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ASSTRACT

Micropedologícal and some mineralogical studies were conducted

on Orthic Dark Gray, Dark Gray Luvisol and Gleyed Gray Luvisol

profiles. Descriptions and ínterpretaËíons are given for the micro-

morphological features of the varíous horizons. The rearrangement of

plasma constituents has been carríed ouÈ by pedologíc processes

(el-uvíation and il-l-uvíatíon) . The rearrangement has resulÈed ín

eluvíated horizons which are plasma deficienË and illuvial horizons

which are plasma rich. The degree Eo whích sirnilar horizons in

dÍfferent profíles have developed is believed due Èo differences

in drainage, topography and microcli-mate.
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INTRODUCTION

As a part of general pedology, mícroscopic invesËigation of

the soíl (rnicropedology), encompasses Ëhe sËudy of shape and form

(micromorphology), genesis, mineral identÍfication, and general soil

dynamics. Every soil feature ín its microscopic realm has been a

resul-t of the l-ífe and environmental- condiËions of íts habitat. It

has been observed that soíl micromorphology can be extremely varied

but it is always typícal of a habitat. This means that every soil

type has a mícromorphology associaÈed wiËh Íts genesis and that other

soí1 Ëypes that happen Ëo be off springs have microscopic fabrics

that can be recognized as Ëransformat,ions of the naín type (Kubi.ena,

1970, Chapter II). Thus, micromorphol-ogÍca1 sÈudies have 1ed to a much

better understanding of the soil forming processes.

In the present ínvestigaËion, micropedologícal studies were

carried out on the various horizons of three soÍ1 profiLes: Orthic

Dark Gray, Dark Gray Luvisol and G1-eyed Gray LuvÍsol. The main

objectíves of Ëhe investigatÍon were:

1. t.o describe Ëhe micromorphol-ogÍca1- feaËures,

2. Ëo ínterpret these feaËures wíth respect to Èhe genesís

of the soí1s, and

3. to give an indicatÍon of the weathering of the soil

minerals in Ëhe varíous horizons.



LITERATURE REVIEI,T

The Significance of luticropedologícal Studíes in Soí1 Science

As soil science has developed, the systematic descriptíon of

soil profiles ín Ëhe field and in the laboratory has become pro-

gressively more detail-ed. In the early days, the prime objective

was to distinguish dífferent kinds of profiles on Ëhe number and

arrangement of recognízable horízons, which were descrÍbed broadly

in terms of color and texÈure. These descríptíons ïrere made more

compleÈe ín l-aËer years by includÍng strucÈure, consistence and

occurrence of detectabl-e amounts of relat.ively soluble materíals

such as carbonates. As descriptíons of soíl-s were made more detaíled,

advancíng Ëechnology allowed greater detailed descrípËions by adaptÍ-ng

petrographíc geological techníques and meËhods.

Aceording to Brewer (l-960 a), there are four broad phases of

pedological studíes:

a) CharacterLzation of the soíls

Soils are essentíal-ly characterized by descríption and measure-

mefit of properties. Defíciencíes in accuracy and completeness

ín descríptions have been shown up by the use of the peÈrographfc

approach. This is so because Èhe scale of observation makes ít possíble

to focus attention on the nature and dÍstributíon of pedologícal

features, such as cutans, glaebules and pedotubules (defíned in

Appendix II), which compríse an important record of the genesis and

history of soíl- maËerials and profiles. For example, clay skins

(argill-ans) have long been observed ín hand specimens, and are being

used as críterion for classification; however, their internal sËructure
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and their relatíonships with voids and other constítuenËs of the soíl

