the All and 

A12 horizons, and of montmorillonite and serpentine in the AC&C 

and C horizons. There is an indication that montmorillonite is 

also present in the two upper horizons but the amount is obviously 

very small. Intensities of the montmorillonite peaks increase 
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gradually with depth and this mineral is dominant in the AC&C 

and C horizons. The serpentine peaks are less affected by the 

heat treatments with depth, probably indicating better crystallin-

ity but^ also, some of the samples were possibly heated at about 

600 C. instead of 550 C. At this temperature the serpentine struc

ture is usually destroyed. The chlorite content is very small 

and better shown in the two upper horizons of the profile. Some 

chlorite is possibly also present in the two lower horizons 

but the peaks could not be clearly distinguished since its first 

order peak may have been masked by montmorillonite. 

Fine Clay 

Horizon All - Figure 11. The Ca-glycerated pattern of the 

fine clay of the All horizon was scanned with the time constant 

set at 4. Two clay minerals are indicated in the pattern. 

Montmorillonite is indicated by a weak diffuse peak in the I8-I9 

A range and its second order at 9.2 A. The two peaks are partially 

masked by the background. Serpentine is shown by a slight first 

order reflection at 7.3 A. After K saturation and heating at 

250 C. the first order reflection of montmorillonite collapsed 

partially and its second order disappeared completely. Chlorite 

is shown only by its third order at 4.2 A. Its first order may have 

been masked by montmorillonite and possibly by the KCl used in K 

saturation. The 7.3 A reflection of serpentine diminished slightly 
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in intensity. After heating at 550 C. the 10.4 A peak of mont

morillonite became sharper and more intense and no change occur

red in the remaining peaks. The 7-3 A peak of serpentine also did 

not change markedly after heating at 550 C. 

Horizon A12 - Figure 11. The Ca-glycerated pattern of 

A12 horizon is similar to the corresponding pattern of the All 

horizon. Montmorillonite expanded to about l8.4 A, shown by a 

peak of medium intensity, and is sharper than the montmorillonite 

peak in the All pattera Its second order peak is visible, but 

weak, at 9-^ A. Serpentine is shown by a peak at 7.3 A. After 

K saturation and heating at 250 C. the montmorillonite partially 

collapsed to 10-14 A and the first order reflection of serpentine 

shown at 7.3 A became slightly sharper. After heating at 550 C. the 

first order reflection of montmorillonite remained in the vicinity 

of 10 A but became much sharper. The 7»3 A peak of serpentine is 

barely detectable. 

Horizon AC&C - Figure 11. The Ca-glycerated pattern of 

the AC&C is also very similar to the patterns of the two upper 

horizons except that the montmorillonite peak is more distinct. 

Montmorillonite is shown by the two reflections at l8.4 A and 9.4 A 

and serpentine by a peak at 7.3 A. The same behavior described 

for the All and A12 horizons was noticed when the sample was treated 

with KCl and heated at 250 C. and also when heated at 550 C. 
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Horizon C - Figure 11. The Ca-glycerated pattern of the 

C horizon is similar to the Ca-glycerated pattern of the AC&C 

horizon. The main difference is the intensity of the peaks. 

The 18.4 A reflection of montmorillonite is more intense than 

those observed for that mineral in the patterns of the upper 

horizons. This is also true for its second order at 9.4 A and 

for the 7.3 A first order peak of serpentine. As would be 

expected the I8 A peak partially collapsed after K saturation and 

heating at 250 C. The 7.3 A peak kept the same sharpness and 

intensity. The fifth order reflection of montmorillonite at 3.7 A 

is better seen on the first two patterns of the C horizon than 

in the equivalent patterns of the upper horizons. After heating 

at 550 C. the clay film peeled. A pattern, obtained by using the 

glass slide technique, showing a collapsed peak of montmorillonite 

at about 10 A and a very weak peak of serpentine at 7.3 A. The 

weakness of the latter is attributed to overheating the sample. 

General Discussion of Fine Clay. All the X-ray patterns of 

the fine clay fraction of the LBJ soil indicate the presence of 

montmorillonite and serpentine. Montmorillonite expanded to l8,4 A 

after Ca saturation and glyceration. It collapsed partially after 

K saturation and heating at 250 C. After heating at 550 C. the 

peak remained unchanged but showed more sharpness and intensity. 

Considering all the patterns, the intensity of the montmorillonite 

peaks increases with depth and indicate that it increases in amount 
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and improves in crystallinity with depth. Serpentine is shown by 

the 7.3 A reflection which also increases in intensity and 

sharpness with depth. The increase of sharpness of the patterns 

could also be attributed to a decrease in impurities with depth, 

as would be expected, and to better crystallinity. of the clays. 

Differential Thermal Analyses of Soil Clays 

and Parent Rocks 

The differential thermograms of the parent rock of the 

Renick soil, the coarse clay of the Renick soil and the fine clay 

of the Renick soil are shown respectively on Figures 12, I3, l4. 

The differential thermograms of the C horizon material of the 

LBJ soil, the coarse clay of the LBJ soil and the fine clay of 

the LBJ soil are shown respectively on Figures I5, I6, I7. 

The thermal curves of the clays were grouped by horizon 

sequence in the profile. In general, the fine clay thermal curves 

of the two soils have some similarities. Also the coarse clay 

thermal curves of both soils are somewhat similar but differ 

from the fine clay patterns. 

