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ABSTRACT

The N i a g a r a P e n i n s u l a S u p p o r t s a f l o u r i s h i n g g r a p e and wine
i n d u s t r y , w h e r e much o f t h e p o t a s s i u m f e r t i l i z e r
s o i l s may n o t show up i n t h e f r u i t
minerals

in the s o i l .

applied to the

vineyard

o r v i n e s b u t i s f i x e d by t h e

clay

S o i l s a m p l e s were c o l l e c t e d on a n o r t h - s o u t h

line

t h r o u g h a h i g h d e n s i t y of v i n e y a r d s and examined by x - r a y d i f f r a c t i o n

to

d e t e r m i n e t h e r e l a t i o n s h i p of p o t a s s i u m w i t h r e s p e c t t o c l a y m i n e r a l s
present.

The i n v e s t i g a t i o n shows t h e p h y l l o s i l i c a t e m i n e r a l s

t o be i l l i t e ,

c h l o r i t e and v e r m i c u l i t e .

present

The v e r m i c u l i t e p r e s e n t

is not

t h e u s u a l M g - v e r m i c u l i t e , b u t a K - v e r m i c u l i t e w h i c h c a n be c o n s i d e r e d a s a
degraded i l l i t e - - t h a t

i s , an i l l i t e which h a s l o s t p o t a s s i u m i o n s .

resulting K-deficient

mineral possesses a very limited expansion

and i s c a p a b l e of c a p t u r i n g p o t a s s i u m i o n s and c o n v e r t i n g b a c k t o
illite

form.

Agriculturally,

t h i s causes potassium deficiency

IV

The
lattice
the

in p l a n t s .
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CHAPTER 1:

INTRODUCTION

BACKGROUND
The Niagara Peninsula supports a flourishing grape and wine
industry.

The majority of vineyards are located in the former Counties

of Wentworth (now the Regional Municipality of Hamilton and Wentworth),
Lincoln and Welland (now the Regional Municipality of Niagara).

Winter

temperatures are moderated by Lakes Erie and Ontario while summer temperatures are sufficiently high.

The area receives a suitable amount of

sunshine to produce satisfactory quality fruit.

Good air circulation and,

in places, natural soil water drainage are present, the latter being
assisted by underdrains on clay soils. Glaciation of the area has left
a legacy of clay, clay loam and sandy loam soils, derived from the glacial
deposits; these vary from poorly drained, below the Niagara Escarpment
to moderately well and imperfectly drained above and along the escarpment
(Bradt, 1972).
Grape vines require for their proper nutrition seven chemical
elements in quantity:

hydrogen, oxygen, nitrogen, and carbon--available

from air and water; and phosphorus, potassium and calcium--available from
mineral particles in the soil (Hunt, 1972).

Bear (1964) also includes

magnesium and sulphur bringing the total of the essential macronutrients
to nine. Potassium in the soil is normally due to the breakdown of
primary minerals that exist in sand-, silt- and clay-sized particles.
Orthoclase and microcline release potassium slowly as also do muscovite
and biotite which are important contributors of potassium.

Because of

the lithologic content of the glacial till, these minerals are present
in the soils of the Niagara Peninsula (Dreimanis, 1961).
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A consideration of ice movement directions with respect to the
rocks represented in the tills reveals contributions ranging from Precambrian granite through Paleozoic shales and limestones, to previously
glacially-transported material. The distance from the Niagara Peninsula
to the nearest areas of Precambrian outcrop indicated that the glaciers
traversed more than 200 miles (322 kilometres) of shales, as well as
carbonates and sandstones to produce the resultant parent material for
the soils of this area.

During the transport, the quartz derived from

the gneisses, granites and quartzites of the Precambrian terrain has
usually been reduced to sand size or larger, while the feldspar fragments
from the same rocks have been reduced to silt or clay sizes by attrition.
The limestones and dolostones, which have not been carried as far and
are relatively resistant to abrasion, usually show two maxima in tills-one in coarse sand to cobble sizes, and the other in silt and clay sizes;
the coarse sizes being dominant near bedrock sources.

Shales are less

resistant to abrasion than the carbonates but usually have not been
carried far enough by glacial transport to be abraded to clay-sized
particles only since grinding of shale to this size requires distances
greater than 10-50 miles^(16-80 kilometres) across shale bedrock, and
as a result are usually equally distributed in clay, silt and sand sizes
(Dreimanis, 1961).
In agriculture, chemical fertilizers are usually necessary to
augment the elements present in the soils. With regard to potassium,
muriate of potash (95% pure KC1 equivalent to 60% KoO) is the principal
fertilizer used; second in importance is sulphate of potash (95% pure
K2SO4 equivalent to 51% K2O); others are sulphate of potash-magnesia
(a combination of potassium sulphate and magnesium sulphate--18% MgO and
22% K2O) and potassium nitrate (Donahue, Shickluna and Robertson, 1971).
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The common requirement for grape vines in this area is 200 lbs (90 kg)
ammonium nitrate every spring along with 400 lbs (180 kg) potassium
muriate or 500 lbs (230 kg) potassium sulphate every two years, the large
biyearly dose being more effective than a small annual dose (Bradt, 1972).
The applied potassium salts go into solution, some to remain readily
available to plants, but some fixing to colloids or clay particles, to
be held in reserve until the potassium in solution in the ground moisture
is depleted.
The factors influencing the amount of potassium fixation
include:
"1. The kind of clay minerals present. Kaolinite does not
appear to fix potassium, whereas large quantities are
fixed by illite, vermiculite, and montmorillonite.
2. The relative amount of exchangeable potassium. The
greater is the percentage of exchangeable potassium in
relation to the total exchange capacity, the greater
is the potassium fixation.
3. Wetting and drying of the soils. Soils that are wetted
and dried fix large amounts of exchangeable potassium.
One explanation for this mechanism is that potassium
ions move inside the clay-crystal lattice when it is
wet and expanded, and, upon drying, the ions are trapped
inside. Any soil treatment that would keep the soil
more uniform in moisture content, such as shading or
the use of a mulch, would therefore tend to reduce
potassium fixation.
4. The presence of organic matter. Humus particles exist
in the soil in all sizes. Some particles are small
enough to enter the clay-crystal lattice and to reduce
the amount of contraction upon drying. This mechanism
tends to lessen the amount of entrapped potassium.11
(Donahue, Shickluna, and Robertson, 1971)
While no specific organic compounds containing potassium have
been found in plants, it is believed that this element is necessary for
protein synthesis by linking amino acids to form peptides; it may be
involved in enzyme-controlled transphosphorylation reactions, and aid
in the translocation of carbohydrates (Hesse, 1972).
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A deficiency of potassium causes the accumulation of soluble
nitrogen compounds in plant tissue due to a decrease in protein

formation.

Without it, carbohydrate production is limited; the leaves drop prematurely
thus leading to a decrease in CO2 assimilation.

While potassium keeps iron

more mobile in the plant, too high a content can also cause a deficiency of
magnesium which is an essential constituent of chlorophyll; also, potassium
may compete with magnesium for exchange sites on plant roots or on soil
particles. An increased potassium supply will help to maintain cell permeability by increasing osmotic pressure in plants and increasing water
absorptive capacity; at the same time, the osmotic pressure of the soil
solution is also affected making the water less available to the plant.
Potassium also increases the resistance of plants to certain diseases
(Donahue, Shickluna and Robertson, 1971; Hesse, 1972).
Potassium deficiency is observable in early summer on older leaves
of the shoots. The leaf colour fades, beginning at the leaf margin, moving
into the areas between the main veins, decreasing as it approaches vein
areas in the leaf centre.

Burning and curling of leaf edges accompanies

this colour change. Leaves fall prematurely and in extreme cases can be
extensive enough to prevent the ripening of the fruit and cause weak
secondary growth on the defoliated shoots. Advanced potassium deficiency
results in small, tight clusters of small, unevenly ripened berries
(Winkler, 1962).
PROBLEM
An anomalous situation seems to exist in the Niagara Area for
although chemical analyses reveal a high level of potassium to be present
in the soils in the Niagara Area, analyses of leaf petioles from the
vines indicate a deficiency of this element in the grape vines (oral
communication, R.A. Cline, 1974).
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It is the purpose of this study to determine the relationship
of potassium to the clay minerals present in some of the soils from
vineyards in the Niagara Peninsula, as a possible factor in this
deficiency.

A concurrent review of the literature has been undertaken

to determine if similar problems have been encountered in other grapegrowing areas outside the peninsula.

PREVIOUS WORK
Study of the results of work previously done on this and
related problems shows that there has been little done on the role of
potassium in relation to vineyards specifically.

There are, however,

general papers on different aspects of potssium in relation to soils
and some of these will now be reviewed.
For purposes of this review, the writer proposes Hesse's (1972)
definition of available potassium as consisting of (i) exchangeable—that
which is immediately available to the plant and is water soluble; and (ii)
nonexchangeable--that which is potentially available but at a very slow
rate, being "fixed" or lattice bound.

When exchangeable potassium is

removed from the soil, the existing equilibrium is upset; nonexchangeable
potassium is then converted to an exchangeable form in an effort to reestablish this equilibrium and this newly-formed exchangeable potassium is then
available immediately to plants. Micaceous clays, such as illite can
supply exchangeable potassium from nonexchangeable sources. Temperature
and rainfall affect fixation and release of potassium by soils. Low and
excessive rainfall conditions result in low available potassium, while
increasing temperatures result in an increased rate of release of
potassium (Birkeland, 1974).
In the Southeastern United States the exchangeable potassium is
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too low for the existing crops which must then derive their requirements
from nonexchangeable forms held in reserve, such reserves being artificially
reestablished by fertilization (Hoover et al, 1948).

The nonexchangeable

potassium is more readily and more quickly available from the more weathered
silt and sand loam soils, especially those at pH 6.6 to 7.2.
Williams and Jenny (1952) examined the replacement of nonexchangeable potassium by various acids and salts on a non-calcic brown loam in
California.

Having determined that the amount of fixation of potassium

from various potassium salts varied as the rate of application and time of
contact, they then established that more rapid leachings removed more
potassium from the soil under study.

The amount of replacement of soil

potassium by solution hydrogen was related to the pH of the replacing
solution.

Increasing the pH of the acid solutions from 3 to 7 progress-

ively, decreased the amount of exchangeable potassium released, while
decreasing pH values of 3 or less allowed replacement of nonexchangeable
potassium as well as the exchangeable fornu
be more efficient than leaching methods.

Extraction methods proved to

In extractions with various

chloride salts, they found that the replacing abilities of metallic cations
decreased in the order H- > Na + > Li + >Ca 2 + > Mg 2 + > NH~t" with ammonium being
ineffective.
While comparing Iowa and Wisconsin soils, which showed a decrease
in potassium release after liming, and Alabama soils, which showed the
opposite effect, to Ohio soils; Pratt et al (1956) considered these Ohio
soils as Al-H-soils as well as H-soils and found that applied iron and
aluminum ions decreased the amount of potassium released at all calcium
levels while simply increasing the pH via Ca(0H)2 addition increased the
potassium released.

The potassium release was higher with Ca-saturation

than with H-saturation.

Aluminum, in the exchangeable form or as a hydroxide3
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was thus found to block the release of nonexchangeable potassium.
McEwen and Matthews, in their 1958 paper, examined several
Ontario soils, relating nonexchangeable potassium release rate to natural
soil characteristics and management practices. Among the soils examined
were the Fox sandy loam, Guelph loam and Haldimand clay soils which were
examined for the effects of potassium fertilization, cropping with alfalfa,
and drying of the soil, with respect to potassium-supplying power. Previous
soil management exercised no control but the soil characteristics did. The
clay fraction was found to be the chief supplier of nonexchangeable potassium, the greater the percentage of clay in the soil, the greater the amount
of potassium released by chemical methods.

Variations due to the stage of

weathering were considered insufficient to cause significant differences
in potassium-supplying power.

Drying of the soils had no effect on the

amount of nonexchangeable potassium released.
Water-soluble exchangeable and nonexchangeable potassium were
used to evaluate the potassium-supplying power of some Eastern Ontario, New
Brunswick and Saskatchewan soils. These included the soil series Charlottetown fine sandy loam (A) and (B) from P.E.I.; Caribou silt loam from New
Brunswick; Greensboro silt loam from Quebec; Castor fine sandy loam,
Mountain loam, Granby sandy loam, Grenville clay loam, and Carp silty clay
loam from Eastern Ontario; as well as a loamy sand from the vicinity of
Fort William, Ontario; and Cypress loam from Saskatchewan.

It was found

that the higher the degree of potassium saturation of the soil, the greater
the potassium uptake by plants, the potassium-supplying capacity of the
soils being dependent on the amounts of exchangeable versus nonexchangeable
potassium present and the rate of replenishment of the exchangeable form
by the nonexchangeable source. This rate of replenishment was found to be
slow, especially in those soils depleted of the more soluble portion of
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nonexchangeable potassium.

In general, a low level of exchangeable potassium

led to release of nonexchangeable potassium whereas a high level of
exchangeable potassium led to fixation of the added potassium (MacLean, 1961).
Further work on these soil samples examined the fixation of
added potassium into the nonexchangeable form.

It was found that the amount

of potassium fixed was controlled by factors such as soil texture, the
origins of the soils, and differences in past soil management; the fixation
usually increasing regularly with increasing clay content.

Repeated cycles

of wetting and drying did not cause much of an increase in the potassium
fixation. Adding potassium at different rates, in the form of chloride and
carbonate salts, established that relatively large amounts of potassium
can be added to a clay soil with high fixing capacity without incurring
serious losses due to leaching (MacLean, 1962).
Continued work on these soils by MacLean and Bryden resulted in
a 1963 paper reporting on the release and fixation of potassium in different
size fractions as related to the mineralogy of these soils. The Charlottetown, Caribou, Greensboro and Grenville soils exhibited low feldspar content,
no amphiboles, distinct vermiculite present in significant amounts, lower
amounts of interstratified minerals and higher amounts of illite than in
the other samples; chlorite was also present.

The Eastern Ontario soils

Castor, Mountain, Granby, and Carp showed feldspar, amphibole, chlorite,
illite and mixed-layer minerals. An abundance of montmorillonite, low illite
and interstratified montmorillonite-illite characterized the Fort William
and Cypress soils. The illite in all of the soil clays was dioctahedral,
either 2M or iMd polymorph.

Weathering has not taken place to any great

degree where chlorite and/or amphiboles are present; the differences in
mineralogy are therefore considered to be due to different parent material
and not to the extent of weathering processes. The potassium present in
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the clay fractions was attributed to the illite present although the
Eastern Ontario soils were considered to have contributions from the claysized fragments of feldspars also. The amounts of nonexchangeable potassium
removed by chemical methods varied inversely with increasing particle size
--in the clay fractions it was twice that in the fine silt, four times that
in the medium silt, and about eleven times that in the coarse silt and sand
fractions.

The K-bearing minerals were found to release total potassium in

the order biotite>muscovite > illite> feldspar.

The fixation of added

potassium usually decreased with increasing particle size; however, there
was considerable fixation in the medium silt fractions. There was no
relationship observeable between the amounts of potassium released and fixed
and the minerals present, and the amounts present, in the clay and non-clay
fractions.
These same soils were also examined with respect to their activity
ratio, AR

= K/(Ca 4- Mg)^, the log form of which is written as pK - %p(Ca -f Mg);

along with their potential buffering capacity, PBCK = -AK°/AR^ , where
-&K° is the estimated quantity of K released.

