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CHAPTER I 

INTRODUCTION 

The primary purpose of this study was to acquire information 

concerning the genesis of two soils developed from volcanic materials. 

Secondary objectives were to establish modal profiles for use in clas

sification of the soils. 

In order to accomplish these objectives, special emphasis was 

placed on the mineralogical changes brought about by weathering pro

cesses. These mineralogical changes involve the physical breakdown 

and chemical decomposition of the parent material, alteration of pri

mary minerals, and in some cases, the synthesis of new minerals. The 

weathering processes; solution, hydration, hydrolysis, oxidation, re

duction, carbonation, cation-anion exchange reactions, etc., are a 

part of soil formation and are responsible for the transformation of 

a parent material into a soil. The degree of change in a parent 

material brought about by weathering processes is influenced by the 

soil forming factors; nature of the parent material, climate, top

ography or relief, organisms, and time. Consideration of the soil 

and parent material mineralogy in conjunction with the soil forming 

factors should reflect the genesis of the soil in question. 

In the two soils selected for study, only the soil forming 

factors; time, organisms, and perhaps climate, were considered to 

be constant. The soils occupied distinctively different topographic 

positions and are developing from different types of parent material. One 

soil is developing from trachytic bedrock on a relatively flat mesa top whil 
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the other is forming from trachytic and rhyolitic valley-fill debris 

in a broad intermontane basin. Slight climatic differences between 

the tv;o soils result from the difference in relief. 

The conclusions drawn in this investigation were based on the 

physical and chemical properties of the soils determined in the 

laboratory and the morphological studies made in the field. 



CHAPTER II 

REVIEW OF LITERATURE 

Geography of the Davis Mountains 

The triangular section of Texas west of the Pecos River, bounded 

on the south and west by the Republic of Mexico and on the north by 

New Mexico is commonly referred to as the Trans-Pecos region. This 

region is unique since it contains all of Texas' true mountains. The 

Trans-Pecos mountain ranges cross the western extension of Texas in a 

general north-south direction and continue along the eastern edge of 

the high central plateau of Mexico. 

Within these mountain ranges, the Davis Mountains occupy an ir

regularly shaped area of approximately 1400 square miles in Jeff Davis, 

Brewster, and Presidio counties in the west central Trans-Pecos. They 

lie at the north end of the Eastern Border Ranges division of the Mexi

can Highlands (33). Along the east side of the southern Davis Mountains 

is the Marathon dome which is formed by the Del Norte and Santiago Moun

tains. The Davis Mountains are bounded on the north by the Apache Moun

tains and on the west by a broad, relatively undissected, plain which 

grades into the Van Horn and Tierra Vieja Mountains. The Barrilla Moun

tains lie to the northeast and are actually a northeastward outlier of 

the Davis Mountains although a pronounced syncline separates the two. 

The Davis Mountains intercept moisture bearing winds and cause 

more precipitation than elsewhere in the Trans-Pecos region. Jeff Davis 

County has the highest average elevation among Texas counties, the 



altitude ranging from 3800-5200 feet. The average annual rainfall is 

18.72 inches and the mean average temperature is 56.5 degrees Fahren

heit. The rainfall is seasonal, approximately 75% falling in May 

through September (40). 

Geology of the Davis Mountains 

The Davis Mountains are a highly dissected erosional remnant of 

a vast volcanic field that may have originally covered several thousand 

square miles in Trans-Pecos, Texas and northern Mexico (33). Thick 

volcanic successions were believed to have accumulated in the north

eastern part of an extensive structural depression bounded on the 

north by the Apache-Delaware uplift and on the east by the Marathon 

dome. Differential erosion has since carved the area into rugged moun

tain terrain. Several investigators (14, 25, 43) state that the pre

sent mountains owe their origin to the effects of erosion on the lava 

flows that have covered the area. They are remnants of a broad pla

teau which was gently folded and severely dissected. Hawley (J. W. 

Hawley, unpublished field report), in describing geologic events 

pertinent to the formation of the Davis Mountains, states that early 

to middle Cenozoic volcanism and structural deformation resulted in 

the basic outlines of the Basin and Range province of the Mexican high

lands. Regional uplift, block-faulting, erosion of upland masses, and 

filling of closed intermontane basins prevailed through late Tertiary 

time. Significant tectonic distrubances probably ceased by the beginning 

of the Quaternary period and erosion of uplands with subsequent filling 

of basins has since prevailed. Huang and Craft (23) propose that the 



following sequence of events was possible in the Davis Mountain area. 

1) Laramide uplift and orogeny betv;een late Cretaceous and 
Pal eocene; 2) outpourings of trachyte and tuff deposition 
in the Eocene; 3) extrusions of basic lavas during early 
Oligocene; 4) intermittent volcanism and eruption of lavas 
and rhyolitic tuff that were interspersed with sedimentation 
during early or middle Miocene; 5) regional uplift and de
velopment of the Duff Springs formation during late Pliocene 
and early Pleistocene; 6) outpourings of plateau rhyolites, 
tuffs, and younger basalts followed by syenite intrusions in 
early Pleistocene. 

Huang and Craft's work is the most precise attempt at dating recent 

geologic events which occurred in the Davis Mountain region. Other 

investigators (17, 25) have placed the dates of the volcanism as 

Eocene, Oligocene, and possibly Miocene. The few fossils found, in 

isolated sedimentary lenses within the lavas, were not diagnostic 

and the precise geologic time is indefinite (17, 25). However, all 

investigators have generally agreed that the volcanic activity was 

early Tertiary. 

Numerous investigations (4, 10, 15, 25, 33, 36) within and 

around the Davis Mountain area reveal a variety of rock types that 

are exposed. Precambrian metaquartzites, metaarkoses, and schists 

are exposed in the Van Horn Mountains to the north. In the northern 

Davis Mountains, sedimentary rocks which are predominantly Cretaceous 

limestones are evident. The bulk of the exposed rock in the area, 

however, consists of fine grained volcanic rocks of Tertiary age. 

Hawley (J. W. Hawley, unpublished field report) in a review of 

the volcanic rocks present in the Jeff Davis County area states that 

both lavas and pyroclastic rocks are prevalent. The lavas range from rhyo

lite and trachyte to basalt. The rhyolites contain abundant quartz and pota: 



feldspar whereas the trachytes are low in quartz and high in sodic and 

potash feldspar. The basalts are high in calcic-sodic feldspar and fer-

romagnesian minerals. Tuffs, often indurated, are the most common py

roclastic rocks and are often interbedded in the lavas. The pyroclas

tic rocks are mainly rhyolitic. Vogel (43) states that the igneous 

rocks in the southwestern Davis Mountains are mainly rhyolitic lava 

flows, tuffs, and volcanic ash. The lavas are massive, jointed, and 

are all more or less porphyritic. The dominant phenocrysts were identi

fied as feldspars. Tuff breccias, agglomerates and conglomerates are 

interbedded with the lavas. The tuffs described as containing large 

amounts of fine grained quartz, were believed to have undergone con

siderable weathering and hydrothermal metamorphism in localized areas. 

Eifler (16) states that alternating layers of early Tertiary age 

tuffs overlie marine Upper Cretaceous strata in structurally low areas. 

Uplifts on the north, east, and west have exposed Lower Cretaceous and 

Permian rocks. Southward, the Davis Mountains merge with well dissected, 

alluvium covered tuffs. The Davis Mountains closely resemble the Bar

rilla Mountains which lie to the northeast. The Tertiary system of the 

Barrilla Mountains is composed of the Huelster formation. Star Mountain 

rhyolite, and the Seven Springs formation. The Huelster formation is 

principally composed of tuff; the Star Mountain rhyolite is principally 

a thick lava layer; and the Seven Springs formation consists of eight 

alternating layers of tuff and lava. These volcanic rocks range from 

1500 to 1700 feet in thickness. Jones (25) in an earlier investigation 

of the Barrilla Mountains also identified ten alternating layers of tuff 

and lavas whose combined thickness was 1500 feet. This igneous section 
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thickens westward in the Davis Mountains. This investigator states 

that the lava flows of the Barrilla and eastern Davis Mountains under

go a lithologic change from rhyolites below to trachytes above. The 

separate lava flows appear to maintain their own common characteris

tics and cover extensive areas. The lava flows thicken toward the 

west and southwest, thus indicating that the source of the flows must 

have been in that direction. Jones states that the lava source is 

believed to have been in the Davis Mountain area west of Fort Davis. 

As previously indicated, the Davis Mountains are erosional rem

nants of a vast volcanic field. Several investigators (1, 14, 15, 16) 

have attempted to characterize the alluvial sediments which have been 

deposited in the broad intermontane and smaller upland valleys of the 

Davis Mountain area. The geologic date of these deposits is generally 

considered to be Quaternary although some reference is occasionally 

made to late Tertiary. 

The most extensive investigation of the alluvial sediments in the 

Davis Mountain area is that of Albritton and Bryan (1). The open plain

like valleys in the southern Davis Mountains and outlying country to 

the west, south, and east are essentially eroded surfaces that are ve

neered by Quaternary alluvium. The average thickness of this alluvium 

is 20 feet and is divisible into three distinct bodies by the presence 

of disconformities. Albritton and Bryan assigned the names of Neville, 

Calamity, and Kokernot to the formations; the Neville being the oldest 

and the Kokernot the youngest. These investigators found that generally, 

the Neville formation can be distinguished from the younger alluvium by 

its more compact nature, greater content of clay and fine silt, prevailing 
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reddish brov;n color, and by its higher content of secondary calcium 

carbonate in the form of nodules and cement. The intermediate layer, 

the Calamity, contains more gravel and less caliche than the Neville. 

The Calamity tends to be dark gray in color because of the presence 

of humic materials. The Kokernot contains no visible caliche and con

sists of uncemented and highly irregular deposits of sand and gravel. 

• Albritton and Bryan described the alluvial sediments which had 

been deposited in a triangular area bounded by Valentine, Fort Davis, 

and Ryan, Texas. (Ryan is a railroad depot which lies midway between 

Valentine and Marfa on the Southern Pacific railroad.) One site 

described by Albritton and Bryan is of particular interest since it 

lies approximately 10 miles to the northwest of the area where the 

Musquiz soil was sampled. The site described by Albritton and Bryan 

is presented below. 

Quaternary Thickness in Feet 

Kokernot formation 

8. Unconsolidated gray silt and fine sand ' 0.1 

Disconformity 

Calamity formation 

7. Dark humic gritty silt 2.0 
6. Reddish to buff gritty silt 2.0 
5. Pebbly humic silt and clay with columnar fracture 2.5 
4. Pebble and cobble gravel 0.5 
3. Carbonaceous grit containing hearths and 

abundant charcoal 1-0 
2. Reddish-brown to gray silt interbedded with 

sand and gravel; contains bits of charcoal 5 

Disconformity 



Thickness in Feet 

Neville formation 

1. Silty clay with interbedded pebble and cobble 
gravel; color, blush 0-10 

Total exposed thickness 16 

Unconformity 

Tertiary bedrock 

The Neville rests unconformably on bedrock and covers wide areas 

in the extensive plain-like valleys of the area. The Calamity fills 

wide, but well defined, channels that were cut into the Neville. The 

Kokernot is generally confined to constricted channel cuts in the 

Calamity formation. Albritton and Bryan (1) and DeFord (15) state 

that the three formations record three separate aggradations in the 

valleys and that the disconformities between formations record erosional 

periods. Albritton and Bryan state that a third cycle of channeling 

began after the Kokernot deposition and continues until the present. 

Recent arroyos have followed the lines of least resistance so that al

most all of the Kokernot, except for thin flood phases, has been destroyed. 

Rhyolite and Trachyte-Derived Soils 

In a mineralogical study of soil formation it is advantageous to 

consider the nature of the parent rock since the mineralogy of the rock 

is often directly reflected in the soil properties. Field studies and 

preliminary laboratory investigations indicate that the two soils under 

study were developed from rhyolitic or trachytic material. A review of 

existing literature revealed that few reports of soils forming from rhyolite; 
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or trachytes exist. Some of the existing reports were not considered 

pertinent to this study because of obvious differences in the degree of 

weathering of the soils. 

Swindale and Jackson (39) in 1960, published a resume of a study 

of four rhyolite derived soils from New Zealand. They gave detailed 

descriptions of the mineralogy of the sand, silt, and clay fractions. 

The four soils described were in different weathering stages, ranging 

from low to moderately weathered, to strongly weathered and strongly 

podzolized. Two of the soils, the Koikoi and Maungarei, were believed 

to be weakly weathered and strongly weathered, respectively, but little 

affected by the processes of podzolization. The rhyolite from which 

these two soils were developed had porphyritic textures, the phenocrysts 

ranging in size from 1.0 millimeter (mm.) to 0.1 mm. The groundmass 

varied from wholly crystalline to glassy. 

The sand fraction of the Koikoi soil contained primary quartz, feld

spar, and volcanic glass. The feldspars were predominantly sanidine 

and oligoclase. The silt fractions also contained large quantities of 

feldspar and quartz with minute amounts of mica, chlorite, vermiculite, 

and montmorillonite. Sanidine was the dominant feldspar species. The 

mineralogy of the coarse clay (2 to 0.2 microns) was very similar to 

that of the silts except that there was a decrease in feldspars and 

significant quantities (19 to 24%) of kaolin were present. The fine 

clays, less than 0.2 microns, (<0.2^) contained smaller amounts of pri

mary minerals and kaolinite but increased quantities of mica, chlorite, 

and expanding layer silicates. Most of the 2:1 and 2:2 layer silicates 

were discrete but X-ray analysis also revealed some interstratification 
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of mica, vermiculite, and chlorite. It was proposed by Swindale and 

Jackson that the Koikoi parent material contained sufficient potassium 

(K) and magnesium (Mg) to allow mica, chlorite, and expanding 2:1 layer 

silicates to form but insufficient K and Mg to preclude the formation 

of kaolin. 

The Maungarei soil was apparently formed under a moderate to high 

degree of weathering and most of the primary minerals, other than quartz, 

had been decomposed. The sand fractions contained quartz, oligoclase, 

and small quantities of sanidine. Quartz was the dominant mineral of 

the silt fractions but feldspars, Cristobalite, and layer silicates with 

primary basal spacings of 14, 10, and 7 angstroms (A) were present. 

The coarse clays were predominantly kaolin. The fine clays were mainly 

composed of halloysitic kaolin but had significant quantities of mica, 

chlorite, and expanding layer silicates. The preponderance of kaolin 

minerals in the clay fractions was attributed to the weathering stage 

of the soil. 

Although disseminated throughout the profiles, the percentage 

extractable Fe^Oo was notably low for both soils. The quartz was pri

marily concentrated in the fine sand, silt, and coarse clay fractions. 

This was attributed to the microcrystalline texture of the rhyolite. 

The discussion of Swindale and Jackson concerning the rhyolite 

derived soils which had been formed by strong weathering and moderate 

to strong podzolization processes is not considered directly pertinent 

to this study. However, a general examination of the mineralogy of 

the soils indicated that continued weathering of an already strongly 

weathered soil results in the breakdown of kaolin minerals, formation 
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of gibbsite, and concentration of quartz. Iron, liberated from pri

mary minerals, was precipitated as hydrous oxides and was also con

centrated as other materials were removed by leaching. 

The study made by Swindale and Jackson show that the degree of 

weathering which a rhyolite derived soil has undergone determines, 

to some extent, the mineralogy. Apparently, such soils which are 

weakly to moderately weathered contain considerable quantities of 

primary minerals and mixed, secondary layer silicates such as mica, 

chlorite, vermiculite, montmorillonite, kaolin, and interstratified 

clay types. The proportion of each clay type varies with the con

centration of such ions as K and Mg and also the silica/alumina ra

tios. Continued weathering of the soils, loss of K, Mg, etc., pro

vides a favorable environment for kaolin formation and this clay min

eral becomes dominant. With time and continued weathering, the kaolin 

may be destroyed and concentrations of resistant primary and secondary 

minerals occur. 

Van der Marel (31) found that the rhyolitic tuff which fell at 

Sumatra's East Coast from the Toba eruption contained quartz, sanidine, 

volcanic glass, and weathered biotite in the light mineral, specific 

gravity (s.g.) <2.89, fraction. Minerals identified in the heavy min

eral fraction, greater than (>) 2.89 s.g., were amphibole, hypersthene, 

allanite, zircon, and unweathered biotite. This investigator stated 

that it was possible to use the heavy mineral fraction in determining 

the stage of weathering of soils derived from rhyolitic rocks. An 

extensive study of soils in weathering stages ranging from unweathered 

tuff to a very strongly weathered soil revealed that the percentages 
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of allanite and zircon increased with weathering; whereas the percen

tages of hypersthene and amphiboles decreased as weathering increased. 

The percentage of ore and opaque minerals increased until the soils 

were moderately weathered but then decreased as the weathering pro

cesses continued. 

Carloni and Lotti (13), in 1960, reported the results of study 

of eleven soil samples taken from four different soils developing 

over trachyte in the Pisa Livorno and Grosseto regions, Italy. The 

trachyte was of two different types, one they called "toscaniti" and 

the other was designated "selagita". The actual difference between 

the two types of trachyte was not specified, but they were both repor

ted to contain skeletal fragments of sanidine and biotite. Mechanical 

analysis revealed that the clay fraction (<2 microns) composed less 

than 10% of the whole soil for all samples. X-ray, differential ther

mal, and chemical analyses revealed a somewhat mixed clay mineralogy. 

IIlite was identified in all samples and kaolinite was found in all 

but three samples. The samples which did not contain kaolinite were 

dominated by a clay mineral believed to be an irregular interstrati

fied montmorillonite-vermiculite. Accessory minerals in the clay frac

tions were quartz, goethite, diaspore, and boehmite. As would be ex

pected, the soils dominated by the interstratified clay type had sig

nificantly higher cation exchange capacities than those containing only 

illite or kaolinite. Carloni and Lotti gave no indication of the 

maturity of the soils examined, but low clay contents indicated that 

the soils were relatively immature. 

In a similar study, Buondonno and Violante (12) found that the 

dominant clay type in soils developed from sanidine tuff, believed to 
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be trachytic, in the Irno Valley of Italy was halloysite and meta-

halloysite. Other clay minerals frequently noted were illite and an 

interstratified clay type. The components of the interstratified clay 

type were not identified. The tuffs were composed of sanidine, augite, 

biotite, magnetite, pumice, and lapilli. These investigators indica

ted that the soils examined were, in general, porous and were believed 

to contain significant quantities of amorphous materials. 