Greene-Kelly (I3) found that Na-montmorillonite gave only 

a single peak in the 100 to 200 C. range. He also stated that 

montmorillonite will give an endothermic peak, due to dehydroxyla-

tion, in the 700 C. region and another at about 9OO C, immediately 

followed by an exothermic peak. Other expanding lattice clays 
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such as beidellite and volkhonsite would give an endothermic 

dehydroxylation peak in the 55O C. region with less pronounced 

peaks at about 7OO C. and 85O C. An exothermic peak is seen at 

900 C. 

Caill^re (lO) studied the mineralogy of serpentines and 

indicated that a mineral named c^-antigorite sometimes showed 

a small endothermic peak at about 200 C. and another large endo

thermic peak in the 78O-800 C. range. Barnes and his co-workers (2) 

working on a sample of Coal Creek serpentine found the thermal 

curves were similar to those of Cailldre's o<-antigorite. 

Kanno and his co-workers (22) studied the thermal character

istics of the serpentine parent materials of some Brown Forest 

soils in Japan. Chrysotile showed an endothermic peak in the 63O 

to 710 C, range and antigorite presented an endothermic peak in 

the 765 to 790 C. range. Both minerals showed an exothermic 

peak at about 83O C. 

Caillfere and H^nin (ll) studied the thermal reactions of 

chlorite and serpentine minerals and found that the character

istic thermal curves of chlorite were a large endothermic peak 

at 450-650 C , another smaller endothermic peak at 700 C. and an 

exothermic peak at about 9OO C. The serpentine minerals; antigorite, 

bowenite, chrysotile; gave a small endothermic peak at 100 C. and 

a large endothermic peak at around 60O-660 C , the average being 

635 C, Almost all magnesian and nickeliferous varieties showed 

an exothermic peak at 8OO-83O C. 
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This brief review from different sources shows that some varia

tions, as expected, do exist within the serpentine minerals. 

Variations would also be expected in minerals such as montmoril

lonite, chlorite, etc. Therefore the DTA discussion of the parent 

rocks of the Renick and LBJ soils will be considered first. They 

will be followed respectively by the discussion on the coarse 

clay and fine clay thermal curves to enable a comparison to be made 

and establish a semiquantitative relationship between the thermo

grams . 

Renick Soil 

Parent Rock 

The thermal curve of the raw (untreated) parent rock shows 

the three characteristic reactions of the serpentine. The 

first peak is endothermic and occurs at 100 C. Since it is 

rather large and broad it is possible that part of the mineral 

had weathered to form montmorillonite or, at least, an expanding 

silicate clay type, A sharp exothermic peak is shown at 8lO C, 

It cannot be due to bowenite since that mineral does not show any 

exothermic peaks in the 80O-83O C, range. According to Nagy and 

Faust (32) a treatment with N HCl at 95 C, for one hour destroys 

the chrysotile structure while not affecting that of antigorite. 

This treatment was applied to the raw parent rock and although the 

characteristic peaks at 670 C, and 820 C. were considerably diminished 
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they can still be identified. Therefore, it can be stated that 

antigorite is the main serpentine mineral in the parent material 

On the thermal curve of the treated sample endothermic peaks 

appear at 510 C. and 170 C. The latter peak is intense and probably 

due to dehydration of silicate gel produced after treatment with 

acid. The former cannot be readily explained but it may also be 

related to the silicate gel. 

Coarse Clay 

The DTA curves of the coarse clay of the Renick soil show 

a relatively strong dehydration peak at 110 C. The curves are 

particularly strong in the AI3&C and C horizons. They indicate 

the presence of one or more expanding lattice types. The exo

thermic peaks between 315 and 325 0. indicate organic matter 

oxidation in all the patterns. Next an endothermic peak is shown 

at 615 C. in the All curve and moves gradually to 645 C. in the C 

horizon. These peaks probably represent either, or both, 

serpentine and chlorite since they are characteristic of both 

minerals according to Caill^re and H^uin (ll). However, they 

probably are due to a chlorite mineral which has been discussed in 

the section on X-ray analysis. All the curves show exothermic 

peaks from 790 to 87O C. They may represent serpentine but 

Caill^re and H^nin (ll) reported that, in that range, they 

should be considered as secondary characteristic peaks because of 
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their variability. Considering the size and the shape of the peaks, 

it seems that the expanding lattice species are more abundant in 

the coarse clay fraction in the lower part of the profile. Also 

chlorite, and serpentine possibly, appear to be mostly concentrated 

in the coarse clay fraction of the A12 and AI3&C horizons. 

Fine Clay 

The differential thermograms of the fine clay of the Renick 

soil show that expanding mineral species comprise most of the clay 

fraction. Serpentine is also indicated in the C horizon. Evidence 

of the expanding species is given by a large endothermic peak occur

ring on all the curves at I50 C. The small exothermic peaks in 

the 300-350 C. range represent oxidation of organic matter that 

was not entirely removed during the hydrogen peroxide treatment 

of the samples. It is followed by a small endothermic peak at 

560-575 0, which is the dehydroxylation peak of the expanding mineral 

types. They are also shown by an exothermic peak at 885 C, on 

the curves of the A12, AI3&C and C horizons. The only evidence 

of any other mineral is a slight exotherm at 845 C. on the thermo

gram of the C horizon. These are indicative of serpentine, 

LBJ Soil 

Parent Rock 

Serpentine is clearly indicated in the raw (untreated) 
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material by a large endothermic peak at 640 C. and a very sharp 

exothermic peak at 800 C. Chlorite is shown by the small exo

thermic peak at 9OO C. The first endothermic peak at 100 C. 

probably indicates dehydration of a slight amount of expanding 

layer silicates or the loss of externally absorbed water on silicates. 

