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Abstract:

Characteristics of soils on the Kootenai Formation and Boulder batholith were compared to
demonstrate relationships between soils and geologic units in Montana. The Early Cretaceous Kootenai
Formation includes clayey shale, fine-grained sandstone, limestone and a basal conglomeratic
sandstone. The batholith is composed of a uniform coarse-grained granitic rock, 25 pedons on each
parent material were selected by point intercept transects for description, sampling and laboratory
analysis.

Thirty of 44 soil properties contrasted sharply between the two parent materials. Boulder batholith soils
have sandy loam or loamy sand textures; 40 percent higher frequency of a C horizon in the upper 100
cm; mean pH 0.6 unit higher; larger structure size and weaker grade; and 2-22 percent coarse fragment
content. Kootenai Formation soils are more variable, having 7 textural classes ranging from sandy loam
to clay and a clay content range of 3 to 74 percent. They have 20 cm greater mean solum thickness;
more variable consistence; redder color hues; and a 0-65 percent coarse fragment content. There are 6
family textural classes identified in Kootenai Formation soils compared to 2 on the Boulder batholith.

Less than 10 samples (generally < 5) are required to estimate mean pH; coarse fragment content; sand
fraction contents; and sand, silt and clay contents in all horizons of Boulder batholith soils within + 5
units (0.5 for pH) about the mean. Thickness of the B2t and C horizons and depth to the C are the most
variable properties, requiring up to 50 samples. In Kootenai Formation soils, about 25 percent of these
horizon properties require 10-35 samples and 25 percent require > 30 samples. Coarse fragment
content, depth and thickness of the B2t and C horizons, and fine sand, total sand and clay contents of
the C horizon require 34-72 samples; clay content being the most variable.

From laboratory analyses of five soils on each parent material, Kootenai Formation soils have 1/3
larger available water holding capacities in the B2t and C horizons; higher extractable Ca, CEC and
percent BS; and more variable clay mineralogy ranging from dominantly montmorillonite to kaolinite,
illite and interstratified 2:1 clays. Boulder batholith soils are dominated by illite clay with <25 percent
montmorillonite.

This documentation of soil differences related to geologic units will allow more accuracy and
efficiency in soil mapping and management .
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ABSTRACT’

Characteristics of soils on the Kootenai Formation and Boulder
batholith were compared to demonstraté relationships between soils

~and geologic units in Montana, The Early Cretaceous Kootenai For-

mation includes clayey shale, fine-grained sandstone, limestone and
a basal conglomeratic sandstone. The batholith is composed. of a
uniform coarse-grained granitic rock. 25 pedons on each parent
‘material were selected by point intercept transects for description,
sampling and laboratory analysis. '

Thirty of 44 soil properties conttasted sharply between the two
parent materials. Boulder .batholith soils have sandy loam or loamy
-sand textures; 40 percent higher frequency of a C horizon in the
upper 100 em; mean pH 0.6 unit higher; larger structure size and
weaker grade; and 2-22 percent coarse fragment content. Kootenai
Formation soils are more variable, having 7 textural classes ranging
from sandy loam to clay and a clay content range of 3 to 74 percent.
They have 20 cm greater mean solum thickness; more variable consis-
tence; redder color hues; and a 0-65 percent coarse fragment content.
There are 6 family textural classes identified in Kootenai Formation
soils compared. to 2 on the Boulder batholith.

Less than 10 samples (generally < 5) are required to estimate

mean pH; coarse fragment content; sand fraction contents; and sand,

silt and clay contents in all horizons of Boulder batholith soils
within + 5 units (0.5 for pH) about the mean. Thickness of the B2t
and C horizons and depth to the C are the most variable properties,
requiring up to 50 samples. In Kootenai Formation soils, about 25
percent of these horizon properties require 10-35 samples and 25
percent require > 30 samples. Coarse fragment content, depth and
thickness of the B2t and C horizons, and fine sand, total sand and
clay contents of the C horizon require 34-72 samples; clay content
being the most variable. ‘ '

From laboratory analyses of five soils on, each parent material,
Kooternai Formation soils have 1/3 larger available water holding
capacities in the B2t and C horizons; higher extractable Ca, CEC
and percent BS; and more variable' clay mineralogy ranging from dom-
inantly montmorillonite to kaolinite, illite and interstratified 2:1
clays. Boulder batholith soils are dominated by illite clay with
< 25 percent montmorlllonlte. : :

- This documentation of soil differences related to geologic units

will allow more accuracy and efficiency in 5011 mapping and manage-
‘ment.




Chapter 1
INTRODUCTION

The importance éf geologic parent material in soil development has
long been %ecognized, being included by.Jenny (1941) as one of the five
independent soil forming factors;. However, lack of knowledge of
geologic weathéring products and soil-geology relationships in Montana
has limited the potentiél value of this factor'in predicting soil
properties. The influence of geologic parent material on soil physical
and chemical properties.is mosﬁ‘pronounéed in bodl, dry regions and in
the early stagés of soil development (Birkland, 1974; Stauffef, 1935).