Several investigators (3, 6, 7) have reported the presence of 

amorphous materials, principally allophane, in soils derived from 

andesitic and rhyolitic volcanic ash. Birrel and Fieldes (3) found 

that older New Zealand soils derived from volcanic ash contained hal

loysite or kaolin minerals which had almost certainly been formed from 

allophane by crystallization. 



CHAPTER III 

FIELD STUDIES 

Representative profiles of tv;o soil series that have been ten

tatively named Kokernot and Musquiz were described and sampled. These 

soils occupy two distinct topographic localities in the Davis Mountain 

region of Texas. The Kokernot soil is found on nearly level mesa tops 

of volcanic origin whereas the Musquiz soil characteristically develops 

in broad intermontane valleys. 

The profiles were sampled and described on September 8-9, 1966, 

with the help of Dr. B. L. Allen, Professor of Soils at Texas Tech

nological College, Mr. Horace Dean, Field Specialist-Soils for the 

Soil Conservation Service, and Mr. August Turner, Soil Scientist for 

the Soil Conservation Service. 

Samples, including peds and pebbles, were taken of each horizon 

described. Three auger samples were taken at intervals below the Mus

quiz IlClca horizon. These samples were taken to provide additional 

information on the parent material. The samples were differentiated 

by color and texture changes and thus designated IIC2, IIIC3ca, and 

IIIC4 horizons. Only the depths at which the horizons were sampled 

are noted in the profile description. 

The descriptions were made using the nomenclature of the 7th Ap

proximation (37). Pictures were made of each site and profile and are 

shown in Figures 1, 2, 3, and 4. 

Field Characteristics 

There was no evidence at either site of significant profile 

15 
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Figure 1.--Landscape at Kokernot site 
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Figure 2.--Profile of the Kokernot soil 
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disturbance. A one inch layer of recent aeolian.material had been 

deposited at the Musquiz site. This layer was described but not 

sampled. 

Kokernot Soil Description 

Location: Texas highway 118 is followed 9.8 miles southeast from the 

courthouse in Fort Davis. Turn northeast at C. C. Pollard ranch gate 

and travel 2.5 miles to ranch house. The site is located 3.8 miles 

east, southeast of the house on Grierson Mesa. 

Vegetation: Black grama (Bouteloua eriopoda), blue grama (Bouteloua 

gracilis), sprucetop grama (Bouteloua chondrosioides), cane bluestem 

(Andropogon barbinodis). Plains lovegrass (Eragrostis intermedia), 

prickly pear (Opuntia sp.), Agarita (Berberis trifoliolata), and a 

few scattered juniper (Juniperus sp.). 

Parent Material: Residual trachytic volcanic rock. 

Topography: Nearly level mesa top. 

Soil Profile: 
(Inches) 

Al 0-3 Brown (7.5YR 4/4) sandy loam, dark brown (7.SYR 3/2) 
moist; moderate fine granular and subangular blocky 
structure; slightly hard, friable; plentiful roots; 
5% (field estimate) by volume of pebbles less than 
0.5 inch in diameter; smooth clear boundary. 

Bl 3-8 Reddish brown (SYR 5/4) loam, dark reddish brown 
(SYR 3/4) moist; moderate fine subangular blocky 
structure; slightly hard, friable; plentiful roots; 
5% (field estimate) by volume of coarse fragments 
mostly less than 0.5 inch diameter; smooth clear 
boundary. 

B21t 8-14 Reddish brown (SYR 5/4) clay loam, dark reddish 
brown (SYR 3/4) moist; moderate fine subangular blocky 
structure; mostly pebble controlled; hard, firm; 35% 
(field estimate) by volume of coarse fragments of 0.25 
to 2 inch diameter; plentiful roots; wavy to irregular 
clear boundary. 
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R/B22t 14-20 Reddish brown (5YR 5/4) clay loam, dark reddish 
brown (5YR 4/4) moist; pebble controlled moderate, 
medium blocky structure; hard, firm; 50% (field 
estimate) by volume of coarse fragments mostly 
less than 3 inches diameter; few roots; irregular 
abrupt boundary. 

R 20-26+ Bedrock (trachyte porphyry) with clay seams in 
the crevices. Weathered in the upper 2 to 3 
inches. 

Remarks: There were a few >jery coarse rock fragments scattered through

out the profile. 

Musquiz Soil Description 

Location: Texas highway 17 is followed 2.2 miles southwest from the 

courthouse in Fort Davis to its intersection with highway 166. Follow 

Texas highway 166 west for 8.4 miles and turn left on ranch road. 

Proceed south for 2.8 miles to fence gate. Site is located 250 yards 

east and 100 yards north from gate. 

Vegetation: Blue grama (Bouteloua gracilis), sand muhly (Muhlenbergia 

arencia), annual threeawn (Aristida sp.), cane bluestem (Andropogon 

barbinodis), vine mesquite (Panicum obtusum), and buffalo (Buchloe 

dactyloides). There are a few widely scattered cholla (Opuntia sp.), 

acacia (Acacia sp.), and mesquite (Prosopis sp.). 

Parent Material: Loamy alluvium derived from volcanic materials. 

Topography: About 1% south-facing slope in a broad intermontane 

valley. 

Soil Profile: 
Tlnches) 

All 0-1 Brown (7.5YR 5/4) loam, dark brown (7.SYR 3/4) 
moist; weak fine platy structure; soft, friable; 
plentiful roots; few fine pebbles; smooth abrupt 
boundary. 
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A12 1-6 Reddish brown (5YR 4/3) sandy clay loam, dark 
reddish brown (5YR 3/3) moist; moderate fine 
subangular blocky and granular structure; 
slightly hard, friable; plentiful roots; few 
fine pebbles; smooth clear boundary. 

B21t 6-12 Reddish brown (SYR 4/3) clay, dark reddish brown 
(SYR 3/3) moist; moderate fine subangular blocky 
structure; hard, firm; few thin patchy clay films; 
common roots; few pebbles; smooth clear boundary. 

B22t 12-22 Dark red (2.SYR 3/6) clay, dark reddish brown 
(2.SYR 3/4) moist; compound moderate medium 
subangular and moderate fine blocky structure; 
hard, firm; a few continuous clay films; common 
roots and pebbles; smooth gradual boundary. 

B23t 22-30 Dark red (2.SYR 3/6) clay, dark red (2.SYR 3/6) 
moist; compound moderately v/eak medium subangular 
and moderate fine blocky structure; hard, firm; 
few thin continuous clay films; common roots; 
many pebbles; wavy abrupt boundary. 

IlClca 30-46 Light reddish brown (SYR 6/4) silty clay loam, 
reddish brown (SYR 5/4) moist; structureless; 
hard, friable; 20% (field estimate) by volume 
of whitish soft and weakly cemented calcium 
carbonate concretions; 15% (field estimate) 
by volume of pebbles; few roots; gradual 
boundary. 

IIC2 46-50 

IllCSca 50-61 

IIIC4 61-65 

Remarks: All horizons except the All and A12 contain an estimated 5 

to 10%, by volume, of angular fragments of porphyritic trachyte and 

rhyolite. 
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Figure 3.--Landscape at Musquiz site. 
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Figure 4.--Profile of the Musquiz soil. 



CHAPTER IV 

METHODS OF STUDY 

Determination of Percentage Gravel 

The percentage gravel (>2.0 mm. size) of each soil horizon was 

determined by utilizing wet and dry sieving procedures. The raw soil, 

sample was first passed through a 10 mesh sieve to separate the >2.0 mm. 

particles from the ^2.0 mm. particles. Many soil particles adhering 

to the gravel fragments were noted and some horizons contained calcium 

carbonate concretions. The gravel fragments were placed in plastic 

containers and shaken in distilled water on a reciprocating shaker. 

The gravel fragments were then wet sieved, the sieved fraction dried 

and added to the <2.0 fraction. Oven dry weights of both fractions 

were obtained and the percentage gravel based on total sample weight 

was calculated. 

Particle Size Distribution 

Particle size distribution analyses were made using a modified 

version of the pipette method outlined by Kilmer and Alexander (28). 

Since modifications of the procedure were employed, the method will 

be outlined and discussed. 

A 10 gram (gm.) sample of soil,<2.0 mm. size, from each horizon 

was weighed to 10"^ gm. The samples were placed in 1000 milliliter (ml.) 

beakers, treated with 100 ml. of 10% hydrogen peroxide (H2O2), covered 

with a watch glass, and allowed to stand overnight. The samples were 
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then heated to accelerate the reaction and to reduce the volume of 

the H2O2 suspension to less than two thirds of its original amount. 

The H2O2 treatment was repeated using 100 ml. increments of 15% and 

30% H^O^ successively. Visual inspection of the sample indicated 

that almost all of the organic matter was removed. After treatment with 

the last increment of H^Op* the samples were evaporated nearly to dry

ness in order to destroy the remaining H^Op. 

Preliminary investigation indicated the presence of calcium 

carbonate (CaCO^). The carbonates were removed by treating the samples 

with increments of 10% hydrochloric acid (HCl). The HCl treatment 

also served to dissolve some of the reaction products of the HpO^ 

oxidation. 

The samples were washed into Buchner funnels containing No. 50 

Whatman filter paper. Vacuum was applied and the samples washed with 

distilled water until the filtrates were free of chlorides as deter

mined by the silver nitrate (AgNOo) test. The samples were then washed 

into 1000 ml. erlenmeyer flasks and brought to a volume of 500 ml. with 

distilled water. Exactly 10 ml. increments of 5% sodium hexametaphos-

phate solution (Calgon) were added and the samples shaken on a recipro

cating shaker for 10 hours to induce dispersion. 

After dispersion, the samples were washed through a 300 mesh sieve 

into 1000 ml. hydrometer jars. The sand fractions were retained on the 

sieve, dried, and weighed. The sand was then fractionated into 2.0 to 

1.0 mm. {yery coarse sand), 1.0 to 0.5 mm. (coarse sand), 0.5 to 0.25 mm 

(medium sand), 0.25 to 0.1 mm. (fine sand), and 0.1 to 0.05 mm. {very 

fine sand) fractions by shaking on a nest of sieves for 5 minutes. The 
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fractions were weighed and the percentage of each fraction based on 

the total sand fraction weight, v/as determined. 

The silts and clays v;ere passed through a 300 mesh sieve into 

hydrometer jars. The jars were placed in a v;ater bath and brought to 

a constant temperature of 30 degrees Centigrade (30 C). The volume in 

the hydrometer jars was brought to 1000 ml. and the samples thoroughly 

stirred with a hand stirrer made of a perforated metal plate attached 

to a metal rod. The samples were allowed to stand for the time cal

culated by Stokes law of sedimentation for a 2.0 micron particle to 

fall 10 centimeters (cm.). The pipettings and calculations were per

formed as outlined by Kilmer and Alexander. 

In previous particle size analyses in the soils laboratory at 

Texas Technological College, considerable difficulty was experienced 

in getting samples to disperse if the samples were dried after treat

ment with HpOp and HCl. To avoid this difficulty, oven dry, organic 

matter and CaCOo free sample weights for pipette analyses were obtained 

by back calculations. This method requires the precise determination 

of percentage HpO, organic matter (o.m.), and CaCO^ on separate samples 

The percentages of these components are added together and subtracted 

from 100% to obtain a factor for calculating the sample weight used for 

particle size analysis. The equation used in the calculations is 

given below. 

100% -(%H20 + %o.m. + %CaC03) 
Pipette sample weight = X air dry 

100 sample wt. 

.f 
The accuracy of this method was determined to be - 0.1 gm. by 

addition of the oven dry weights of the sample left in the hydrometer 
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jars, the 25 ml. pipette fraction, and the total sand fractions and 

comparing the total against the weights obtained by calculation. It 

was believed that less error was introduced into the analyses by ob

taining sample weights in this manner than by increasing the possibility 

of poor dispersion. Extreme care must be taken when transferring the 

samples from one container to another. 

Calcium Carbonate Equivalent Determinations 

Calcium carbonate equivalent of the "whole soil" for each 

horizon was determined using the procedure outlined in U.S.D.A. Hand

book No. 60 (42). (The term "whole soil" will henceforth be used to 

define the<2.0 mm. fraction.) 

Organic Carbon Determinations 

The percentage organic carbon of each soil horizon was determined 

by the method of Prince (35). The method was modified in that duplicate, 

instead of the recommended triplicate, determinations were made. Dif

ferences were noted between blanks that contained pure quartz sand and 

those blanks that did not. The blanks containing sand appeared to be 

more accurate and were henceforth used. 

Determination of Free Iron Oxides of the 

Whole Soil 

Free iron oxides were determined by the method of Kilmer (26). 

No modifications of this method were employed. 
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Determination of Cation Exchange Capacities 

of the Whole Soil 

Cation exchange capacities of the whole soil for each horizon were 

determined using the procedure outlined in U.S.D.A. Handbook No. 60 (42). 

No modification of the method was employed. Sample weights utilized 

were 4.0 gm., the suggested weight for fine textured soils. The sodium 

concentration was determined by use of a Coleman Model 21 flame photo

meter. 

Soil pH 

The soil pH of each horizon was determined by the saturated soil 

paste method as outlined in U.S.D.A. Handbook No. 60 (42). Readings 

were made by using a Beckman Zeromatic pH meter standardized against 

pH 7.00 - .01 reference buffer solution. 

Bulk Density Determinations 

The bulk density of selected soil horizon samples was determined 

by using a modified version of the "clod method" as outlined by Blake (8). 

The procedure used was as follows. A natural ped ("clod") was 

oven dried, weighed, and attached to a thread of known weight. The ped 

was dipped in melted paraffin, having a temperature of approximately 60 C, 

and cooled. The ped, paraffin, and string were then weighed. The coated 

ped was then suspended in a graduated cylinder and the number of milli

liters v;ater displaced was recorded. The bulk density of the ped was 

calculated thusly: 
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Bulk Density = —MSl^t of oven dry ped 
Volume clod & paraffin - height paraffin 

^ Density paraffin 

Microscopic Studies 

Studies of thin sections of peds, pebbles, rocks, and heavy 

minerals, from selected horizons were made using a Leitz Laborluz-

Pol polarizing microscope. All thin sections were made by the National 

Petrographic Co. of Houston, Texas, and were ground to a standard 

thickness of 30 microns. 

The mineralogy of the soil horizons was determined by the point 

count method. This method entailed making traverses across the thin 

section and identifying each component encountered. Approximately 

600 counts were made of each slide and the percentage by volume of 

each component calculated. Average diameter estimates of certain 

components in the ped thin sections were made by use of a calibrated 

stage micrometer. The fabric of the ped thin sections was described 

by using the terminology of Brewer (11). Photomicrographs were made 

of certain features in the thin sections by use of a Leica M2 35 mm. 

camera and the Leitz MIKAS micro attachment on the microscope. 

Density Separation of Heavy Minerals 

Heavy minerals were separated from the very fine sand fraction of 

selected horizons at a 2.95 s.g., using 1, 1, 2, 2 - tetrabromoethane, 

according to the method described by Allen (2). 

A small conical test tube was poured approximately 2/3 full of 

the tetrabromoethane liquid. The sand fraction was added and the resulting 
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m ixture was gently bumped on a rubber stopper to facilitate the down

ward movement of the heavy minerals. The contents were then centrifuged; 

the minerals.of s.g. >2.95 were thrown to the bottom of the test tube 

while the minerals of <2.95 s.g. were held in suspension. The lower 

portion of the tetrabromoethane was frozen by placing the test tube in 

a small hole in dry ice. The unfrozen upper portion of the liquid was 

poured into a small funnel containing a coarse filter paper. The pro

cedure was then repeated to remove the light minerals that had been en

trapped and carried downward by the heavy minerals. Both the light and 

heavy mineral fractions were then washed with acetone, dried, and weighed. 

Ratios of light/heavy minerals were calculated. Magnetic components 

within the heavy mineral fraction were separated by use of a hand mag

net and their weight percentage calculated. All fractions were saved 

for future analysis. 

Fractionation of Sand, Silt, and Clay 

The necessity of determining the different chemical and minera

logical properties of the sand, silt, and clay independently indicated 

the need for separating the whole soil into these fractions. The 

Musquiz A12, B22t, IlClca, and IIIC3ca horizons and the Al, B21t, and 

R horizons from the Kokernot soil were selected for study. 

In order to facilitate the separations, the organic matter and 

CaCOo were removed from 100 gm. soil samples by successive H2O2 and 

HCl treatments. The samples were then washed using Buchner funnels and 

dispersed by shaking after the addition of 20 ml. of 5% Calgon solution. 

The sand was separated by washing the sample through a 300 mesh 



30 

sieve. The sand was retained on the sieve while the silt and clay 

was collected in a 1000 ml. hydrometer jar. The volume of silt and 

clay suspension was brought to 1000 ml. and stirred. By use of Stokes 

law, the time required for a 2 micron particle to fall 30.5 cm. was 

calculated and at the end of this time, the suspension was siphoned. 

The distance of 30.5 cm. was arbitrary, being determined by the length 

of the siphoning apparatus. The hydrometer jar was again brought to 

volume and the procedure repeated until all clay was removed. From 

12 to 21 siphonings were required for separation of the clay from the 

silt. The clay suspension obtained in this manner was maintained at 

a reasonable volume (about 500 ml.) by evaporation over a steam plate. 

After separation was achieved, the silt was washed from the hydrometer 

jar, allowed to air dry and stored for future analysis. 

The total clay fraction obtained was divided into two subfractions; 

coarse clay (2.0 to 0.2 microns) and fine clay (<0.2 microns). This 

was done by utilizing a centrifuge to increase the settling rate. By 

use of a modified form of Stokes law (5) the time for a 0.2 micron par

ticle to settle out at 2400 revolutions per minute (rpm) was calculated. 

The total clay fraction from each horizon was equally distributed among 

8 centrifuge tubes and brought to volume at an arbitrarily selected mark 

The suspensions were thoroughly mixed, and centrifuged at a 2400 rpm 

for the calculated time, and the supernatant suspension decanted. The 

procedure was repeated until separation was obtained as determined by 

visual inspection of the suspension after centrifugation. The number 

of repetitions varied among horizons, partially depending on the degree 

of dispersion initially obtained. The fine/coarse clay ratio was 
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determined by taking an aliquot of each and obtaining oven dry weights. 

The clay subfractions were then approximately equally divided, one por

tion was air dried and stored for future analyses requiring dry sample 

weights, and the other portion was left in suspension for X-ray diffrac

tion analysis. 