The thermal curve of the treated sample indicates that anti

gorite is the serpentine mineral. The characteristic peaks, 

endothermic at 63O C, and exothermic at 8IO C , did not dis

appear since the structure of antigorite was not destroyed with 

HCl treatment. The low-temperature endothermic peak was enhanced 

and shifted to I80 C. after treatment and another small endo

thermic peak appeajred at 520 C , both indicating the possible 

formation of a gel as mentioned previously in the discussion of 

the differential thermograms of the Renick parent rock. 

Coarse Clay 

The differential thermograms of the coarse clay fraction 

of the LBJ soil are very regular and are similar throughout the 

profile. This indicates that the soil is, in regard to the coarse 

clay, mineralogically uniform. The first endotherm appears on all 

the thermal curves at approximately 100 C. and increases gradually 

with depth. It is particularly intense and sharp in the patterns 

of the AC&C and C horizons. The endotherm is indicative of water 

loss from expanding lattice types. A weak endothermic reaction 
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is shown at 30O C, on all the curves, particularly in the curves 

of the AC&C and C horizons. An endothermic peak at this 

point would be prevented from further development because of 

the exotherm, caused by the oxidation of organic matter, at 325 C. 

The weak endotherm may indicate the presence of hydrated iron 

oxides. Serpentine is indicated by two peaks. An endothermic 

peak is shown from 630 to 655 C , with the peak temperature in

creasing with depth, and a very sharp exothermic peak at 83O C, 

These two characteristic peaks increase in intensity and sharp

ness with depth indicating a possible increase in quantity and 

crystallinity of the mineral. 

Fine Clay 

The differential thermograms of the fine clay fraction of 

the LBJ soil gives good evidence of expanding clays and serpentine. 

The expanding clays are shown by the large endothermic peaks at 

about 140 C, which decrease gradually with depth, indicating lesser 

amounts in the lowest horizon of the profile. More evidence is 

given of this with the dehydroxylation endothermic flex at 555 0,, 

which is very small in the curves of the All, A12 and AC&C horizons, 

and totally absent in the curve of the C horizon. In the curve 

of the All horizon at 305 C, and to a lesser extent in the A12 

and AC&C horizons, a broad exothermic peak at 3̂ 5 C., indicates 

the oxidation of organic matter. Serpentine is shown on the curves 
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by slight endothermic peaks at 675 C. and by slight exothermic 

peaks at 845 C. These peaks are absent in the upper curve but 

increase in intensity with depth in the lower thermograms. Ser

pentine probably increases with depth while the expanding clays 

decrease with depth. 

Infrared Studies of the Clays 

The infrared spectrophotometry of the clays was carried out 

to obtain additional information on the minerals, particularly on 

their structure. The spectra of the fine clay and the coarse clay 

fractions of the Renick soil are given in Figure I8. The fine 

clay and the coarse clay spectra of the LBJ soil are given in 

Figure I9. 

The infrared absorption bands of the clay minerals can be 

used to identify them when the clays have well defined absorption 

bands. But difficulty is encountered with clay minerals, such as 

illite, vermiculite, and montmorillonite because the distinctive 

features of their spectra all overlap in the same wavelength 

region (3I). Also some absorption bands are still in question 

and their exact interpretation is not yet well established. However, 

the absorption bands of the clay fractions of the Renick and LBJ 

soils show a similarity that indicates that each profile is mineral

ogically uniform. The terms used to describe a position in the infra

red range of electromagnetic spectrum are: 
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1. The wavelength ( A ) in units of microns ( /̂  ) 
per wavelentjth. 

2. The wavenumber (v) in units of waves per 
centimeter (cm"l). 

A simple reciprocal relationship exists between wave-

number and wavelengUi: 

v(cm-^) = 1/x (cm.) = loV^ ( ^ ) 

Brindley and Zussman (6) studied the absorption bands 

given by different serpentines. Tney found that antigorites 

showed two prominent peaks at about 9.25/* and 10.15/*-as compared 

with three less well resolved peaks at about 9.30yU , 9.90/* 

and 10.50/* for other serpentines. Antigorites have only a weak 

absorption peak about 10.50/* and no obvious absorption peak at 

9.9OA . 

Wolff (43) working on several clay minerals suggested that 

the most intense band of absorption (3635 cm~ ) of montmorillonite 

may be indicative of hydroxyl bonding in the octahedral portion 

of the structure and in part due to adsorbed water. 

Mortensen and his co-workers (3I) compiled the characteristic 

infrared absorption frequencies found in minerals. Selected 

frequencies are given on Table 9. They also mentioned that 

quartz shows two characteristic absorption bands at 12.50/* 

-1' 
(800 cm "^) and 12.80/*' (78O cm" ). 



TABLE 9 

CHARACTERISTIC INFRARED GROUP ABSORPTION 

FREQUENCIES FOUND IN MINERALS•*• 
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Wavelength Wavenumber 
-1 

cm 

Assignment 

2.70 

2.72-2.76 

2.95-^.00 

6.12 

10.69-12.20 

9.70-12.20 

9.20-11.60 

9.60-10.50 

9.30-lo.i+o 

9.60-10.10 

0.15-0.25 

3700 

3675-3620 

3390-2500 

0-H Vibrations 

free 0-H stretch 

0-H stretch 

bonded 0-H stretch 

163^+ 

935-820 

1031-820 

1087-862 

1042-952 

1075-961 

1042-990 

1093-1080 

H-O-H bending 

x3+-0-H bending 
(dioctahedral) 
(possibly 0-H vibra
tion) 

Si-0 Vibrations 

isolated SiO, 
4 

single chain 

double chain 

layer 

framework 

SiO^ 

Mortensen ejt Al. (31) 
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Stubican and Roy (30) suggest that the presence of a band 

in the 10 to 12.5/^(1000 to 800 cm.""̂ ) region is indicative of 

dioctahedral composition, whereas the absence of a band in this 

region indicates trioctahedral composition. 