This latter expression is

the relationship when equilibration of potassium with the soil is achieved
and is a measure of the Gapacity of the soil to maintain the potential of
potassium against depletion.

It was reported that activity ratios were

found to be related to water-soluble and exchangeable potassium and the
degree of potassium saturation, but not to nonexchangeable potassium.

The

activity ratio obtained by equilibrating a single sample was considered to
IT

give a satisfactory picture of potassium intensity.
to the clay content of the soils.

The PBC

correlated

In conjunction with the activity ratio,

this was considered to give a much better idea of the potassium status than
the AR K value alone (Acquaye and MacLean, 1966).
Further work on the fixation of potassium added to soils and its
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recovery by plants, including field experiments, was discussed by MacLean
in a 1968 report on soils obtained from Prince Edward Island, Quebec and
Eastern Ontario.

It was reported that the clays of these and related soils

contained illite, mixed-layer minerals and possible vermiculite. The
potassium uptake of plants increased on the addition of potassium fertilizer.
It was concluded that high rates of application of potassium fertilizer
might be required for soils which had a high capacity for fixation of this
potassium, especially when said fertilizer was added in bulk.
Nova Scotia, New Brunswick, Ontario and Alberta supplied the
soils for a study relating fixation and release of potassium to the
mineralogy of the clay fraction.

Vermiculite was shown to release elemental

potassium slowly and moreover, produced low amounts of both the exchangeable
and nonexchangeable potassium; it also exhibited a high capacity to retain
the fixed potassium against cation exchange replacement with ammonium or
calcium ion. The more vermiculite present in soil samples, the lower was
the amount of potassium released and the more efficient the fixation.
Muscovite, on the other hand, exhibited low fixation of added potassium
but yielded high recovery of this fixed potassium; a low release of
elemental potassium was noted.

Intermediate fixation and high release of

potassium was shown to take place in montmorillonite (MacLean and Brydon,
1971).
An examination of British Columbia soils which had undergone
relatively little weathering revealed that the levels of exchangeable
potassium were affected by management factors such as fertilization. The
x-ray diffraction pattern peak intensities of micas increased directly as
total extractable potassium of these micas increased but exchangeable
potassium did not follow this trend consistently (Gardner, 1967).
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LOCATION
This study was conducted in the former Lincoln and Welland Counties,
now part of the Regional Municipality of Niagara, in the northeast quadrant
of the Niagara Peninsula, the latter being bounded on three sides by Lake
Ontario on the north, the Niagara River to the east and Lake Erie on the
south (Figure 1).

Access to this area was afforded by township roads and

provincial and regional highways since the quadrant of study lies east of
the City of St. Catharines, southwest of the Town of Niagara-on-the-Lake,
and northwest of the City of Niagara Falls, in a densely-populated region.
A north-south traverse was laid out along Concession Road VI and Garner
Road in this study area.
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Figure 1
LOCATION OF STUDY AREA AND SAMPLING SITES

CHAPTER II: GENERAL GEOLOGY
PHYSIOGRAPHY
Varying in width up to 8 miles (13 kilometres), the Lake Iroquois
Plain occupies the area between Lake Ontario and the Niagara Escarpment.
The northern portion consists of Lake Iroquois deposits of stratified sands
and minor gravels up to 25 feet (8 metres) thick, while to the south bevelled
Halton Till sediments up to 20 feet (15 metres) thick are present.

In the

southernmost portion of the study area, Lake Warren sediments, consisting of
stratified silts and clays up to 40 feet (12 metres) thick occur from below
the Lake Iroquois shore bluff to the base of the Niagara Escarpment. For
the most part, Regional Road 81 (formerly No. 8 Highway) closely follows
the Lake Iroquois shore bluff.
Dividing the Iroquois from the Warren lake plain to the south,
the Niagara Escarpment extends westward from the Niagara River through
St. Davids toward Thorold.

The elevation of the base is approximately 350

feet (107 metres) a.s.l. in the study area while the crest stands at
approximately 625 feet (190 metres) a.s.l.; the drift-covered base is red
shale and the crest is comprised of dolomite formations.

Near Queenston

on the Niagara River the escarpment forms a benched face with Lockport
dolomite at the top, and Irondequoit and Reynales limestone capping the bench
part way down the escarpment face. The face of the escarpment is bolder
east of St. Davids and consists mainly of a single face buried by drift at
the base only.

To the west of St. Davids the face is distinctly benched

and more extensively buried by glacial drift. The study traverse ascends
the escarpment along a till ramp about \ \ miles (2 kilometres) west of
St. Davids. The Silurian dolomite which forms the brow of the Niagara
Escarpment; and the underlying limestones, siltstones, sandstones and shales;
13
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are cut at St. Davids by the channel of the ancestral Niagara River0

The

point of emergence of the old bedrock valley is marked by a distinct notch
in the escarpment face. On the western boundary of the study area, the
Welland Canal now occupies the channel of the former Ten Mile Creek which
also cuts a notch into the escarpment face.
While it is present between the Lake Iroquois shore bluff and the
base of the Niagara Escarpment, the principal extent of the Warren lake plain
covers the southern portion of the Niagara Peninsula, from the crest of the
escarpment to Lake Erie, with few major breaks. Between the exposed Lockport
dolomite forming the crest of the Niagara Escarpment and the Onondaga Escarpment, a low north-facing scarp in the southernmost portion of the peninsula,
lies a series of softer rocks including shale members, which have been worn
down to form a depression in front of the Onondaga Escarpment.

Overburden

depth increases from less than 50 feet (15 metres) near the Niagara Escarpment to 150 feet (46 metres) in the depression, decreases to zero over some
areas of the Onondaga Escarpment, and increases again from 10 to 50 feet
(3 to 15 metres) along the shores of Lake Erie. The relief in this area,
mapped as the Haldimand Clay Plain by Chapman and Putnam (1966), is generally
low, ranging from about 600 feet (183 metres) in the north to about 580 feet
0-77 metres) in the south.

The relief is disrupted slightly by lake-modified

recessional till moraines (e.g. Niagara Falls Moraine) in the northern third
of this clay plain, and by the Onondaga Escarpment to the south. Although
the area was covered by Lakes Warren and Dana, the till present was not all
buried by stratified silt and clay but is seen as the low moraine ridges,
which have silt or clay in the troughs between them.

Composed primarily of

silts and clays the plain is drained by minor north-flowing streams along
the northern margin and by east-flowing tributaries of the Niagara River
of which the Welland River is the largest0

The drainage pattern is
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established by the dip of the rock strata and the southwardly-increasing
clay content of the deposits.
The Niagara Fruit Belt incorporates the Iroquois Plain, along with
the benches and ramps of the Niagara Escarpment as well as a narrow area
along its crest

(Chapman and Putnam, 1966; Feenstra, 1972).

BEDROCK
Resting on Precambrian basement, the marine bedrocks of Southern
Ontario outline a pattern of concentric belts with strata of sandstone,
shale, limestone and dolomite dipping toward the southwest at a rate of
20 feet/mile (4 metres/kilometre) or more. These strata are bounded to the
north by escarpments, the most pronounced of which is the Niagara Escarpment
in the north of the peninsula while the lesser Onondaga Escarpment is situated
in the south of the peninsula. The bedrock is of Ordovician, Silurian and
Devonian age. The reader is referred to Figure 2 and Table 1 for a display
and listing of the pertinent strata. The formations between the Queenston
and Lockport-Amabel Formations are mostly confined to the face of the
Niagara Escarpment (Chapman and Putnam, 1966).

Consequently, only those

formations which underlie or are believed to influence the study area by
reason of their exposed area and position with respect to glacial erosion
will be discussed.
The Lockport-Amabel Formation of Middle Silurian age forms the
dolomitic caprock of the Niagara Escarpment.

It is divided into three members

in ascending order: the Gasport, a medium-crystalline crinoidal dolostone,
generally massive to thick-bedded, is bluish-grey to light buff in colour;
the Goat Island, an aphanitic to fine crystalline, massive to thick-bedded
dolostone is light buff to light brownish-grey, containing abundant bluishgrey and white chert near the base in places; and the Eramosa, a dark
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LEGEND
PALEOZOIC
DEVONIAN
Middle Devonian
Dundee Formation.
12
Limestone
Detroit River Group.
11
Limestone and dolomite
(Bois Blanc) Formation.
1Q 1 Onondaga
Cherty limestone
Lower Devonian
Oriskany Formation.
Sandstone
SILURIAN
Upper Silurian
Bass Islands Fm. (Bertie Fm„ )
8
Dolomite
Salina Formation.
Dolomite, shale, gypsum, salt
Middle and Lower Silurian
Guelph Formation.
Dolomite
Lockport-Amabel Formations.
Dolomite
I Clinton and Cataract Groups,
it I Sandstone, shale, dolomite
ORDOVICIAN
Upper Ordovician
Queenston Formation.
Red shale
Georgian Bay Formation.
Grey shale with limestone interbeds
and limestone upper member
Whitby Formation.
Grey and black shale
(After Hewitt and Liberty, 1972;
revised Liberty, 1976)
Kilometres
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Table 1
GENERALIZED GEOLOGICAL COLUMNAR SECTION FOR SOUTHERN ONTARIO
Age

Upper
Devonian

Middle
Devonian

Formation
or Member
Port Lambton Fm«

Grey shales with siltstones

Kettle Point Fm.

Black shale

Hamilton Group

Grey shale with limestone members

Dundee Fm.

Grey limestone, some dolomite

Detroit River Group

Grey and brown, dolostone and
1imestone

Onondaga (and Bois
Blanc) Fm.
Lower
Devonian

Oriskany Fm,

Brown, cherty, dolomitic limestone
Grey, coarse sandstone

Bertie Fm.

Grey dolostone, waterlimes, dark
grey shale

Salina Fm.

Brown dolomite, shale, gypsum and salt

Guelph Fm.

Tan, fine-to-medium
dolomite

Lockport-Amabel Fm <

Grey, bluish-grey, finely crystalline
dolostone

Clinton Group

Siltstone, shale, grey carbonate

Cataract €roup

Sandstone and shale, grey carbonate

Queenston Fm.

Red, red-mottled green shale and
clay shale

Georgian Bay Fm..

Upper Member: grey limestone and
dolomite
Lower Member: Bluish-grey clay shale
with interbedded
hardbands of fine
carbonate

Whitby Fm.

Upper Member:

Upper
Silurian

Middle
and Lower
Silurian

Description

Ordovician

Middle Member:
Lower Member:

crystalline

Grey, bluish-grey
shale and clay shale
Grey and brown shale
Black, fissile,
calcareous shale

(After B.A. Liberty, 1976)
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brown to medium grey, aphanitic to sugary, medium- to thin-bedded dolostone
with bituminous and shaly partings. This formation has an outcrop width up
to 6 miles (10 kilometres) (Barnett, 1975; Hewitt, 1960).
The oldest formation present in the Niagara Peninsula is the
Queenston Formation^ of Ordovician age, forming a belt 1-7 miles (2-11
kilometres) wide along the south shore of Lake Ontario and extending southward to form the base of the Niagara Escarpment.

It is composed of brick

red, sometimes grey, thin- to medium-bedded shale, often with green mottling.
Thin beds of grey-green and reddish argillaceous limestone occur in most
sections.

It breaks down readily into a red clay soil (Hewitt, 1971).
Underlying this but not outcropping in the Niagara Peninsula

is the Georgian Bay Formation, also of Ordovician age. The upper member
consists of grey limestone with shaly partings while the lower member consists
of blue or grey shale with thin interbeds of sandstone, limestone and dolomite (Hewitt, 1971).

Extending westward from the north shore of Lake Ontario,

this formation has a width of 36 miles (58 kilometres) at the Lake Ontario
shoreline thinning to 4 miles (6 kilometres) as it approaches Georgian Bay.
Underlying these formations is a third Ordovician formation, the
Whitby Formation, which extends from near Whitby on the north shore of Lake
Ontario to Collingwood.

In width, the bedrock surface is over 30 miles (52

kilometres) near Whitby but soon narrows down to approximately 2 miles (3
kilometres) in width from Aurora to Collingwood.

This formation consists

of three members: a lower black shale, a middle brown shale, and an upper
grey and blue shale. The term Whitby Formation encompasses the Collingwood,
Gloucester and Blue Mountain biostratigraphic units (Hewitt, 1971).
The remaining rock underlying the above-mentioned formations before
Precambrian bedrock is reached is the Simcoe Groups which consists of various
1imes tone format ions.
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QUATERNARY GEOLOGY
While this area has undergone extensive glaciation, the present
study is concerned with the last major Wisconsin ice advance and retreat
only.

The moraines, lake plains and beaches which occur in the study area

were formed as the result of the final expansion and retreat of the ErieOntario ice lobe between 13,000 and 10,500 years B.P.
Glacial striae and grooves on bedrock exposed along the Niagara
Escarpment within the study area indicate that the Port Huron ice moved
out of the Lake Ontario basin to the south and southwest.

It overrode the

Niagara Escarpment, crossed the Niagara Peninsula and occupied the Lake Erie
basin.

The silt to silty clay till, found primarily along the escarpment

and within the Iroquois lake plain within the study area, was deposited
during this ice advance and has been identified as Halton Till (Feenstra,
1972).

An earlier advance of the glacier was responsible for the deposition

of the underlying somewhat coarser reddish till found locally within the
study area, and identified as Wentworth Till by Feenstra (1972).
Though earlier pro-glacial lakes occupied parts of the Lake Erie
basin, no record of pre-Warren lakes occurs in the study area. Lake Warren
occupied the whole of the Lake Erie basin about 12,900 years B.P., and
expanded over much of the Niagara Peninsula as the ice lobe retreated northward to the Niagara Escarpment, and finally into the Lake Ontario basin.
The silts and clays of the Haldimand Clay Plain were deposited at this time.
As the ice withdrew from a position more or less along the Niagara Escarpment
(12,800 years B.P.), Lake Warren fell quickly to the low level of Early Lake
Erie.

Several weak beaches, spits and bars (Grassmere, Lundy and Dana) were

formed as Lake Warren waters fell, e.g. on the flanks of the Fonthill kamedelta and the Niagara Falls Moraine (Feenstra, 1972; Hough, 1958; Prest, 1970).
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By 12,500 years B.P. the Lake Ontario ice lobe had retreated from
most of the basin and pro-glacial Lake Iroquois was established.

The lake

plain and shore features, together with the lake bottom sediments found in
the study area below the Niagara Escarpment, were formed at this time.
About 11,500 years B.P., Lake Iroquois drained in stages to the
brief low-level Admiralty phase.

Shortly after, Lake Ontario was initiated

and its development has continued to the present day.

The rising water

level in the Lake Ontario basin has resulted in the flooding of the mouths
of streams draining northward into Lake Ontario, such as Four and Eight Mile
Creeks, and the development of bay-mouth bars across them.
The Quaternary geology of the study area is depicted in Figure 3.

TILL DESCRIPTIONS
As mentioned previously, two tills are found in the study area:
the Halton Till and the Wentworth Till (Barnett, 1975; Feenstra, 1972).
The former, younger till, which is brown grey in colour and has a silt to
silty clay texture, is found extensively within the Iroquois lake plain and
along the Niagara Escarpment.