Separation of the clays from the silts and separation of the clays 

into subfractions resulted in large volumes of clay suspension. This 

volume was reduced by evaporation over a steam plate. It was noted 

that fungi appeared in the suspension after a period of approximately 

three days at the elevated temperatures. According to Stotsky and 

DeMumbrum (38) microorganisms in the soil may be destroyed by auto-

claving for one hour at 121 C and 15 pounds/square inch with no re

sulting change in interplanar spacings of the clay minerals. Accordingly, 

the fungi infested suspensions were autoclaved three times at 2 day 

intervals. The fungi mycelium was then removed by passing the clay 

suspensions through a 300 mesh sieve. No fungi growth was detected 

after the series of treatments. 

X-Ray Diffraction of the Silts and Clays 

X-ray diffraction analyses were made on both subfractions of the 

total clay from the previously selected horizons. 

Two methods, that of Kinter and Diamond (29) and that of Theisen 

and Harward (41), were initially used for orienting the clays. Prelimi

nary tests using both these methods gave extremely poor diffraction 

patterns, but of the two, the method of Theisen and Harward appeared 

to be best suited for the clays in question. Basically, this method 
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was utilized throughout the X-ray diffraction analyses although several 

modifications were introduced. 

Since the procedure of Theisen and Harward was modified, the en

tire procedure will be discussed. A small amount of clay suspension 

(volume varying with clay concentration) was poured into a 10 ml. cen

trifuge tube and 5 ml. of 0.3N calcium chloride (CaCl2) solution were 

added. The suspension was mixed and allowed to stand for approximately 

15 minutes. The suspension was centrifuged and the supernatant liquid 

poured off. The process was repeated with another increment of CaClp 

solution and then washed with a 2% glycerol solution until all excess 

CaCl^ had been removed. Two or three washings were usually adequate. 

The clay was stirred in the centrifuge tube by use of a glass rod, 

poured onto a glazed porcelain plate, smeared with the glass rod, air 

dried, and X-rayed. 

It was noted that washing of the Ca-saturated clays with con

centrations of glycerol greater than 2% resulted in poor quality 

patterns. Several concentrations of glycerol were tried, ranging 

downward from 10%. 

It appeared that the concentration of glycerol required for 

saturation varied with the nature of the clay. Iron oxides and amor

phous material were removed from the clay to see if an improvement in 

the patterns could be obtained. This was done by treatment with sodium 

hydrosulfite (Na^SpO.) and 0.5N sodium hydroxide (NaOH) solution suc

cessively. Contrary to expectations, the treatment resulted in decreased 

intensity of the peaks. However, it was noted that removal of amor

phous material decreased the tendency of certain coarse clays to peel. 
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A second plate was made using two 5 ml. increments of 0.3N po

tassium chloride (KCl) solution to saturate the clay and using distilled 

water to remove the excess KCl by centrifugation. The plate was pre

pared as previously described, air dried, heated at 250 C for 4 hours, 

and X-rayed. The same slide was then heated at 550 C for 4 hours and 

X-rayed again. 

Certain diffractograms revealed that the clays did not completely 

collapse when potassium saturated and heated to 550 C. This suggested 

the presence of small quantities of chlorite. A method developed by 

Dr. C. I. Rich, Virginia Polytechnic Institute, (Personal communication 

from Dr. R. I. Barnhisel, University of Kentucky) to remove interlayer 

alumina was employed in an unsuccessful attempt to improve the reso

lution of the diffractograms. This treatment seemed to decrease the 

intensity of all reflections. It was concluded that chlorite, if 

present, composed a very insignificant proportion of the clay fractions. 

Silt samples from each previously selected horizon were X-rayed. 

These samples were prepared by grinding to a fine powder and placing 

them in a standard metal holder for diffraction. The silts were ground 

primarily to insure thorough mixing of the silt particles. 

The clays and silts were X-rayed with a Phillips Norelco diffrac

tion unit using Ni filtered Cu radiation. A 1/2° divergent slit, a 

0.006" receiving slit, and a 1/2° scatter slit was used in the beam 

collimating system. The scale factor, the multiplier, and the time 

constant were set at 2, 0.8, and 4, respectively, for all samples ex

cept those of the K-saturated fine clay fraction from the Kokernot R 

horizon. The settings for these plates were 4, 0.8, and 4. The 
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diffraction unit was operated at 30 kilovolts and 15 milliamperes. 

The plates v/ere scanned from 2 to 32° 29 at a rate of l°/minute. 

Differential Thermal Analyses of the Clays 

Differential thermal analyses (DTA) of the clay fractions were 

made using a DTA pressure vacuum furnace built by Mr. William Lodding 

of Rutgers University. The clay samples were brought to a relative 

humidity of 50% by allowing them to equilibrate with a magnesium ni

trate [Mg(NOo)p] slurry in a dessicator. The samples were carefully 

packed in the sample holder and placed in the furnace. The temperature 

of the furnace was automatically raised from 25 C to 1000 C at 12.5°/min-

ute. Differences in temperature were recorded between the clay sample 

and an inert material of calcined aluminum oxide. 

Cation Exchange Capacity Determinations of 

Silts and Clays 

Cation exchange capacities of the silts and clays were determined 

using the method described in U.S.D.A. Handbook No. 60 (42). The de

terminations were made using oven dry 1.0 gm. samples for silts and 0.5 

gm. samples for the clays. Final determinations were made with a Cole

man Model 21 flame photometer. 

Total Potassium Determinations of 

the Silts and Clays 

Total potassium in the silts and clays was determined by using a 

slightly modified form of the method of Webber and Shivas (44). Ap

proximately 0.2 gm. of oven dry silt and clay was accurately weighed 
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to 10" gm. in platinum crucibles. Exactly 1 ml. of 1:5 sulfuric acid 

(HpSO^) solution was added to the crucibles and the mixture stirred with 

a platinum wire. Five ml. of 40% hydroflouric acid (HF) solution v/as 

added to the mixture, the crucibles were then evaporated to dryness on 

a hot plate. Care was exercised to prevent splattering. By use of 

platinum tipped tongs, the crucibles were immersed in 150 ml. of hot 1:?0 

nitric acid (HNOo) solution until the residue was dissolved. The cru

cibles were then removed and rinsed with distilled water. The HNO^ solu

tion was evaporated to dryness and the residue taken up with O.IN HCl. 

The resulting solution was added to 50 ml. volumetric flasks and brought 

to volume with O.IN HCl. Standard solutions of 0.0, 0.1, 0.2, 0.4, 0.6, 

0.8, 1.0, 2.0, 4.0, 6.0, 8.0, and 10.0 milliequivalents (meq.), po

tassium (K) per liter, using KCl as the K source, in O.IN HCl were pre

pared. The K content of the samples was determined by use of a Coleman 

Model 21 flame photometer. 

Determination of Silica and Alumina 

of the Clays 

The presence of substantial amounts of amorphous material was 

suspected because of the volcanic origin of the parent material, field 

characteristics, and some properties observed in the laboratory such 

as high cation exchange capacities, peeling of some coarse clay samples, 

and poor dispersion of some horizon samples. 

Basically, Hashimoto and Jackson's (20) method of rapid dissolution 

was used for dissolving the amorphous aluminosilicates prior to their de

termination. The percentages alumina and silica were determined independently. 
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using the methods of McLean (34) for alumina and Kilmer (27) for silica. 

Some procedures were modified to varying degrees and they will therefore 

be outlined. 

An oven dry, iron oxide free sample, weighing 0.2 gm. was placed 

in a nickel beaker, 100 ml. of 0.5N NaOH solution was added and the 

suspension boiled for exactly 2.5 minutes. The suspension was cooled 

to room temperature in a water bath, centrifuged, and the supernatant 

liquid poured into 250 ml. volumetric flasks. The samples were washed 

with distilled v/ater until dispersion occurred, the washings were added 

to the volumetric flasks. Special care was taken to free the superna

tant liquid of clay particles since a colorimetric determination was 

to be made. This was assured by the addition of 10 drops of 6N sodium 

chloride (NaCl) solution to all samples on the final v/ashing. The 

250 ml. volumetric flasks containing the supernatant liquid were brought 

to volume with distilled water and aliquots of the solutions were used 

for alumina and silica determinations. 

The "aluminon" method of McLean was not altered. One ml. aliquot 

of the previously described supernatant solution was used. 

The method of Kilmer for silica determination was slightly altered. 

Instead of using the recommended 10 ml. aliquot, a 2.5 ml. aliquot was 

drawn. The major problem encountered in this analysis was the obtain

ing of a standard curve. The color development of the standard as out

lined by Kilmer was erratic. After several attempts, it was decided 

that a constant amount of reference blank solution should be added to 

each standard solution instead of the recommended amounts. Since 2.5 

ml. aliquots were initially drawn for determination, this volume was 
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selected as the constant amount of reference blank solution. Pre

paration of the standard silicon solution in this manner resulted in 

a straight Ijne curve. 



CHAPTER V 

DISCUSSION OF RESULTS 

Particle Size Distribution 

The results of the particle size distribution analyses for the 

Kokernot and Musquiz soils are given in Table 1. The results are 

averages of duplicates for all horizons. The duplicates closely 

agree except for those of the Musquiz IIC2 horizon. A variation of 

four percent occurred between duplicates of the sample from this hori 

zon and a third analysis did not resolve the difference. Visual 

inspection led to the conclusion that the clay was not completely 

dispersed; consequently the results given for the Musquiz IIC2 hori

zon are questionable. It is realized that close agreement between 

duplicates does not mean that the results are accurate. 

Table 1 also shows the volume percentage of gravel (>2mm.) of 

each soil horizon. These percentages will not be discussed but they 

are included for classification purposes. 

Kokernot Soil 

The clay distribution of this soil shows substantial increases 

with depth in the profile. This indicates that considerable clay trans 

location has occurred. Another possibility is that clay formation is 

occurring more rapidly in the lower horizons. However, the fine clay/ 

coarse clay ratios given in Table 1 verify the former observation, 

assuming that fine clay is preferentially illuviated. 

The silt distribution remains nearly constant throughout the 
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profile. A slight decrease in silt percentage was noted between the 

B21t and R/B22t horizon. 

The sand distribution shows decreased percentages with depth. 

The decreased sand percentages correspond almost exactly with the in

creased clay percentages in the first three horizons. In the R/B22t 

horizon the increased clay percentage is offset by decreases in both 

the silt and sand fractions. 

Musquiz Soil 

The clay percentages and fine clay/coarse clay ratios indicate 

that substantial clay translocation has occurred in the solum. The 

B22t horizon is clearly the zone of maximum illuviation based on both 

percentage of total clay and fine clay/coarse clay ratios. The B23t, 

IlClca, and IIC2 horizon clay percentages are all lower than that of 

the B22t horizon and decrease with depth. This suggests that clay 

formation and translocation has decreased at the lower depths due to 

decreased weathering effects and that illuviation has not occurred be

low the B23t horizon. There is a slight increase in the clay percen

tage of the IllCSca horizon relative to the IIC2 horizon. This in

crease may be more apparent than real because of the problems encoun

tered in dispersing the IIC2 horizon sample. The IIIC4 horizon clay 

percentage was significantly decreased relative to the overlying horizons. 

The clay percentage increases are partially reflected by decreases 

in silt percentages with depth through the first four horizons. This 

coincides with expectations and is not considered significant. Exam

ination of the silt percentages of the C horizons shows a somewhat erratic 
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distribution. It is believed, however, that the silt distribution 

remains about constant in the IlClca, IIC2, and IIIC3ca horizons. The 

higher percentage noted for the H C 2 horizon sample is believed to be 

the result of incomplete dispersion of the clay fraction. It is prob

able that some of the clay that did not disperse would be in aggregates 

of silt size. There is a wery significant silt percentage increase in 

the IIIC4 horizon relative to the overlying horizons. This increase, 

coupled with the clay percentage decrease, may indicate a change in 

parent material or it may be the result of incomplete dispersion of 

the clay. 

Examination of the sand distribution shows decreases in percentages 

with depth through the B22t horizon and an increase in sand content of 

the B23t horizon relative to the B22t horizon. The sand content of 

the first three C horizons remains approximately constant but are higher 

than the overlying horizons. The IIIC4 horizon sand percentage is sig

nificantly lower than the overlying C horizons. 

Size Distribution of the Sand Fractions , 

The sand subfraction percentages based on total sand weight and 

the percentage of gravel (>2 mm.) based on total sample weight for the 

two soils are given in Table 2. The sand fraction percentages of the 

separates for selected horizons were plotted against size and are shov;n 

in Figures 5 and 6. Inspection of Table 2 shows that those horizon 

separates that were not plotted were considered to be transitional hori

zons between plotted horizons. They were omitted for sake of clarity 

of the graph. Selected sand fraction ratios were calculated and are 
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given in Table 3. Reference will be made to these figures and tables 

in the following discussion. 

Kokernot Soil. 
I 

Examination of Table 2 and Figure 5 reveals that the 2.0 to 1.0 

mm., yery coarse sand, (vcs) fraction is dominant and has a somewhat 

erratic distribution in the profile. The high percentage and erratic 

distribution of the vcs fraction is probably the result of differen

tial physical weathering between horizons of the parent rock and is not 

the result of parent material variability. The other sand fraction 

percentages generally show good agreement throughout the profile. In

spection of Table 3 shows that the ratios of the sand fractions remain 

essentially constant with depth. The sand distribution curves and 

tables indicate that the soil has developed from homogeneous parent 

material. 

Musquiz Soil 

The sand fraction percentages of this soil by horizon shown in 

Table 2 and Figure 6 reveal that the 2.0 to 1.0 mm. (vcs) and the 0.1 

to 0.05 mm., very fine sand, (vfs) fraction percentages have a wide 

variation with depth whereas percentages of all other fractions are 

essentially constant. It is probable that differences in the vcs 

fraction percentages are due to rock fragments and are not particularly 

significant. However, the difference in percentage vfs, especially 

between the B22t and IlClca horizons, is striking. The sand fraction 

ratios given in Table 3 show an abrupt decrease in the IlClca horizon 

and a significant increase in the IIIC3ca horizon relative to the 



43 

o 

CM 

UJ 
_J 
CQ 
< 
h-

UJ 
CD 
< 
h-
•z. UJ 
o 
cc 
UJ 
D_ 

Q 
Z. 
<: 

Q 
Z. 
< 
t/0 

_I 
< 
H-
O 
J-
U_ 
o 
"^^^ 
o 
t—1 

1-
CJ 
< 
cc: 
u. 
n: 
c_> 
< 
UJ 

u_ 
o 
UJ 
CD 
< 
K 
Z. 
UJ 
<-> 
cc 

h-

CD 
» — < 
LU 
3: 
UJ 
_ j 
Q-
^ 

00 

_J 

<c 1— o 
h-

u_ 
o 
t/0 
LLJ 
_J 
C_) 
1—< 

1-
Di < 
D-

• 

IE: 
CM 

A 
u_ 
o 

LO 
O 

o 
I 

o 
i 

LO 
CM 

CU 
N 
•r— 
CO 

LO 
CM 

o 
I 

LO 

LO 

o 
I o 

I 

o 
CM 

CM 

A 

o 
N 

• I — 

S-o 

o 
CO 

CD 
CM 

CO 

00 

CD 

CO 

O 
c 
s-
cu 
o 

00 

^^ 

00 

CM 

vo 
CM 

00 CM 

CO LO cr> 
CM I— r— 

CJ 
• 

cri 
CM 

CO 
• 

CM 
CO 

00 
CM 

CM 

r̂  
o 
CM 

cr> 
vo 

r̂  

1
6

. r̂  

2
9

. 

LO 

cr> 
h>. r— 

cr» CM 

LO 

CO 
CM 

CT) 

O 
CM 

CM 

CO 

CD r— 

00 O^ 

CO 00 CO 

CO 

LO 

CO o 
en 00 

CO 

CM 

LO 

00 CM 

LO 

CO 

CM CO 

CM CO 
r— CM 

CO 
CO 

CM 

CO 
CM 

CO 

CM 
CM 

CQ 

N 

:3 
cr 
to 

LO 

LO 

C3̂  

CM 
CM 

LO 

^ 

CM 

«— 

CM 
CM 

CO 

cr> 
LO 

CD 
CM 

CO 

o 
CM 

CO 

CO 

<— 

h>. 

CO 

CM 

«vl-

cr> 
CM 

r̂  
VD 
CM 

LO 

CM 
CM 

r̂  
VO 

O r-

<;f e n 
CO I— 

VO 

CO 

vo 
00 
CO 

•— 

VD 
LO 

00 

LO 

en 
vo 

CD 

VD 

^ 

CO 
CM 

o 
o 
CO 

"— 

o 
LO 

CO 

00 

LO 
CM 

CM 

o 

4-> 

CM 
CQ 

•»-> 

CM 
CM 
CQ 
-v^^ 

cc 

CM 
1 — 

< 

+-> 
1 — 

CM 
CQ 

+J 
CM 
CM 
CQ 

+-> 
CO 
CM 
CQ 

fO 
O 

I — 

o 
1—1 

K-1 

CM 
O 
»—1 

(—1 

«o 
o 
CO 
o 
»—1 

•—1 

1—t 

^ 
<_) 
1—1 

t—1 

•—t 



44 

LO 
CD 
• 

O 
I 

CD 

o 
r— 

. o 
. 1 

LO 
CM 

O 

LO 
CM 

• 
o 

1 
LO 

• 
o 

LO 

• 
o 

1 

o 
• 

o 
• 

CO 
ex: 
LJU 

h-
U J 

^ 
1—1 

_ l 
_ J 
1—1 

s 
z: 
>—i 

U J 
M 
• — 1 

oo 
z. 
o 
• — 1 

1— 
C_) 

<c cc 
U -

o 
to 

+-> 
o 
c: 
S-
<u 
o 

i ^ 

E 
• r— 

c 
o 
N 

• 1 — 

S-

o 
x: 
>> 

JQ 

E 
O 

• 1 — 

+-> 
rs 

J D 

S-
+-> 
to 

•r— 

• o 

(U 
N 

•r— 
l/l 

<u 
r— 

ur
e 

5
. 