The spectrum of each horizon of the profiles was examined 

separately but the discussion is grouped by clay fractions. 

Renick Soil 

Coarse Clay 

The spectra of the coarse clay of the Renick soil indicate 

that the dominant mineral of that fraction is present through

out the profile but some changes occur with depth quantitatively 

and qualitatively. Two sharp absorption bands occur on all the 

spectra at 2.70/^(3700 cm'-^), indicating a structural 0-H stretch, 

and at 2.85/^(3500 cm'-̂ ) showin,- adsorbed free water 0-H stretch. 

Next is a small peak at 4.15/^(2400 cm~^) that could not be 

explained. The absorption band at 6.05/^(l640 cm"^) represents an 

H-O-H bending of adsorbed water. It is followed by an unmarked 

sharp peak at 7.10/^(1^10 cm"-'-) which also could not be identified. 

The Si-0 vibrations occur between 9 and 10.50/<'(1120 to 9IO cm" ). 

Quartz is shown in the All and A12 horizons by two absorption 

bands at 12.45/«'(820 cm'"̂ ) and 12.75/t(790 cm'"'-). The absence 

of an absorption band between 10>(lOOO cm ) and 12.5/* (8OO cm" ) 

indicates that the clay mineral is mostly a trioctahedral species. 

To account for the differences of the spectra, it can be 



9k 

FINE CLAY 
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COARSE CLAY 
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Figure l8. Infrared absorption bands of 
the fine clay and coarse clay 
of the Renick soil. 
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noticed that all the absorption bands between 2.5 and 8>(4000 

to 1250 cm ) are increasing in intensity with depth. This is 

probably an indication of greater adsorbed water which reflects 

higher quantities of montmorillonite. Quartz is present in the 

two upper horizons of the profile and absent in the AI3&C and 

C horizons. 

Fine Clay 

The absorption bands of the fine clay are very similar 

throughout the profile except for small differences that are not 

indicative of significant changes in the nature of the dominant 

mineral. The spectrum of the All horizon shows two large absorption 

bands at 2.70/* (3700 cm"-̂ ) and 2.80/^(3580 cm"^). These two 

absorption bands are present on all the spectra of the profile. 

The former is due to structural O-ii stretch and the latter to 

adsorbed free water 0-H stretch. The next two absorption bands 

at about 4.15/«-(2400 cm ^) and 6.05/^(1650 cm"^) are also 

present on all the spectra. The former was not identified but 

the latter probably indicates free adsorbed H-O-H bending. It 

is weakest in the All horizon, indicating a lower montmorillonite 

content. The Si-0 vibrations are shown by a large broad absorp

tion band in the 9.30 to 10.10/«'(l075 to 980 cm"^) region. The 

region between 10 and 12.5/A (lOOO to 80O cm'^) shows an absorption 
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-1 
band at 11.45/^(885 cm ) indicating that the clay mineral is a 

predominantly dioctahedral type structure as suggested by the work 

of Stubican and Roy (39). 

LBJ Soil 

Coarse Clay 

The absorption bands shown on the spectra of the coarse 

clay fraction of the LBJ soil indicate a uniform mineralogical 

composition as was expected. However the All horizon shows more 

absorption bands than any other horizon of the profile. The dif

ferent 0-H vibrations are represented by three identifiable 

absorption bands. The two first peaks occur at 2.6o/* (385O cm"-'-) 

and 2.80/^ (3580 cm ) and represent respectively structural 0-H 

stretch and adsorbed free water 0-H stretch. At 3.32 /A (30OO 

cm ) a sharp peak is shown close to a small peak at 3*^1/* (2900 

cm" ). Both are present only on the All horizon spectrum. Also on 

this All spectrum a peak can be seen at 5.70/^ (1750 cm ) 

and is absent on the spectra of the lower horizons. The identity 

of these bands is unknown but they could be associated with the 

presence of some organic material not removed during peroxida

tion. Next, a peak is at 6.10/* (l640 cm" ) that represents 

free adsorbed H-O-H bending. The Si-0 vibrations overlap a region 

from 8.30/* (1200 cm"-'-) to 10.50/* (952 cm" ). The absence of 

absorption bands between 10/* (lOOO cm"-'") and 1 2 . 5 0 (80O cm" ) 

Indicates that the dominant layer silicates are mostly of tri-
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Figure 19- Infrared absorption bands of 
the fine clay and coarse clay of 
the LBJ s o i l . 
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octahedral composition. Quartz is shown in the All and A12 

horizons by a doublet at 12.4o/t (805 cm"^) and 12.70/* (785 cm"'''). 

The two peaks are very weak in the spectra of the AC&C and C 

horizons thus indicating only very small amounts of quartz. 

Fine Clay 

The absorption bands of the spectra indicate that the same 

minerals are present in the fine clay fraction of all the horizons 

of the LBJ soil. Five significant absorption bands can be 

identified . At 2.85/* (3500 cm""̂ ) a sharp peak indicates absorbed 

free water 0-H stretch vibrations. Its intensity suggests that 

it is probably associated with internal surfaces of a 2:1 layer 

silicate. The absorption band at 6.05/* (165O cm'-'-) may be related 

to adsorbed free H-O-H bending and the large peak between 9.0/^ 

(1110 cm'-'-) and 10.50/* (950 cm"-'") indicates Si-0 vibrations. 

The presence of an absorption band at 11.50/* (87O cm ) may 

be indicative of a dioctahedral mineral, probably montmorillonite. 

This mineral composes most of the fine clay fraction of the profile. 