material could only be sÈudíed microscopically. other pedological

features can also be classifíed and ínterpreted on their relationshíp

with voids and other constituents of the soil material. The highly

organized, extremely heterogenous nature of the pedological features

found in many soils has l-ead to false measuremenËs. Such is the case

where a soíl chemíst uses the usual methods of grínding and sievíng

before analysis, which reduces the soíI materíal to a homogenous

mass. The analysis on the ground sarnpl-e averages the data for the

whole soil, and provides inadequate ínformation of the internal

chemisËry of Ëhe undísturbed ped ínterior. clay mineralogists use

Èhe petrographic approaeh to get away frorn homogenízing Ëhe soil

sample. usíng this techníque an accuraËe separatÍon of the argí11an

can be obtained, and the x-ray analysis data can be made more meaning-

ful. This enables the clay mineral-ogist to deterurine whether these

accr:mulations are a nevr c1-ay formatíon or clay normal-Iy found in the

s-matrix but translocaËed ín colloidal suspension and deposíted

elsewhere Ín the soil-.

b) Study of soÍl genesis

Quantítatíve evaluations of soil- formation can be carríed out,

providíng uniformity of parent material has been establ_ished by

conducting mineral analysis on the varíous horizons in a soí1 profile.

The rat,io of the percentage of some stable constituent in each

horízon to ËhaÈ of the parent material ís a measure of the voh¡me

change that has occurred in each horizon. A1so, qualitatÍve sËudy

of weathering can be carríed out, but knowledge of propertíes and

condiËíons of the mínerals in the parent material must be known.
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Thís ís to be sure the features of weathering observed are due Ëo

soil formation. Observed dífferences in sÈructure and fabríc analyses

of a horízon and that of iÈs parent material is al-so a reflection of

the effects of soil forming processes.

c) Classificatíon

Structure and fabric descríptions aïe an integral part of the

descripÈíon and classíficaÈion of soi1s. Each horizon wíthin a soil

profile has íts own characteristic fabric. These fabric arïangements

are ímportant ciraracterístícs for soil classificaËíon, whether ít

ís based on descríption or genesís.

d) Soil-pLant relationships

Structure (size, shape, and arrangement of the const.ítuents

and voÍds) ís very important ín soíl-planË relatíonships. Sínce

plant roots tend to fo11ow voids, Ëhe void pattern and the properÈíes

of theír surfaces are most importanË. Clay mínera1 fí1ms may control

the environment of plant rooËs by forming a nembrang coating a

porous soil material- and thus locking the bulk of the soil material

from the activíty of plant roots. Thís type of observations would be

of interest to a fertílity specíalist, ín Ëhat these coaÈings conËrol

the chemíca1 environment of the roots. Soil physicísts have found that

these clay films Ínfluence such soil characteristics as porosity and

\^rater holding capacity.

TerrnÍnology

Up to a few years ago, Ëhere were only a few terms specific

to the science of micropedology. Many observers recorded only those

features which they had been Ëraíned to recogníze and for which adequate
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terms exísÈed. It was most inconvenient and ineffícient Èo reDeat

1-ong descriptions for specific features or arrangements.

Kubíena (1938, p. L25-L28) made the first attempt to assign

names to specífíc f eaËures and arrangements. I,Íith the publ-ication of

"Fabríc and MÍneral Analysis of Soíls" (Brewer, L964), addítional- ner¡

t.erms specífic to features \¡rere described. This has made the

inÈerchange of morphological- daÈa among workers more effícient. Both

Kubiena and Brewer, in describíng and applying specifíc terms to

distinguish mícropedologícal- features, drew quite heavily from

geologíca1- petrographic studies.

Kubiena (1938, p. L29) pointed out that soil constituents can

be dívided into two broad groups on the basis of theír physical and

physiochemical properties: "fabric skeleton, of a soil consísts

mainly of resídues of rock minerals and organisms not decomposable

or whích are only slowly decomposable; and fabrÍc plasma, of a soil

is the other group. whích is more easily moved, changed ín composiÈion

and shape, and redeposíted". The term fabric, whích is a resulË of the

dynamics of a soil system, was used Ëo describe Èhe arrangement of

the constiÈuents of a soil ín relatíon to each other. Kubiena

(1938, p. L29 and 1,54) also íntroduced Ëhe terms elementary fabric

whích descríbed arrangement wíthin indivj-dua1 aggregates, while

fabric of hígher order referred to Èhe arrangement of aggregates.