P
a

rt
ic

 

en 

SNOIlOVyj JO 30VlN33y3d 



45 

LO 
CD 

,o 
I 

o 
o 

o 
( — 

. o 
• 1 

LO 
CM 

o 

. 
LO 
CM 

• 
o 

1 
LO 

• 
CD 

LO 
• 

o 
1 

o 
• 

• 

CO 
cc 
UJ 
1— 
UJ 
21 
t—1 

_ I 
_ J 
1—1 

s: 
•z. 
1—1 

LU 
M 
1—1 

CO 

2 : 
o 
1—t 

^-
CJ 
< 
CXL 
U_ 

O 
to 

N 
•r— 
:3 
cr 
to 
3 

s: 
E 

• 1 — 

E 
O 
N 

• 1 — 

i -
O 

sz 
>> 

JD 

E 
O 

• 1 — 

+-> 
:3 

•r— 

s-
+-> 
t o 

• 1 — 

"O 

<u 
N 

• 1 — 

to 

<U 
r— 

ur
e 

6.
 

P
ar

ti
c 

en 

o 
LO 

o o 
CO 

o 
CM 

• - I 

CM 

SNOUDvyj JO joviNJoyjd 



46 

TABLE 3 

SELECTED SAND FRACTION RATIOS 

Soil Horizon 

Kokernot 

Musquiz 

Al 

Bl 

B21t 

R/B22t 

A12 

B21t 

B22t 

B23t 

IlClca 

IIC2 

Fine Sand 
Medium Sand 

1.40 

1.36 

1.30 

1.24 

1.81 

1.74 

1.95 

1.37 

1.11 

1.25 

IllCSca 1.34 

IIIC4 1.98 

\lery Fine Sand 
Medium Sand 

2.08 

2.02 

2.17 

2.46 

2.18 

2.39 

2.62 

1.45 

0.71 

1.11 

1.45 

2.57 

\ery Fine Sand 
Fine Sand 

1.49 

1.48 

1.66 

1.98 

1.20 

1.37 

1.35 

1.06 

0.65 

0.89 

1.08 

1.30 

file:///lery
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overlying horizon. It is believed that the sand fraction percentages and 

ratios show a lithologic discontinuity between the B22t and IlClca hori

zons and possibly indicate another between the IlClca and IIIC3ca horizons 

Calcium Carbonate Equivalent 

Kokernot Soil 

There was no indication of CaCO^ in this soil. 

Musquiz Soil 

The CaCO^ equivalent for each horizon is shown in Table 4. The up

per 20 inches of the profile was free of CaCO^. There was a slight 

amount of CaCO^ in the B23t horizon with the IlClca horizon being the 

zone of maximum accumulation. The IIC2 shows a decrease in CaCO^ rela

tive to the IlClca horizon. The percentage CaC03 of the IIIC3ca hori

zon is approximately equal to that noted for the IlClca horizon whereas 

the IIIC4 horizon was relatively free of CaCOo-

The percentages CaCOo noted in the first six horizons were as ex

pected. It is not uncommon for soils to be relatively free of carbon

ates in the upper horizons, have a zone of maximum accumulation, and 

then show decreasing percentages in the underlying horizons. The high 

CaCOo percentage of the IllCSca horizon is somewhat unusual. It is 

possible that the CaCO^ in the IlClca and IllCSca horizons was deposi

ted under different climatic conditions. The lower accumulation in 

the IIIC3ca may have been deposited under somewhat more humid condi

tions than that of the IlClca horizon. A second, and perhaps more 

feasible explanation, would be that the IIIC3ca horizon developed from 

material which was higher in Ca bearing minerals than that material 

from which the overlying horizons developed. There also may have been 



48 

differential accumulation in the two horizons because of textural dif

ferences. 

Organic Carbon Content 

Kokernot Soil 

Table 4 shows two sets of organic carbon percentages for each 

horizon of the soil profile. The first set of percentages, designated 

I, are based on the whole soil (<2 mm.) fraction; whereas, the second 

set of figures, designated II, are based on the whole soil plus gravel. 

General inspection of the percentages shown in column I reveals 

an increase in organic carbon with depth through the B21t horizon and 

a decrease for the R/B22t horizon. The increase with depth noted in 

the upper horizons is believed to be more apparent than real. The 

percentage gravel of the Kokernot soil substantially increases with 

depth. This increase in gravel percentage would necessarily decrease 

the volume of the <2 mm. fraction and concentrate the organic carbon. 

Conversion of percentage organic carbon of the whole soil (<2 mm.) 

to percentage organic carbon of the whole soil plus.gravel shows that 

the percentage increases slightly in the Bl relative to the Al horizon 

but decreases with depth in the underlying horizons. The decrease in 

organic carbon coincides more closely with expectations. 

Musquiz Soil 

The percentage organic carbon based on the whole soil given in 

column I shows decreased amounts with depth in the profile. Conver

sion of the percentages organic carbon of the whole soil to percentage 
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organic carbon of the whole soil plus gravel simply enhanced the de

crease. 

Free Iron Oxide Content 

Table 4 gives the free iron oxide (Fe^O^) content for each hori

zon of the Kokernot and Musquiz soils. The values are averages of dup

licates for all samples. 

Kokernot Soil 

The FOpOo content of all horizon samples remains approximately 

constant throughout the profile. This suggests formation in situ from 

the weathering of minerals contained in the parent material. Micro

scopic studies, to be discussed later, indicated that iron oxides were 

being formed during the alteration of unidentified dark minerals. The 

slightly higher value noted for the Bl horizon may be the result of 

movement of iron from the Al horizon. 

Musquiz Soil 

The values in Table 4 show a gradual increase in Fe^O^ content 

through the B22t horizon and then a gradual decrease through the IlClca 

horizon. The quantity in the lower C horizons is somewhat erratic. 

The percentage Fe^O^ in the upper five horizons appears to coincide 

very closely with the clay content in those horizons. This suggests 

that the Fep03 has moved in association with the translocated clay. 

However, other work at Texas Technological College (B. L. Harris, De

termination of iron in the clay fraction of four selected soils, Un

published data) has shown that the B22t horizon fine clay has 2.35% 
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Fe202. Complete data on the Fe203 distribution by size fractions was 

not obtained. 

Cation Exchange Capacity of the Whole Soil 

Cation exchange capacity (CEC) results for the Musquiz and Kokernot 

soils are given in Table 4. The results given are the averages of dup

licates for all horizons. Since X-ray diffraction analysis, to be 

discussed later, indicated the presence of a swelling component, illite, 

and kaolinite in all clay fractions, the CEC of these clay minerals 

will be given. Grim (18) states that the CEC ranges in milliequiva

lents per 100 grams (meq./100 gm.) of montmorillonite, illite, and 

kaolinite are 80 to 150, 10 to 40, and 3 to 15 meq./lOO gm., respectively 

Kokernot Soil 

The CEC of each horizon is closely correlated with its clay content. 

Both the clay content and CEC of the horizons increase with depth. Con

version of the clay percentages to a 100 gm. clay basis shows that the 

CEC decreases from a high of 73 meq./100 gm. in the Al horizon to a 

low of 66 meq./lOO gm. in the R/B22t horizon. This indicates that the 

clay fraction must contain a considerable amount of a swelling type 

clay, or amorphous material, or both. Assuming that the swelling com

ponent has a CEC of 100 meq./lOO gm., it would have to be present in 

the clay fraction in amounts >50%. If the swelling component composed 

only 50% of the total clay fraction then the illite/kaolinite ratio 

would be large. Increased amounts of the sv/elling component would lower 

the illite/kaolinite ratio. 

The silt and organic matter fractions, no doubt, contribute to 
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the CEC of each horizon and would tend to slightly lower the clay CEC 

value estimates. 

Musquiz Soil 

The CEC of all horizons except the IIC2 and IIIC4 horizons cor

respond wery closely to their respective clay percentages. When the 

clay percentages are converted to a 100 gm. clay basis the CEC ranges 

from 51 meq./100 gm. in the B21t horizon to 64 meq./100 gm. in the 

IIIC3ca horizon. This indicates that a swelling type clay must be 

present in quantities of not less than 30% of the total clay fraction. 

When the clay percentages of the IIC2 and IIIC4 horizons cve converted 

to a 100 gm. clay basis, the CEC's are 92 and 169 meq./lOO gm., re

spectively. These values are abnormally high and are, no doubt, the 

result of incomplete dispersion of the samples, causing low clay per-

percentages, during particle size analysis. The CEC of the whole soil 

fraction of the IIC2 and IIIC4 horizon samples are also higher than 

the overlying and underlying horizons. This also indicates that the 

clay content of these horizons is higher than was shown by particle 

size analysis. The reason for poor dispersion of the samples from 

these horizons is not apparent. It is possible that the higher CEC's 

are caused by the presence of amorphous material which, in turn, acts 

as a binding agent to form clay aggregates and prevents dispersion. 

Soil pH 

The pH of each horizon of the Kokernot and Musquiz soils was de

termined in duplicate and averages of the results are given in Table 4 
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The values for both soils are lower than would be expected for soils 

developed under an average annual rainfall of less than 20 inches. 

This is especially true for the Musquiz soil since the lower horizons 

are known to contain free CaCO^. The reason for the low pH values is 

not apparent. The values may reflect to some extent the mineralogy of 

the clay fractions. Clay minerals with 2:1 lattices would tend to 

hold divalent cations more tightly than monovalent hydrogen ions. The 

disassociated hydrogen ions might account for the lower pH values. 

Data on percentage base saturation v;ould perhaps shed light on the 

situation. 

Bulk Density 

The bulk densities of natural peds taken from selected horizons 

was determined and are given in Table 5. The values are an average 

of duplicates or, in some cases, triplicates. The values for both 

soils are not considered to be unusual except for the Kokernot Al 

horizon. The bulk density of this horizon is considerably higher than 

was expected. The presence of appreciable quantities of gravel (s.g. 

of about 2.5) in both soils no doubt affects the bulk density measure

ments and care should be exercised in drawing conclusions based on the 

values. 

Microscopic Studies 

Kokernot Soil 

Thin sections of peds from the Bl, B21t, and R/B22t horizons and 

of rock taken from the R/B22t and R horizons were studied. The Bl and 
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BULK DENSITY (gm./cm."^) 

54 

Soil 

Kokernot 

Musquiz 

Horizon 

Al 

B21t 

R/B22t 

A12 

B22t 

IlClca 

IllCSca 

Bulk Density 

1.81 

1.43 

1.49 

1.56 

1.64 

1.41 

1.38 



55 

B21t horizon thin sections were horizontally cut; all other were ran

domly cut. Descriptions of the physical and mineralogical properties 

are given below. The average diameters of the components are also given 

but because of extreme particle size variability, they are, at best, 

estimates. 

The term "groundmass" is employed in describing the mineralogy 

of both the ped and rock thin sections and its use is defined in the 

description of the R horizon thin section. The groundmass was composed 

mostly of microperthite. 

Bl Horizon (Ped) 

Mineralogy. 

Components 

Groundmass Fragments 
Feldspar (Sanidine) 
Quartz 
Iron Oxide Segregations and 

Unidentified Dark Minerals 
Matrix 

Color. The color descri pf ion of the 

Percen 

29 
10 
3 

2 
39 

tage 

components 

Average 
Diameter (mm.) 

3.00 
0.21 
0.11 

0.12 

under plane 

polarized light follows. The quartz was colorless. The feldspar 

was colorless to dark gray. The groundmass fragments were splotchy 

gray to light brown in color. The brown color of the groundmass v/as 

often enhanced by iron oxide stains. The altered unidentified mafic 

minerals were dark brown to black. The iron oxide segregations ap

peared metallic gray to submetallic orange under reflected light. 

Voids. The voids were dominantly irregular, prolate, simple 
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packing types having a 0.25 mm. average diameter. They occupied ap

proximately 15% of the slide area and were occasionally partially filled 

with plant root remains. 

Cutans. 

a. Color. Light brown. 

b. Surfaces Affected. Embedded grains. 

c. Mineralogical Nature. Classified as ferri-argillans; a mix

ture of silicate clays and iron oxides. 

d. Fabric. Diffusion cutans. Boundaries were rather diffuse 

with weak orientation. 

e. Size. Average of 8 microns. Composed 1% of the thin section. 

General Features. The matrix material,defined as the fine grain 

material, was composed of silicate clays, minute iron oxide particles, 

and unidentified silt size mineral grains; it exhibited no noticeable 

orientation of the silicate clays. The angular quartz particles did 

not exhibit evidence of weathering. The feldspar, predominantly sani

dine, was slightly weathered around the edges and along cleavage planes. 

A single plagioclase particle was identified. Occasional small zircon 

particles were identified but did not fall along the counting traverse. 

B21t Horizon (Ped) 

Mineralogy. 
Average 

Components Percentage Diameter (mm.) 

Groundmass Fragments 25 No estimate 
Feldspar (Sanidine) 12 0.28 
Quartz 2 0.10' 
Iron Oxide Segregations and 

Unidentified Dark Minerals 3 0.13 
Matrix 35 
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ColoL- Under plane light, the matrix material was light brown 

to yellowish brown. The colors of the other constituents were the 

same as those described for the Bl horizon. Characteristic colors 

of the different constituents under plane light are shown in Figure 7. 

yoids_. Voids composed 21% of the thin section area and were of 

the same type as described for the Bl horizon. 

Cutans. 

a. Color. Yellowish brown to reddish brown. 

b. Surfaces Affected. Dominantly embedded grain cutans. 

A few free grain cutans. 

c. Mineralogical Nature. The same as that described for the 

Bl horizon. 

d. Fabric. Dominantly diffusion cutans. Occasional discontin

uous, illuviation cutans. Rather diffuse boundaries and moderate 

orientation. 

e. Size. Average 16 microns. Upper range of 0.06 mm. thick

ness. Composed 2% of the section area. 

General Features. The matrix material was composed of the same 

constituents as described for the Bl horizon. The matrix appeared 

to have wery slight orientation of the silicate clays. Angular quartz 

particles exhibited no noticeable weathering effects. Feldspars, in 

general, were moderately weathered around edges and along cleavage 

planes but a few appeared to be extensively v/eathered, especially along 

the outer edges of the ped. These features, as v/ell as the general 

nature of the groundmass fragments and cutans, are shown in Figures 8 and 9 
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Figure 7.--Color and general fabric of a ped from the B21t 
horizon. Plane polarized light and 24X magnification. 

Figure 8.--General features of a B21t horizon ped. Moving 
from center to lower right, a void with root remains, a ground-
mass fragment, and a feldspar particle are evident. Crossed 
polarizers and 24X magnification. 
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Occasional glass fragments and highly birefringent zircon particles 

were noted. Normal void cutans were notably lacking in the section. 

R/B22t Horizon (Ped) 

Mineralogy. 

Components 

Groundmass Fragments 
Feldspar (Sanidine) 
Quartz 
Iron Oxide Segregations 
and Unidentified Dark 
Minerals 

Matrix 

Color. Mineral colors were 

Percentage 

48 
5 

<1 

2 
21 

generally unc ha 

Average 
Diameter (mm.) 

No estimate 
0.26 
0,09 

0.15 

nged from those 

described for the B21t horizon. 

Voids. Voids, composing 14% of the area, were principally con

tinuous irregular, branching channels which had an average width of 

0.22 mm. Infrequent normal packing voids were noted. 

Cutans. 

a. Color. \^Ty dark brown to yellowish brown. 

b. Surfaces Affected. Dominantly free grain and channel void 

cutans. Few embedded grain cutans. 

c. Mineralogical Nature. Classified as ferri-argillans; a 

mixture of silicate clays and iron oxides. 

d. Fabric. Almost entirely illuviation cutans. Some embedded 

grain diffusion cutans. Rather sharp boundaries and strong continuous 

orientation. 
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e. Size. Range of 8 microns to 0.48 mm. Composed 10% of the 

slide area. 

General Features. The matrix was composed of silicate clay, 

minute iron oxide particles, and unidentified mineral grains, mostly 

of silt size. It appeared that the silt size mineral grains were 

often concentrated in some areas of the matrix but other areas con

tained only a limited number of grains. No patterns of concentration 

were discernible. The silicate clay of the matrix was moderately 

oriented. Angular quartz grains exhibited no apparent weathering. 

Chemical weathering of the sanidine feldspar v;as confined to cleavage 

planes and particle edges. A single zircon particle v;as observed but 

did not fall along the counting traverse. The cutan thickness was so 

variable that an accurate average thickness estimate was virtually im

possible to make. The cutans appeared to contain increased quantities 

of iron oxides relative to the cutans in the previously described thin 

sections. A photomicrograph characteristic of the thin section is 

shown in Figure 10. 

R/B22t Horizon (Rock) 

The thin section was classified as a trachyte porphyry. Ground-

mass accounted for 56% of the slide area. Large euhedral sanidine 

phenocrysts were identified on the basis of small 2V (<34°) angles 

The phenocrysts composed 35% of the mineral fraction and had an 

average diameter somevNfhat greater than 1.0 mm. Mafic mineral pheno

crysts were so thoroughly altered that the original minerals could not 
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Figure 9.--General features of a ped from the B21t horizon 
under crossed polarizers and BOX magnification. 

Figure 10.--General features of a ped from the R/B22t horizon. 
Groundmass fragment, cutan development, and feldspar particle (left 
to right) are shown. Crossed polarizers and 24X magnification. 
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be identified. The only identifiable alteration products of the mafic 

minerals were iron oxides. The remaining area was composed of illuvia

ted clay, voids, quartz, and altered unidentifiable dark minerals. The 

percentages of these constituents was 6%, 2%, 1%, and <1%, respectively 

The groundmass and phenocrysts were not extensively weathered 

but exhibited numerous fracture channels. Evidence of weathering, when 

present, was mostly confined to exposed edges of the constituents. The 

fracture channels were almost entirely filled with illuviated clay. 

R Horizon (Rock) 

The rock of this thin section was classified as a trachyte por

phyry. The groundmass was aphanitic and v/as composed mostly of ma

terial tentatively identified as "microperthite". No plagioclase was 

identified in the microperthite but it v/as believed to be such be

cause of the structure and texture of the material. Also, plagioclase 

was identified in the silts by X-ray analysis to be discussed later. 

The microperthite is probably composed mostly of sanidine, but because 

of the small size of the particles, optical properties could not be 

obtained. Sections of the groundmass were optically continuous but 

had irregular outlines. The feldspathic portion of the groundmass ex

hibited considerable alteration and the scattered mafic minerals of 

the groundmass were unidentifiable due to alteration. Groundmass domi

nated the section and accounted for 66% of the area. Phenocrysts of 

euhedral sanidine with a 1.0 mm. average diameter composed 25% of the 

total mineral fraction. Mafic mineral phenocrysts were the same as 

those described in the R/B22t rock thin section. Voids and illuviated 
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clay composed 3% and 4%, respectively, of the thin section. The re

maining 2.0% of the mineral fraction consisted of weathered unidenti

fied dark minerals. 