But since the peak occurring at 11.50/^ disappears in the C 

horizon spectrum, it is possible that another mineral is inter-

ferring. The last absorption band at 12.10> (83O cm" ) was 

not identified. 
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Microscopic Studies of the Thin Sections 

Several thin sections were made of soil peds and of weathered 

and relatively unweathered parent materials of the two soils. The 

purpose of the study was twofold: 1. To give additional evidence 

of the mineralogical nature of the parent material and soils; 

2, To determine the structural fabric of selected peds from key 

horizons. 

Arimura and Kanno (l) studied the micropedological features 

of soils derived from serpentine. They identified layered oriented 

clays, illuviated from the surface horizons in the form of sus

pensions, on pore walls in the B horizons. They interpreted the 

presence of banded, scaly oriented clays within aggregates as 

an indication of local migration of clays in situ. 

The study of thin sections was limited to soil peds of 

the A12 horizons and to saprolite fragments taken from the C 

horizons of the Renick and LBJ soils. The descriptions and 

characteristics of selected thin sections from each soil are 

presented below. They are followed by a general discussion of the 

thin sections, 

Renick Soil 

Horizon A12, Figure 20. 

Mineralogy. The thin section of the ped indicates 
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the presence of approximately 15^ of serpentine and chlorite, 

10^ quartz, 5^ feldspar and 5^ amphibole. The amphibole is 

mostly colorless but numerous particles of a greenish pleochloric 

variety are present. Recognizable voids are numerous and represent 

about 20^ of the slide. The rest of the slide shows plasmic 

material including weakly developed embedded grain cutans 

composed of silicate clay particles (argillans). 

Color. The quartz and feldspar are both colorless. The 

serpentine is also colorless except for staining caused by metallic 

oxides. The clay segregations are stained yellowish brown and the 

iron oxide segregations have different tones of brown and red. 

There are also many black opaque metallic segregations of unknown 

composition. 

Voids. The porosity seems to be high. Channels and 

pores of different sizes can be seen at 24X magnification. 

Cutans . 

a. Color: Yellow 

b. Surfaces Affected: Embedded grains and, to a 

small degree, void surfaces. 

c. Mineralogical Nature: A mixture of silicate 

clays with iron oxide staining. 

•* "Color" in every case, unless otherwise designated, refers to 
the color under plain light. 
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Figure 20. General fabric of a soil ped from the A12 
horizon of the Renick soil. Crossed polarizers 
and 24X magnification. 

Figure 21. General fabric of a soil ped from the A12 
horizon of the Renick soil. Crossed polarizers 
and 80X magnification. 
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d. Fabric: Weakly oriented with diffuse outer 

boundaries, 

e. Size: Thickness ranges from 5 to 30 microns. 

It is difficult to determine because of diffuse 

outer boundaries. 
V 

Plasmic Fabric Class. Primarily skelsepic and vosepic. 

Horizon A12, Figure 21. 

Mineralogy. Features are similar to those described above, 

Under 80X magnification, the embedded grain cutans around the 

larger grains are more apparent. They are thicker and better 

oriented than those on the voids walls. 

Horizon C, Figure 22. 

Mineralogy. Serpentine represents approximately 70^ 

and channel cutans occupy about 20^ of the slide surface. The 

rest of the area is composed of voids with a few iron oxide 

segregations. Although not shown on the photomicrograph there is 

considerable talc in other parts of the thin section. 

Color, The serpentine is colorless. The silicate clays 

in the channel cutans are yellowish brown. The secondary clays 

can be easily distinguished from the serpentine in plain light 
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because of the color difference. The clays are also highly 

birefringent under crossed polarizers. This is indicative of 

2:1 clays (l4). Iron oxides have different tones of brown and 

red. 

Void£. Consist mostly of branching channels within the 

serpentine material. 

Cutans , 

a. Color: Light Yellow 

b. Surfaces Affected: Channels. 

c. Mineralogical Nature: Mostly silicate clays and 

some iron oxides. 

d. Fabric: Generally the orientation is strong 

with sharp boundaries, and is indicative of an 

illuvial origin. Some channels are completely 

filled. There is a strong degree of separation 

in some of the cutanic material. 

e. Size: The thickness is variable but in general 

is about 60 to 70 microns. 

Horizon C, Figure 23. 

Mineralogy, The mineralogy indicated in the thin section 

is similar to that described above. However, the picture of this 
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Figure 22. Serpentine with channel cutans from the C horizon 
of the Renick soil. Crossed polarizers and 80X 
magnification. 
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Figure 23. Serpentine with clay stringers from the C horizon 
of the Renick soil. Crossed polarizers and 80X 
magnification. 
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part of the thin section shows "clay stringers" occurring within 

the serpentine material. In some cases the original orientation 

of the serpentine seems to have acted as a template to preferen

tially orient the secondary clays. Also, highly birefringent talc 

can be seen in the upper center of the photomicrograph. 

General Discussion of the Renick Soil Thin Sections 

The thin sections show the presence of considerable amounts 

of quartz, feldspar, tremolite, talc, silicate clays and iron 

oxides in the A12 horizon. Lesser quantities of other minerals 

were identified. The C horizon is composed primarily of serpentine 

with silicate clays. The cutans of the thin sections give an 

important clue concerning the pedogenesis of this soil. Many of 

the cutans are of illuvial origin and are much thicker in the C 

horizon than in the A12 horizon, indicating that significant clay 

illuviatlon occurred only in the substratum. Also the cutans are 

highly birefringent, banded, and generally well oriented. It is 

probable that much of the clay was formed in situ. The cutans 

in the A12 horizon are mostly stress and diffusion cutans with 

only a slight suggestion of illuviatlon cutans. There may have 

been some very local movement to form the clay segregations in the 

solum but movement, generally, has been very limited. 
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LBJ Soil 

Horizon A12, Figure 24. 