Some of the factors Kubiena (1938, p. L30) attributed Èo influencing

fabríc were degree of flocculation of the plasrna, work of al-kal-is

and acids, action of eluvj-al and i1i-uvia1 processes, and weÈting

and dryíng.

Brewer and Sleeman (l-960), using essential-1y the same micro-

morphologicaL concepts, expanded on Kubienars work. One of Èhe major
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additions was the íntroductíon of sÈructure, whích they defíned as

"the physical constitutíon of a soil material as expressed by the size,

shape and arrangement of the solíd part.icles and associated voíds,

including both the primary particles to form compound particles

themselvesrn. Thus, fabríc is the element of structure which deals

with arrangement.

According to Brewer (1960 a), the skeleton and plasma consÈituents

become organízed in varíous r^rays during soíl formatíon. This organ-

ízaËion can be expressed by the developmenË of (1) peds, (2) pedologícal

feaÈures, and (3) ¡natríces, with their associated voids. These terms

are defíned as follows:

(1) Peds: I¡,Iithín the soí1 Ëhere are uniËs which are ref erred

Èo as peds. Such unít.s have been described llas .an índívídual natural

soil aggregate consisËíng of a clusËer of primary partícles, and

separated from adjoíning peds by surfaces of weakness which are

recognízable as natural voíds or by the occurrerlce of cutans"

(Sleeman, J.R., 1963). I,ihile there are many soils which exhibít

peds, there are just as rnany that do not. Such soils are referred

to as being apedal. These soíls tend to be very friable and have a

strongly intereonnecËed arrangement of vughs.

(2) Pedologícal features: llithin and on peds one fínds

pedological features which are a result of fractionation and reorgan-

izaLíon of the mobile actíve plasma by soil forrning processes. A

pedol-ogical feature is defined as follows: "recognízable units withín

a soil material which are dístínguishable from the encl-osing material

for any reason such as orígín (depositíon as an enËity), dífferences

in concenËration of some fraction of the plasma (i.e. plasma concen-

tratíon), or differences in arrangemerit of the consËítuents (fabrÍc)",



(Brewer, 1964, p. L42). Pedol-ogical feaÈures are divíded ÍnËo Ëwo

groups, orthíc and ínheriÈed pedological features, the latËer beÍng

features which are relj-cts of the parent, rock or parent material.

Examples of orthic pedologícal features are cuËans, glaebules, and

pedotubul-es whích have been defined in AppendÍx II. The majority

of Ëhese features are then descríbed accordíng to size, degree of

separation and orientaËíon.

(3) S-matríx: "of a soí1 maÈeria1 is the material wÍthín

the simplest peds, or composing apedal soíl materials, in whích the

pedologícal- features occur; it. consisÈs of plasma, skeleton grains,

and voids Èhat do not occur in pedological- features other than plasma

separatíons" (Brewer and Sleeman, 1960). This Ëerm is also used Ín

sedimentary peËrology in the same sense. These featuïes are also

described ín terms of size and shape in Appendix III.

The majoriËy of the terms used ín Ëhis study were those

proposed by Brewer (1964). A glossary of the Ëerms is found in

Appendix II.

Interpretation of Soí1 Mícromorphological Data

The kinds of soíl forn:ing processes that have been operatÍve

can be inferred dÍrectl-y from structure and fabric anal-ysis, providing

one has sufficient background data, and experience in inËerpreÈíng

thín sections. The dífferences between Ëhe structure of the soil

materíal of a particular soil- horízon and that of the parent material

has been recognized as a reflection of the effect. of soil forming

processes, and it ís a natter of interpreting these observed changes

in terms of the processes which caused them. lüith the aid of micro-

morphologj-cal- data, a number of hypotheses have been put forward in
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TecenÈ years concerning the processes involved in formaËíon of varíous

kinds of plasmic fabrics and pedologícal features. According to

Brewer (1960 a), Ëhese hypotheses, concerning genesís of profiles and

processes of formation of parËicular fabríe features, provide a basís

for research projects needed to reproduce the observed phenomena.