The latter, a reddish sandy silt till underlies

the former but is exposed only in stream cuts locally.
Analyses of these tills (Barnett, 1975) shows that the Wentworth
Till contains 37 per cent sand, 47 per cent silt and 16 per cent clay as
compared to 16 per cent sand, 52 per cent silt and 32 per cent clay for the
Halton Till; thus, the Wentworth contains twice as much sand-sized fraction
and half as much clay as the Halton.

Total carbonates are twice as abundant

in the Wentworth, 29 per cent as compared to 17 per cent in the Halton. The
mean per cent of dolomite content is 18 in the Wentworth and 6 in the Halton.
The mean carbonate ratio (calcite/dolomite) is less than one (0.98) in the
Wentworth but greater than one (2.46) in the Halton.
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Further, in the western half of the peninsula, in the Halton Till,
calcite is dominant north of the Niagara Escarpment, but the carbonate ratio
decreases to less than one south of the Niagara Escarpment, to again increase
south of the Onondaga Escarpment.

This relationship can be attributed to

underlying bedrock in the western half of the peninsula.

In the eastern

half, which includes this writer's study area, the carbonate ratio does not
fall below one.

This may be due to thick underlying layers of Wentworth

Till and glaciolacustrine deposits, the presence of which has been confirmed
by drilling, which acted as a protective blanket between the ice and the
dolomite bedrock below.
Heavy mineral assemblages are similar for both tills, an indication
that the ice derived these components from the same bedrock type. Hornblende
is slightly higher (46 per cent as compared to 39 per cent) in the lower till,
but not enough to serve as a differentiable characteristic.

The other

minerals; which include hypersthene, clinopyroxene, garnet, magnetite, apatite,
epidote, chlorite and actinolite (tremolite); show very similar percentages
present in the two tills. The mean garnet ratio (purple and white: red and
orange) are 1.87 for the Halton and 1.94 for the Wentworth; since these
values are greater than one and amount present ranges from 10 to 20 per cent,
a till component derived from rocks of the East Grenville is indicated.
Trace element analyses established that nickel and chrome contents
can be used to distinguish between the two tills—nickel content of the
Halton was 42-50 ppm as compared to 25-32 ppm for the Wentworth; chrome
content of the Halton was 51-58 ppm as compared to 30-50 ppm for the Wentworth.

It can be seen that the upper, Halton Till shows substantially

greater amounts of both elements.

Copper, zinc and strontium contents cannot

be used to differentiate between the two tills; however, down-ice trends do
reveal that copper decreases in the Halton but increases in the Wentworth.
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Sections based on boreholes at Port Weller on the Lake Ontario
shore, Carlton Street at the Welland Canal, and at the Skyway near Homer,
shows the thickness of the upper Halton Till to increase from zero to 35
feet (11 metres) to 100 feet (31 metres); while the lower Wentworth Till
remains constant at 20 feet (6 metres) from the shore to Carlton Street and
from there increases to about 33 feet (10 metres) near Homer (Feenstra, 1972).
These boreholes follow a north-south trend about 3% miles (6 kilometres) to
the west of this writerfs study traverse.

SOIL DESCRIPTIONS
Only those soils actually found in the study area are listed in
Table 2 and will be discussed.

These soils all belong to the Grey Brown

Podzolic and Humic Gleysol Great Soil Groups. The imperfectly-drained
Vineland and Winona soils, which are fine, sandy loams, are developed on
deltaic outwash materials and are located in the northernmost section of the
study area and correspond to Lake Iroquois sand, silt and clay deposits.
Between this section and the Niagara Escarpment to the south are the poorlydrained Jeddo and Lincoln very fine clay loams and clays, built up on Halton
Till.

Southward, up the Niagara Escarpment, the imperfectly- to moderately-

well -drained soils encountered include the Haldimand very fine clay, the
Smithville fine sandy clay loam and the Oneida very fine clay loam. The
Haldimand is located at the foot of, the Smithville on the bench of, and the
Oneida on top of, the Niagara Escarpment. The Quaternary Geology map (Figure
3) shows this area to be underlain by Lake Warren sediments but soils reports
ascribe the origin of the Smithville and Oneida soils to clay tills and the
Haldimand soil to both clay tills and lacustrine clays. At site (22) which
is probably on Haldimand clay, the sample pit showed brownish-buff clay near
surface giving way to red-brown clay containing occasional cobbles of granite
and sandstone, along with pebbles of sandstone and shale at depth. This
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Table 2
SOILS OF THE I STUDY AREA
Symbol

Soil Family
or Series

Sage

Parent Material

Drainage

Texture

Ccl

Caistor

clay loam

clay till

imperfect

very fine

Chcl

Chingacousy

clay loam

clay till

imperfect

very fine

Fos

Fonthill

sandy loam

outwash gravel

good

coarse

He

Haldimand

clay

clay till

imperfect

very fine

Hcl

Haldimand

clay loam

lacustrine clay
(or clay till)

imperfect

very fine

Jcl

Jeddo

clay loam

clay till

poor

very fine

Lie

Lincoln

clay

lacustrine clay
(or clay till)

poor

very fine

Ocl

Oneida

clay loam

clay till

moderately
good

very fine

01

Ontario

sandy loam

sandy till

good

medium

PI

Pelham

sandy loam

sandy till

good

coarse

SI

Smithville

loam

lacustrine silt
(or clay till)

moderately
good

fine

Ssicl

Smithville

silty clay loam

clay till

moderately
good

fine

Vfsl

Vineland

fine sandy loam

deltaic sand
deposits

imperfect

fine to
medium

Wfsl

Winona

fine sandy loam

deltaic sand
deposits over
clay till

imperfect

fine to
medium

(After Cline, 1977; Hoffman et al, 1964;
Wicklund and Matthews, 1963; Welland County
Soil Survey Map No. 5, 1935)
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would lead the writer to conclude that since lacustrine clay grades into
clay till at this location, the Haldimand clay could very well derive from
both these sources. Above the escarpment, the imperfectly-drained Haldimand
clay location coincides with Lake Warren sands, silts and clays--here the
parent material of the soil is lacustrine deposits (Hoffman et al, 1964;
Wicklund and Matthews, 1963; Welland County Soil Survey Map No. 5, 1935).
The reader is referred to Appendix II for detailed descriptions
of the soils at the various sample sites.

CHAPTER III: METHODS
FIELD METHODS
The samples for this study were not collected by the writer but
were collected and provided under Local Initiatives Project No. K3522, the
purpose of which was to survey glacial and post-glacial deposits in the
Niagara Peninsula and relate them to vineyard and orchard development.
A north-south traverse along Concession Road VI and Garner Road (Plate 1)
was accordingly laid out and thirty site locations chosen to include
representative glacial and post-glacial deposits directly related to
vineyards and orchards (Figure 3).

At each site, a pit 1% yards x 1 yard

x 1% yards deep (1% metres x 1 metre x 1% metres) was dug, the sides
cleaned, and channel samples taken through 4-inch (10-centimetre) intervals
(Plate 2).

Less than one-quarter mile (one-half kilometre) separated most

sites which were for the most part located in presently-producing vineyards.
Descriptions of each pit site with respect to colour, textural changes and
proposed geological classification are to be found in Appendix II. These
samples were allowed to air dry prior to being used in this study (Terasmae,
1973).
A grab sample of the Georgian Bay Formation was collected at the
Don Valley site of the Toronto Brick Co., Limited while a Queenston Formation grab sample was obtained along old Highway 8 near Queenston where an
outcrop occurs at the termination of this former highway.

No samples were

collected from the Whitby Formation as it was felt that the major shale
contributions came from the two formations closest to the area of study.

LABORATORY METHODS
The laboratory methods that were employed are all standard
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Plate 1
TRAVERSE LINE ALONG CONCESSION ROAD VI, NORTH OF QUEENSTON
ROAD

^>?-

Plate 2
PIT AT SAMPLE SITE (4) SHOWING CHANNEL GROOVES WHERE SAMPLES
WERE REMOVED
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techniques which have been discussed by various authors (e.g. Black, 1965;
Hesse, 1972; and Jackson, 1956, 1964).
The air-dried soil samples were disaggregated by means of a
porcelain mortar and pestle.

Separation of the fraction to be examined

was attempted in two ways--by sieving and by centrifuging.
A stainless steel Canadian Standard Sieve Series set was used,
with the fraction between 230 and 325 mesh being retained after shaking for
20 minutes on a Fisher-Wheeler Sieve Shaker. These sizes would correspond
to 4.0 and 4.5 on the Phi scale. A separate sample was obtained for each
depth interval in each of the pits by this method.

Mounts for x-ray

diffraction analysis were made by preparing a medium slurry with distilled
water, mixing with a Fisher Ultrasonic Probe and Generator, and sedimenting
the mixture onto glass slides with a pipette.
undisturbed to dry overnight.

The slides were then left

This method was expected to produce a

proferred orientation of the (00&) face of clay minerals.
Unfortunately this separation method also resulted in patterns
showing peaks for the feldspars and quartz, as well as for the clay minerals
and chlorite.

In order to eliminate these unwanted reflections from the

diffraction traces, a smaller size fraction was then isolated and examined.
For two sites, one above the Niagara Escarpment at location (32) and one
below the Niagara Escarpment at location (14), samples of sizes less than
1 micron were obtained by centrifuging.

A medium slurry was prepared, as

detailed above, and this was centrifuged for 8 minutes 20 seconds at 1000
RPM on an International Centrifuge, Model UV.

The suspensions containing

the less than 1 micron fraction were decanted and retained.

Two sets of

sedimented slides were prepared from them and allowed to air-dry overnight.
As well, three 20-millilitre lots were poured out from each decanted
suspension and the remainder was evaporated to dryness in a cool (40° C)
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Thermolyne oven. The dried samples were packed into aluminum holders for
x-raying after being broken up with an agate mortar and pestle; this method
produces random orientation of minerals.
X-ray diffractograms of one set of air-dried slides were produced;
the slides were then heated to 350° C overnight, allowed to cool to room
temperature and re-analysed.

The heating procedure was repeated but the

oven was now raised to 500° C; this was done in a Thermolyne oven.
Meanwhile the other set of air-dried slides was placed in a
glass container saturated with ethylene glycol fumes and allowed to remain
there overnight before being removed for x-ray diffraction analysis.
The three 20-millilitre lots of suspended clay particles were
treated, one with KCl solution, the second with HCl solution, and the third
with MgClo solution.
To one set of 20-millilitre lots, one drop of 10 N HCl was added
to induce flocculation, the resultant clear supernatent being decanted and
discarded.

The flocculated material, to which 20 millilitres of IN KCl

solution had been added, was placed on a New Brunswick Scientific mixer
bed overnight.

The next day the suspensions were poured into test tubes

and centrifuged for 5 minutes at 1800 RPM and the supernatent KCl solution
poured off the sediments. These were then washed by adding distilled water
to each sample and centrifuging for 3 minutes at 1800 RPM; this procedure
was repeated until most of the sediment remained in suspension.

The samples

were then thoroughly shaken and sedimented slides prepared, using a
pipette to transfer solution to the glass slide. Preferred orientation
of the (00£) faces of clays is obtained by preparing sedimented slides in
this manner.

These slides were allowed to air-dry overnight before being

examined with the x-ray diffractometer.
To the second set of 20-millilitre lots, one drop of 10 N HCl
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was added, resulting in flocculation; the clear supernatent liquid was
decanted and 20 millilitres of IN HCl solution added to the flocculated
sediment remaining in the glass beakers. These beakers were then covered
and placed on a Lindenberg Hevi-Duty hot plate in a fumehood to boil for
one hour. The acid solution, which had turned green, was discarded. The
samples were again washed with distilled water to remove the acid, as
detailed above.

Preferred orientation of (00£) faces of the clays was again

obtained by using a pipette to place the washed samples on glass slides.
The sedimented slides were again allowed to air-dry overnight.
The third lot of samples was treated with IN MgCl2 solution
exactly as in the KCl technique, and slides were made using a pipette.
These were also allowed to air-dry overnight before x-ray diffractograms
were made.
The uptake of potassium by the soil was examined by adding 20
millilitres of muriate of potassium solution to 1 gram of soil sample. This
solution was prepared from muriate of potassium fertilizer used by agriculturists in the district; it is labelled at 60% K2O.

For purposes of this

experiment, it was considered as being "pure" potassium chloride and a
so-called IN solution was prepared.

This solution was allowed to remain

in contact with randomly-selected soil samples for times varying from 1 to
50,000 minutes.

Each sample was then gravity filtered through Whatman

No. 42 Filter Paper and washed twice with distilled water. After drying
in a slow oven (40° C), each soil sample was reweighed on a Mettler Balance
and the change in weight calculated.
Less than 1 micron fractions of bedrock from the Georgian Bay and
Queenston Formations were also subject to the foregoing treatments prior to
x-ray diffraction analysis.
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X-RAY DIFFRACTION PROCEDURES

The principles of x-ray diffraction analysis are covered by many
authors (e.g. Klug and Alexander, 1954; Nuffield, 1966; and Zussman, 1967)
and will not be discussed here.
The mounts made from the sieved samples were first examined by a
process of slowly changing the value of 29 on the diffractometer to find
the positions of reflections. The values of 20 corresponding to the major
reflections were then automatically scanned at a speed of % deg./minute.
This was done at room temperature on a Picker Nuclear diffractometer, with
Ni-filtered CuK^ radiation with generator settings of 36 KV and 14 ma, and
both divergence and receiving slits of 1°. Ordinarily, %°, 1° and 2° slits
are used for clay analyses, but %° slits were not available to the writer.
As a result, resolution was not as good as it could have been in the
low-angle portion of the traces. The scintillometer detector operated at
1.1 KV on the photomultiplier.

The scaler amplifier was adjusted to range

IK, integration time 3 seconds, nominal gain of 1 and the paper rate was
1 inch/minute.
The slides prepared from fractions isolated by centrifuging
and subsequently treated-or not, were also studied on the Picker Nuclear
diffractometer using Ni-filtered CuK«< radiation, scanning down with values
of 20 from 32 to 2 degrees at a speed of 2 deg./minute.

X-rays were

generated at 30 KV and anode current at various values between 12 and 22
ma, with divergence and receiving slits both 1°. The scintillometer
detector was set at 1.1 KV on the photomultiplier.

The scaler amplifier

was adjusted to range 3K, integration time 1 second, nominal gain 10, while
the paper rate was again 1 inch/minute.
The same operating conditions as above applied for the
randomly-packed samples and the shale samples unless otherwise noted.

CHAPTER IV: RESULTS
IDENTIFICATION
The x-ray diffraction patterns were identified and interpreted
with the aid of various publications which have been indexed in the References by author or editor (e.g. Berry, 1974; Brown, 1961; Carroll, 1970;
Grim, 1968; Kerr et al, 1950; and Thorez, 1975).
The reader is referred to Appendix I for a short discussion on
the pertinent minerals, in which some of the terms used in this section are
explained.
The x-ray diffraction patterns of the less than 1 micron mounts
showed reflections at 14, 7, 4.70, 3.50 and 2.80 Angstroms, which could be
the (001), (002), (003), (004) and (005) reflections of chlorite, montmorillonite, or vermiculite (Figures 5,6,7,8).

Illite (001), (002), (003),

and sometimes (004) reflections were present at 10, 5, 3.33 and 2.50
Angstroms.