The groundmass and phenocrysts were relatively unweathered but 

were frequently fractured. The fracture channels were partially filled 

with illuviated clay. Aggregates and specks of iron oxides were dis

seminated throughout the section. Occasional zircon particles were 

noted but did not fall along the counting traverse. 

General Discussion of the Kokernot Thin Sections 

The thin sections from this soil gave no evidence of parent material 

variability. The soil apparently developed from a trachyte porphyry 

having a groundmass of microperthite texture. The sanidine, quartz, 

dark minerals, and iron oxides which were noted in all horizons were 

either released by physical weathering or were alteration products of 

the bedrock. This observation was based on the fact that an inverse 

relationship existed between the percentage groundmass fragments and 

the percentages of other minerals. The increase in feldspar/quartz 

ratios with depth pointed out the greater susceptibility to weathering 

of feldspar. 

The cutans, classified as ferri-argillans, were dominantly dif

fusion cutans in the upper horizons and were dominantly illuviation 

cutans in the lower horizons. Their percentage increased with depth 

to the R horizon which indicates that considerable water has moved 

throughout the profile. 
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Musquiz Soil 

Thin section studies were made on peds and pebbles taken from 

selected horizons of the Musquiz soil. One ped from each of the B 

horizons was horizontally cut and another ped from the B22t horizon 

was vertically cut. A IlClca horizon ped was randomly cut. Four 

thin sections, randomly cut, were made of pebbles taken from the B21t 

and IIIC3ca horizons. Descriptions of the physical and mineralogical 

properties and average diameter estimates are given below. 

In the discussion that follows, the terms "Groundmass fragment, 

type 1" (GM-1) and "Groundmass fragment, type 2" (GM-2) will be used 

in describing the ped thin sections. The type 1 fragments had mostly 

a microperthite texture and v/ere probably derived from trachytic type 

rocks. The type 2 fragments had microgranular, granophyric, and felted 

textures. These fragments were derived from rhyolitic and perhaps 

other trachytic rocks. Type 1 fragments were predominantly composed of 

feldspar. Altered mafic minerals were sometimes present. Type 2 frag

ments contained appreciably more quartz than type 1 fragments. 

B21t Horizon (Ped) 

Mineralogy. 

Component Percer 

Groundmass Fragments (type 
Groundmass Fragments (type 
Feldspar (Sanidine) 
Quartz 
Iron Oxide Segregations 
and Unidentified Dark 
Minerals 

Matrix 

1) 
2) 

itage 

12 
<1 
9 
4 

2 
54 

Average 
••• Diameter (mm.) 

No estimate 
No estimate 

0.20 
0.08 

0.08 
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Colqj:. Colors of the minerals under plane polarized light may 

be described as follov/s. Quartz v/as colorless and feldspar was color

less to gray, depending on the degree of weathering. Both types of 

groundmass fragments gave a splotchy gray color and the matrix was 

reddish brown. Iron oxide segregations and unidentified dark minerals 

were brown to black. Under reflected light they appeared metallic 

gray to submetallic orange. 

Voids. The voids were irregular, prolate, simple packing types 

that accounted for 17% of the slide area. Average diameter of the 

voids was 0.26 mm. 

Cutans. 
- • * • - — -

a. Color. Varied from light to dark reddish brown. 

b. Surfaces Affected. Dominantly embedded grain cutans but 

some free grain and normal void cutans. 

c. Mineralogical Nature. A mixture of silicate clay and iron 

oxides. Classified as ferri-argillans. 

d. Fabric. Principally diffusion cutans. Boundaries rather 

diffuse with moderate orientation. A few scattered illuviation cutans 

noted. 

e. Size. Average of 12 microns. Composed 2.0% of the slide area. 

General Features. The matrix was composed of silicate clays, 

minute iron oxide particles, and unidentifiable mineral grains mostly 

of silt size. There appeared to be a slight degree of orientation in 

some small areas of the matrix. The oriented areas seemed to be surrounding 
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silt particles. In general, the quartz grains showed little effect of 

weathering. Feldspars exhibited various weathering stages, ranging from 

slight to extensive. Occasional plagioclase feldspar particles were 

noted but did not fall along the counting traverse. The size range 

of the GM-1 and GM-2 fragments was extremely variable so an average 

diameter was not determined. 

B22t Horizon (Ped - Horizontal Cut) 

Mineralogy. 

Average 
Component Percentage Diameter (mmj 

Groundmass Fragments (type 1)8 No estimate 
Groundmass Fragments (type 2) 3 No estimate 
Feldspar (Sanidine) 4 0.20 
Quartz 3 0.09 
Iron Oxide Segregations 
and Unidentified Dark 
Minerals 1 0.10 

Matrix 56 0.08 
Zircon <1 

Color. The colors of the constituents v/ere the same as noted 

for the B21t horizon. Figure 11 shows the color of the matrix and 

iron oxide segregations under reflected light. 

Voids. Voids accounted for 11% of the section and were the same 

type as described for the B21t horizon. Average diameter v/as 0.25 mm. 

Cutans. 

a. Color. Yellowish brown to reddish brown. 

b. Surfaces Affected. Dominantly embedded grain and normal void 

cutans. Few free grain cutans. 
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c. Mineralogical Nature. Similar to that described for the B21t 

horizon. 

d. Fabric. Rather sharp boundaries with moderate orientation. 

Embedded grain cutans were principally diffusion cutans; whereas, nor

mal voids had principally illuviation cutans. 

e. Size. Average of 20 microns. Range of 8 microns to 0.08 mm. 

thick. Accounted for 14% of the section. 

General Features. The matrix was of the same nature as that 

described for the B21t horizon. The matrix exhibited moderate orien

tation. The general fabric of the thin section is shown in Figure 12. 

Most of the quartz particles were angular in shape and showed 

little weathering effect. Feldspars exhibited all stages of weather

ing and most were weathered around the edges and along cleavage planes. 

Several feldspar particles of 0.8 mm. size were noted but their oc

currence did not alter the average diameter estimate to a great extent. 

B22t Horizon (Ped - Vertical Cut) 

Mineralogy. 
Average 

Component Percentage Diameter (mm.) 

Groundmass Fragments (type 1 ) 9 No estimate 
Groundmass Fragments (type 2) 2 No estimate 
Feldspar (Sanidine) 4 0.22 
Quartz 3 0.10 
Iron Oxide Segregations 
and Unidentified Dark 
Minerals 1 0.11 

Matrix 65 

Color. The colors of all minerals were unchanged from those noted 
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in the description of the horizontally cut ped. 

yoKls_. Voids were the same type as those described for the 

horizontally cut ped and accounted for 8% of the thin section. 

Average diameter of the voids was 0.18 mm. 

Cutans. 

a. Color. Yellowish brown to reddish brown. 

b. Surfaces Affected. Dominantly embedded grain and normal 

void cutans. Occasional free grain cutans. 

c. Mineralogical Nature. Similar to that described for the 

horizontally cut ped. 

d. Fabric. Rather diffuse boundaries with moderate orienta

tion. Diffusion and illuviation cutans present. 

e. Size. Average of 25 microns. Range of 8 microns to 0.10 mm. 

Cutans composed 8% of the slide area. 

General Features. In general, the features of this thin section 

were identical to those of the horizontally cut ped. However, the ma

trix material exhibited stronger orientation and the cutan percentage 

was significantly lower (See Figure 13). Figures 12 and 13 show the 

contrast in orientation of cutans between the horizontally and vertically 

cut peds. 
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Figure 11.--Color and general appearance of matrix and iron 
oxide segregations of a ped from the B22t horizon. Reflected light 
and 24X magnification. 

Figure 12.--General fabric of a horizonatlly cut ped from the 
B22t horizon. Crossed polarizers and SOX magnification. 
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D99.- V^^-"^^ 13.--General fabric of a vertically cut ped from the 
B^^t horizon. Crossed polarizers and 80X magnification. 

Figure 14.--General fabric of a ped from the IlClca horizon. 
The boundary between the part strongly impregnated with CaCOo (lower 
one-third) and the weakly impregnated part (upper tv/o-thirdr.; is 
apparent. Crossed polarizers and 24X magnification. 
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Mineralogy. 

Component Perci 

Groundmass Fragments (type 1) 
Groundmass Fragments (type 2) 
Feldspar (Sanidine) 
Quartz 
Iron Oxide Segregations 

and Unidentified Dark 
Minerals 

Matrix 

entaqe 

30 
7 
8 
4 

3 
28 

Average 
Diameter (mm.) 

No estimate 
No estimate 

0.24 
0.11 

0.11 

Color. The matrix material was reddish brown in color. The 

GM-1 and GM-2 colors appeared very light brown instead of cloudy gray 

as previously noted. All other constituents had colors similar to 

those described for the B21t horizon peds. 

Voids. The voids were classified as irregular, prolate, simple 

packing types with an average diameter of 0.24 mm. These voids com

posed 9% of the thin section. 

Cutans. 

a. Color. Yellowish brown to reddish brown. 

b. Surfaces Affected. Approximately equal proportions of free 

grain, embedded grain, and normal void cutans. 

c. Mineralogical Nature. Similar to that described for the 

B21t horizon. 

d. Fabric. Rather diffuse boundaries with moderate orientation, 

Approximately equal amounts of illuviation and diffusion cutans. 

e. Size. Average 16 microns. Composed 11% of the thin section 
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G^n^r^lJ^iture^. Most of the oriented areas in the matrix ap

peared to be surrounding silt size particles. The angular quartz par

ticles appeared unweathered. In general, the feldspars were weathered 

only around the particle edges and along cleavage planes. A few 

large feldspar particles,>1.5 mm. diameter, were observed. A single 

small grain of plagioclase feldspar was identified. The groundmass 

fragments, generally of very large size, did not appear to be signifi

cantly weathered. Occasional highly altered fragments, mostly of 

glass, were noted. These bands of fragments had a light orange color 

under reflected light. Three zircon particles were identified but did 

not fall along the counting traverse. 

IlClca Horizon (Ped) 

This ped was selected for sectioning so that a boundary between 

a part strongly impregnated with CaCO^ and a part containing only dif

fuse patches of CaCO^ was included. The two distinct parts of the 

ped shown in Figure 14, will be described separately. No attempt was 

made to distinguish between the types of groundmass fragments or to 

estimate diameters of the constituents. 

Mineralogy of Weakly Impregnated Part 

Component 

Groundmass Fragments 
Feldspar 
Quartz 
Iron Oxide Segregations 
Altered Dark Minerals 

Matrix 
Calcite 
Cutans 
Voids 

and 

Percentage 

26 
7 
3 

2 
37 
15 
1 
8 
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General Features. Under plane light the matrix material was 

light reddish brown and no evidence of orientation could be detected. 

The feldspar and quartz particles v/ere generally colorless. Weather

ing of feldspars along cleavage planes showed up as dark gray areas. 

The groundmass fragments were splotchy gray to light brown. Calcite 

was light brown to gray. Voids were generally irregular, prolate, 

simple packing types but some channel voids occurred. Cutans were 

yellowish brown in color and had an average thickness of 8 microns. 

The cutans were principally weakly oriented diffusion cutans and had 

rather diffuse boundaries. Some free grain illuviation cutans were 

noted. Occasional plagioclase and zircon particles were identified. 

Mineralogy of Strongly Impregnated Part. 

Component Percentage 

Groundmass Fragments 7 
Feldspar 3 
Quartz 1 
Iron Oxide Segregations and 
Altered Dark Minerals 2 

Calcite 80 
Voids 8-

General Features. The general color of this part of the section 

under plane light was light brown. Quartz, feldspar, and groundmass 

appeared the same as they did in the weakly impregnated part of the 

section. It appeared that voids v/ere often formed by solution of the 

calcite away from embedded grains. Iron oxide segregations and altered 

dark minerals were black under plane light but appeared metallic gray 

to submetallic orange under reflected light. Matrix material v/as so 
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highly impregnated with calcite that differentiation between the two 

was impossible. Cutans apparently did not develop because of the cal

cite. 

Pebble Thin Sections 

Thin sections were made of four representative pebbles selected 

from the Musquiz soil in order to partially characterize the lithology 

of the parent material. Two pebbles were taken from the B2t horizons 

and tv/o from the IIIC3ca horizon. 

All of the pebbles were classed as porphyritic trachytes or por

phyritic rhyolites. The groundmass was holocrystalline and aphanitic 

in each case. The B2t-no.l pebble groundmass had such a fine texture 

that it bordered on being cryptocrystalline. 

The euhedral phenocrysts, when identifiable, v/ere mostly sanidine. 

There were many subhedral phenocrysts of microperthite in the B2t-no.2 

pebble. A great many partially resorbed, anhedral phenocrysts of per-

thite in the IIIC3ca-no.2 pebble were present. 

Banding was evident in the B2t-no.l pebble. There were "stringers" 

of feldspar (species unidentified) and quartz paralleling the bands. 

The grain size in these stringers was several times larger than that 

in the groundmass. 

Mafic minerals, both those forming phenocrysts and those in the 

groundmass, v/ere highly altered. The original minerals could not be 

identified. The only identifiable alteration products were secondary 

iî on oxides. 

In all pebbles, except the IIIC3ca-no.2, the groundmass feldspar 
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was more extensively altered than the phenocrystic feldspar. In the 

IIIC3ca-no.2 pebble the difference in the degree of alteration betv/een 

the groundmass feldspar and that in the phenocrysts was less apparent. 

However, the extent of alteration differences between the feldspar and 

quartz in the same pebble was striking. Staining, due to the dissemina

tion of secondary iron oxides, was extensive in three of the slides. 

Opal filled many of the cavities in the B2t-no.2 section. Some secon

dary silicate clays v/ere present in the IIIC3ca-no.2 section. 

General Discussion of the Musquiz Thin Sections 

The thin section studies gave only slight evidence of parent 

material variability with depth in the profile. The parent material 

was apparently alluvial outwash debris which was composed of rhyolitic 

and trachytic rocks of local origin. The feldspar/quartz ratios of 

the ped thin sections v/ere generally constant, ranging from 1.2 in the 

B22t horizon section to 3.0 in the strongly impregnated portion of the 

IlClca horizon slide. The percentage groundmass fragments remained ap

proximately constant with depth through the B22t horizon, substantially 

increased in the B23t horizon, and then decreased in the IlClca horizon. 

The decrease in percentage groundmass fragments noted in the IlClca 

horizon may or may not be significant. The decreased percentage probably 

reflects the increase in percentage CaCOo but may indicate that the 

IlClca horizon has been more extensively weathered than the overlying 

horizon. If the latter occurred, the material from which the IlClca 

horizon developed would have been deposited, a soil formed, and then 

the solum eroded before the material from which the modern overlying 



76 

horizons developed was deposited. 

The B22t horizon clearly has been the zone of maximum clay il

luviation based on cutan percentages. The higher cutan percentage 

noted in the horizontally cut ped, relative to the vertically cut ped, 

shows that the clay has been moved downward. The cutans were, in 

general, not strongly oriented and were classified as ferri-argillans. 

Heavy Mineral Studies 

In an attempt to determine the relative homogeneity of the parent 

material from which the Kokernot and Musquiz soils developed, a heavy 

mineral study v/as made on the wery fine sand fractions of selected hori

zons. The ratios of light (s.g. <2.95) to heavy (s.g. >2.95) minerals 

were determined and are given in Table 6. Non-magnetic/magnetic mineral 

ratios within the heavy mineral fraction are also given in Table 6 as 

are zircon/sphene ratios. Heavy non-magnetic fractions v/ere embedded 

and ground to a thickness of 30 microns by the National Petrographic 

Service Co., Houston. Microscope counts were made to determine per-

centage composition. The results are shov/n in Table 7. An average of 

600 counts were made on all slides except for that of the Kokernot Al 

horizon. There were only about 300 grains present on this slide and 

the percentages obtained may not be representative. The Musquiz IIIC3ca 

horizon section was ground so thin that mineral identification was im

possible and no percentages were obtained. 

Kokernot Soil 

Examination of Table 6 shows that the ratios of light/heavy and 
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non-magnetic/magnetic minerals increase with depth. 

TABLE 6 

MINERAL RATIOS OF VERY FINE SAND FRACTIONS 

Soil 

Kokernot 

Musquiz 

Horizon 

Al 

B21t 

R/B22t 

A12 

B22t 

IlClca 

IIIC3ca 

Light 

Heavy 

36.9 

48.6 

48.9 

20.5 

20.5 

11.5 

20.8 

Non-Magnetic 

Magnetic 

1.7 

2.7 

3.6 

1.1 

1.7 

1.4 

1.8 

Zircon 

Sphene 

1.5 

3.7 

7.3 

2.7 

3.1 

3.1 

This is attributed to decreased weathering effects at the lower 

depths and not to changes in parent material. The light minerals, 

mostly feldspar, and the non-magnetic minerals, containing signifi

cant amounts of amphibole, would be more susceptible to weathering 

than their heavy and magnetic counterparts thus giving lower ratios in 

the upper horizons. The zircon/sphene ratios are somewhat erratic. 

Since both zircon and sphene are highly resistant to weathering, the 

ratios should remain about constant if the parent material was homo

geneous. It is believed that the variation between ratios of the 

horizons is the result of a low number of counts for the Al horizon 

section, as was previously noted, and by the difficulty in distinguishing 
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some sphene particles from zircon. Also, the percentages of minerals 

which compose the non-magnetic fraction generally show weathering ef

fect differences with depth. An obvious discrepancy is apparent in 

the percentages noted for sphene. Opaque minerals are dominant and 

are inherited from the parent rock. 

In general, the results indicate that the Kokernot soil developed 

from a homogeneous parent material. The soil is only moderately wea

thered as suggested by significant quantities of amphiboles remaining 

in the Al horizon. 

Musquiz Soil 

The light/heavy mineral ratios given in Table 6 show that the A12 

and B22t horizons have developed from the same parent material. The 

significant ratio decrease noted for the IlClca horizon is indicative 

of a lithologic discontinuity. The ratio noted for the IIIC3ca hori

zon is approximately equal to those ratios noted for the A12 and B22t 

horizons and shows that the IllCSca horizon v/as apparently formed from 

a different material than that from which the IlClca horizon formed. 

However, the non-magnetic/magnetic mineral ratio and the zircon/sphene 

give no indication of parent material variability. 