Montana's young, often glaciated landscapes and relatively cool, dry

~ climate should'provide for a strong expression of geologic parent

material properties in soils,

The writer did not'find any studies that statistically compare
the properties iﬂ soils developed on contrasting geologic parent
materials. This study documents.two contrésfing examples of geologic
pareﬁt material influences on soil development in Montana. 'It
statistically compérés the predictability and.range.in variation
bf selected properties in soils &erived from the two parent materials,
Efforgs are made to expl;in the occurrence and variablilty of soil

properties in relation to properties of the parent materials,
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The granitic Bouldef batholith was éhosen as one of thé‘parent-
materials because its relafivelyhuniform composition should be
feflected in.unifprmity of some soil properties, Ihis study also
provides béseliﬁe iﬁformagibn for the recenfly initiated Butte-
Whiteﬁalllsoil survey which‘includeé portions of the batholith
expésure. The data areAappli¢able.to other exposures of’geologic
matefials of similar origin and composition in the State.

The Early Cretaceous Kootenai Formation, in contrast, contains
a varie?y of lifholoéies including clayey shaies, sandstones, lime-
stones and conglomeratic sagdsfone, and should contribute to greater
soil variaﬂility.,'Althb;ghvthe Formation coptains a variety of ?ock.
types, it ;emains fairly consistent in most exposures in the State.
Soils on the Kootenai Formafion,elsewhere in Montana should have
properties similar to those of Lhis report.

This study will hopefplly stimuléte further interest in soil-
geology relatiénships for their potenfial value as predictors of soil

properties.




Chapter 2

LITERATURE REVIEW

Description of the Geologic Parent Materials

The Boulder batholith is an intrusive ‘igneous body formed by the
intrusion of molten magma into older geologic matérials and subsequent
slow cooling beneath the surface. 'I£ covers over.2850 km2 of western
Montana, extending 113 km along the Continental Divide between Butte
and Helena (Kpopf, 1957). Emplacement of the ﬁagma occurred during
late Cretaceous time, roughly 78-69 million years ago (knopf, 1957;
Robinéon et al.; 1966; Tilling et al., 1968). Subsequent erosion,
mainly during.the Eocene Epoch of the Tertiary ?eriod, removed up to
1.6 km of‘the overlying roék, exposing the igneous rock beneath

(Perry, 1962). Figure 1 shows the exposures of intrusive rocks in

Montana.

A review of the geologic studies in the area show that the

most extensive rock type in the Boulder batholith is quartz monzonite
wifh subordinate granodiorite (Becraft et al., 1963; Kleppgr et al.,
1957; knopf, 1957; Roberts and Gude, 1953; Robertson et al., 1960;
Ruppel, 1963; Smedes, 1966). Rock mineral composition is typically

plagioclase and potassium feldspar, with about 20 percent quartz and

15 percent biotite mica and hqrﬁblende. The most common grain size is

very coarse sand (Wentworth scale), typically 1-3 mm (Becraft et al.,

1963; Roberts and Gude, 1953; Ruppel et al., 1963).




Figure 1. Exposures of coarse- to medium-grained intrusive igneous rocks in

Montana (Veseth and Montagne, 1980).
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Near the margins of the batholith, the rock composition tends to
change somewhat. It bepomes darker with an inéreasing content of iron,
calcium and magnesium due to the assimulation of these elements from
the "Eountry rock" the igneous rock was intruded into (Perry, 1962;
Sahinen, 1950; Tansley et al., 1933). The quartz content decreases
and focks become'ﬁore.basié. grading into granodiotite, diorite and
other rock types.

Weathering and erosion along-joint planes leave cores of sub-

rounded boulders called tor piles, which project above the general

land surface (Becraft et al., 1963; Sahinen, 1950). On a larger

scale, the batholithllandscapes are usually gently rounded, grass and
fores? covered mountains and foothills. A typical landscape is
illustrated in the schematic block diagram in Figure 2.

The rocks have been variably affected by hydrothermal alteration
resulting in a4 variable resistance to disaggregation and erosion-
(Becraft et al., 1963; Ruppel, 1963). Potassium feldspar and mica
are often partially altered to clays by-the hydrothermal activity and
natural weathering processes (Becraft et al., 1963; Clayton, 1974).
The batholith rock commonly disaggregates to a coarse, loose ﬁateriél
called grus from méchaqical weatﬁering (freeze-thaw, wetting-~drying,
etc.) and expgnsion due.to clay forﬁation (Arnold et al., 1975;
Becraft et al., 1963; Clayton, 1974). On the Idaho batholith to the

west, illite, kaolinite and. halloysite clay materials predominate in
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Figure 2. Schematic portrayal of Boulder batholith landscapes (adapted from Veseth
and Montagne, 1980).
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the soils, with some montmorillonite found at dryer, lower elévations
and in poorly dréined areas (Clayton, 1974).