Mineralogy. The thin section shows approximately 10-15^ 

quartz, 15^ serpentine, 5-10^ feldspar and 5^ amphibole. The 

amphibole consists of both tremolite and pleochloric green varieties. 

The voids are irregular and represent about 15 to 20^ of the slide. 

The rest of the slide is composed mostly of plasmic material in

cluding well developed embedded grain cutans. 

Color. The silicate clays are light yellowish brown. 

The iron oxides vary in color from brown to red shades. Quartz, 

feldspar, and serpentine are colorless except where the latter 

two minerals are stained by secondary weathering products. 

Voids. The voids are irregulaur. 

Cutans. 

a. Color: Light yellow 

b. Surfaces Affected: Embedded mineral grains and 

voids to a lesser degree. 

c. Mineralogical Nature: Silicate clays. 

d. Fabric: Weakly oriented with diffuse outer boundaries 

e. Size: Thickness ranges from 5 to 20 microns. It 

is difficult to determine because of diffuse 

boundaries. 
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Figure 24. General fabric of a soil ped from the A12 horizon 
of the LBJ soil. Crossed polarizers and 80X 
magnification. 

Figure 25. General fabric and embedded grain cutans from 
the A12 horizon of the LBJ soil. Crossed 
polarizers and 80X magnification. 
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Plasmic Fabric Class. Primarily skelsepic. Some areas 

have weakly developed vosepic fabric. 

Horizon A12, Figure 25. 

General Features. Serpentine is more in evidence than 

it is in Figure 24. Fairly well developed embedded grain and 

weakly developed void cutans are apparent. Note the large channel, 

devoid of illuviatlon cutans, in the right part of the photo

micrograph. 

Horizon C, Figure 26. 

Mineralogy. The thin section is composed of approximately 

70^ serpentine, 15^ clay cutans and 15/o voids. The matrix of 

the slide is mostly formed of the serpentine saprolite while the 

silicate clay appears in the channels and is highly birefringent. 

Color. The serpentine is mostly colorless except where 

it is stained and the silicate clays are mostly light yellowish 

brown with some white unstained parts. A few iron oxide segre

gations are also present and have brown and light brown colors. 

Voids. Most of the voids are irregularly shaped. 

Cutans. 

a. Color: Yellow and some white or colorless. 
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Figure 26. Channel cutan in serpentine from the C 
horizon of the LBJ soil. Crossed polarizers 
and 80X magnification. 
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b. Surfaces Affected: Channel walls. 

c. Mineralogical Nature: Silicate clays. 

d. Fabric: Associated with conducting channels. 

Many show continuous orientation; however, some 

show only weak flecked and striated orientation, 

this type of material is shown in the upper part of 

the photomicrograph. Some of the channel cutans show 

a strong degree of separation. 

e. Size: Thickness varies from 50 to 70 microns. 

General Features. Many cloudy patches shoving only slight 

anisotroplsm occur throughout the slide. They are believed to be 

clay segregations with a low degree of orientation developed i^ situ. 

General Discussion of the LBJ Soil Thin Sections 

The thin sections show the presence of serpentine, quartz, 

feldspar, chlorite, silicate clays and iron oxides. The significant 

features in the A12 horizon are the occurrence of cutans on mineral 

grains and their absence on channel walls. The cutans have probably 

not been able to form on channel walls due to the swelling nature 

of the soil caused by the high montmorillonite content. The slides of 

the C horizon show different features. The matrix is formed 

mostly of serpentine and partly of silicate clays formed i^ situ. 



Ill 

The latter do not have any particular orientation. But the channels 

are either completely filled with silicate clays or, at least, 

show oriented cutans on their walls. This gives good evidence 

of clay illuviatlon in the lower part of the profile. It is 

believed that significant illuviatlon can occur in the kind of 

materials which make up this soil only when a high percent of the 

mass is composed of stationary non-swelling material such as the 

serpentine saprolite. 

Discussion of Clay Mineralogy 

The fine clay and coarse clay fractions of the Renick soil 

and the LBJ soil have been analysed by several methods. In the 

discussion that follows a general correlation of the different 

methods will be made and an explanation of the discrepancies 

attempted. 

Renick Soil 

Fine Clay 

The fine clay fraction of the Renick soil is composed mainly 

of montmorillonite. This is evidenced by X-ray diffraction 

and by DTA analyses. The CEC determinations of the fine clay and 

of'total soil confirmed these observations. The amount of mont

morillonite present is probably in the Q0'90t> range. The remainder 
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of the fine clay includes mainly serpentine (antigorite) and a 

small amount of iron oxides. The latter were not indicated 

specifically by any method. Therefore the results of all methods 

agreed well as far as interpretation is concerned. The infrared 

analysis gave valuable information on the structural composition 

of the clays and confirmed the absence of quartz in that fraction. 

Coarse Clay 

The coarse clay fraction of the Renick soil is significantly 

different qualitatively from the fine clay fraction. Throughout 

the profile, chlorite and talc are essentially the main silicate 

minerals. Quantitatively, it is believed that they represent about 

70^ of the coarse clay fraction. The remainder would be composed 

partially of quartz particles and perhaps a small amount of iron 

oxides. Also a small amount of montmorillonite, probably 10 to 

20^, is present in the AI3&C and C horizons of the profile. 