The mineralogical makeup of the heavy non-magnetic fraction shown 

in Table 7 generally suggests that the parent material is homogeneous 

at least through the IlClca horizon. Individual minerals were present 

in approximately equal quantities throughout the profile with the ex

ception of amphibole. The higher percentage of amphibole noted in the 

A12 horizon may indicate surface deposition. Recent surface deposition 

was also noted in field studies. As in the Kokernot soil, opaque 
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m inerals composed the bulk of the heavy mineral fraction. 

In summary, the data indicate that the Kokernot soil has developed 

from homogeneous material. The Musquiz parent material was apparently 

homogeneous, at least to the IlClca horizon. The light/heavy mineral 

ratios of the IlClca and IIIC3ca horizons gave some evidence of a litho

logic change in the parent material of these horizons but this evidence 

was not substantiated by non-magnetic/magnetic ratios, zircon/sphene 

ratios, or the percentage non-magnetic mineral composition. It is be

lieved that some surface additions of minerals, primarily amphibole, 

have been made to the Musquiz soil but that the source of these minerals 

was local. 

X-Ray Diffraction Studies of the Silts and Clays 

The mineralogy of the Kokernot and Musquiz silt, coarse clay, and 

fine clay fractions will be discussed in order. The presentation will 

be made in order of horizon depth in each of the profiles. A detailed 

discussion of all peaks will be presented for the A horizon patterns of 

both soils and all comparisons of other patterns will refer to those of 

the A horizons unless otherwise stated. Figures of the X-ray diffrac

tion patterns are shown with reference peaks labeled. Because of space 

limitations, only one decimal place of the angstrom (A) spacing numerals 

are shown on the patterns. However, in determining the d spacings for 

mineral identification, two decimal places v/ere used. In describing 

the patterns it v/as often necessary to use two decimal places to differ

entiate betv/een peaks. In such instances, an explanation will b̂ ' given. 

A glazed porcelain slide was used to mount the coarse and fine clay 
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samples for X-ray diffraction analysis. Examination of a blank run on 

the glazed porcelain revealed intense peaks at 4.43A and 3.30A. These 

peaks are identified in the discussion of the Kokernot R horizon coarse 

clay patterns since that is the first pattern in the order of horizon 

discussion in which they are obvious. Identification of the porcelain 

plate peaks are thereafter omitted. 

A concerted effort was made to get equal concentrations of the 

clay samples on all slides. This v/as done in an attempt to provide a 

basis for comparing relative intensities of the peaks. The fact that 

the glazed porcelain peaks appear on some patterns, but not on others, 

shows that this effort was not entirely successful. It is believed how

ever, that the consistency with which the 10.OA line increases in in

tensity upon heating indicates that the increase was, at least, par

tially caused by collapse of a swelling component. 

The small numbers, i.e., 10, 20, 30, etc., which lie parallel to 

the reference lines are inherent from the original graph paper and could 

not be removed during reproduction of the X-ray diffractograms. These 

numbers should be disregarded. 

Kokernot Soil 

Al Horizon 

Silt-Figure 15. Examination of this pattern reveals three peaks 

in the immediate vicinity of the 3.2A line. The line labeled 3.2A is 

actually a 3.21A peak and to its right and left are peaks of 3.24 and 

3.19A,respectively. To the right of the lines labeled 3.3 and 2.9A 

are unlabeled peaks of 3.5 and 3.0A, respectively. 
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Moving from right to left, the diffraction pattern shows peaks at 

4.3, 4.0, 3.8, 3.5, 3.3, 3.24, 3.2, 3.19, 3.0, and 2.9A. The most in

tense peaks, located at 4.3 and 3.3A are the (100) and (101) reflections, 

respectively, of quartz. All other peaks are indicative of feldspars. 

Sanidine is identifiable by reflections at 3.8A (130), 3.24A (202,040), 

3.2A (002), 3.0A (131),and 2.9A (222). Plagioclase feldspars are indi

cated by reflections at 4.0A (201), 3.8A (111), 3.5A (112), 3.2A (040), 

and 2.9A (220). Identification of individual plagioclase feldspar spe

cies is extremely difficult especially in a mixed sample. However, the 

diffraction peaks shown correspond very closely to andesine and it is 

believed that this mineral is the dominant plagioclase. 

B21t Horizon 

Silt-Figure 15. The mineralogy of this fraction was essentially 

unchanged from that noted for the Al horizon silt fraction. Almost 

identical peaks were obtained, the only noticeable difference is an 

increase in intensity of the 4.0A reflection. 

Al Horizon 

Coarse Clay-Figure 15. The pattern obtained from the calcium sat

urated, glycerol solvated (Ca-glycerated) sample gives no indication of 

a swelling component in the 17.7A region. A micaceous mineral, identi

fied as illite, is shown by 10.OA (001), 5.0A (002),and 3.3A (003) re

flections. The intensity of the 3.3A peak is increased since it coin

cides with the (101) reflection of quartz. The 7.2A peak is attributed 

to the (001) reflection of kaolinite. The (002) reflection of kaolinite 
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appears at 3.6A. Quartz is identifiable by the presence of peaks at 

4.3A (100) and 3.3A (101). The v/eak peaks at 3.2 and 3.0A indicate 

feldspar. 

Analysis of a K saturated sample which had been heated to 250 C 

(K-250 C) shows a slight increase in the illite (001) and (003) reflec

tions. This is indicative of either one, or both, of two things. Ei

ther the lOA peak v/as increased by collapse of a small quantity of a 

sv/elling component, which was not noted by Ca-glyceration, or the con

centration of clay on the K-250 C slide was greater than that on the 

Ca-glycerated slide. In this case, the increased intensity of the 

illite (001) and (003) reflections is probably due to a combination 

of the two since the intensity of kaolinite, quartz, and feldspar re

flections also is increased. The failure of the illite (002) reflec

tion to increase proportionally to that noted for the (001) reflection 

cannot be adequately explained. 

The pattern obtained by heating the K-250 C sample to 550 C (K-550 C) 

showed a decrease in intensity of all illite reflections. This decrease 

in intensity is characteristic throughout all the samples v/hich were 

analyzed and is believed to be caused by either an alteration in the 

orientation of the clay or by a partial disruption of the illite struc

ture. Kaolinite is destroyed by heating to 550 C and only illite, quartz, 

and feldspar reflections remain. 

B21t Horizon 

Coarse Clay-Figjjr^lS- The mineralogy of this fraction is very simi

lar to that noted in the discussion of the Al horizon pattern. Overall, 
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the peaks are sharper and more intense which indicates either more 

clay on the plate, or a higher degree of crystallinity, or both. The 

pattern given by the Ca-glycerated sample shows peaks at 10.0, 5.0, and 

3.3A which correspond to the (001), (002), and (003) reflections of 

illite. First and second order kaolinite peaks are shown at 7.2 and 

3.6A respectively. Quartz is identifiable by an intense peak at 3.3 

and a moderate peak at 4.3A. Feldspars are indicated by weak peaks 

at 3.2 and 3.0A. There is slight indication of a swelling component 

that can be detected by-examining the pattern in the 17.7A region. No 

discrete peak is present but there is a broad diffraction band in this 

region. 

The pattern obtained from a K-250 C sample also indicates the 

presence of a swelling component. The intensity of the lOA reflection 

is apparently increased by the collapse of the swelling component as 

indicated by the disappearance of the broad band in the 17.7A region. 

All of the previously noted orders of illite, kaolinite, and quartz 

are present in this sample. Feldspars are again indicated by the presence 

of the peaks noted in the previous discussion. The unmarked peak which 

lies to the right of the 3.6A line coincides with the 3.8A reflection 

of feldspar. Heating of the K-250 C sample to 550 C resulted in the 

disappearance of the kaolinite peak and thus verified its identification. 

R Horizon 

Coarse Clay-Figure 15. The indicated mineralogy of th is clay 

f rac t ion is not appreciably d i f fe ren t from that of the overlying horizons. 

There is a de f i n i t e ind icat ion of a swelling component as shown by a 
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diffuse peak in the 17.7A region of the pattern obtained from the Ca-

glycerated sample. Illite, kaolinite, quartz, and feldspar can be iden

tified by the same reflections as were outlined in the discussion of 

the Al horizon coarse clay fraction. 

The pattern obtained from the K-250 C sample shows an increase in 

the intensity of the lOA peak which was apparently caused by collapse 

of the swelling component. Unmarked peaks which lie to the left of the 

4.3 and 3.0A lines are 4.0 and 2.9A reflections, respectively, of feld

spar. The peaks given by the glazed porcelain slide can clearly be 

identified on this pattern. They lie to the immediate right and left, 

respectively, of the lines marked 4.3 and 3.3A. 

Heating the slide to 550 C destroyed the kaolinite as is shown by 

the disappearance of peaks at 7.2 and 3.6A. 

Al Horizon 

Fine Clay-Figure 15. The pattern obtained from the Ca-glycerated 

sample shows a wery diffuse peak in the 17.7A region which indicates the 

presence of a swelling component. Illite is identifiable based on the 

presence of 10.OA (001), 5.0A (002) and 3.3A (003) reflections. Peaks 

at 7.2 and 3.6A are attributed to the (001) and (002) reflections of 

kaolinite. The apparent weak first order illite and kaolinite reflec

tions are attributed to interference by the (002) reflection of the 

swelling component. This interference can also be noted between the 

(002) kaolinite and (003) illite reflections. 

The pattern obtained from the K-250 C sample shows a definite in

crease in the lOA peak. This is attributed to the partial collapse of 



the swelling component. Failure of the sv/elling component to com

pletely collapse can be noted by the diffuse reflections in the 17.7A 

region and by the interference between the first order illite and first 

order kaolinite peak. This apparent lack of collapse may have been 

caused by rehydration after heating. 

Heating the sample to 550 C resulted in the destruction of kaolinite 

and a more complete collapse of the sv/elling component. The swelling 

component is believed to be a randomly interstratified mixture of illite-

montmorillonite. This observation is based on the fact that no discrete 

peak could be obtained by Ca-glyceration but an increased intensity of 

the lOA line was obtained by K saturation and heating. No quartz or 

feldspar was noted in the fine clay fraction. 

B21t Horizon 

Fine Clay-Figure 15. The pattern obtained by Ca-glyceration of 

the clay sample definitely indicates the presence of a swelling com

ponent in the 17.7A region. The most intense diffraction in this re

gion falls exactly along the 17.7A line and is characteristic of mont

morillonite. However, the diffuseness of the peak and the interference 

noted between illite and kaolinite reflections is indicative of a par

tially interstratified clay mineral. Illite can be identified by peaks 

at 10.0, 5.0 and 3.3A. The peaks at 7.2 and 3.6A are characteristic of 

kaolinite. 

The presence of a sv/elling component can be verified by the pattern 

obtained from a K-250 C sample. The intensity of all illite reflections 

were substantially increased by the partial collapse of the sv/elling 
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clay type to lOA. Failure of the swelling component to completely col

lapse can be verified by examination of the area between the first or

der illite and kaolinite reflections. 

The pattern obtained from a K-250C sample shows a continued collapse 

of the swelling component and complete destruction of kaolinite. 

R Horizon 

Fine Clay-Figure 15. The pattern obtained from a Ca-glycerated 

sample from this horizon shows an almost identical mineralogical make

up to that of the overlying B21t horizon. The peaks show a swelling 

component, illite, and kaolinite at the same spacings and similar in

tensities as previously outlined. 

Saturation of a sample with K and heating to 250 C resulted in 

a partial collapse of the swelling component and a subsequent increase 

in the lOA illite peak. Heating of the sample to 550 C destroyed the 

kaolinite. It should be pointed out that a scale factor of 4, instead 

of the customary 2, was used on both K saturated samples of this frac

tion; consequently, the intensity was reduced relative to that which 

would have been obtained by 100%. The change v/as necessary to prevent 

too much of the 10.0 and 3.3A peaks from being off scale. 

General Discussion of Silt and Clays 

Silt. The mineralogy of the silt fraction appears to remain con

stant with depth in the profile. Quartz, sanidine, and a plagioclase 

feldspar, believed to be andesine, were identified. Quartz appeared to 

be the dominant constituent. However, feldspar reflections are also strong 
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Coarse Clay. The coarse clay patterns show that a swelling com

ponent, illite, kaolinite, quartz, and feldspars are present. The 

interstratified component is a minor constituent and is believed to be 

randomly interstratified montmorillonite-illite in which illite pre

dominates. The component appears to increase with depth in the profile. 

This conclusion is based on the diffuse peak obtained in the 17.7A 

region of the Ca-glycerated, R horizon sample. However, this peak may 

be the result of preferential concentration of the swelling component 

since the clay obtained from the R horizon v/as almost entirely illuvia

ted. Amounts of illite and kaolinite do not appear to change appreciably 

with depth in the profile. This indicates a relatively immature soil 

in which pedcgenic processes have not greatly differentiated horizons. 

If considerable clay translocation had occurred, illite would have in

creased with depth more than kaolinite because individual particles of 

it are usually smaller. The amount of quartz seems to remain about 

constant with depth whereas feldspar appears to increase slightly. The 

quartz, being more resistant to weathering, would not be greatly affec

ted whereas the feldspars would tend to decompose more readily under 

intense weathering in the upper horizons. Precise identification of 

the feldspars was not possible since many of the peaks were obscure or 

missing. However, since sanidine and "andesine" were identified in the 

silt fraction, it is probably that these are the feldspar species that 

are also present in the coarse clay fraction. 

Fine Clay. The mineralogy of this fraction consists of a swelling 

component, illite, and kaolinite. Inspection of the patterns indicates 
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that the swelling component, believed to be a randomly interstratified 

montmorillonite-illite mixture, gives more obvious reflections at about 

17.7A with depth in the profile. This could be the result of increased 

amounts of interstratified clay in the lower horizons caused by prefer

ential movement; by increases in the montmorillonite/illite ratio in 

the interstratified component; or by a tendency of the interstratified 

type to alter to discrete montmorillonite; or any combination of the 

three. The amount of illite and kaolinite are relatively constant 

throughout the profile. Quartz and feldspars were not identified in 

the fine clay fraction. 

Musquiz Soil 

A12 Horizon 

Si It-Figure 16. A general examination of the silt patterns obtained 

from this soil shows that three peaks occur in the vicinity of the line 

labeled 3.2A, that actually represents a 3.21A d spacing; whereas the 

peaks to its immediate right and left are 3.23 and 3.19A peaks, respec

tively. Other peaks that are unmarked but v/hich will be referred to in 

the discussion of the silts are: the 3.5A peak that lies to the right 

of the 3.3A line; the peak, 2.9A, which lies to the left of the 3.0A line; 

and the ^ery weak peak, 3.9A, to the left of the marked 4.0A line. 

The pattern of the A12 horizon silt fraction exhibits peaks from 

right to left of 4.3, 4.0, 3.9, 3.8, 3.5, 3.6, 3.3, 3.23, 3.2, 3.19, 3.0, 

and 2.9A. The most intense peaks are the (101) and (100) reflections of 

quartz which are shown at 3.3A and 4.3A, respectively. Sanidine is 
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identifiable by the presence of reflections at 3.9A (111), 3.8A (130), 

3.23A (202,040), 3.2A (002), 3.0A (131), and 2.9A (222). A plagioclase 

feldspar, believed to be andesine, is indicated by peaks at 4.0A (201), 

3.9A (ill), 3.8A (111), 3.5A (112), 3.2A (040), and 3.19A (220). The 

identification of andesine is not conclusive. 

B22t Horizon 

Silt-Figure 16. The mineralogy of this fraction is wery similar 

to that described for the overlying horizon. Quartz, sanidine, and a 

plagioclase feldspar are identifiable. The intensity of the reflections 

characteristic of sanidine is slightly increased whereas those charac

teristic of plagioclase feldspars are slightly decreased. This is es

pecially noticeable in examining the 4.0, 3.2, and 3.0A reflections. 

The peaks at 3.23 and 3.19A, which are indicative of sanidine and plagio

clase feldspars, respectively, are extremely faint. 

IlClca Horizon 

Silt-Figure 16. The mineralogy of this fraction is almost identical 

to that described for the overlying horizon. The intensity of the quartz 

reflections has decreased slightly. A corresponding, but not necessarily 

equal, increase in the sanidine peaks can be noted. No change in intensity 

of the plagioclase feldspar reflections is apparent. 

IIIC3ca Horizon 

Silt-Figure 16. Quartz, sanidine, and a plagioclase feldspar, be

lieved to be andesine, are identifiable in this fraction. These minerals 
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are indicated by reflections identical to those established in the dis

cussion of the A12 horizon sample pattern. In addition to these reflec

tions, there is a strong 4.1A peak which lies immediately to the right 

of the line marked 4.0A.' The 4.1A peak is believed to be the (201) re

flection of anorthoclase. The identification of anorthoclase is not 

conclusive since the most intense reflections from this mineral coin

cide wery closely with those of sanidine and andesine. These reflec

tions are 3.21, 3.24, 3.9, and 3.8A. Other lines are indicative of 

anorthoclase but their presence on the pattern cannot be established. 

A12 Horizon 

Coarse Clay-Figure 16. The pattern obtained from a Ca-glycerated 

sample has lines that are marked from left to right representing 17.7, 

10.0, 7.2, 5.0, 4.3, 3.6, 3.3, 3.2, and 3.0A spacings. In addition to 

the marked reflections, other peaks appear which should be identified. 

The first of these peaks forms a shoulder upon the larger peak marked 

4.3A. This peak represents a 4.2A spacing. One peak appears to the 

right and another to the left of the line marked 3.6A. These peaks 

have spacings of 3.8 and 3.5A, respectively. The series of reflections 

in the vicinity of the 3.2A line are indicative of feldspar, as is the 

2.9A peak that lies to the left of the 3.0A line. 

A swelling component is indicated by the weak series of reflections 

in the 17.7A region. Illite is identifiable by the presence of the 10.OA 

peak. The (002) reflection of illite, at 5.0A, is not present and the 

(003) reflection, at 3.3A, is masked by the (101) reflection of quartz. 

First and second order kaolinite lines are present at 7.2 and 3.6A, 
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respectively. Quartz is identifiable by peaks at 4.3 and 3.3A. Feld

spars are indicated by peaks at 4.2, 3.8, 3.5, 3.2, 3.0, and 2.9A. 

The trace obtained form the K-250 C sample shows the disappearance 

of the reflections in the 17.7A region and is believed to be the result 

of collapse of the swelling component. In addition to those peaks men

tioned in the previous discussion, another peak, at 4.0A, lies to the 

left of the marked 4.3A line and is indicative of feldspar. 