Quartz showed a characteristic reflection at 4.25 Angstroms.

Calcite and dolomite showed reflections at 3.05 and 2.85 Angstroms in the
samples from the lower parts of the pits only--this would be the result of
leaching of the carbonates from the soil in the A and part of the B horizons.
The x-ray diffraction traces for the greater than 1 micron mounts showed the
same patterns generally but also showed more feldspar reflections.
Unfortunately, the identity of the 14-Angstrom mineral is not a
straightforward matter since chlorite, montmorillonite and Mg-vermiculite
can all show (001) peaks near 14 Angstroms.

Basal spacing in expanding

phyllosilicates is controlled by the degree of hydration; the length along
the c-axis direction of two water layers in vermiculite is the same as the
length along the c-axis direction of the brucite layer in chlorite; thus,
a vermiculite containing two water layers will show a diffraction pattern
32
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similar to chlorite. Montmorillonite, which can accommodate up to four
water layers, can also mimic vermiculite and chlorite if only two water
layers are present.

The repeat distance along the c axis is again near

14 Angstroms and the same problem arises. Further steps must be taken to
determine which of the three minerals is present.

It should be understood

that no one test in itself will confirm the presence or absence of a given
mineral.

Several tests must all be considered and the results of all of

them will confirm or deny the mineral under question.
Organic substances such as ethylene glycol (or glycerol) can be
used to expand the layers of montmorillonite so that it will show a sharp
(001) reflection at approximately 17 Angstroms for two glycol layers.
Chlorite is not affected by ethylene glycol but vermiculite may show an
expansion to 17 Angstroms as well.

Ethylene glycol and not glycerol was

used in the attempt to expand the 14-Angstrom mineral since glycerol requires
porcelain plates and none were available.

Because no expansion was noted

in the material treated with ethylene glycol (Figure 4b), the mineral cannot
be montmorillonite.

It was therefore necessary to determine if the mineral

is vermiculite or chlorite.
Heating drives-off interlayer water, which is loosely held in a
vermiculite, and causes a collapse to 10 Angstroms.

In the case of chlorite,

the material would have to be heated to 600° C before the brucite layer
would be destroyed.

In order to determine which mineral was present, the

samples were heated to 350° C and 500° C. A change in reflection position
after heating the samples at these temperatures could be attributed to water
having been driven off from between the 2:1 layers. The resultant pattern
for the sample from below the escarpment showed no reflections at 14 and 7
Angstroms (Figure 4c) while the 10-Angstrom reflection was enhanced. The
similarly-treated sample from above the escarpment showed a slight reflection
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at 14 and 7 Angstroms and an enhanced reflection at 10 Angstroms after
heating.

It was concluded that vermiculite was present in both samples

and in addition, some chlorite was present in the material from above the
escarpment.
Chlorite may show reflections of equal intensity but the (002)
reflection at 7 Angstroms is usually more intense than the (001) reflection
at 14 Angstroms.

Vermiculite, on the other hand, shows a very intense

14-Angstrom reflection while the subsequent reflections are all weaker
(Grim, 1968).

Chlorites rich in iron exhibit weak odd-numbered reflections

and strong even-numbered reflections (Brown, 1961).

A comparison of the

7 and 14-Angstrom reflections of Mg-rich chlorites reveals reflections with
an intensity ratio of 1:1 whereas Fe-rich chlorites are 3:1 (Grim, 1968).
From the results obtained by x-ray diffraction measurements, the chlorites
present here show an intermediate composition and could probably be classified as a (Fe,Mg)-chlorite.

Examination of the Queenston and Georgian Bay

Formations also showed that iron exceeds magnesium in the chlorites.
To confirm that the 14-Angstrom mineral is indeed K-vermiculite,
a degraded illite, advantage is taken of the fact that a high-charge
mineral derived from micas will admit potassium ion into the interlayer
position and reconvert the mineral to a 10-Angstrom illitic mineral. When
potassium ion was initially lost from an interlayer site through weathering
processes, the enclosing 2:1 layers experienced mutual repulsion since the
net negative charge on the silica layers was no longer balanced by a positive
interlayer cation, thereby causing a "stretching" of the lattice in the c-axis
direction.

The subsequent entry of two layers of polar water molecules

into this interlayer site caused a further distortion of the lattice in
the c-axis direction.

The reversal of this process takes place on K-saturation.

The potassium ion enters into the interlayer site thereby cancelling the
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mutual repulsion between the silica layers so that the "stretching" effect
is terminated.

With potassium tightly bound to the silica "sandwich",

interlayer water molecules can no longer be accommodated and the two
distortions that had been present in the c-axis direction are removed so
that the lattice collapses back to its original c-axis dimension. The
KCl treatment caused a diminution of the 14-Angstrom reflection (Figure 4d)
and an enhancement of the 10-Angstrom reflection. The 14-Angstrom mineral
is vermiculite and it is probably a degraded illite--one which has lost
interlayer potassium.
The 7-Angstrom reflection also presents a problem.

A reflection

at this position may indicate the presence of kaolinite as well as chlorite.
Kaolinite reflections appear at 7.16, 3.57 and 2.38 Angstroms; thus, the
kaolinite (001) reflection may be confused with the chlorite (002) reflection,
especially if the 14-Angstrom (001) reflection is not pronounced as would be
the case of an iron-rich chlorite. The presence of a reflection at 4.7
Angstroms would indicate a third-order reflection of chlorite, but if the
chlorite is iron-rich, the third-order as well as the first-order reflection
will be weak, and it would be hard to tell which mineral, kaolinite or
chlorite, is present (Grim, 1968).

The intensity of the (003) reflection

of kaolinite at 2.38 Angstroms will be one-eighth of the intensity of its
(001) reflection at 7.16 Angstroms (Brown, 1961) but an oriented mount on
a porcelain plate would be needed to accurately discern higher order
reflections.

The HCl treatment removes interlayer water which would be

present in vermiculite or montmorillonite, and destroys chlorite; therefore,
any reflections remaining at 7 and 3.5 Angstroms after this treatment would
indicate the presence of kaolinite.

No kaolinite was present in these

samples (Figure 4e).
The literature on vermiculites usually mentions Mg-saturation and
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treatment with glycerol. Whereas smectites will show a lattice expansion
after glycerol treatment, vermiculites will not do so; this treatment is
therefore used to differentiate smectite from vermiculite.

Since no

porcelain plates were available, the glycerol treatment could not be
attempted in order to produce a glycerol-treated, oriented mount on porcelain
plates.

However, the traces of the Mg-saturated mounts on glass slides were

compared to the traces of air-dried untreated mounts on glass slides and
no significant differences in these traces could be discerned (Figures 4a,
4f).
Tests on Iowa and Indiana soils indicate that high CO2 pressures
(calcite present) led to the formation of Ca-vermiculite (Henderson et al,
1976).

Calcites are present in the Niagara soils due to underlying carbonate

rocks, so the presence of Ca-vermiculites is theoretically possible.
The presence of interlayered minerals would be indicated by
the appearance of specific reflections—if the interstratification is regular,
rational reflections should appear at 24, 12, 8, 6 and 4 Angstroms due to
the additive effect of the 14 and 10-Angstrom minerals; if the interstratification is irregular or random, reflections will be the result of a random
additive number with a nenrational (002) reflection somewhere 14 and 10
Angstroms.
In the x-ray diffraction trace for sample (14) 0-10 for the less
than 1 micron, oriented, air-dried mount (Figure 5), reflections are present
at 8.25, 6.24 and 4.14 Angstroms.

Higher order reflections are possible

only if porcelain plates are used to prepare oriented samples; these were not
available.

If the reflections seen represent the (003), (004), and (006)

reflections of a regularly-interstratified vermiculite-illite, a (001)
reflection should be present near 24 Angstroms and a (002) reflection near
12 Angstroms. The (001) reflection cannot be detected while the (002)
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reflection is probably present but lost between the 10-Angstrom and the
14-Angstrom reflections as the background "noise" is very high there. The
(005) reflection cannot be fixed as the illite (002) reflection also appears
in this area of the trace.
A good (001) reflection for the superlattice is seen in the
air-dried mount trace for (14)40-50 (Figure 5).

The (002) reflection

is lost in background noise in the traces for samples (14)10-20 and (14)20-30
but is present for samples (14)30-40, (14)40-50 and (14)50-60. The sample
notation means, using (14)0-10 as an example, Sample Site 14, Sample Interval
0-10 centimetres. The (003) reflection is again present in the trace for
sample (14)20-30 but does not appear in the other traces. While the (004)
reflection is present in the traces from surface to 40 centimetres below
surface and peak height decreases with depth, the (006) reflection is last
evident at 30 centimetres below surface. The traces for Site (14) are
shown in Figures 5 and 6.
In the traces for samples from site (32)0-10 the (002), (004) and
(006) reflections are present, while only the (002) and (006) reflections
are seen in the trace for (32)10-20. At this site, the last evidence for
an interlayered mineral is seen as the (006) reflection in the (32)20-30
trace.

The traces for Site (32) are shown in Figures 7 and 8.
These findings suggest a regularly-interstratified illite-vermicu-

lite; this mineral is a weathering product and its presence at the top of
the profile only and the diminishing intensity of the (004) reflection with
depth confirms its weathering origin.

GENERAL RESULTS
A plot of the ratio of vermiculite-to-illite intensities with
soil depth was examined for the 230-325 mesh separations as it was thought
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that there might be a variation in the ratio of vermiculite-to-illite
concentration in the various soil horizons.

Unfortunately, no consistency

in the variations could be found, possibly due to the disturbance of normal
soil profiles by the farming operations.
Mineral and mineral intensity changes throughout the weathering
profile were examined in detail for Site (14) below the escarpment and for
Site (32) above the escarpment.

Changes are discussed from the unweathered

to the weathered zones. At Site (14), vermiculite intensity (Figure 5,6)
was initially less than illite intensity, then equal; then vermiculite
increased and illite decreased up profile until vermiculite was greater
than illite. This is the expected weathering pattern. At the surface,
vermiculite intensity was less than that of illite; this is attributed to
the effects of fertilization practices. At Site (32), vermiculite was
initially very much lower in intensity than illite, and remained lower
throughout the soil profile (Figures 7,8); it will be remembered that some
chlorite is present here along with the vermiculite.

Regularly-interstrati-

fied illite-vermiculite increased in intensity up profile and was present,
in both localities, near the surface only.

Calcite and dolomite were

present only in the lower part of both profiles, due to leaching action.
The ratio of calcite-to-dolomite decreases up profile above the escarpment;
this is probably due to the influence of the underlying bedrock.

At both

sites, calcite is present lower in the profile than dolomite; this reflects
the different mobilities of the calcium and magnesium ions.

Quartz was

seen in the traces of both sites in the top 30 centimetres only.
The detailed study of the phyllosilicates in the samples of soil
from the pits suggests that weathering is present to greater depths than the
sections have sampled.

In normal weathering, trioctahedral chlorite converts

to vermiculite faster than dioctahedral illite weathers to vermiculite.
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The studies on the minerals indicates that this interpretation holds for
the two sites studied in detail.
The three naturally-occurring polymorphs of dioctahedral
micaceous minerals were considered in an effort to determine whether their
occurrence in the sampled soils is consistent with the proposed origin of
the till material studied.

The 2M polymorph is detrital high-temperature

muscovite, and the 1M and lMd is low-temperature illite derived from
diagenetic reactions and recycling from shales. The lMd polymorph is the
most abundant in the less than 1 micron fraction of most Paleozoic shales
although the 2M polymorph is also present (Velde and Hower, 1963; Hower
and Mowatt, 1966).

Intensities of the 3.74/2.58 Angstrom reflections

in the random mounts were determined and applied to the curve of Velde and
Hower (1963) for the determination of per cent 2M (Figures 9,10).

The

3.74 Angstrom reflection is the 2M (023) reflection and the 2.58 Angstrom
reflection is the 2M (131), (116), (202) and lMd (130),(200) multiple
reflections.

The polymorph present was almost all lMd, indicating a

shale source,
The shales of the Queenston and Georgian Bay Formations were seen
to be the most probable sources of the till material since they are well
exposed and ice movement would have been across considerable areas of these
rocks.

Over 200 miles (322 kilometres) of these rocks would have been

over-ridden by glaciers moving in a southwesterly direction, channelled
through the depressions subsequently filled by Lakes Ontario and Erie.
Samples taken at random from the material collected were examined
in order to ascertain if the vermiculite was dioctahedral or trioctahedral
in structure.

Vermiculites can be either dioctahedral or trioctahedral

depending on the precursor and the degree of weathering and substitution
of divalent cations for trivalent aluminum in the octahedral layers. For
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the dioctahedral forms, the (060) reflection is close to a spacing of 1.50
Angstroms and the (002) reflection is strong; for the trioctahedral forms,
(060) lies between 1.525 and 1.535 and (002) is weak or absent. Caution
must be exercised as the chlorite (060) reflection is present at 1.53 to
1.56 Angstroms; quartz will also give a reflection at 1.53 Angstroms if
more than 10 per cent is present in the sample (Grim, 1968; Jackson, 1956).
The Queenston sample showed only dioctahedral structure but the Georgian
Bay sample showed both dioctahedral and trioctahedral structures. The soil
samples also showed both reflections indicating thata component derives from
the Georgian Bay Formation (Figure 11).

Field observations had already

confirmed a Queenston component as some of the test pits were carried down
to bedrock of the Queenston Formation.
Potassium uptake by the soil was very high initially (Figure 12)
but this decreased with time until at 5,000 minutes potassium uptake had
levelled off.

Donahue et al (1971) state that 80-90 per cent of applied

potassium can eventually become fixed and thus unavailable to plants and
that this can take place within 10 minutes; this was corroborated by the
experiment involving uptake of potassium.
In normal weathering, illite converts to vermiculite which in
turn converts to montmorillonite (Arifin and Tan, 1973).

Potassium is more

tightly held in vermiculite which has a greater charge deficiency on the
silica layers than montmorillonite has. Since montmorillonite is a smectite
and may have any tetrahedral to octahedral substitution, it cannot hold
interlayer cations as securely as the vermiculite can, owing to its lesser
charge deficiency.

While both vermiculite and montmorillonite will take

up available potassium ions, montmorillonite cannot hold on to them as well
as the vermiculite can and its potassium ions are exchanged for other soil
cations.

Therefore the extent of weathering, that is, the amount of vermi-

culite present, controls the potassium fixation.
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CHAPTER V:

RECOMMENDATIONS

LITERATURE REVIEW, RECOMMENDATIONS AND DISCUSSION
The problems related to the fixation of potassium by the soil
phyllosilicates, such as the vermiculite of the present study, are of
practical interest to the grape farmer.

These have had some attention both

from the point of view of agricultural researchers and soil clay studies.
During the present study, reference was made to the literature relevant to
the problems of soils clays, potassium fixation and plant nutrition and it
seems to be of value to analyse these studies in the light of the present
findings on vermiculite and to make recommendations for practical solutions
to the problems in the Niagara Area.
It is recommended that further analyses of the soils be undertaken
--this time on a grid pattern.

The results should produce a 3-dimensional

picture of the locations and horizons of the vermiculitic minerals in the
soils.

The degree of weathering present (illite -* vermiculite) should offer

an insight as to the precise needs and specific location for potassium
enrichment in any one vineyard.
At the present time most grape growers add potassium fertilizer
in the solid form by spreading it on the soil close to the vines, in the
spring when rainfall is highest.