Serpentine is a significant component of the C horizon. The 

presence of montmorillonite in these two lower horizons was indicated 

by X-ray analysis, and although montmorillonite cannot be shown 

specifically by DTA and CEC values, the presence of an expanding 

type clay was confirmed by these_analyses. The CEC of the two 

lower horizons is practically double that of the CEC of the two 

upper horizons. Quartz is present in all the horizons of the 

coarse clay as indicated by X-ray analysis but it is mostly con-
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centrated in the two upper horizons of the profile as shown by 

infrared analysis. Iron oxides are also present as coatings on 

the clay particles. This was suggested in the DTA patterns of 

some horizons. 

Finally, it should be mentioned that the X-ray patterns 

of the fine clay fraction indicated a complete, or nearly complete, 

destruction of the 7.2 A peak of serpentine after heating at a 

supposed temperature of 550 C. This destruction was probably 

due to overheating since the temperature of the furnace used was 

later found to be about 600 C. instead of the 550 C. intended. 

This was confirmed by the DTA which indicated that only serpentine, 

and not kaolinite, was present. 

LBJ Soil 

Fine Clay 

The fine clay fraction of the LBJ soil is mainly composed 

of montmorillonite and serpentine (antigorite). This was shown by 

X-ray and by DTA analyses. From these two methods, it can be 

stated that montmorillonite probably composes at least 70^ of the 

fine clay fraction in the two uppe'r horizons and at least 80^ 

in the two lower horizons. Serpentine composes most of the re

mainder. A small amount of iron oxides is present as coatings 

on the clay particles. The CEC determinations on the fine clay 
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and total soil agree with the results obtained with X-ray diffrac

tion and DTA. 

Coarse Clay 

The coarse clay fraction of the LBJ soil is composed of 

chlorite, serpentine (antigorite) and montmorillonite. Serpentine 

Is present throughout the profile in a uniform amount while chlorite 

Is mostly concentrated in the two upper horizons of the profile 

and montmorillonite in the two lower horizons. The CEC determina

tions of the coarse clay and total soil confirm these results. 

The CEC values increase two-fold in the two lower horizons. Pos

sibly montmorillonite represents about 5^ of the coarse clay in 

the All and A12 horizons while it represents about 30-40^ of the 

coarse clay in the AC&C and C horizons. Quartz is also present 

in this clay fraction. 

Infrared analyses indicate that quartz is present in higher 

amounts in the upper horizons and could represent 5 to 10^ of 

the coarse clay fraction. 



CHAPTER VI 

SUMMARY AND CONCLUSIONS 

Pedogenesis 

Renick Soil 

Several processes were certainly involved in the genesis 

of the Renick soil as indicated by mineralogical, chemical, and 

thin section analyses. Pedogenesis is probably still underway and 

the soil can be considered as immature. There has been little, 

if any, clay translocation as shown by the thin section studies 

except from the solum into the underlying saprolite. Perhaps 

the differences in the clay content of the horizons in the solum 

may be explained by differential rates of clay formation and/or 

deposition of aeolian materials in the uppermost horizon. 

Other processes that have influenced soil formation are re

lease and translocation of ions and a relatively high addition of 

organic matter that produced a darkening of the upper horizons. 

A definite change in color can be seen between the upper horizons 

and the saprolite of the C horizon. There was also local segre

gation of iron oxides which affected the color in parts of the C 

horizon. It seems that chemical weathering has been of great 

importance in determining the horlzonation of the profile. 
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Physical weathering, although important, has not been as Intense 

as chemical weathering and the presence of unaltered rock frag

ments in the A12 and AI3&C horizons is significant in that regard. 

LBJ Soil 

In general, the same processes of pedogenesis that formed 

the Renick soil have been involved in the formation of the LBJ 

soil. However, probably the geology, i.e., the dip of the strata 

and petrography, have limited the degree of soil development to a 

greater extent. As a result the LBJ soil is slightly less developed. 

There is no AI3 horizon and all horizons are thinner than those 

of the Renick soil. Also there is less clay and organic matter. 

Translocation of silicate clay has occurred to a significant degree 

only from the solum into the underlying saprolite. The sajne explana

tion to account for the horizon differences in the clay content 

may be offered as in the case of the Renick soil. Organic matter 

has darkened the upper horizons of the profile producing a marked 

change in color from the parent material. Local minor movement of 

iron has also occurred. It was apparently less intense in the LBJ 

soil than in the Renick soil. Segregations of iron oxides are 

present on some bedding planes of the saprolite of the C hotizon 

Weathering and Mineral Transformations 

Renick Soil 
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Chemical and physical weathering both have influenced the 

formation of the Renick soil. Chemical weathering has apparently 

been the most important in destroying the structure of the primary 

silicates in which serpentine was the dominant mineral. This 

breakdown resulted in the release of various ions which were 

chiefly Mg^+, Fe + * and Al*"*^, The source of most of the Mg*^ 

is serpentine. Iron bearing minerals such as magnetite release 

Fe , However, the origin of the Al'*"*"*' poses a question since 

Al-bearing minerals were not Identified in any of the thin sections 

of the serpentine parent rock. However, there are probably other 

minerals in the serpentinite in addition to those identified in the 

thin sections. It must be remembered that the serpentinite is 

rather thinly stratified and varies considerably between strata. 

Additionally, there is probably a small amount of Al"̂ "̂ * substituting 

for Mg in the lattices of serpentine and tremolite, Barnes (3) 

reported 0,43^ AI2O0 ©n the Coal Creek serpentine sample analyzed. 

Also silica was released during weathering and pedogenesis. 