The K-550 C pattern shows that kaolinite was destroyed since there 

are no peaks at 7.2 and 3.6A. 

B22t Horizon 

Coarse Clay-Figure 16. The pattern obtained from a Ca-glycerated 

sample of this fraction shows a wery similar mineralogical composition 

to the A12 horizon sample. There is a slight indication of a swelling 

component in the 17.7A region and illite and kaolinite are identifiable 

by the presence of their characteristic peaks. Quartz is again indi

cated, as are feldspars. Characteristic peaks of feldspars at 3.5, 3.0, 

and 2.9A are only weakly expressed. Assuming equal amounts of clay on 

each slide of the Ca-glycerated A12 and B22t horizon samples, there ap

pears to be an increase in the amount of kaolinite and possibly illite 

relative to quartz with depth. 

The K-250 C trace shows the disappearance of the reflections in 

the 17.7A region thus indicating the collapse of the sv/elling type clay. 

Feldspar reflections are stronger than in the previously discussed trace 

The K-550 C pattern verifies the destruction of kaolinite. 
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IlClca Horizon 

Coarse Clay-Figure 16. The minerals previously identified in the 

coarse clay fractions are also present in this sample. The Ca-glycera

ted sample pattern shows a fairly discrete peak centered around the 17.7A 

line that is indicative of montmorillonite. The illite reflection is 

faint and partially obscured by the (002) reflection of the swelling 

component. Kaolinite, quartz, and feldspars are again identifiable. 

The K-250 C trace verifies the presence of a swelling component 

as shov/n by the disappearance of the reflection in the 17.7A region. 

The increased intensity of the 10.OA reflection, relative to that in 

the Ca-glycerated sample pattern, is believed to be partially caused 

by collapse of the swelling component and to be partially the result 

of an increased amount of sample on the slide. 

The K-550 C pattern shows that kaolinite v/as destroyed. 

IIIC3ca Horizon 

Coarse Clay-Figure 16. The identifiable minerals of this fraction 

are a swelling component, illite, kaolinite, quartz, and feldspar. 

Examination of the trace obtained from the Ca-glycerated sample 

reveals reflections which lie to the left of the 17.7A region. The 

reflections are diffuse and no precise spacing can be determined. How

ever, the position of the reflections probably indicates only a partial 

expansion of the swelling component or that the component is more regu

larly interstratified than noted in the previously discussed patterns. 

The trace from the K-250 C sample reveals a partial collapse of the 
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swelling component to approximately 10.5A. 

Heating of the K-250 C slide at 550 C resulted in a more complete 

collapse of the swelling component and the destruction of the kaolinite 

structure. 

A12 Horizon 

Fine Clay-Figure 17. The trace from the Ca-glycerated sample in

dicates the presence of a swelling component in the 17.7A region. These 

reflections are faint and diffuse and no exact spacing can be obtained. 

The diffuseness of the reflections indicates that the swelling component 

is not a discrete clay type but an interstratified clay type, probably 

randomly interstratified montmorillonite-illite. Illite is identifiable 

based on its (001), (002), and (003) reflections at 10.0, 5.0, and 3.3A, 

respectively. Kaolinite is indicated by peaks at 7.2 and 3.6A which 

correspond to the (001) and (002) planes of the mineral. 

Verification of the presence of a swelling component can be made 

by examination of the K-250 C pattern. The intensity of the 10.OA peak 

is substantially increased by the apparent collapse of the swelling com

ponent to 10.OA. Illite and kaolinite are again identifiable. 

The K-550 C pattern indicates that kaolinite has been destroyed. 

B22t Horizon 

Fine Clay-Figure 17. The clay minerals present in this fraction 

appear to be identical to those described in the A12 horizon. The Ca-

glycerated sample pattern shows the presence of a swelling component 

as can be noted by the diffuse peak in the 17.7A region and in the region 
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between the (001) reflections of illite and kaolinite. The 17.7A peak 

is more intense than the peak noted on the A12 horizon sample trace 

which indicates that the interstratified component has a higher percen

tage of a swelling type of clay or that it is altering to discrete mont

morillonite. 

Examination of the K-250 C trace verifies the presence of a swelling 

component. The partial collapse of the swelling component to a lOA spa

cing greatly increased the 10.0, 5.0, and 3.3A peaks. 

Heating of the K-250 C sample at 550 C resulted in the destruction 

of kaolinite as is revealed by the absence of the 7.2 and 3.6A reflections 

IlClca Horizon 

Fine Clay-Figure 17. The mineralogy of this fraction is some

what different from that observed for the overlying horizons. The 

trace from the Ca-glycerated sample indicates the presence of mont

morillonite as shown by the strong (001) reflection at 17.7A. The 

unmarked (002) reflection of montmorillonite, at 8.9A, is represented 

by the weak peak immediately to the left of the 10.OA line. Illite 

can be identified by peaks at 10.0, 5.0, and 3.3A. The diffuseness 

of the 10.OA peak can be attributed to interference by the (002) mont

morillonite reflection. Kaolinite is identified by its first and 

second order reflections at 7.2 and 3.6A. 

The pattern obtained from a K-250 C sample shows a definite in

crease, apparently caused by partial collapse of the montrmoillonite, 

of the 10.OA peak. The asymmetry of the 10.OA reflection is attributed 

to the incomplete collapse of montmorillonite. The peak which lies to 



FINE CLAY 

98 

A -
'AI2 

*v̂^ 
• I 

GLYCEROL 

\|^^Wf^' 

V I K-256 C 

'.V^v,̂ '-

Mj 

y^.'Ar / 

V^v-W 
. K-550 C 

33 3 6 ; 
.•^/ iV, ' I 

50 

ANGSTROMS 

7'2- 100 177 

HCfc CO 

YCEROL 

I 

V A « / ^ W 
•J 
il 

K-550 C 

33 ,36 50 _ 7.2 100 177 ^ 

ANGSTROMS 

B22t 

C-GLYCEROL 

vvA^A^y 

K-25Q C 

IIIC3co 

wA V 

^^ 
V, 

- \ 
\ 

K-550 C I , 

3^ 36 5 0 ' 72 100 
ANGST K0M3 

]• 

•A 13 36 50 72 100 ' ' 
I I 
ANGST KO'.IS 

Figure 17. X-ray diffraction patterns of Musquiz fine clay. 



99 

ine is attributed to KCl which was not completely 

removed during washing of the sample. 

The trace of the K-550 C sample verifies the destruction of kaoli

nite and the continued collapse of the montmorillonite. 

IllCSca Horizon 

Fine Clay-Figure 17. The mineralogy of this fraction is almost 

identical to that of the IlClca horizon. The Ca-glycerated trace in

dicates the presence of montmorillonite, illite, and kaolinite. 

Verification of the identification of montmorillonite is obtained 

by examination of the K-250 C trace. The montmorillonite collapsed and 

the intensity of the 10.OA peak consequently increased. The diffuseness 

of the peak is attributed to an incomplete collapse of montmorillonite. 

The prior identification of kaolinite was substantiated by the 

pattern obtained after heating the K-250 C slide to 550 C. 

General Discussion of Silt and Clays 

Silt. The patterns obtained by X-ray diffraction analysis in

dicate the presence of quartz, sanidine, and plagioclase feldspars in 

all horizons. The dominant plagioclase feldspar is believed to be an

desine. In addition to these minerals, the IIIC3ca horizon pattern in

dicates that anorthoclase may be present in substantial quantities. The 

amount of quartz appears to decrease slightly with depth and an increase 

in feldspar occurs. This observation is based on the relative intensi

ties of the peaks and may or may not be accurate because of previously 

stated reasons. 

Coarse Clay. The patterns show that a swelling component, illite, 
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irse 
kaolinite, quartz, and feldspars comprise the mineralogy of the coai 

clay fraction. The swelling component is believed to be a randomly in

terstratified montmorillonite-illite clay type. This observation is 

based on the fact that no discrete peak was obtained by Ca-glyceration 

but an apparent increase in intensity of the 10.OA peak was obtained by 

K saturation and heating of the samples. It appears that illite and 

quartz decrease with depth whereas kaolinite, the interstratified com

ponent, and possibly feldspars increase. It is possible that the ap

parent increase of the interstratified component with depth is the re

sult of incomplete separation of the fine and coarse clay fractions in 

the lower horizon samples. It has previously been pointed out that 

problems arose in attempts to disperse samples taken from the IlClca 

horizon and some fine clay aggregates may be included in the coarse 

clay fraction. Positive identification of the different feldspar spe

cies was not made since certain diagnostic peaks were not clearly shown. 

Fine Clay. The mineralogy of this fraction consists of a swelling 

type component, illite, and kaolinite. The swelling component is be

lieved to be a randomly interstratified montmorillonite-illite mixture 

that may be altering to a discrete montmorillonite type with depth in 

the profile. Another possibility is that there is a lithologic dis

continuity between the B22t and IlClca horizons. The amounts of illite 

and kaolinite appear to remain about constant throughout the profile. 

Differential Thermal Studies 

The results of differ^ential thermal analyses (DTA) of the coarse 

and fine clay fractions from selected horizons of the Kokernot and 
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Musquiz soils will be discussed. Since similarities exist between the 

patterns of all coarse and fine clay samples of each soil, they will be 

discussed together. The scale of all coarse clay patterns is 20mv/in.; 

whereas the scale of all fine clay patterns is 50mv/in. This means that 

the fine clay scale is reduced 2.5 times relative to the coarse clay. 

Kokernot Soil 

Coarse Clay-Figure 18. The thermograms from this fraction show 

two endothermic reaction maxima from 110 to 130 C and from 560 to 580 C. 

The first endotherm can be attributed to the loss of interlayer water 

from montmorillonite, an interstratified clay type, or possibly illite 

that contains some interlayer v/ater. Grim (18) has shov/n that considerable 

loss of interlayer water from illite often occurs before 100 C; whereas 

the loss of such water from montmorillonite occurs from 100 to 200 C. 

He states that in discrete mixtures, such as illite and montmorillonite, 

the patterns may show the thermal effects of the separate clay minerals 

with intensities proportional to their relative abundance. With regard 

to interstratified mixtures, the curves may reflect thê  individual 

characteristics of the components or may provide thermal data sugges

tive of a single mineral. 

The endotherm at 560 to 580 C is indicative of the loss of hydroxyl 

lattice water from kaolinite, illite, and possibly montmorillonite. The 

temperature at which the loss of hydroxyl water apparently ceases is 

more indicative of kaolinite. 

The weak exotherm which peaks at approximately 60 C is believed to 

be the result of differences in packing betv/een the clay sample and the 

inert material. Mackenzie and Mitchell (30) state that lack of uniformity 
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in packing may lead to base line drift, especially at low temperatures. 

Gruver (19) states that the importance of packing uniformity varies with 

the kind of material. It is especially important with light, fluffy 

material but of very little importance for fine grained material. This 

can be offered in explanation of the fact that the exotherms at 60 C 

are noted on all coarse clay patterns but are absent on the fine clay 

patterns. The fine clays when dried formed minute aggregates; however, 

the coarse clays consisted of individual particles. 

The exotherm at approximately 340 C is believed to be the result 

of oxidation of organic matter. Exotherms at this point only occur in 

the coarse clay fractions. It is believed that any organic matter v/hich 

remained after treatment with H^O^ would be of such size that it would 

be removed in the coarse clay fraction during separation of the fine clay 

from the coarse clay. The increased intensity of the endotherms noted 

for the R horizon fraction can probably be explained by the nature of 

the clay. Microscopic studies of the R horizon thin section showed that 

almost all of the clay was illuviated. It is generally accepted that 

the smaller clay particles are preferentially translocated. It is be

lieved that the average particle size of the R horizon coarse clay frac

tion would be smaller than the particles of the overlying horizon coarse 

clay fractions and an increased intensity of the endotherms would result. 

The increased intensities could also be caused by incomplete separation 

of the fine clay from the coarse clay. 

Fine Clay-Figure 19. The patterns obtained from this fraction all 

show two endothermic reaction maxima at 150 to 160 C and 550 to 560 C. 
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strong endotherm ajt 150 to 160 C is attributed to the loss of in

terlayer v/ater from montmorillonite or an interstratified clay type. 

It is possible that some contribution to the endotherm is made by water 

lost from illite. Another possibility which cannot be discounted is 

that the endotherm may be partially caused by the presence of amorphous 

material. 

The moderately weak endotherm at 550 to 560 C is believed to be 

caused by loss of hydroxyl lattice water by kaolinite. 

Musquiz Soil 

Coarse Clay-Figure 20. The patterns obtained by DTA of these 

fractions are wery similar to those patterns of the coarse clay frac

tions previously described for the Kokernot soil. The exotherms at 

approximately 60 C and 340 C are believed to be the result of packing 

differences between the sample and the inert material and oxidation of 

organic matter, respectively. All patterns exhibit endothermic reac

tions from 120 to 125 C and from 570 to 580 C. The endothermic peak 

from 120 to 125 C is apparently caused by the loss of interlayer wa-

ter from montmorillonite or an interstratified clay type which contains 

a sv/elling component. It is possible that some contribution to the 

peak intensity was due to interlayer water loss from illite. The en

dotherm at 570 to 580 C was apparently caused by the loss of lattice 

hydroxyl water from kaolinite and possibly from some illite. 

Fine Clay-Figure 21. The fine clay sample patterns exhibit strong 

endothermic reactions which peak between 140 and 150 C. The endotherms 

at this point are believed to be indicative of montmorillonite or an in

terstratified clay type. It is also possible that the intensity of the 
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P^^^^ U dftmfWhflti inrrrased by the presence of illite, or amorphous ma

terial, or both. The A12 and B22t horizon sample patterns show endother

mic reactions which occur at 550 C and 575 C, respectively. These peaks 

are believed to be primarily the result of lattice hydroxyl water loss 

from kaolinite. The difference in temperature at which the reaction 

occurs may be due to differences in the degree of crystal linity of the 

kaolinite in the samples. It has been shown by Grim (18) that the peak 

temperature at which thermal reactions occur may be decreased as the de

gree of crystallinity decreases. 

The IlClca and IIIC3ca horizon sample patterns show only Mery faint 

endotherms at approximately 550 C. 

General Discussion of Differential Thermograms 

The thermograms of all fractions of both soils indicate the pre

sence of montmorillonite, or an interstratified clay type, or both, and 

kaolinite. Illite cannot be positively identified. The patterns obtained 

from the coarse clay fractions of the Kokernot soil show that the pro

portion of swelling clay increases with depth. Possibly it may be due 

to incomplete dispersion of >0.2 micron size aggregates that contain 

some <0.2 micron size particles. The amount of swelling clay apparently 

remains about constant in the fine clay fraction. The intensities of 

endotherms indicative of kaolinite increase slightly with depth in both 

the fine and coarse clay fractions. 

The proportion of swelling clay apparently increases with depth in 

the fine and coarse clay fractions of the Musquiz soil. The amount of 

kaolinite contained in the coarse clays appears to remain about constant. 



109 

The kaolinite endotherm of the fine clay shows an increased intensity 

in the B22t horizon sample relative to that in the A12 horizon sample. 

No discrete endothermic peak for kaolinite is discernible in the C horizons 

In general, the DTA results coincide with the results obtained by 

X-ray analyses. X-ray analyses indicated that kaolinite v/as present in 

the fine clay fractions of the Musquiz C horizons. This was not substan

tiated by DTA. Kaolinite is present but perhaps in such small relative 

proportions as to not be detected by DTA. 

Cation Exchange Capacity Studies of the 

Silts and Clays 

The CEC values of the silt, coarse clay, and fine clay fractions 

of selected horizons from each soil are given in Table 8. The values 

are averages of duplicates for all samples. 

Kokernot Soil 

Silt. The CEC values of this fraction decrease with depth in the 

profile but overall are higher than would be expected. The high values 

are probably partially caused by the inclusion of silt size clay aggre

gates in the samples or by the presence of incipient clay which may have 

formed in crevices and along cleavage planes of the feldspars. The high 

feldspar content of the silt fraction also would contribute to the CEC. 

Marshall (32) states that the exact CEC of feldspar surfaces is exceed

ingly variable, being dependent on the nature of the saturating ion as 

well as the ion being released. The possibility of amorphous material, 

contained in aggregates, contributing to the CEC of the silt fraction 
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should also be considered. 

Coarse Clay. The CEC's of tv/o samples selected from the Al and 

B21t horizons wore determined. The CEC's are considered to be high 

for the coarse clay fraction. The values show that the mineralogy of 

the samples could be almost entirely illite or a mixture of a swelling 

type clay, illite, and kaolinite. X-ray diffraction analyses, and to 

some extent DTA, indicated that a swelling component, illite, kaolinite, 

feldspar, and quartz were present. Since the percentage potassium oxide 

(K^O) of the fraction, to be discussed later, indicated that illite 

could compose only 20% of the coarse clays, the high CEC values obtained 

indicate that a swelling component is present in significant quantities. 

Fine Clay. The CEC values of the samples increase with depth in 

the profile. The values indicate that a high amount, either as discrete 

particles, or as a constituent of the interstratified component, of the 

fine clay fraction is composed of a swelling type clay. The proportion 

of swelling clay apparently increases slightly relative to other clay 

types with depth. Of course, the increased external surface, of the 

finer particles would increase the CEC an undetermined amount. 

Musquiz Soil 

Silt. The CEC values of the silt fractions from each horizon of 

this soil decrease slightly with depth through the B23t horizon and 

then increase with depth throughout the C horizons. The overall values 

are higher than expected. The high values are apparently partially 

caused by silt size clay aggregates being included in the silt fraction 
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although the presence of silicate layer clays v/as not noted in X-ray 

studies. It is also possible that incipient clay formation in the 

feldspar grains contributes to the CEC's of this fraction. The ex

tremely high value of the IIIC4 horizon sample could only be caused 

by the presence of silicate clay minerals, or amorphous material, in 

significant quantities. This value reflects the poor dispersion and 

separation obtained for this sample. 

Coarse Clay. The CEC values of selected horizon samples show a 

decrease with depth through the IlClca horizon. The value for the 

IllCSca horizon sample is significantly higher than that of the over

lying IlClca horizon sample. The values indicate that the mineralogy 

of this fraction is mixed, probably composed of illite, kaolinite, and 

an expanding clay. The extremely high value of the IIIC3ca horizon 

sample could only be caused by the presence of an expanding component, 

or amorphous material, or both. Again, this probably reflects poor 

dispersion. X-ray diffraction analyses, and to a lesser degree DTA, 

confirmed the presence of a swelling component, kaolinite, and illite. 