The Early Cretaceous Kootenai Formation is commonly exposed in
small outcrops in ﬁountain and fooghill areas of Montana where
mouﬁtain building deformation has taken place. Figure 3.shows the

exposufe of the Kootenai Formation and other soft shale and hard

‘sandstone formations of Pennsylvanian through Early Cretaceous age in

. Montana. The Kootenai Formation is found in most of the map delin-

eations. It was deposited.on‘the Jurassic Morrison Formation or

older rocks-and is overlain by Cretaceous marine shales (Imlay, 1952).
A composite despriﬁtion of the nonmarine floodplain, alluvial

fan and lacustrine derived rocks of the Kootenai Formation in Montana

is summarized by Veseth and Montagne (1980) from numerous geologic

studies across the State. Thié description includes an upper unit

of soft wvaricolored claysténe or mudstone, fine—grainea sandstone,

freshwater 1iméstone and a basal conglomeratic sandstone. The

Formation rangés from 100 to 180 m in thickness in most Montana

exposures. Of these lithologies, the basal conglqmeratic sandstone

is the most persistent with the others varying somewhat in proportions

from one area to another. Limestones are gene?ally absent in

southern Montana east of Bozeman (Foose etAal., 1958; Knappen et al.,

1931; Moberly, 1960; Richards, 1957; Suttner, 1969). Exposures in the

Great Falls-Lewistown area (Ballard, 1966; Fox and Groff, 1966; Harris,
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1966;'Vine, 1956) and the northwestern exposures (Mudge, 1972) are
predominantly clayey shéle and sandstone, with only a few thin lime-
stones. In southwestern and western Montana, however, a fossiliferous
"gastropod limestone" generally 15 m or less in thickness is commonly '
found in the upper section of the Kootenai Formation, overlying the-
middle shale~sandstone unit and basal conglomeratic sandstone (Hadley,
1960; Klepper et al., 1957; Robertsoh, 1963; Suttner, 1969; Wének and
Barclay, 1966; Witkind, 1969); Kootenai Formation exposures élso
thicken markédly to the west to 210-425 m (Mudge, 1972; Suttner, 1969;
Wanek and Barclay, 1966). The schematic diagram in Figure 4 portrays
a mountain fooghill landscape of the Kootenai Formation in central
Moﬁtana.

Clay mineralogy of the Kootenai Formation appeafs to be somewhat
variable. South of Billings in the Pryof—Bighorn Mountains, the
Kootenai (Cloverlyj Formation seems to be dominantly mohtmorillonite
(Moberly, 1960). 1In centrél Montana, Harris (1966) found predominantly
mixed-layer illite and montmorillonite clays with some kaolinite,
whereas Berg et al. (i968) show kaolinite and illite to be dominant,
with some montmorillonite.

A geologic study of the Kootenai Formation area sampled in this
thesis was made by Hall (1961). The Formation in this area was '
divided into three members. The lower membe?, 24—46 m thick, consists

of coarse, massive, salt-and-pepper saundstone with a basal chert-
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Figure 4. Schematic portrayal of Kootenai Formation landscapes in the Big Snowy Mountain
foothills in Central Montana (adapted from Veseth and Montagne, 1980).
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pebble cénglomerate. It is quite resistant, forming prominent
cliffs above the underlying soft Morrison Formation shale. A middle
member about 76 ﬁ thick consists of red-maroon to yellowish tan
claystone, limesfones and limy siltstone .at the base; 6-18 m of
freshwater limestone in.the middle; and more red clayey shale, lime—
stones and limy siltstones above. Shales in this member are 'generally
noncalcareous. The limestone in the centér section of this meﬁber‘is
correlated with the "gastropod limestone" of many other exPOSUfes in
western Montana. The upper member,'lS m‘thiék, is composed of well
sorted, fine-grained, clean quartz arenite that could easily be
confused with the Quadranf Sandstone of Pennsylvanian age. It
weathers.to a distinctive dark reddisﬁ brown coior due to concentra-
tions of hematite ‘cement on the exposed surfaces. It is a resistant
ridge forming sandstone.