It is probable that much of the Mg released has gone into forma

tion of the brucite interlayer of chlorite and -occupied limited 

positions in the octahedral layer of montmorillonite. Possibly some 

saponite has formed because of the abundance of magnesium. However, 

it is believed that the clay is dominantly montmorillonite since 

It is mostly a dioctahedral structural type as shown by Infrared 

analysis. Possibly partial chloritlzatlon occurred after the 
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Berpentinizatlon process was completed. Talc is also a product 

of hydrothermal alteration and was probably produced at the same 

time as chlorite. These three minerals were not physically 

weathered sufficiently to be present in the fine clay fraction. 

They occur mostly in the coarse clay fraction. Tremolite has 

been little altered by weathering and makes up a large portion of 

the relatively unaltered stones throughout the profile and in the 

parent rock. In comparison to the findings of other workers (l6,23) 

on serpentine soils, it appears that no vermiculite has been formed 

in the Renick soil although this mineral was mentioned as being 

a product of weathering. 

Iron released by weathering formed iron oxides which are 

present as coatings on the clay particles and as segregations. 

Possibly, iron in limited quantities may have entered into the 

lattice makeup of montmorillonite . 
« 

Generally speaking, it appears that montmorillonite is the 

main prcxiuct of chemical weathering. Aluminum, magnesium and per

haps silica went Into solution and precipitated with concurrent, 

or subsequent, crystallization as montmorillonite. It is the 

writer's opinion that the montmorillonite is of synthetic origin. 

It does not seem that the serpentine could have 1)een altered to 

montmorillonite by silication (the addition of one tetrahedral 

silica layer) and the necessary substitution of aluminum for mag

nesium in the octahedral layer. This is not to be taken as a 
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suggestion that the silica is completely dissolved. It may well 

have gone no further than a colloidal condition; it even perhaps 

remained in "packets" or thin sheets having a thickness of one 

tetrahedron. Such a hypothesis of origin would explain the mont

morillonite increase below the All horizons in the profiles. 

Physical weathering occurred but had minor effects. It 

is possible that the presence of quartz in the coarse clay fraction 

is a manifestation of physical weathering. This mineral has 

probably been broken down to enter that clay size fraction. 

The possibility of the clay size quartz originating in situ 

through crystallization of soluble and/or colloidal silica 

cannot be ruled out; however, this does not seem likely since 

quartz was not detected in the fine clays by X-ray diffraction 

or infrared absorption. 

LBJ Soil 

Generally, the same weathering processes mentioned in the 

formation of the Renick soil occurred also during the genesis of 

the LBJ soil. The main difference in the mineralogy of the two 

soils is the absence of tremolite and talc in the LBJ soil. This 

difference is due more to local geologic variation than to weather

ing. The extent of chemical weathering does not seem to be as 

severe as in the Renick soil. The LBJ soil does not show an 

AI3 horizon in its profile probably because of the dip of the 

strata and the presence of parent rock of lower weatherability. 

This is due to less leaching through the profile and, consequently. 
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a lower amount of mineral and ion translocation. As a result, 

the horizons are thinner. However, breakdown of primary minerals, 

release and leaching of ions has occurred as shown by the increase 

of clay percentages with depth. Also, the translocation of iron 

seems to have followed channels and has been deposited in the C 

horizon along bedding planes of the serpentine material. Localized 

segregations of iron oxides, identified in the thin sections, have 

formed. These segregations are small in the Renick soil. Mont

morillonite is found mainly in the fine clay fraction and the amount 

increases with depth. There is also an increasing content of 

montmorillonite with depth in the coarse clay fraction. As in 

the Renick soil, montmorillonite was also formed from crystalliza

tion of weathering products from solution. 

Physical weathering has Influenced mostly the All horizon, 

and its effects are less pronounced with depth as shown by the 

particle size distribution of the sand size fraction. The very 

coarse sand fraction increases with depth while the very fine 

sand fraction decreases with depth. This effect is more in evidence 

and more uniform than in the Renick soil. Quartz may have been 

affected by physical weathering which disintegrated the mineral to 

a coarse clay size. 

Proposed Name for Classification 

The soils developed from serpentine in Gillespie County have 
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not been classified. They were called Renick and LBJ for study 

purposes only. It has been suggested that both profiles be 

included in the Renick series. 

On the basis of information obtained in this study the 

soils may be tentatively classified according to the 7th Approxi

mation (37). Certain soil properties used as classification 

criteria in the 7th Approximation were not determined, and as 

a result it was necessary to make assumptions in some cases. 

The Renick soil was classified as follows: 

Order 

Suborder 

Great Group 

Subgroup 

Family 

Mollisols 

Ustolls 

Haplustolls 

Ruptic Lithic Haplustolls 

Fine, Montmorillonltic, Thermic 

The LBJ soil was classified like the Renick soil except 

for the family. 

Order 

Suborder 

Great Group 

Subgroup 

Family 

Mollisols 

Ustolls 

Haplustolls 

Ruptic Lithic Haplustolls 

Fine loamy,^Mixed, Thermic 

The two soils have a molllc epipedon. They have a lithic 

contact and they are called ruptic because of the Interruptions 
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of the upper horizon resulting from outcrops of the serpentine 

parent material. The family classification of the LBJ soil, 

because of a lower clay content, appears to be more representa

tive of the soils developed on the Coal Creek serpentine. 

Suggestions for Further Study 

If further studies on the serpentine soils are done,it 

would be advisable to consider the extent of variability of the 

minerals present in the soils. It would also be worthwhile to 

determine the differences in soil genesis due to topography, 

especially those due to slope grade and position. A systematic 

thin section study could also be more Informative on the weather

ing characteristics of Individual minerals, clay formation and move

ment, and the nature of the weathering processes. Variation among 

pedons in the serpentine area needs to be determined in order to 

classify the soils with more exactness. 
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