It is suggested that the fertilizer be

applied in solution instead of as a solid.

The water molecules would serve

to separate the 2:1 layers of vermiculite so that any potassium ion which
has fixed between the 2:1 layers and water molecules could move out again
more easily than a potassium ion that would be more strongly bonded to the
silicate layers when no water molecules are present.

While soil water does

carry potassium ion in solution, the writer feels that the water present
in soil is not sufficient for the most efficient transfer of potassium to
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plant roots in response to root requirements.

As soil water is depleted

between rainfalls, the water molecules between the 2:1 layers of vermiculite
are lost; the potassium ions present between the silica layers now become
more tightly bonded than was the case with water molecules present; the
energy requirement for potassium to be removed is now higher.

Applying

fertilizer in solution close to the vines could promote easier access of
potassium to plants by lowering this energy barrier.

In addition, the

fertilizer in solution could also be added at depth close to vine roots.
This application could be effected by the use of conduits from the surface
to root level, at regular intervals along the rows of vines.

Alternately,

the solution could be applied at the same time as subsoiling takes place.
This has been the practice in California and Central Europe (Winkler, 1962;
Balo et al, 1975).

While not common practice in this area, subsoiling has

been tried on an experimental basis but not found to be satisfactory as the
loss due to cutting off of rootlets offsets any gains made by more direct
fertilization (Cline, 1976).

However, the writer feels that subsoiling

may yet prove to be advantageous.
Since the clay of interest in this area appears to be K-vermiculite
--a degraded illite--it might be advantageous to attempt to reconvert the
vermiculite to illite.

The potassium loss in the clay mineral might be

rectified by heavy applications of potassium fertilizer in order to effect
a conversion of vermiculite to illite.

Potassium chloride applied at very

high rates may cause chloride toxicity in vines although this is not expected
to be a problem with the high rainfall experienced in this area; here chloride
is moved out in solution instead of building up to toxic levels.

Application

of potassium in liquid form of fertilizer would also alleviate this problem.
Potassium sulphate may be used as an alternate even if it is more expensive.
Theoretically, potassium ions would be trapped in the ditrigonal facing

52
holes of the interlayer oxygens between the unit cells of expanding 2:1 layer
silicates.

This progressive entrapment of potassium ions would cause the

progressive collapse of the unit sheet until finally the 10-Angstrom d(100)
spacing of mica would be reached (Arifin and Tan, 1973).
Five selected soil series from the southern United States were
studied in relation to potassium fixation and reconstitution of micaceous
structures in the soils (Arifin and Tan, 1973).

It is reported that

following treatment with potassium solution, the reorganization of disordered
mica in the respective clay fractions might have been brought about by
"....the progressive extrapment (sic) of K ions in the
selective sites of the wedge zones of the disordered
mica. As a result, the silicate layers progressively
collapsed and rearranged to a mica structure with
increased entrapment of K ions. The ease of reconstitution of the mica lattice by K fixation would be
determined by the availability of the interlamellar
wedge zones, crystallinity, and the interlayer charge
density. Intense weathering of mica to form expanding
lattice clays would result in fewer wedge zones, and
less crystallinity and interlayer charge density. As
a result, collapse or reconstitution to mica by K
fixation is less likely to occur in montmorillonitic
clays.fl
(Arifin and Tan, 1973)
The stabilization of vermiculite could also be achieved by
chloritizing it--adding a brucite or gibbsite layer to the 2:1 layer in
place of water and potassium ion.

Quigley and Martin (1963) reported on a

New England glacial till wherein degraded soil micas became chloritized
by both iron and aluminum hydroxide complexes.

"Chloritization" here is

taken to mean the stabilization of a clay mineral of high partial charge
by fixing its structure at 14 Angstroms along the c axis.
than aluminum was present in the interlayer material.

Much more iron

The soil profile

showed this chloritic mineral to be present to a depth of 55 inches (140
centimetres).

Previously-reported cases of chloritization occurred only

in the upper part of the soil profile where aluminum and iron could become
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fairly soluble in low pH water surrounding clay minerals; chloritization
was usually attributed to interlayer aluminum although iron was sometimes
mentioned.

Cation exchange capacity was taken as the measure of extent

of chloritization.

Clays near the surface showed a lower charge density

due to either oxidation of octahedral Fe 2 + to Fe 3 + , or replacement of
octahedral Fe^"1" by Al

. The layers in the clays near the surface are

possibly so weakly charged that they do not become strongly chloritized
and the hydroxyl complexes are exchangeable by other cations. Treatment
with IN KCl solution of the surface soil showed a decrease in cation
exchange capacity of 25 per cent; in contrast to this, soil from depth
showed a 20 per cent increase in cation exchange capacity.

Since charge

density was low, the aluminum and iron complexes were fairly easily
exchanged.

Potassium appeared to be quite effective in the partial removal

of adsorbed aluminum and iron complexes, but, again owing to the low charge
deficiency, potassium also was not strongly fixed.
If chloritization of the clay is to be considered, a suitable
chloritizing agent must be found.

It is proposed that metal chelates be

tried because under the proper conditions they will break down. Polyaminepolyacetate chelates are-organic compounds which have the ability to keep
metals in soluble form under many conditions in which they would otherwise
be precipitated.

The conditions that prevail when this property does not

hold are of special interest insofar as they have a bearing on the problem
at hand.
The effect of various pH levels in soils on polyacetate chelates
was studied by Lunt, Hamaidan and Wallace (1956) and it was reported that
iron rapidly disappeared from chelate solution when the pH values were above
7; moreover 75 per cent or more of the chelated iron was precipitated within
24 hours if the soil contained clay and had a pH of 8. They attributed the
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disappearance of iron from an alkaline solution to precipitation of iron
as the hydroxide.
The reactions of some Fe, Zn and Mn chelates in various soils were
examined by Wallace and Lunt (1956).

The various chelating agents used

included EDTA (ethylenediaminetetraacetic acid), DTPA (diethylene triamine
pentaacetic acid), CDTA (cyclohexane-l,2-diaminotetraacetic acid), and APCA
or Chel HFe 138 (an aromatic amine of molecular weight 370, the formula of
which was still classified by the chemical industry at the time the paper
was written).

At alkaline pH values, FeEDTA hydrolyses, subsequently fixing

as an Fe hydroxide in the soil.

While this reaction was slow at a pH of 8,

clay apparently catalysed this reaction so that precipitation became relatively rapid.
colloids.

Also, the entire Fe chelate is capable of fixing on clay

Ferric iron EDTA attached to clays through an Fe-0-clay linkage

on the edges of clay crystals.
clays.

Divalent zinc and manganese do not fix on

Iron fixed in this manner resulted in essentially complete fixation

of chelated iron and was only slightly available to plants. This latter
mechanism cannot be considered as a true chloritization mechanism as the
FeEDTA is not fixed on the basal plane surfaces of the clay but rather on
the edges of the clay. The fixation is not a simple cation exchange reaction
--when FeEDTA is prepared from the disodium salt and ferrous sulphate (which
oxidizes to the ferric state) and titrated, the chelate titrates as a relatively strong acid at about pH 3.6; however, at pH values at which it reacts
with clay, FeEDTA exists predominantly as an anion, although highly polar.
Fixation through anion exchange thus is a possibility.

If this is so, then

it should be possible to replace the fixed chelates with salt solutions;
it was found that NaCl and NH^F did not remove fixed iron chelate but Na(OH)
did, causing precipitation of the iron.

If the chelate exists as a neutral

species, it could still be adsorbed by clay since it is highly polar. FeAPCA
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did not hydrolyze appreciably in calcareous soils and was not adsorbed by
the clay fraction of the soils; however, the Zn and Mn chelates fixed readily.
In addition, APCA seemed to be less toxic to plants.

It should be pointed

out that while FeEDTA has been widely used, especially in Florida, it has not
proved economically feasible except for high value crops.
Reactions and movements of EDTA and ZnEDTA in soils were studied
by Cheng et al (1972) and their findings concur with those listed above.
Norvell and Lindsay (1969) reported the results of experiments
involving reactions of Fe, Zn, Cu, Mn and Na EDTA with suspensions of acid,
neutral and calcareous soils. They found that FeEDTA was stable in soil
suspensions of pH 5.7 and 6.1, moderately stable at pH 6.75, and unstable at
pH 7.3 and 7.85; the rate, as well as the extent, of Fe loss from the chelate
solution increased with the increase of pH. The stability of FeEDTA was
predicted satisfactorily by assuming that Fe^"1" activity was controlled by
the solubility of amorphous hydrous iron (III) oxides; i.e., reduced
stability of EDTA was due to decreased solubility of the iron oxide which
then precipitated.

In calcareous soil solutions, the EDTA which was not

present as a transition metal chelate, was assumed to be a Ca^+ complex
since Ca^+ forms a more stable complex than any other relatively abundant
soil cation.

ZnEDTA and CuEDTA were most stable in suspensions near neutral-

ity, the Cu chelate being less stable than the Zn chelate.

In acid soils

Cu and Zn were increasingly displaced by Fe as pH decreased; in calcareous
soils they were displaced by Ca as pH increased.

The loss of Mn from

MhEDTA was very rapid in all soils and was usually complete within one day
whatever the pH.
In their work on a sandy soil, Lahav and Hochberg (1975) found
that ZnEDTA and FeEDTA were fixed in the sandy soil in the presence of C a ^
but not in the presence of K . Fixation rate increased directly with calcium
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concentration.

In the presence of either KNO3 or Ca(N03)2 solutions,

FeEDTA was adsorbed while ZnEDTA was not adsorbed to any significant extent.
An alternative to iron hydroxide in the chloritizing process is
aluminum hydroxide. Aluminum will not go into solution unless conditions
are very acid or very basic.

If an aluminum salt is applied as a solid,

these conditions would be met--very acid conditions prevail near plant roots,
and very basic conditions in the vicinity of clays.

If the aluminum salt

is applied in a solution, the solution itself would have to be either very
acidic or very basic.

Grape vines prefer acid conditions for growth. Too

high an aluminum intake into the fruit will manifest itself as a cloudy wine
owing to precipitation of the aluminum.
When weathering and aluminum interlayers in Connecticut soils were
examined by Sawhney (1958, 1960), a stable 14-Angstrom mineral exhibiting
characteristics between those of vermiculite and chlorite was found to be
present in the soils.

It was postulated that this mineral was vermiculite

with aluminum interlayers, and the mineral was identified as vermiculite
after interlayer Al was removed by Na-citrate extraction.

The aluminum,

available from weathering of primary minerals, had been precipitated into
the interlayer spaces of^the expanding 2:1 silicate. The stability of these
aluminum interlayers with respect to chemical treatment increased with
proximity to the surface and with better drainage of the soils. This was
contrary to expectation as the presence of abundant organic matter in surface
horizons is expected to restrict the formation of aluminum interlayers;
obviously, organic matter exerted less influence than the effects of weathering in this case. These chlorites (actually chloritized vermiculites) were
not as stable as hydrothermally-formed chlorites because the brucite layers
were less developed.

Since aluminum interlayers of varying stabilities are

encountered in soils, it is postulated that a chloritized vermiculite series
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exists.

The aluminum in the soil clay and the laboratory clay may exist in

different forms since the soil clays could not be expanded beyond 14 Angstroms
but the laboratory clays could.

Possibly the soil clays contain A1(0H)2

ions and/or polymerized alumina in the interlayer spaces and this is
responsible for the non-collapse of the chloritized soil clay minerals.
Aluminum interlayers in pure montmorillonite and vermiculite
were produced experimentally (Sawhney, 1960).

A .IN solution of AICI3 was

brought to pH 5 by dropwise addition of IN Na(OH), while the solution was
stirred continuously and vigourously, and then left until most of the
precipitate dissolved.

The resulting clear solution was then decanted.

Mineral samples were washed by five centrifugations and suspensions in the
aluminum solution, and the samples were then suspended in the solution and
set aside for 15 days with occasional shaking.

This treatment resulted in

a stable 14-Angstrom mineral with characteristics analogous to the chloritized soil clay mineral. The 14 Angstrom spacing of the treated minerals
did not close to 10 Angstroms even when heating followed potassium saturation.

The original vermiculite closed to 10 Angstroms on saturation with

potassium alone. The introduction of aluminum interlayers caused a decrease
of 45-53 per cent in cation exchange capacity in the treated vermiculites,
thus producing clays that resembled the chloritized soil clays. When the
aluminum interlayers were extracted with Na-citrate from the chloritized
soil clays, cation exchange capacity increased and the 14 Angstrom spacing
collapsed to 10 Angstroms on potassium treatment; the same things happened
to the laboratory clays. Thus, a 14-Angstrom mineral with characteristics
tending toward those of chlorite was successfully produced in the laboratory.
The formation of an aluminum interlayer is considered to be analogous to
diagenesis of chlorite in sediments; however, in sediments brucite is the
interlayer component while gibbsite is the observed interlayer component
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in soil clays.
The nature of aluminum in the interlayer space of a trioctahedral
vermiculite from Montana was examined by Rich (1960).

The aluminum in

interlayer positions can occur in variable forms depending on the extent of
filling of the interlayer space with nonexchangeable Al ions or other groups,
the degree of hydroxylation of the Al present, and the degree of polymerization of hydroxy-Al if these are present. Hydroxy-Al ions can be produced
by adding Al

ions to a clay-water suspension. Hydrolysis takes place

either in the interlayer space or in solution.

Since the Al

ion is

strongly held by clay, its hydrolysis is normally limited. Hydrolysis of
aluminum in solution without precipitation outside the interlayer site can
be achieved by a low pH and the presence of vermiculite.

Intermediate species

or polymers may also form; these polymers may be too large for interlayer
positions if polymerization goes on too long.

Small hydroxy ions are most

likely at low pH and high Al

Instead of relying on

concentration.

exchangeable aluminum to form hydroxy ions, a hydroxy-Al solution was
prepared and reacted with the clays in this examination.

The positively-

charged hydroxy-Al ions were sorbed by the clay, especially if the clay
already contained such species; Al^

ions may have been trapped as well.

These hydroxy ions in the interlayer space were bonded through OH and
became nonexchangeable because of the large size of the polymers formed.
Adding Na(OH) to this treated vermiculite caused little change due to low
Na + concentration and repulsion of OH" by the clay; however, when NaCl was
added prior to Na(OH), hydrolysis was increased.

Some replacement of A1 J

by Na + took place in all layers, but in some cases was more complete; this
effect was attributed to the different negative charge on the individual
layers.

The relative intensity of the 7 and 14 Angstrom reflections was

used to determine the concentration of cations in the interlayer space since
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the intensity ratio 7A/14A increases with the atomic number and concentration of the interlayer cation. An Al3+-saturated vermiculite will give a
low intensity ratio since few Al

ions are necessary to balance the negative

charge on the silica sheets and Al has a low atomic number.
aluminum concentration increases with OH concentration.

Interlayer

The intensity ratio

indicated a limited increase in the amount of interlayer aluminum.