A number of papers have been publíshed on interpretations of

prepared thin sectíons, and Ëhe followíng ís a suunnary of the papers

reviewed.

Fabrics of hurnífíed surface mineral horizons

Kubiena (1953) rras one of the first Ëo descrÍbe the hurnifíed

microfabrícs of the surface horizons. His descríptions have been

widely used and quoted by other invesÈígators. He descríbed a number

of different humus forms which occur in mineral surface horízons,

three of whích are defíned as follows:

(1) Mu1l: "typical spongy fabric, characterized by complete

decomposition and humífícation of the organic substance, l-ack of

recognízab1e plant remains, good clay forrnaÈíon, and binding of finely

dispersed hurnic substance by Èhe clay substance".

(2) Moder: t'loose míxture of broken through plant remaíns,

uíneral- fragments and arthropod droppíng".

(3) Mull-like moder: "loose mixture of míneral rich aggregates.

In the aggregates liÈtl-e chemícal decomposítíon of Ëhe mínera1

substance, re1-atívely good hurnificaÈion (the hr:míc substance acËs

mainly as bínding substance), but al-so existence of s1Íght1-y decomposed

plant fra¡¡ments wíth well preserved plant sËructurerr.

According Èo Kubiena the mu11 hr¡mus and mu11-l-ike moder humus

form were found ín the Chernozemíc and Chernozemic-l-ike soí1s. The



urull-like moder humus fbrm occurs where there ís more pronounced

eluvíatÍon taking place. The Èype of fabrics which contaíned the

mull or mull-lÍke moder humus form were referred Èo as a intertextic

fabric and degraded ínËertextic, respeetíve1y; but they were referred

to as a chernozemic type r,¡hen found Ín a Chernozemic soíl. Fabric

containing similar humus forms were described by Pettapiece and

Zwarict. (1970), and St. Arnaud and l^Ihiteside (L964). Dumanski and

St. Arnaud (l-966) described a fabric contaíníng the urull-líke moder

humus form which they called a modified ínËerËextic fabric. BarratÈ

(1964, 1969) also devísed a classificatíon for hr:mus forms found in

organíc-rích horízons. The classífícation was based entirel_y on

micromorphological observations patterned afÈer Kubienats work.

Fabrics of eluviated míneraI surface horizons

El-uvíated horÍzons are found in certaín Chernozemic, Solonet.zic,

Luvisolic, and Gleysolíc soí1s. These horizons, found in the upper

portíon of a soil profile are characËerízed by a bleached appearance,

low organic mat,ter conËent, and a platy appearance in thin section.

McMillan and Mitchell (1953) studíed thin sections from Èhe eluvíal

horizons, of a degraded Chernozem, a Solonetz, and a Gray Podzol

(Gray Luvisol in present classífication). Theír study revealed a

banded fabríc in the eluvial horizons, with the presence of invasÍon

amygdalí (referred to as nodules in thÍs study). Dumanski and

St. Arnaud (l-966) in theír study of eluvíal horízons noted an íncreasing

occurrence of banded fabric, a decreasing occurrence of isoband, and a

more pronounced and fíner p1aÈy structure in soí1s grading from

Chernozemic to Podzol-ic (Luvisolic in present cl-assifícation).

Banded fabric has been attríbuted to the physical action of ice lenses



(Pettapíece and Zwarich, 1970, and St.

to drying of soí1 from top down (Acton

Kubíena, 1938, p. 193). Kubiena (1938,

descríbe Èhe banded fabric.