The presence of amorphous material in the IIIC3ca horizon sample was 

indicated by the tendency of this sample to peel from the glazed por

celain slide when samples were being prepared for X-ray analysis. As 

has been previously stated, removal of amorphous material decreased 

the tendency of the samples to peel. 

Fine Clay. The CEC values of this fraction increase slightly with 

depth through the IlClca horizon and then decrease. The high values no

ted for all horizon samples indicate a high proportion, probably in excess 
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of 50%, of a swelling type clay in this fraction. Assuming that an ex

panding component composes approximately 50% of the fine clay fraction, 

the second most important clay type would be illite. Kaolinite would 

be a minor constituent. Apparently, the proportion of a sv/elling type 

clay increases slightly with depth through the IlClca horizon and then 

decreases. 

Total Potassium Content of the Silts and Clays 

The percentage K^O was determined for the silt, coarse clay, and 

fine clay fractions of selected horizons. The results, averages of 

duplicates, are given in Table 8. All fractions from each soil will be 

discussed together. The K2O content of the fractions is believed to 

be derived primarily from interstratified species, illite, or feldspar 

depending on the fraction in question. Bradley and Grim (9) found 

that the percentage K^O of three illites ranged from 6.09% to 6.93%. 

Jackson and Mackenzie (24), in discussing the chemical analysis of il

lites, states that a percentage K2O of 6.5 is the mean number of pub

lished analyses and is representative of hydrous micas in which some 

potassium has been replaced by other cations. These authors stated that 

in micas of full K content, the figure of 10% K^O is often used. Cal

culations for feldspar reveal that the pure K end member (KAlSi^Og) con

tains approximately 16 to 17% K^O. The percentage K^O of the feldspar 

would decrease with increasing amounts of Ca and Na replacing the K. 

X-ray and microscopic analyses of the fractions indicated that sanidine 

was the dominant feldspar. Assuming equal amounts of Na and K and an 

arbitrary formula of (NaK)AlSi30g for sanidine, the K^O content would be 
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approximately 8 to 9%. Usually the Na/K ratio is greater than one. 

Kokernot Soil 

The K^O content of the silts was attributed almost entirely to 

potassium feldspars. The percentages show a slight increase with depth 

in the profile. This increase is probably caused by decreased weather

ing effects at lov/er depths. The figures indicate that potassium feld

spars compose from 10 to 15% of the silt fractions. 

The K2O content of the coarse clay fractions v/as believed to be 

due to both illite and potassium feldspar. The relative proportion of 

each component cannot be estimated with accuracy. Hov/ever, assuming 

an average of 6.5% K^O for illite, the maximum amount of illite which 

could be present in the coarse clay fraction would be less than 20%. 

The K^O content of the fine clays was attributed primarily to 

illite. There is a slight decrease in percentage with depth but it 

is not considered significant. The percentage K^O indicates that illite 

composes slightly less than 10% of the fine clay fraction. 

It is realized that the variability which may occur in K^O con

tent of illite and feldspars reduces the reliability of estimating 

their percentage in the fractions. Hov/ever, this data will be used 

to supplement other analytical data. Since X-ray diffraction analyses 

indicated an interstratified clay type, believed to be montmorillonite-

illite, it is quite possible that the illite has lost significant quan

tities of potassium. 



115 

|teguJ^_^oiiJ_ 

The K^O content of the silt fractions shov/s an increase with depth 

through the first three horizons. This indicates a slightly higher pro

portion of potassium feldspar with depth in the silt fraction and is 

probably due to decreased weathering effects. The K^O percentage of 

the IllCSca horizon silt fraction decreases relative to the IlClca hori

zon fraction. The decrease is possibly caused by the inclusion of clay 

particles in the silt fraction as has been previously noted. Another 

possibility is that it reflects a lithologic discontinuity in the pro

file. Assuming an average K^O content of 8% for the feldspars, the 

feldspar content of the silt fractions would range from 10 to 15%. 

The K^O percentages for the coarse clay fractions follow essen

tially the same trend as described for the silt fractions but are 

slightly higher. The K^O content of the coarse clays is believed to 

be due to both potassium feldspars and illite. If the total K^O con

tend of the coarse clays were attributed to illite, this mineral could 

compose from 15 to 23% of the fractions. The lower K^O content of 

the IIIC3ca fraction is attributed to the probable inclusion of fine 

clay aggregates. Neither can a lithologic discontinuity be discounted. 

The fine clay K^O content can be attributed almost entirely to 

illite. A slight decrease in K^O percentages with depth occurs but is 

considered to be insignificant. Apparently, illite composes less than 

10% of the fine clay fractions. 
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Free Silica and Alumina Studies 

Rapid dissolution tests for determination of the amount of free 

silica, alumina, and amorphous aluminosilicates v/ere made on selected 

clay fractions of the Kokernot and Musquiz soils. The results ex

pressed as percentages SiO^ and Al^O^ are given in Table 8. It is 

generally accepted that amorphous materials are of small particle 

size and therefore v/ould concentrate in the fine clay fraction. How

ever, various properties, observed in the laboratory, indicated that 

the coarse clays of the Musquiz IlClca and IIIC3ca horizons might con

tain amorphous materials and these samples were included in the tests. 

The results are somewhat erratic, both in percentage Si02 and 

AlpO^ as well as in the Si02/Al203 ratios. No trends with depth in 

the profile can be established. The results are extremely difficult 

to evaluate simce total SiO^ and AlpO^ were not determined. However, 

comparison of the results in Table 8 with those results obtained by 

Hashimoto and Jackson (20) indicate that amorphous materials are pre

sent in significant quantities. For example, these investigators sta

ted that a kaolinitio clay which contained appreciable quantities of 

amorphous material released 6.98% SiO^ and 4.14% AI2O3 when subjected 

to the differential dissolution treatment. Montmorillonitic clays, 

stated to contain large amounts of allophane-like materials, released 

a maximum of 12.2% SiO^ and 4.92% AI2O3 when subjected to the same 

treatment. It is possible that the percentages of Si02 and AI2O3 shown 

in Table 8 are significantly increased by the presence of poorly crys

tallized clay minerals, particularly the interstratified types. Hashi

moto and Jackson have shown that as the degree of crystallinity decreases, 
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increased quantities of SiO^ and AI2O3 are dissolved during the dif

ferential dissolution treatment. 



^•PF CHAPTER VI 

W^ SUMMARY AND CONCLUSIONS 

Homogeneity of Parent Material 

Combined results show that the parent material of the Kokernot 

soil is homogeneous throughout. The minerals identified by X-ray 

and microscopic analyses in the >2 micron fractions v/ere mostly re

leased by physical weathering of the parent rock. 

Microscopic studies of the Musquiz soil revealed some evidence 

of parent material variability with depth. The minerals identified 

in each horizon were qualitatively very similar throughout the pro

file and their percentages, in general, reflected only normal weather

ing trends with depth. However, the size distribution of the sand 

fractions and, to a lesser extent, the mineral ratios within the wery 

fine sand fractions indicated a lithologic change in the parent ma

terials between the B22t and the IlClca horizons. Another litholo

gic change was shown between the IlClca and IIIC3ca horizons. It is 

realized that the lithologic discontinuities may occur within the B23t 

and IIC2 horizons, respectively, but since detailed analyses v/ere not 

made for these horizons, the changes were placed at the B23t - IlClca 

and the IIC2 - IllCSca horizon boundaries. The variability in parent 

material was also reflected in the clay mineralogy of the Musquiz soil. 

The similarities of the minerals identified in both the Kokernot and 

Musquiz soils are striking; but quantitative differences indicate that 

the Musquiz soil is more extensively weathered. Apparently, the source 
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of the alluvial debris from which the Musquiz soil developed came 

from local sources and has been only slightly contaminated by re

cent aeolian material. 

Clay Mineralogy 

Kokernot Soil 

X-ray, DTA, K^O, and CEC results indicate that the coarse clay 

fractions are composed of quartz, feldspars, kaolinite, illite, and 

an interstratified montmorillonite-illite. The fine clay fractions 

contain the same minerals with the exception of quartz and feldspars. 

The amount of interstratified clay, or montmorillonite, or both, in

creases slightly relative to illite with depth in both fractions. 

This increase is believed to be the result of preferential trans

location of the smaller size interstratified clay particles and not 

to differential formation with depth. Estimates of the relative pro

portion of the clay mineral species are shown in Table 9. 

The mode of clay formation is extremely difficult to visualize. 

Apparently, decomposition of feldspars, with a concurrent loss of K 

and Na, and a subsequent reconstitution of a layer silicate, resul

ted in the initial formation of illite. The illite, once formed, was 

subjected to weathering, lost significant quantities of K from the 

interlayer positions, and was altered to the interstratified clay 

type. This mode of formation v/as indicated by K^O analysis. The K 

content of the clays v/as lower than expected considering that K-feld-

spars v/ere present in significant amounts in the coarse clays as de

termined by X-ray analysis. It is possible that a montmorillonite-
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like mineral was initially formed instead of illite. The "montmoril

lonite", by incorporation of K in the interlayers, could have been 

transformed into illite or an interstratified clay type. However, the 

preponderance of K bearing minerals relative to Mg bearing minerals 

would likely favor the initial formation of illite. 

TABLE 9 

ESTIMATED RELATIVE PROPORTIONS OF CLAY MINERAL SPECIES 

Soil Horizon 

Kokernot Al 

B21t 

R 

Interstrati 
fied Clay 

XXXX 

XXX 

XXX 

Clay Mineral 

Montmoril- I l l i t e Kaolinite 
lon i te 

XX 

XX 

XX 

XX 

XX 

Musquiz A12 

B22t 

IlClca 

IIIC3ca 

XXXX 

XXX 

X 

XX 

XXXX 

XXXX 

XX 

XX 

XX 

XX 

X 

XX 

X 

X 

Predominant - XXXX; Frequent - XXX; Common - XX; Trace - X. 

A question may be raised concerning the occurrence of montmoril

lonite and illite, mostly interstratified, along with kaolinite in a 

clay mineral assemblage. Of course, one of the species may be in a 

metastable condition but assuming that such is not the case, can they 

occur in equilibrium? Hess (22) has attempted to establish equilibrium 
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conditions for several mineral pairs in the K20-Na20-Al203-Si02-H 0 

system at 25 C and one atmosphere. He tentatively placed the illite-

kaolinite equilibrium at log K V = 5 . 5 and -log Si02=3.2. He placed 

the illite-montmorillonite assemblage in an area between log N a W = 5 . 4 

and log N a W = 9 . The kaolinite-Na montmorillonite values obtained by 

extrapolation of hydrothermal data v/ere N a W = 5 . 9 to 9. The -log SiO 

boundary ranged from 3.3 to approximately 3.9 varying with log Na-'/H"' 

values. 

Before the question raised above can be answered, ion activities 

of Na, K, and H v/ould have to be determined. Potassium activity should 

be considerable judging from the high K-feldspar content. Hov/ever, H 

activity, considering pH measurements, was unexpectedly high. If the 

+ • + 

log K /H value is sufficiently low the illite in the soil may be al

tering to either kaolinite or montmorillonite depending on log Na'̂ /H"̂  

and -log Si02 values. Alteration of montmorillonite to kaolinite would 

depend upon -log Si02 values. No projections can be made at present 

concerning either Na or Si02 activities. 

Musquiz Soil 

Combined results of the studies indicate that the coarse clay 

fractions are composed of quartz, feldspars, illite, kaolinite, and 

an interstratified montmorillonite-illite. The fine clay consists of 

kaolinite, illite, and an interstratified montmorillonite-illite in 

the horizons which overlie the IlClca horizon. The fine clay from the 

IlClca and IllCSca horizons consists of kaolinite, illite, and mont

morillonite. X-ray, KpO, and differential thermal analyses show that 
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the proportion of illite and kaolinite decreases slightly with depth 

while the interstratified clay type, montmorillonite, or both, pro^ 

portion increases. Electron micrographs of the B22t horizon fine 

clay fraction, made by Mr. John L. Brov;n, Consulting Physicist, 1676, 

Moore's Mill Rd., Atlanta, Georgia, revealed that the clay particles 

are plate-like and are often frayed around the edges. No fibrous or 

tubular shaped particles v/ere observed. Table 9 shows estimates of 

the relative proportion of the clay mineral species. 

The mode of clay formation in this soil is believed to be simi

lar to that described for the Kokernot soil in the upper horizons. The 

abrupt transition from the interstratified montmorillonite-illite in 

the B22t horizon to discrete montmorillonite in the C horizons partially 

reflects the lithologic change in parent material. The accumulation 

of Ca and Mg in the IlClca and IIIC3ca horizons should favor the for

mation of montmorillonite. The presence of kaolinite in such an en

vironment is difficult to explain. However, DTA indicates that this 

mineral is present in the C horizons in relatively small quantities. 

Approximately the same generalizations that were made concerning 

the clay mineral assemblage of the Kokernot soil can be made for the 

clay assemblage of the Musquiz soil. It should be pointed out, hov/ever, 

that the Musquiz soil is not subject to free leaching and the H activity 

in the lower horizons should be considerably lower than that occurring 

in any of the Kokernot soil horizons. The Ca and Mg activities in 

these horizons should be increased because they are zones of carbonate 

accumulation as stated previously. The possibility of kaolinite being 

residual in these horizons cannot be completely discounted. 
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Pedogenesis 

Kokernot Soil 

Evidence of both physical and chemical weathering in this soil 

is present. Physical weathering was probably most important in the 

early stages of soil formation and brought about the initial fractur

ing of the bedrock. Physical weathering effects at present are be

lieved to be minor although temperature fluctuations probably induce 

the disintegration of the larger rock fragments. Physical v/eathering, 

by reducing the size of fragments, has increased the chemical v/eather

ing rate by increasing the surface area of the fragments. Field ob

servations indicate that water percolation through the profile is rapid. 

This v/ould tend to increase the chemical weathering rate by removing 

the soluble products of weathering. The rate of water movement through 

the profile is increased by the presence of significant quantities of 

gravel. 

An obvious direct effect of chemical weathering, as revealed in 

the microscopic studies, is the alteration of unidentified dark miner

als in the parent rock. Of course, the clay in the soil is an indirect 

result of chemical weathering, i.e., the decomposition of primary 

minerals and subsequent recrystallization as silicate clays. 

Clay translocation has occurred to a limited extent throughout the 

profile. Microscopic studies revealed, however, that clay movement is 

not as prevalent as indicated by particle size distribution analyses. 

Additions of organic matter to the soil surface and its subsequent dis

tribution throughout the profile have been instrumental in ped formation 

and coloring of the soil. To a limited degree, aggregation has probably 
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been enhanced by the presence of small quantities of amorphous mater

ials. The aggregation of soil particles v/ould in turn encourage soil 

structure development. 

The profile is considered to be relatively immature since weatherable 

minerals, principally feldspars and amphiboles, are present in the upper 

horizons. The presence of quartz in the coarse clay fraction partially 

reflects the effects of physical weathering and partially the micro-

crystalline texture of the trachyte groundmass. 

Musquiz Soil 

In general, the pedogenic processes which were instrumental in 

forming the Kokernot soil are also involved in the formation of the 

Musquiz soil. The major differences which exist between the two soils 

primarily reflect the degree to which the pedogenic processes have 

occurred. 

The Musquiz soil is considered to be moderately weathered and 

relatively mature. The nature of the parent material (valley fill 

debris) certainly suggests that significant physical breakdown had 

occurred before soil formation began and undoubtedly is still occurring, 

at least, in the upper horizons. Particle size reduction by physical 

weathering would automatically bring about increased chemical weather

ing due to increased surface area. 

Significant clay translocation has occurred as is evidenced by 

the increase in clay percentage with depth, fine clay/coarse clay ra

tios, and the presence of thick cutans as revealed by microscopic stu

dies. Free iron oxides, released during chemical v/eathering of dark 

minerals, has also been translocated to a lesser degree. These iron 



125 

oxides are often clay size and have affected the soil color in the mid

dle horizons. Organic matter additions have undoubtedly influenced soil 

color and structure formation in the upper horizons. Significantly, 

but to a lesser degree than in the Kokernot soil, the presence of gravel 

has increased v/ater movement through the soil and enhanced horizon dif

ferentiation. 

Proposed Classification of the Soils 

It has previously been stated that the Kokernot and Musquiz are 

tentative series nam.es for the soils in this study. These soils v/ere 

classified on the basis of information obtained in the study and using 

the classification criteria outlined in the 7th Approximation (37). 

Certain" soil properties used as classification criteria in the 7t}i 

Approximation were not determined and it was necessary to make some 

assumptions. However, near the end of the study, difficulty v/as en

countered in classification of the soils into subgroups. Additional 

information was needed on exchangeable K with depth in the profiles. 

Exchangeable K determinations were made on selected horizons of each 

soil using the method outlined in U.S.D.A. Handbook No. 60 (42) Ex

changeable K decreased from 1.0 meq./lOO gm. in the Al horizon of the 

Kokernot soil to 0.8 meq./lOO gm. in the B21t horizon. Exchangeable 

K in the Musquiz soil increased fro^O.9 to 1.7 meq./lOO gm. in the A12 

and B22t horizons, respectively. It was assumed that the distribution 

of exchangeable Na would be similar to the distribution of exchangeable K, 

The soils were tentatively classified as follows: 

http://nam.es
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Kokernot Soil 

Order 

Suborder 

Great Group 

Subgroup 

Family 

Musquiz Soil 

Order 

Suborder 

Great Group 

Subgroup 

Family 

Alfisol 

Ustalf 

Haplustalf 

Lithic Udic Haplustalf* 

Fine loamy, mixed, thermic 

Mollisol 

Ustoll 

Argiustoll 

Typic Argiustoll 

Fine, mixed, thermic 

Suggestions for Further Study 

Further studies of the clay fractions of both soils, especially 

the interstratified clay, are needed. The establish;,ient of parameters 

for the formation of the interstratified species would be especially 

worthwhile. 

Determination of the percentage amorphous material and its pre

cise effect on the physical and chemical properties of the soils v/ould 

be helpful. 

The low pH's of the soils v/as surprising. Percentage base saturation 

determinations would perhaps shed light on this subject. 

*"Lithic Udic Haplustalfs" are a proposed subgroup. The subgroup 
would be like the established "Udic Haplustalfs" except that they v/ould 
have a lithic contact within 20 inches of the surface. 
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