This may

be due to a more uniform distribution of OH and H2O in the interlayer space;
also, if Al

ions were in the interlayer space, A1(0H)3 groups probably

fixed at edges--this would not affect the intensity ratio.
The variation in exchangeable K and its relation to intergrade
layer silicate minerals was examined by Carter et al (1963) and they
reported that a mica-vermiculite material treated with MgCl2 was converted
to a typical Mg-vermiculite. However, when this same material was treated
with AICI3, it converted to a 14-Angstrom mineral which was considered to
be a vermiculite-chlorite intergrade with some properties of both vermiculite
and chlorite but not having entirely as either0

When the Mg-vermiculite was

similarly treated, it also produced an intergrade. The added Al blocked K
fixation and increased K release when samples were subjected to several
wetting and drying cycles. The K released by AICI3 treatment is not refixed
upon drying; this indicates that during the drying process Al
K , resulting in an increase in exchangeable potassium.

replaces

The samples treated

with AICI3 did riot show a lattice collapse when they were K-saturated.
Al

The

ion has a tendency to form a sixfold coordination compound with H2O or

(OH)"; this coordination compound would be responsible for the subsequent
expansion of the lattice along the c-axis direction to 14 Angstroms and also
for resistance to collapse when potassium was added to the system.

Since

intergrade minerals were thus formed in the laboratory by treatment with
AICI3, they may be formed in the soil by the same mechanisms.
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Further work in this line was done by Somasiri and Huang (1974)
who examined the competitive adsorption of K and Al on montmorillonite and
vermiculite as influenced by the degree of hydrolysis and polymerization
of solution Al. They prepared hydroxy Al solutions with initial basicity
values (OH/Al molar ratios) from zero to 2.5, the potassium ion concentration being adjusted to equal values so as to give the K/Al molar ratio of
3.

Vermiculite was treated with this solution by being heated at 25° C for

48 hours in a constant temperature bath. At low solution-to-mineral ratios
the adsorption of potassium increased as the basicity of the solution
aluminum increased.

Compared to potassium, aluminum became less competitive

for the exchange sites in vermiculite with increasing degree of hydrolysis
of solution aluminum.

As the degree of hydrolysis of solution aluminum

increased, the K/Al molar ratio of the adsorbed K and Al on vermiculite
increased.

The amount of aluminum adsorbed increased up to a basicity of

2.0 and then dropped with further increase in initial basicity of solution.
As the size and charge of hydroxy-Al ions increases, as influenced by initial
basicity, steric hindrance becomes important.

There is preferential adsorp-

tion of the smaller potassium ion to balance interlayer charge as the size
and charge of hydroxy-Al" ion increases. X-ray diffractograms of these
treated vermiculites indicated interstratification of partially-expanded
layers and mica layers with the exception of the vermiculite treated with
solution of basicity 2.5; these patterns showed an increasingly ordered
micalike structure due to an increase of interlayer charge neutralization
by potassium ions as the size of hydroxy-Al ions in solution increased.
Thus, the degree of hydrolysis and polymerization of solution aluminum
affects the adsorption of potassium and aluminum since the presence of
strongly-competing potassium ions hinder the adsorption of aluminum over
potassium.
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In summing up, there are a number of alternatives which are
suggested as a solution of the K-deficiency problem.

These include (1)

application of fertilizer in a solution, (2) attempted conversion of vermiculite to illite by addition of large amounts of KCl fertilizer, and (3)
chloritization of the soil by the use of FeEDTA or AICI3.
A program should be instituted whereby each alternative could be
tested under controlled conditions in garden laboratory tests. There,
accurate dispensing of the chemicals and analyses with respect to soil types
and vine variety can be effected under these controlled conditions and
information obtained as to vine yield, quality and possible damage.
These laboratory tests would then indicate the possible starting
points for field testing; these should be followed up very carefully to
determine the influence of (1) climate, (2) soil types, (3) crop varieties,
(4) type of chemicals used and (5) the concentration of these chemicals,
in an open system.
A very careful costing has to be kept so that a cost-benefit study
aimed at discovering whether the improvement in performance of the vines
justifies the costs of upkeep can be established.

CHAPTER VI: SUMMARY AND CONCLUSIONS
SUMMARY
1.

Soil samples collected from Niagara vineyards were examined to determine
the nature and relative abundance of the clay minerals present. The
study was particularly directed to determining the relationship between
the phyllosilicates and the availability of potassium to the vines.

2.

Illite, chlorite, K-vermiculite and a regularly-interstratified
illite-vermiculite were identified in the x-ray diffractograms.

3.

It was necessary to employ a number of normal clay mineralogical
techniques prior to x-raying to correctly identify the mineral having
lattice spacing of about 14 Angstroms as vermiculite.

4.

Chlorite was i d e n t i f i e d as having a composition intermediate between
Fe-rich and Mg-rich and was c l a s s i f i e d as a (Fe,Mg)-chlorite.

5.

No k a o l i n i t e was present.

6.

I l l i t e and vermiculite i n t e n s i t y changes with depth revealed the
expected effects of w e a t h e r i n g - - i l l i t e i n t e n s i t y increased with depth
while that of vermiculite decreased.

7.

Calcite and dolomite were present at depth only, due to leaching from
the upper soil horizons as would be expected.

8.

The IMd polymorph of dioctahedral micaceous minerals was present; this
indicates a shale source for the mineral0

The Queenston and Georgian

Bay Formations were fixed upon as probable sources of the shale.
9. The soil samples showed both dioctahedral and trioctahedral reflections.
The Queenston Formation showed only a dioctahedral reflection but the
Georgian Bay Formation showed both. A constituent of the till therefore
has been derived from the Georgian Bay Formation.
the parent material for the soils.
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This till formed
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10.

Saturation of the soils with a potassium compound indicated a
reconversion of K-vermiculite to illite, potassium uptake being almost
instantaneous.

11.

Further analyses of the soils, on a grid pattern, should be carried out.

12.

In viticulture practice, potassium fertilizer should be applied in
solution instead of as a solid; and it should be applied at depth,
either through conduits or while subsoiling is being carried out.

13.

Saturation of the soil by large concentrations of potassium fertilizer
will result in an ill itization of the K-vermiculites making potassium
more readily available to the vines.

14.

Chloritization of the soil is also suggested either by hydroxy Fe
applied as a chelate, or by hydroxy Al applied either as a salt or in
solution.

CONCLUSIONS
The vines grown in the vineyards of the Niagara Peninsula exhibit
a deficiency of potassium which shows up as an abnormally low value of
that element in the routine leaf petiole analyses. Nevertheless, analyses
of soils taken from these vineyards indicate that a relatively high level
of potassium is present in the soil.

Because the soils are derived either

directly or indirectly from Pleistocene till sheets or from material directly
carried in by ice, resulting from erosion of shale, a relationship exists
between the mode of origin and the physical-chemical behavior of the
material.

Examination by x-ray diffraction revealed that the soils contain

illite, chlorite, vermiculite and regularly-interstratified illite-vermiculite.

The vermiculite was identified as the clay mineral that fixes

available free potassium ions and specifically those applied through
potassium fertilizers.

The shale source for the mineral was corroborated
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by the high proportion of IMd polymorph of dioctahedral micaceous mineral
present, and examination of the Queenston and Georgian Bay Formations
indicated that both were sources of the vermiculites present in the till.
Weathering of chlorite and biotite produces trioctahedral vermiculites
while weathering of muscovites and illites produces dioctahedral vermiculites, and it seems likely that most of the material, considering the
direction of ice movement, could have been derived from the Paleozoic
shales and lake bottom sediments of the Lake Ontario basin.

Thus, the

vermiculite in the till-derived and glaciolacustrine-derived soils on which
the grape vines have been planted is responsible for the potassium deficiencies
experienced by the vines.
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APPENDIX I
A SHORT DISCUSSION OF KAOLINITE, MUSCOVITE, SMECTITE,
ILLITE, CHLORITE, VERMICULITE AND MIXED-LAYER MINERALS

A short discussion of the above-named minerals is presented here
since it is felt that an understanding of their general characteristics
is pertinent to the problem under consideration and to the ultimate solution
of that problem.
The structures of the phyllosilicates can be systematically
built up from basic units.

One of these is the tetrahedron with a silicon

at the centre and four equidistant oxygens at each of four apices. Basal
oxygens are shared between adjacent tetrahedra and the remaining unshared
oxygens all point in the same direction, resulting in 6-member rings forming
an open hexagonal network in the a-b plane (Figure 13).

Aluminum can substi-

tute for silicon in these sheets leaving them with a net negative charge (1.).
The other basic unit is the octahedron with an aluminum, iron,
magnesium or other divalent or trivalent cation at the centre and six
equidistant oxygens or hydroxyls octahedrally coordinated.

The oxygens

and/or hydroxyls are shared between adjacent octahedra resulting in an
octahedral plane in the a-b directions (2.), with the octahedra "tilted"
to form this plane (Figure 14).

If two-thirds of the available cation sites

are occupied by a trivalent atom such as aluminum, the resulting mineral,
in this case gibbsite Al2(OH)6* is dioctahedral.

If a divalent atom such as

magnesium occupies all available cation sites, the mineral is trioctahedral
--in this case brucite Mg3(0H)g.
The tetrahedral layer and the octahedral layer can then be arranged
in various stacking combinations along the c-axis direction (Figure 15).
1. Birkeland, 1974.
2. Ibid.
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(After Hunt, 1972)
Figure 13
SILICA SHEET STRUCTURE

(After Hunt, 1972)
Figure 14
ALUMINA SHEET STRUCTURE
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Consider the combination of one tetrahedral and one octahedral
sheet.

The apical oxygens of tetrahedral layers replace the hydroxyls of

oxtahedral layers to form a 1:1 mineral, with a thickness of 7 Angstroms
along the c-axis direction (Figures 15,16,17).

Two-thirds of the hydroxyls

in the lower octahedral hydroxyl layer are replaced by apical oxygen (1.).
If dioctahedral, with two aluminums in three octahedral sites, the resulting
mineral is kaolinite with the structural formula of Al^(Si^O-^Q) (OH)g. The
hydroxyl groups of one layer tend to bond with oxygens in adjacent layers
through an 0-H bond (2.).
Consider next the combination of two tetrahedral layers with
apical oxygens facing inward and enclosing an octahedral layer, the apical
oxygens substituting for hydroxyls in the octahedral layer, to form a 2:1
mineral--a silica "sandwich." The silica sandwiches are neutral and are
held by van der Waals forces resulting in good cleavage parallel to the
sheets (3.); this bonding is weaker than the hydroxyl-oxygen bonds in the
1:1 minerals.

The basic 2:1 mineral is pyrophyllite A^CSi^O^g) (OH^.

Substitution is possible in both the octahedral and tetrahedral
layers.

Substitution of Al**+ for one Si^"+ in the tetrahedral site results

in a net negative charge"which can be satisfied by adding interlayer cations.
If this cation is potassium, the dioctahedral mineral is muscovite (Figure 16)
with the chemical formula of K Al2(Si3Al)0^g(0H)2> with a thickness of 10
Angstroms along the c-axis direction.

The interlayer cations

"....are accommodated between successive rings of six
oxygen atoms in adjacent units and may be regarded as
a positively-charged electrostatic cement holding the
negatively-charged sheets together. The strength of
such a bond will depend on the strength and number of
the individual linkages per unit area."
(Marshall, 1964)
1. Grim, 1968.
2. C.E. Marshall; The Physical Chemistry and Mineralogy of Soils, Volume 1:
Soil Materials; John Wiley 6c Sons, Inc., New York, 388 pages, 1964.
3. Ibid.
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Figure 15
GENERAL CHARACTERISTICS OF THE PRINCIPAL CLAY MINERAL GROUPS
Values for ion-exchange capacities modified from the data of
Grim (1968). The symbol Ex stands for hydrated exchangeable
cation.
(After R.A. Berner, 1971
Principles of Chemical Sedimentology
McGraw Hill Book Co., Toronto
240 pp.)
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Thus, a very strong electrostatic bond exists between the silica layers
and the interlayer cations.

Repeat distance along the c-axis direction of

the mineral will vary according to the interlayer cation.
The substitution need not be in terms of whole numbers.
for example the pyrophyllite chemical formula—A^^i^O^o) (0H>2«

Consider
Substi-

tution of .3 Mg2"*" for ,3 Al^4* at an octahedral site produces a net negative
charge of J on the 2:1 silica layer, leading to the montmorillonite formula
of R " f pli # 7M§#3(Si4°lo) (°H)2|

w n e r e R is a n

Y metallic trivalent cation,

Since only a few interlayer cations are called for, the bonds are not as
strong as those which would result from a "whole number" net charge; this
partial charge must, in effect, result in a cation bonding to several sites
and losing efficacy at any one site. Also, since the net negative charge
arises in the octahedral layer which is further from the "sandwich" surface,
the charge effect there is not as strong as it would be if the net negative
charge were due to substitution in the tetrahedral layer which is closer
to the "sandwich" surface. This is reflected in the high cation exchange
capacity values for montmorillonite (Figure 15).
Smectites, which include montmorillonite, show a range of partial
charge from .25 to .4 (Figures 15,16,17) due to substitution on octahedral
or tetrahedral sites, and can be dioctahedral or trioctahedral.

The bonds

between the 2:1 silica layers and interlayer cations decrease in strength
as the interlayer charge decreases.

The oxygen layers of each unit are

adjacent to oxygen layers of the next unit making for a weak bond that can
be broken readily by polar molecules such as water (1.).

These polar

molecules can then enter between silica "sandwiches" and arrange spatially
with the cations already present there. Thus, in effect, an expansion along
the c-axis direction takes place since the repeat distance along c of the

1. Grim, 1968.
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interlayer polar molecule is greater than the repeat distance along c of
the interlayer cation.

The actual degree of expansion is governed by the

particular cation present (charge-to-radius ratio) and the number of
adsorbed layers of polar liquid.

Other polar liquids besides water, such

as organics--ethylene glycol and glycerol for example — can be accommodated
in the interlayer position, size and steric factors being important
controlling factors.

If the net negative charge is due to substitutions in

the inner octahedral layer only instead of being due to substitutions in
both octahedral and tetrahedral layers, or in the tetrahedral layer only,
greater expansion along the c-axis direction is possible,
can accommodate up to four and sometimes five water layers.

Montmorillonite
The repeat

distance along the c-axis direction for montmorillonite can range from
approximately 14 Angstroms with two water layers present between 2:1 layers,
to 17 Angstroms when ethylene glycol is present between the 2:1 layers.

It

is emphasized that these polar liquids are present in addition to and not
replacing interlayer cations.
Minerals with a partial charge on the silica layer may be considered as analogs of the muscovite structure.

Illites are defined as those

dioctahedral minerals having a partial charge equal to or greater than .8
(Figure 18) due to substitution in the tetrahedral sites, usually Al.
Si

for

, with potassium as the interlayer cation; substitution may take place

on the octahedral sites also (Figures 15,17).