10

Arnar¡d and tlhiËeside, 1964), and

and St. Arnaud, L963, and

p. l-92) was Ëhe fírst to

Fábrics of ílIuvial nineral horizons

Illuvial- B horizons are characËerized by an accumulatíon of

colloidal plasna whích makes for a denser and a moïe compact fabric.

This accumul-ation modifies the texture and fabric of the natural soil

surfaces and gives ríse to plasma concenËratÍons (cutans). The degree

of anísotropy¡ and the arrangemenÈ of Ëhe plasma domaÍns, has been

used by Brewer (7964) and others to cl-assify Ëhese plasmic fabrics.

Early researchers (Buo1 and Hole, l-959; Nettl-eton, eË a1., 1969)

referred Èo these accumulaËions as being clay skÍns, while other

authprs referred to them as encrusted clay (FreÍ and clÍne, Lg4g)

or optically oríented c1-ay (Brewer, L956; Minashina, 1958). Trom

analysís carried out on Ëhese coaËings by Buol and lIole (L959) and

Beke (1964), ít was observed that Ëhey contaíned considerable amounts

of iron and organic matter Ín addítion to the c1ay. !üith this

information, plus the realízati,on that these clay coatÍngs could have

dífferenÈ genesis and were associatetl with different soil enÈities

(mineral grains and voíds), l-ed Bre\nrer (1960 b) to introduce the

Ëerm cutan.

In mosË instances, clay accumulations occur as thin coaÈÍngs

on the surface of mineral graíns, around voids, and a1-ong condueting

channels. These accr-rmulations have been reported in many soil-s

íncluding Chernozemic (Acton and St. Arnaud, 1964; Pettapíece, L964;

Redmond and omodt, L9643 st. Arnaud and whiteside, Lg64), soLoneÉzic
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(Pawluk, L969; Yarilova, L964), Luvisol-ic (Cline, L949; Freí and

Cllne, L949; McCal-eb, 1954; McKeague and Cann, L969; PetËapiece, L964;

St. Arnaud and tr^Ihiteside, L964; Thorp, et, al., 1959), and Gleysolic

(Acton and St. Arnaud, L963; McKeague and Cann, 1969).

Several workers (Brewer, 1956; Freí and Cline, L949; McCaleb,

L954; Minashína, 1958) have regarded Èhese optícal-l-y oriented clays

as being indicatíve of the presence of i1luvial clay. According to

Freí and Cline (L949), the increase ín clay content of B horizons

could be accounted for in three \^rays:

(1) Clays may migraÈe in suspension in percolating water and

become oríented by settling out under ínfluence of surface tension.

(2) Synthesís of weathering producËs from A and B horízons

ínto clay minerals.

(3) Removal of other consËítuenËs such as calcíum carbonates

from a B horizon may concenËTate resídual clay.

llhile agreeíng with Frei and Clíne, Buol and Hole (1959),

Brewer (1956), and Minashína (1958) posÈulated that oriented clay

could al-so be formed by mechanical press.ure.

Optíca11-y orienËed c1-ays have been produced by several

workers (Barte11Í and odell, L960; Brewer and Haldane, L9563

Polyakov and Fl-orínsky, 1968; Thorp, et al., L957) by passing clay

suspensions through columns of sand. The laboratory studies of

Brernrer and Haldane (1956) showed Èhat the Ëype of cation saËuraËion

of clay material did not affect the degree of oríentaËíon of Ëhe clay

particles, but that sil-t size particles tend to disrupË clay orientation.

Thorp, et. al. (1957) demonsËraËed movement of fíne clay from leaching

columns to effluent Ìrater and the deposition of c1-ay ín lower 1-ayers

of the column.
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According to Brewer (1960) "the occurrence of cuËans wí11 also

have a considerable effect on plant growth, not only because of their

effect on the course of soí1 formatíon, but more írmnedíately because

Ëhey affect Èhe environments of Ëhe plant roots". In sËudying rooË

soil relationships, one finds that planÈ roots are frequentl-y confined

Ëo ped faces and channel-s which are coaÈed wíth thíck ílluviatíon

cutans composed of clay minerals. Soileau, É al. (L964) found that

while the cutans tended to stabíl-íze the soí1- aggregat.es, they

restricted plant gro\,rth and potassíum uptake.