Since the net negative charge

is closer to the interlayer potassium, and more interlayer cations are
present than in smectites, bonding is stronger than in smectites and cannot
be broken by polar molecules with the result that there is no expansion along
the c-axis direction; the repeat distance along the c-axis direction is 10
Angstroms.
Consider thirdly a combination that utilizes a brucite layer

Muscovite
K + [Al 2 (Si 3 Al)0 10 (OH)2]

Sericite
R+

A

R k.7

R2

3)

(Si

3.3

R3

7°10)(OH)2j

Phengite
R+[(All.5R?5>(Si3.5R?5)°10(OH)2]
Beidellite
R+3[Al2(Si3>7Al>3)O10(OH)2J-

.40

Celadonite
K+rFe Hg2+(Si4010) (OH)2J'
34

.25

Pyrophyllite

Montmorillonite
R

A1

R

Si

!3[ 1.7 ?3( 4°10)(0H)2]-'

Al2(Si4Oio)(OH)2
3

(After Hower and Mowatt, 1966)
Figure 18
TERNARY REPRESENTATION OF DIOCTAHEDRAL 2:1 CLAY MINERALS
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between 2:1 silica layers producing a 2:1:1 combination—this combination
defines the mineral chlorite (Mg,Fe)^2(Si40xo)2^H^16'

Trioctahedral

chlorite has all available cation sites in the octahedral layer occupied
by divalent ions such as magnesium or iron. All octahedral layers need not
have the same ion distribution (Figures 15,16,17).

Substitution in tetra-

hedral layers produces a net negative charge; in octahedral layers, a
positive charge; such that the negative charges on the silica sheets are
balanced by the positive ones on the brucite layers (1.). The oxygen-hydroxyl
bonds between the building units are very strong so that this mineral is
non-expanding--there are no unsatisfied charges present.

Chlorites, with

their repeat distance along the c-axis direction of 14.2 Angstroms, also
show layering with the other phyllosilicate minerals.

Classification of

the chlorite minerals is based on cation replacement on tetrahedral and
octahedral sites and iron oxidation.
Low-charge Mg-vermiculites, the classical vermiculites, exhibit
a more limited expansion along the c-axis direction than the smectites. The
usual

repeat distance is around 14 Angstroms before expansion, and around

17 Angstroms after glycerol treatment; this is the same as for smectites,
Substitutions are usually in the tetrahedral layer (Al**"*" for Si^"+) making
for reasonably good bonding of the interlayer cation.

Instead of trivalent

aluminum in the octahedral unit, divalent magnesium and iron are usually
present.

Two layers of water molecules in a distorted hexagonal array

with a cation coordinated between them occupy the interlayer position
(Figure 16).

The interlayer cation is usually magnesium so that the chemical

formula can be written as (Mg,Fe)^(Al , Si^O-j^OH^Mg^^O,

The actual basal

spacing is controlled by the interlayer cation; for magnesium the basal
spacing is 14,4 Angstroms and can range from 12 Angstroms for cesium to
1. Marshall, 1964,
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15 Angstroms for calcium; potassium usually exhibits a value of 10.5 to
11 Angstroms, with heating lowering this value to 10.1 Angstroms since
interlayer water is driven off (1.).
The alteration of chlorite by weathering produces a randomlyinterlayered mineral and finally a trioctahedral Mg-vermiculite.
sheet in the chlorite is attacked first,

The brucite

Gradual hydration of the hydroxyls

results in a change from (OH)"" enclosing Mg^4" to ^ 0 enclosing Mg^+.
Complete hydration of the brucite layer results in vermiculite.

Thus, a

random mixed-layer chlorite-vermiculite develops since hydration of each
brucite sheet does not start simultaneously and does not proceed at the same
rate.

When hydration is complete and Mg^"1" and H2O are present in all the

former brucite layers, the mixed-layer chlorite-vermiculite has become a
well-crystallized trioctahedral Mg-vermiculite.

In Wisconsin tills,

expansion in the c-axis direction is possible for randomly-layered
chlorite-vermiculite but in contrast, the end product, the well-organized
vermiculite, is not affected by ethylene glycol (2.).
Similarly, biotite mica weathers to a vermiculite through an
intermediate interstratified stage. When interlayer potassium of biotite
is removed, the bonding of the enclosing layers with respect to any remaining
interlayer cations decreases while bonding of the layers adjacent to the
enclosing layers with respect to their interlayer cations increases. Mutual
repulsion of the "stripped11 enclosing layers permits polar water to enter
the interlayer site associated with the enclosing layers. Water and cations
will now be present there, unless all the cations have been removed. The
next interlayer potassium ions to be removed are not those of the adjacent
layer, since they are now more tightly bound, but those of the next layer
1. Marshall, 1964.
2. J. Droste; Alteration of Clay Minerals by Weathering in Wisconsin Tills;
Geol. Soc, Amer, Bull., Vol. 67, No. 6, pp. 911-918, July 1956.
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beyond the adjacent layer.

The expansion of one layer affects the adjacent

layer by increasing the effective negative charge on the adjacent layer and
preventing removal of its hydrated interlayer cation.

Formation of triocta-

hedral vermiculite thus proceeds through a 1:1 regular interstratification
of a 15-Angstrom (vermiculite) and a 10-Angstrom (mica) lattice (1.).
Weathering of a muscovite mica will ultimately produce a dioctahedral vermiculite.

The precursor of the weathering product illite is

muscovite, A degraded or K-poor illite can be considered to be a high-charge
K-vermiculite,

As weathering proceeds, illite is stripped of some of its

interlayer potassium.

The loss of potassium ions affects the two enclosing

2:1 layers which now experience mutual repulsion since the net negative
charge on these layers is no longer balanced by the remaining interlayer
cations.

Thus, in effect, a lattice expansion takes place and polar water

molecules can now enter the interlayer site. As in the case of biotite,
the loss of potassium ions and subsequent increased effective negative
charge on the adjacent layer causes the further loss of potassium ion to
take place not from the interlayer site of the adjacent layer but from the
interlayer site of the next layer to the adjacent layer.

Again a 1:1

regularly-interstratified mineral, in this case an illite-vermiculite,
results.

Continued weathering will produce a dioctahedral vermiculite,

which can be potassium-saturated to reconvert it to illite, again through
an intermediate 1:1 interstratified vermiculite-illite stage.

The repeat

unit along the c-axis direction for a K-vermiculite ranges from 10.5 to 11
Angstroms as compared to 10 Angstroms for illite and 14.4 Angstroms for
Mg-vermiculite,
The actual clay mineral formed depends on available silica, alumina,
1. B.L, Sawhney; Interstratification in Vermiculite; Clays & Clay Mins.,
15th Conf,, 1967, pp. 75-84.
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cations and the pH of the soil.

Under acid conditions and a low Si:Al

ratio, gibbsite is favoured; kaolinite forms if magnesium and other bases
are absent and the silica-alumina concentration is approximately equal.
With moderate hydronium concentrations, vermiculite will form if Si:Al ratio
is high and mica was initially present.

Illite also requires mica as a

precursor, along with high alumina and silica concentrations, but pH values
must be higher than for vermiculite.

Soils rich in magnesium permit the

formation of brucite which can then chloritize montmorillonite and vermiculite,

Variation of minerals with depth is controlled by the efficiency of

the leaching process (l.,2.).

1. Birkeland, 1974
2, S.W, Buol, F.D. Hole and R.J. McCracken; Soil Genesis and Classification,
The Iowa State University Press, Ames, Iowa, 360 pages, 1973.

APPENDIX II
LOCATION OF SAMPLING SITESAND DESCRIPTION OF PITS
The following location maps and detailed descriptions of sample
sites are taken from the Summary Report for L.I.P. Project No. K3522 Landscape Capability Study in the Niagara Peninsula, Part B:

Sampling of

Glacial and Post-glacial Deposits Associated with Vineyard and Orchard
Development in the Niagara Peninsula, 1973.
Sponsor.

J. Terasmae was the Project

The maps are sketch maps only, and are not drawn to scale.
Samples (3) to (8) were taken from areas underlain by Lake

Iroquois deposits.

These glaciolacustrine clay deposits tended to be high

in sand content or contained sand lenses or laminations.

The sand content

appeared to decrease southward, while blockmess increasedo
Halton Till underlies the sites for samples (9) to (17). Here
the silty clays graded in colour from brown through red to grey with
increasing depth.

Pebbles and cobbles of sandstone, shale and carbonate

rocks were encountered. Here also, the clays exhibited blocky texture.
Samples (18) to (32) were taken from the area underlain by Lake
Warren sediments. Buff-brown clays usually graded into reddish-brown clays
while at sites (30) to (32) these further graded into grey clays. Interbedded reddish silts and sands as laminations or thin lenses were common.
These clays all tended to be very blocky, especially at sites (30) to (32).
Sample site (19) was located in an area where Queenston Formation lies a
few feet below the surface.

Sample site (20), near the shoreline of former

Lake Iroquois, contained pebbles and cobbles of igneous and metamorphic
rocks as well as some red shale. The area near sites (23) and (24) contained
not only pebbles of but decomposing blocks of the Queenston Formation.
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Figure 19
LOCATION OF SAMPLING SITE (3)
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Table 3
DESCRIPTION OF PIT (3)

Descriptive Term

Tentative
Geological Term

grey brown clay (silt)

lacustrine clay

10 - 23 cm

buff clay, some sand

lacustrine clay

23 - 88 cm

orange and light brown
mottled sandy clay with
numerous buff-grey sand
lenses

lacustrine clay
and sands

88 - 115 cm

grey clay with some red
brown mottling

lacustrine clay

Depth Interval
0 - 10 cm
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Figure 20
LOCATION OF SAMPLING SITE (4)
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Table 4
DESCRIPTION OF PIT (4)

Descriptive Term

Tentative
Geological Term

medium brown silty clay

lacustrine clay

45 - 64 cm

orange-light brown mottled
clay; some silt and sand;
occasional flat pebble

layered lacustrine
sand, silt and clay

64 - 110 cm

grey clay with red-brown
mottling; some red and green
inclusions; a few rounded
pebbles; white stain on clay
(calcium carbonate?)

lacustrine clay

Depth Interval
0 - 45 cm
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LOCATION OF SAMPLING SITE
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Table 5
DESCRIPTION OF PIT (5)

Descriptive Term

Tentative
Geological Term

medium brown silty clay

lacustrine clay

15 - 60 cm

orange-light brown mottled
clay; some sand and silt

lacustrine sand,
silt and clay

60 - 110 cm

red-brown sand with
wedge-like grey-brown clay
inclusions

lacustrine sand
and clay

Depth

Interval

0 - 15 cm
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LOCATION OF SAMPLING SITE ( 6 )
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Table 6
DESCRIPTION OF PIT (6)
Descriptive Term

Tentative
Geological Term

0 - 5 cm

medium brown clay (silty)

lacustrine clay

5 - 40 cm

medium reddish brown clay;
some sand; some pebbles and
cobbles

beach and bar
deposits

40 - 80 cm

brownish red sandy clay;
some pebbles and cobbles;
occasional sand lense;
numerous red shale blebs

beach and bar
deposits

80 - 93 cm

red sand with pebbles and
cobbles; shale predominant

beach and bar
deposits--or
possibly till?

Depth Interval
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LOCATION OF SAMPLING SITE ( 7 )
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Table 7
DESCRIPTION OF PIT (7)
Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

21 - 35 cm

buff sand

lacustrine sand

35 - 90 cm

reddish orange sandy clay
with brown mottling and
some buff sand lenses

lacustrine sand
and clay

90 - 100 cm

sub-layered grey clay;
some red blebs

lacustrine clay

100 - 110 cm

red brown fine-textured
sand

lacustrine sand

Depth Interval
0 - 21 cm
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LOCATION OF SAMPLING SITE ( 8 )
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Table 8
DESCRIPTION OF PIT (8)
Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

20 - 70 cm

red brown sandy clay

lacustrine sand
and clay

70 - 110 cm

laminated light brown silt
with some fine sand laminae
approximately 2-3 mm wide

lacustrine silts
and sand

Depth Interval
0 - 20 cm
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Figure 25
LOCATION OF SAMPLING SITE (9)
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Table 9
DESCRIPTION OF PIT (9)
Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

10 - 70 cm

red brown clay; some red
shale blebs

lacustrine clay

70 - 100 cm

red brown clay with
numerous pebbles; some
minor grey mottling; red
shale blebs frequent

clayey till

Depth Interval
0 - 10 cm
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Figure 26
LOCATION OF SAMPLING SITE (10)
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Table 10
DESCRIPTION OF PIT (10)
Depth Interval

Descriptive Term

Tentative
Geological Term

medium brown clay (silty)
with cobbles

clayey till

26 - 36 cm

buff clay; some sand

lacustrine clay
and sand

36 - 58 cm

reddish brown sandy clay;
some grey clay inclusions;
pebbles and cobbles; red
blebs

clayey till

58 - 70 cm

clayey till
grey clay; some sand; minor
mottling; pebbles and cobbles

70 - 100 cm

grey clay; numerous red
blebs; pebbles and cobbles

0 - 26 cm

clayey till
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LOCATION OF SAMPLING SITE ( 1 1 )
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Table 11
DESCRIPTION OF PIT (11)

Depth Interval

Descriptive Term

Tentative
Geological Term

medium brown clay (silty);
pebbles and cobbles

clayey till

18 - 27 cm

buff (orange) clay

clay till

27 - 64 cm

red brown clay with some
grey mottling and red blebs;
cobbles and pebbles

clayey till

64 - 100 cm

grey clay; some red mottling; clayey till
pebbles and cobbles

0 - 18 cm
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Figure 28
LOCATION OF SAMPLING SITE (12)
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Table 12
DESCRIPTION OF PIT (12)

Depth Interval
0 - 20 cm

Descriptive Term
medium (greyish) brown
clay (silty); pebbles and
cobbles

Tentative
Geological Term
clayey till

20 - 60 cm

orange brown clay with
clayey till
numerous pebbles and cobbles;
some red shale inclusions

60 - 100 cm

clayey till
grey clay with numerous
cobbles and pebbles; red
shale /or sandstone
inclusions; white calcite(?)
inclusions; some red brown
mottling
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LOCATION OF SAMPLING SITE ( 1 3 )
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Table 13
DESCRIPTION OF PIT (13)

Depth Interval

Descriptive Term

Tentative
Geological Term

medium brown clay (silty);
pebbles and cobbles

clayey till

13 - 40 cm

orange (slightly brown)
clay and pebbles and cobbles

clayey till

40 - 60 cm

orange-brown clay with
clayey till
pockets of red clay throughout;
some pebbles

60 - 100 cm

grey clay with numerous
clayey till
pebbles and cobbles; (some
red-brown mottling) inclusions
of red sandstone blebs

0 - 13 cm
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Figure 30
LOCATION OF SAMPLING SITE (14)
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Table 14
DESCRIPTION OF PIT (14)
Depth Interval
0 - 10 cm

10 - 92 cm

92 - 110 cm

Descriptive Term

Tentative
Geological Term

medium brown clay (silty)
organic; pebbles and cobbles

clayey till

reddish brown/grey clay with
some pebbles and cobbles;
some red sandstone blebs

clayey till

grey clay with some reddish
brown mottling; numerous
pebbles and cobbles (large);
sandstone blebs

clayey till
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Figure 31
LOCATION OF SAMPLING SITE (15)
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Table 15
DESCRIPTION OF PIT (15)
Depth Interval
0 - 20 cm

Descriptive Term

Tentative
Geological Term

medium brown gritty clay;
numerous pebbles and cobbles

clayey till

20 - 35 cm

buff clay; numerous pebbles
and cobbles, some oxidized

clayey till

35 - 102 cm

reddish brown clay with
large red sandstone
inclus ions; numerous
pebbles and cobbles

clayey till

102 - 110 cm

grey clay with some red
mottling; pebbles and
cobbles

clayey till
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Figure 32
LOCATION OF SAMPLING SITE (16)
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Table 16
DESCRIPTION OF PIT (16)
Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

10 - 91 cm

light brown clay (slightly
orange tinge) with pebbles
and cobbles

clayey till

91 - 110 cm

grey clay with minor red
mottling; red blebs; pebbles
and cobbles

clayey till

Depth Interval
0 - 10 cm
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Figure 33
LOCATION OF SAMPLING SITE (17)
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Table 17
DESCRIPTION OF PIT (17)
Depth Interval

Descriptive Term

Tentative
Geological Term

0 - 20 cm

medium brown (greyish) clay
(salty); pebbles and cobbles

clayey till

20 - 40 cm

buff (orangey) clay; pebbles

clayey till

40 - 72 cm

reddish brown clay with red
sandstone blebs; numerous
pebbles

clayey till

72 - 118 cm

grey clay with some red
brown mottling; numerous
pebbles; pockets of grey
clay

clayey till
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LOCATION OF SAMPLING SITE
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Table 18
DESCRIPTION OF PIT (18)
Depth Interval
0 - 14 cm

Descriptive Term

Tentative
Geological Term

medium brown clay (silty);
organics

lacustrine clay

14 - 20 cm

orange brown clay

lacustrine clay

20 - 57 cm

slightly reddish brown
clay with grey clay lenses

lacustrine clay

57 - 72 cm

medium brown greyish clay
(limonite stain)

lacustrine clay

compact grey clay

lacustrine clay

red/grey mottled clay with
green and red blebs; gritty;
pebbles

clayey till

72 - 95 cm
95 - 114 cm
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LOCATION OF SAMPLING SITE ( 1 9 )
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Table 19
DESCRIPTION OF PIT (19)

Depth I n t e r v a l

Descriptive Term

0 - 13 cm

medium red brown sandy clay

13 - 46 cm

medium red brown clay with
occasional grey clay lenses

46 - 95 cm

grey clay with red sandy
inclusions and red mottling;
pebbles; some green stain
and limonite stain

Tentative
Geological Term
lacustrine sand
and clay
lacustrine clay

clayey till
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Figure 36
LOCATION OF SAMPLING SITE (20)
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Table 20
DESCRIPTION OF PIT (20)
Depth Interval
0 - 17 cm
17 - 100 cm

100 - 120 cm

Descriptive Term

Tentative
Geological Term

medium brown silty clay
with pebbles and cobbles

beach and bar deposits

brownish red clay with
numerous pebbles and
cobbles; some green mottling
and limonite stain; pebbles
and cobbles include some red
shale but are mainly igneous
and metamorphic rocks; some
angular and some with edges
washed smooth

beach and bar deposits

brownish red sand

beach and bar deposits
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Figure 37
LOCATION OF SAMPLING SITE (21)
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Table 21
DESCRIPTION OF PIT (21)
Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

15 - 27 cm

buff brown clay

lacustrine clay

27 - 105 cm

reddish brown clay with
occasional pebbles; red
shale or sand inclusions

lacustrine clay
grading into clayey
till

red brown clay with pebbles;
red and green sandstone
and shale inclusions

clayey till

Depth Interval
0 - 15 cm

105 - .110 cm
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LOCATION OF SAMPLING SITE
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hardwood bush
cherry
orchard
open field
Highway 8
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Table 22
DESCRIPTION OF PIT (22)
Descriptive Term

Tentative
Geological Term

0 - 10 cm

medium brown clay (silty)

lacustrine clay

10 - 24 cm

buff clay; limonite stain
throughout

lacustrine clay

24 - 87 cm

red brown clay grading into
lacustrine clay
red brown clay with some
grading into clayey
grey clay mottling; pebbles
till
of sandstone and shale, and
occasional cobbles of granite
and sandstone; and numerous
shale inclusions

87 - 110 cm

red brown, grey-mottled clay
with pebbles

Depth

Interval

clayey till
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LOCATION OF SAMPLING SITE

(23)

Highway 8

cherry
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vineyard
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Highway 405
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Table 23
DESCRIPTION OF PIT (23)
Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

18 - 29 cm

buff sand with clay;
limonite stain

lacustrine sand
and clay

29 - 120 cm

light red-brown compact
clay; limonite stain;
occasional pebbles as
depth increases

lacustrine clay

red grey-mottled clay
with pebbles

clayey till

Depth Interval
0 - 18 cm

120 - 128 cm
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LOCATION OF SAMPLING SITE ( 2 4 )

Highway 405

*

t
open

open

!

N
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° X (24)

Warner Road

Table 24
DESCRIPTION OF PIT (24)
Descriptive Term

Tentative
Geological Term

medium brown sandy and
silty clay with pebbles

beach deposit or
till?

20 - 30 cm

reddish buff clay with some
sand

lacustrine sand
and clay

30 - 85 cm

clayey till
red brown clay with grey
mottling; numerous red blebs;
some green blebs; limonite
stain; numerous rounded
pebbles and several rounded
cobbles

Depth Interval
0 - 20 cm
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LOCATION OF SAMPLING SITE

(25)

Warner Road
open

i

M

>
P

bush

O
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bush

N

P

o
o X (25)

Table 25
DESCRIPTION OF PIT (25)

Depth Interval

Descriptive Term

Tentative
Geological Term

0 - 70 cm

medium brown clay with silt

lacustrine clay
and silt

70 - 98 cm

buff silty clay; some sand;
occasional pebbles

lacustrine clay

98 - 125 cm

red-brown mottled grey clay
with sandstone and shale
pebbles

clayey till
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LOCATION OF SAMPLING SITE

(26)

C.N.R.

I

vineyard

N

dump

Mountain Road

Table 26
DESCRIPTION OF PIT (26)

Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

21 - 54 cm

buff clay with limonite
stains

lacustrine clay

54 - 60 cm

buff brown clay with some
sand

lacustrine clay
and sand

60 - 65 cm

buff brown clay with
brown clay lenses

lacustrine clay
and sand

65 - 135 cm

lacustrine clay
blocky grey clay with red
and white sandy blebs;
grading into clayey
occasional pebbles; persistent
till
limonite stain
grading into
less blocky grey clay with
red and white mottling; sand
blebs and lenses; pebbles
throughout; limonite stains
still persistent

Depth Interval
0 - 21 cm
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LOCATION OF SAMPLING SITE

(27)

I

vineyard

N

Mountain Road

Table 27
DESCRIPTION OF PIT (27)
Depth Interval

Descriptive Term

Tentative
Geological Term

0 - 8 cm

greyish brown clay (silty);
organic matter

lacustrine clay

8 - 45 cm

buff clay

lacustrine clay

45 - 80 cm

red brown clay; numerous
pebbles and occasional
rounded cobbles
grading into
red brown clay with grey
clay blebs

clayey till

80 - 105 cm

red brown clay with grey
mottling; numerous small
rounded shale and limestone
pebbles

clayey till

105 - 120 cm

light reddish brown clay to
red sandy clay; many pebbles

clayey till

120 - 125 cm

red brown sand with some
clay; rounded pebbles

sandy till
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Figure 44
LOCATION OF SAMPLING SITE (28)

"*»' '*» c . N_&
\

•

trailer

A

A
• \

\

p

*v.

ark

Hi

>
P

brush

o

vineyard

•H
CO
CO

N

at

o
oP

X (28)

tf dump
i ort

1

1CO^
vineyard

o
M
4-J

G

o

S

Mountain Road

Table 28
DESCRIPTION OF PIT (28)
Depth Interval
0 - 15 cm

Descriptive Term

Tentative
Geological Term

brown sandy silty clay;
organic material

clayey till?

15 - 47 cm

red brown clay with grey
clayey till
mottling; occasional
well-rounded pebble; distinct
grey clay blebs

47 - 75 cm

mottled grey-brown clay
with red blebs throughout;
some pebbles

75 - 100 cm

blocky (compact) grey clay
clayey till
with red sandstone pebbles;
red blebs (shale?); limonite
stains; white (carbonate?) stains

100 - 127 cm

red sandy blebs becoming more clayey till
common; clay almost a grey-red
decayed and decaying organic
matter present

clayey till
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LOCATION OF SAMPLING SITE

P \

trailer

t\

park

(29)

C N.R.

1 M
>
o

\

brush

•H
CO
CO

vineyard

cu
!

o
u

N
no

q dump
K
0)

(29) X

\ CO

!o
iM

! -P

P

vineyard

r

Mountain Road

Table 29
DESCRIPTION OF PIT (29)
Descriptive Term

Tentative
Geological Term

grey brown silty clay;
grass growing on surface

lacustrine clay

buff brown clay

lacustrine clay

red brown, grey-mottled
clay
trending to
reddish grey clay; some
sand and shale pebbles

lacustrine clay

reddish brown sand; some
clay; occasional shale
fragments

lacustrine sand;
perhaps till?
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Figure 46
LOCATION OF SAMPLING SITE (30)
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Thorold Stone Road

Table 30
DESCRIPTION OF PIT (30)

Depth Interval

Descriptive Term

Tentative
Geological Term

medium brown clay; some
silt

lacustrine clay

20 - 30 cm

buff (orange) clay

lacustrine clay

30 - 50 cm

red brown clay

lacustrine clay

50 - 85 cm

red brown clay with grey
mottling

lacustrine clay

85 - 100 cm

grey clay with red mottling
changing to grey clay

lacustrine clay

0 - 20 cm

Ill
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LOCATION OF SAMPLING SITE

(31)

T h o r o l d S t o n e Road

open f i e l d
(31) X
cornfield
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Beaver Dams Road

Table 31
DESCRIPTION OF PIT (31)

Descriptive Term

Tentative
Geological Term

medium brown clay (silt)

lacustrine clay

20 - 30 cm

buff (orange) clay

lacustrine clay

30 - 75 cm

red brown, grey-mottled clay

lacustrine clay

75 - 102 cm

grey clay with some redbrown mottling
trending to
blue grey clay with
red-brown mottling

lacustrine clay

Depth Interval
0 - 20 cm
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Figure 48
LOCATION OF SAMPLING SITE (32)
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Table 32
DESCRIPTION OF PIT (32)

Descriptive Term

Tentative
Geological Term

medium brown clay (silty)

lacustrine clay

10 - 40 cm

red brown clay, grey mottled

lacustrine clay

40 - 100 cm

grey clay with minor red
mottling

lacustrine clay

Depth Interval
0 - 10 cm

APPENDIX III
VINEYARD PRACTICES
As some of the sampling sites were situated within the boundaries
of vineyards owned by Brights Wines Limited, information regarding their
viticultural practices is included.

Their soils are treated with organic

as well as commercial inorganic fertilizers.

Strawy manure, obtained from

a local racetrack, as well as pomace (that which remains after pressing of
grapes) are worked into the soil as often as possible to increase the
aeration of the soil so that the vine roots can spread more widely. No
"green manuring" is practised but the weeds which are allowed to grow
unchecked after August 1st are rotovated into the soil the following spring.
Potassium fertilizer is added every three years as sulphate of potash or
muriate of potash, usually the latter, in the amount of 500-600 lbs/acre
(560-670 kg/hectare).

It has been the grower's experience that this large

allotment results in less fixing of potassium in the soils. This seemingly
high rate has not produced any damaged vines; indeed, applications from
1000-2000 lbs/acre (1120-2240 kg/hectare) in some locations have not
resulted in any potassium damage to the vines. Annual applications of
ammonium nitrate, usually around 125 lbs/acre (140 kg/hectare), are also
added.

While the nitrogen is applied broadcast in the spring, the potassium

salt is applied in the fall, in bands on both sides of the vines, in close
proximity to the vines, but far enough away that a cultivator can work it
under the following spring.

Subsoiling is not as extensively practised

as formerly; this treatment is used to break up the clay hardpan between
every row, the equipment penetrating to a depth of approximately one foot
(.3 metre).

The subsoiling apparatus is run down the centre of the space

between two rows of vines, not close enough to either vine to cause more

113

114

than minimal damage to vine roots which are thus stimulated to more new
root growth.

When a new vineyard is planned, the fields destined for this

new vineyard are subsoiled in both directions prior to planting.

A wheat

crop is first grown and taken off to be followed by a hay crop which is
plowed under.

A 10-10-10 fertilizer is added while the field is planted

to hay; these figures are percentages of nitrogen, phosphoric acid and
potash, terms in which the primary fertilizer elements have been expressed
the world over.

The new vines are planted after the soil conditions have

thus been improved (personal communication, A.E. Neff, 1977).
The Horticultural Research Institute of the Ontario Ministry of
Agriculture and Food is conducting continuing experiments at its farms with
different varieties of grapes. Potassium fertilizers, usually muriate of
potash, 60 per cent K^O, generally in the amount 400 lbs/acre (180 kg/hectare)
during alternate years is presently applied in bands close to the rows of
vines grown on clay loam soils. Annual applications of potassium chloride
are recommended on sandy loam soil.
monitored by petiole analysis.

Potassium levels in the vines are

Potassium nitrate sprays to the leaves are

being tried to supplement soil application of potassium fertilizer as the
crop matures.

Ridging of the soil has been found to be helpful as it

promotes better drainage conditions and results in more top soil for root
growth.

Organic matter, in the form of "green manure", and farm manure or

straw is added to improve the soil structure, thus permitting roots to
penetrate more easily through the clays. Water-stable aggregates also
improve air and water penetration and movement through the soil profile.
Different cover crops have been tried.

Italian rye grass works very well.

It is planted between the rows of vines in August and plowed under the
following spring.

It uses nitrogen and moisture late in the season helping

to promote winter hardiness.

Subsoiling at a depth of 8 inches (20 centi-
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metres) with simultaneous application of fertilizer has been tried.

It

is also possible to use this method to depths of 18-22 inches (46-56
centimetres) in order to break up the soil so that roots can penetrate
more deeply.

It is felt, however, that the cutting off of rootlets offsets

any advantage gained by the roots having more ready access to fertilizer or
a greater soil depth (personal communication, R.A. Cline, 1976).
Subsoiling in a strongly-absorptive loess with simultaneous
application of fertilizer has been practised since 1967 in the State
Vineyards at Balatonboglar, Hungary (!•). Nitrogen, potassium, and phosphorus
contents of grape leaves were monitored for seven years, the results of the
controlled fertilizer treatment first showing up after 4-5 years. While
nitrogen and phosphorus levels in the leaves reflected directly the amounts
of fertilizers applied, this result did not hold for potassium; increase of
potassium in the subsoil did not necessarily lead to an accumulation of
potassium in the plant stock.

The lowest potassium concentrations were

recorded during years of low rainfall. Phosphorus treatments provided
insufficient enrichment of the vine leaves and applications of this element
by the subsoiling method were discontinued.

An overabundance of nitrogen in

the vines led to potassium poverty; an insufficiency of nitrogen led to an
overabundance of potassium.

Thus, it was considered essential to initially

fulfill the potassium requirements of the vines and then by leaf analyses,
determine the associated amounts of nitrogen necessary to provide optimum
results.
Potassium sulphate is placed as near the root zone as possible in
California (2.).

If deep emplacement cannot be effected by using special

equipment, a plow furrow is made as close to the vine row and as deeply as
1. E. Balo, M. Panczel and G. Prileszky, 1975.
2. A.J. Winkler, 1962.
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is possible without causing serious root injury.

The potash is placed at

the bottom of the furrow there to slowly dissolve, the furrow being left
open for maximum wetting from winter rains or irrigation.