Mineral AnalysÍs

Minerals at the Èime of Ëheir formation, presumably are at

equilibrium wiÈh Èheir envíron:nenÈ, and Ëherefore stabl-e. ![hen

these mínerals are dÍsturbed and ÈhrusË into a dÍfferent environrnenÈ,

many of these minerals become unsÈab1e and undergo changes. Such

changes do occur in soí1s and sedimentary deposits. Mineral count.s

have been used to deüermine amount of r,,reathering that has taken place

in a profile and to determine sÍmil-ariËy of soil parent materfals.

Petrographíc mÍneral anal-ysis of soiL materials depend on

separation and concenËration of mineral species in the medium, fine

and very fÍne sand. In mosË ínstances, one separation is made,

resulting Ín two mÍneral fracËions, "lÍghÈrt, having a specific

gravÍÈy less than 2.8g, and "heavy", wiÈh specific gravity greaËer

than 2.89. The light mineral- fraction of soils consists mainly of

qtartz and fel-dspars, and accounts for about 95 per cenË of Ëhe

particular size separate. Although the heavy mineral- fraction of a

soil accounts for on1..y 2 to 3 per cent of Èhe sj-ze separate, iÈ
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contaíns a r¡ríde variety of mínerals such as amphíboles, garnets,

pyroxenes, iron oxides, zircori epidote, olívine, tourmaline and others.

Many of the heavy minerals are very resistant to chemical weaËheríng.

Gol-dich (Pettijohn, L957, p. 503), as a result of quanriraËíve

studies on several- soil profiles, arranged the courmon rock making

minerals into the following mineral stability seriesî

Olivine

AugiÈe

Calcíc plagioelase

Calcíc-a1ka1íc plagioclase

A1kalíc-calcic plagíoclase

r_ncre
s tabí

asing
1íty

Biotite Al-kalic plagíoclase

Potash feldspar

Muscovíte

Quartz

One can infer from Ëhe míneral stabílity series that the more basic

a mineral the more unstable it ís. Quartz and potash feldspars would

be the most stable, and the alkalíc plagíoclase such as albite would

be moderately stable, whereas the calcic pl-agioclases, byÈowniÈe and

labradoriËe would be rel-atÍvely unstable. This ínference rrras

strengthened by Graham's (1949) study in r¿hich he found Èhe more

calcic a plagíoclase feldspar, the hígher íts weathering rate. cann

and trrlhiteside (1955) found that potash feldspars shor¿ed a net gain

in the profile, while plagioclases showed a net 1oss, and that

p1-agíoclase losses decreased downward in the profile. This suggest.ed

that orthoclase feldspars hrere as resistant to weaËheríng as quart.z

graíns. A study of relative proportíons of líght or heavy mineral
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species of different stabil-ity could gÍve a qualitaÈive estÍmatíon
.of weathering of surface horizons r^rere compared to the parent material.

The orígín of any sedimentary deposit is refleeted in the mineral

suite present, particularly the heavy mineral suiËe. The heavy

mínerals ínclude some species of highly resistant characËer (Carver,

lgli., p. 459; Pettíjohn, lr957, p. 504) such as rutile, zircon,

tourmalíne garnet and oËhers whích are capable of surviving more than

one cycle of weatheríng, and therefore, remain in constanË proportíons

in a profile for long períods of time. Sínce heavy minerals are

found ín relaÈively small quantities, variat.ions in specÍes withín

a cerÈain síze separate Èhroughout a profile can be readily ascer-

tained. These variations are used in deËermíning sirnilaríty of

parent maËeríal withi-n a profíle and between profiles. Sawhney,

et al. (1962), Seale (1956), and Yassoglou and l¡IhiËeside (1960)

used heavy mineral sÈudies to determine similarity of parent. materials.

A study carríed out by Marshall and Haseman (L942) on the total heavy

minerals ín a Grundv silt loam revealed that mineral breakdown was

Eost severe in upper 20 inches of the profile and fe1l off wíth

increasing depth.
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Technology

Thin sectíon preparaËÍon

According to Kubiena (1938, p. 70), as early as 1904 Delage

and Lagatu attempted to prepare Èhín secÈions of crushed soil by

adding hardening substances Èo the soil. Day (1948) quoted pigulevskyrs

study of L91-4, in which soil clods úrere impregnated wiÈh paraffin

wax and napthalene so that photo-mÍcrographs of soil- sËructuïes could

be made from the thin sectíons. Kubíena (1938, p. 72), in LgZ3,

developed a method for impregnating friable materials without destroying

the natural fabric. He carried out experíments usíng bakelite,

canada balsam and kollolíËh, and found ko11o1ith to be Èhe most

suiËable impregnating maËería1. The main problem encounteïed usíng

bakelíte, canada balsam, and ko1lo1íth was Ëhat Èhe procedures

required prolonged heating \,riËh the danger of boiling Ëhe resin and

disrupting the specimen. volk and Harper (1939) found bakelite

varnísh nr¡mber 1305 to be the best impregnating agent.

Bourbeau and Berger (L947) inÈroduced the first use of

synthetic resín, CasËo1ite, which has sínce been used by many

fnvestigators. Bartel-l-i and odell (1960), Buol and Fadness (1961),

McMillan and Mitchel-]- (1953), and PetrapÍece and Zwarich (l-970),

used casËolÍte as an ímpregnaËing agenÈ quite successfully, buÈ all

used differing proporËions of Castolite to sÈyrene in their procedures.

rn a1l- cases where castolite was used, a hardener, cumene peroxide,

was added Èo aÍd ín polymerization of the Qastolite. curing Ëime for

castolíte varies f.rom L2 hours at 100oc (BuoL and Fadness, 1961-), to

fÍve to seven days aË room Ëemperature followed by 30 mÍnutes at gz"c

(ltcltil-1-an and Mirchell_, 1953) .
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Yarilova (1963) sËated in his paper that Atemueller in Germany

had good success using vestopol H as an ímpregnaËing agenË. Gile

(L967) used Lamínac Resin and Lupersol DDM as a hardening agent when

impregnatíng sandy to clayey soí1s. He concluded that the procedure

Ì^ras successful on calcareous and noncalcareous soils. rnnes and

Pluth (1969), in theír study used scot,chcast No. 3 to get complete

Ímpregnation of dense blocks. The advanËages ín usíng this resín

was its símple preparatíon, 1ow víscosíty, short polymerization períod,

and hígh Ëhernal stability. Some studíes (Mackenzie and Dawson, 1961)

have been carríed ouË using Çarbowax to ímpregnate moíst or \,ret soils.

These studies have been successful as far as the impregnaËíon is

concerned, because'Garbowax melts at 55oc and ís readily soluble ín

\,rater in a1l- proportions. cutËing and grínding of samples impregnated

wíth CarboT¡rax present some problems because of the materiali,s softness.

Many investigators (Buo1 and Fadness, L96L; Guertin and Bourbeau,

r97L; rnnes and P1uth, L9703 Pettapiece, 1964) using dÍfferent resÍns

and procedures, found that impregnation T^ras more complete if the

samples $lere evacuated prior to and durÍ-ng the impregnaËion procedure.

Mounting and gríndíng techniques have not changed much over the

years and have remained Ëhe same essentially. Kerosene has been

found to be the best cooling, and l-ubricating materÍal during the

grinding procedure. !üaËer or any other polar líquids Ëend to dísperse

and swel-l clay mineral graÍns. some invesËigators (Brewer, L962;

Guertin and Bourbeau, L97L) have used dry grinding wiÈh varying

degrees of success.

Sections of appropriate thíckness are cut from the impregnated

sample and trimmed to fit on a glass sl-ide. rn recenË years, it has
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been found thaÈ grinding the side of the section Ëo be afixed to the

slíde resul-ted in a better bond between the section and the slide.

Lakeside 70 and canada balsam have been used in the past to glue the

soil section to the glass slide. More recently, epo>cy has been used

because of iÈs better bonding propertíes. soil sections, once glued

Èo the s1ide, are Ëhen ground using Alundum or Silicon Carbide grindíng

eompounds, to a Ëhickness of 30 to 50 mícrons as judged by the ínter-

ference colors of certain minerals. The final grinding using

diamond pastes or an oxide is usually done on glass, wood or on a

lapidary wheel usÍng different types of cloth or paper. once Èhe

desired soil Ëhickness on the sl-íde is obtained, the complete slide

is thoroughly cLeaned, and a cover slip ís affixed using canada

balsam or caedax. More recenËly, caedax has been used mainly for the

reason that it can be redíssolved using xylene and also because ít

does not darken r^ríth age as does Canada balsam. Cover slips attached

wiÈh Caedax may also be removed, and a polished surface can be imparted

to the section íf microprobe work ís required.

Mineral mounts

PeËrographíc mineral analyses are preceded by specÍfic graviËy

separations. Specific gravíty separations are carried out usíng either

bromoform (speeifíc gravity 2.89), ËetrabromeËhane (specifíc gravity

2.90), or oÈher heavy lÍquids, or a mixture of the heavy liquíds to
arríve aË a desired specific graviËy. The most coumon procedures

used are Èhose of Jackson (1956, chapter 10), or Milner (L962,

ChapÈer 3).

A varíeÈy of resins are available for permanent light mínera1
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graín mounts. Canada balsam (n 1.54) and Caedax (n 1.55) seern Ëo be

the mosÈ widely used. Other low index resins are kollolith (n 1.54),

lakeside 70 (n 1.54), and permounÈ (n 1.53). For heavy minerals

iË is generally preferable to use a resin of hígh refractíve index

to help facilítate heavy mineral identification. ResÍns such

as piperine (n 1.68), hyrax (1.71), and Aroc1or 4456 (n 1.66) have

been used for heavy míneral mounËs. For Ëemporary mounts of heavy

or light mineral-s, different ímmersíon oils can be used.

Light mineral ídentification can be carried out by determining

refractive índíces or by chemical sËaining. The advantage of chenícal

staining over the det,ermination by refractive indj-ces is the rapídÍty

of identífication and counting. A number of methods (Gross and Moran,

L97Oi Jackson, 1956, p. 504; Reeder and McAllíster, 1957) for chemical

staining have been used. Before staining the grains are eÈched in

hydrofluoric acíd (Reeder and McAllister, L957) for two minutes or

in its fumes (Gross and Moran, 1970; Jackson, 1956) for ten mÍnuËes.

After the ËreaËment with hydrofluoric acid, all the invesÈÍgators

immersed the mÍnera1 graíns ín a concenÈrated sodíum cobaltínitríte

solutÍon to sÈaÍn the potash fel-dspars ye11ow. Each invesËigator

used a different sol-ution to stain the plagioclase feldspars. Reeder

and McAlllster (1957) immersed Ëhe grains Ín a buffered hematein

solutÍon to stain Èhe plagiocJ.ase feldspars purpl-e, whiLe Jackson (1956)

immersed the grains in a one percent malachite green dye soJ-ution

sËaining Èhe pLagioclase feldspars green t,o greenish-blue, and Gross

and Moran (1-970) iuunersed the grains in a one percent solution of

amaranËh red staining a1-1- plagÍoclase fel-dspars a bright red. The

depthi,of color of the plagÍoclase fel-dspars in al_1 the staining

methods became successiveLy 1-ighter with Èhe less calcic feldspars.

Quartz remaíns unchanged.