The Kootenai Formation area sa@pled in this study is a north-
easterly dipping flank df the northwest:trending Buck Creek anticline.
The axis area of the anticline is largely removed by erosion. The
strata are gently dipping, generally at aBout 6-8 degrees. The
Koofenai Formation eitends to the highést elevation of the sampling
area,nso the soils should not be contaminated by material from other

geologic formations.
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Studies of Geologvy-Soil Relationships

That the properties of most soils are influenced, to some extent
at least, by the nature of their pérent'materials has been recognized
since systematic study of soils begaﬁ (Stauffer, 1935). Pafeﬁt
material was included by Jenny (1941) as omne éf the five soil forﬁing
factors along with climate, orgaﬂisms, topography and time, all of |

which are theoretically independent. The influence of parent material

is particularly pronounced in more arid, cooler regions and in the

initial stageé of soil development‘(Birkland, 1974; Stauffér, 1935).
However, even on the North Carolina Piedmont, one of the "oldest
landscapes in the'country", rock difféerences remain as the probabie
first cause of soil variability (Cady, 1950). -

A‘review of many of the soil-geology studies reveals that soil
texture and clay mineralogy are most commonly associated with parent
material influences. ‘In North Caroliﬁé, Cady (1950) found differences
betweén soils formed on meta-gabbro and &iorite to be mainly in texture
and clay mineralogy. Variations in deﬁth of weathering and certain
aspects of soil structure were also'found. In the Tuscahoma Sand
Formation in Alaﬁama, soils derived from a clayey geologic section
had different textural and mineralogical classes at the family lgvel of
soil taxonomy than those of sandy sections (ﬁoyum and Hajek, 1979).
Soils from.the glayey strata also exhibited a'higher cation exchange

capacity. Gibbs and Perkins (1966) also documented the importance of
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bedrock parent material to soil genesis. They noted that lithologic
variations innacid c;ystalline rocks in Georgia resulted in different
fine sand contents and clay mineralogy between the -Hayesville and

Cecil series.

A soil;lithosequence sfudy on granite, pyroclastics aﬁd schist
was made by Parsons and Herriman (1975) in the mountains of south-
western Oregon. Soils developed from granite have.coarse textures
low cation exchange capacities and base saturations, and no argillic

horizons. Soils from pyroclastic rocks are fine-textured, have the

highest cation exchange capacities and base saturations, and generally

have argillic horizons. The soils from schist may or may not héve
argillic horizons and have chemical and physidal properties inter-
mediate to those from granite and pyroclastic rocks. No clay mineral-
ogy investigationé were undertaken. A higher woodland productivity
and fewer watershed manaéement and construction problems wére also

associated with soils developed from pyroclastic rocks compared to

‘soils developed from schist or granite. They noted that soil land-

scapes underlain by schist are especially susceptible to mass movement.

In California, Harradine and Jenny (1958) found that granodiorite

" weathers to a sandy, relatively 1ight—c016red mantle in contrast to

basalt, which weathers to a dark-colored fine-textured soil. Due to
the differences in weathering rates, they pointed out that oune usually

finds a .deep soil.mantle overlying basalt and a relatively éhallow '
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~ soil profile'developed.from granodiorite. The granodiorité, richer

in quartz and potassium feldspar, decomposes more slowly the- the basic

igneous basalt, which contains calcium plégioclése and~a higher
perceptége of less stable mafip.minerals, The granodiorite derived
soils have a higher texture variability than basalt‘soiis and, in
addition, a lower available soil moisture holding capacity and nitrogen
content. .

McCaleb (1959) compared soils formed from acid crystalline rocks
and sandstgﬁes in North Carolina. Soils from the crystalline rocks
had a higher clay coﬁtent; lower cation exchange capacity and lower
free iron oxide content than soils from sandstone. Clay mineralogy
was dominantly kaolinite with minor vermiculite in soils of crystalline
rocké, whereas soils froﬁ sandstone contained nearly equal amoﬁnts of
kaolinite and vermiculiFe, with some illite. The higher vermicplite
content in sandstone derived soils was suggested as a reason for the
higher .exchange capacity of these soiis.

Ciolkosz et al.(1979) compared soils developed from colluvium of
several geologié lithoiogies in the Ridge aﬁd Valley aréa of Pennsyi—
vania. Contrasting soil properties include texture, color, basef_ 
saturation, clay mineraiogy and coarse fragment conteng.

In Manitoba, Canadé, Ehrlich et al. (1955) found that the
carbonate content of parent materials of glacial till éoils has a

profound effect on the type of soil profile formed. They concluded
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that increasing amounts of inorganic carbonate restricted prpf}le
develépment and inhibited the -decomposition of noncalcareous_rock
fragments. Also, the carbonaté coﬁtent in the parent material was a
major factor in determining and differentiating certain great soil
groups. Thicknéss of the éolum typically‘decreésed with increaéing-
carbonate'content; They emphasized that‘al;hough pH or soil reaction
is usually considered to bé a reflection of ghe degree of b;se
saturation of the soil absorption complex, it élso may Be_a refleéfion'
of the composition of the material from %hich'the soil isi&erived.

In a lithosequence study in Greece, Yussoglou et al. (1969)
conclude that soils with argillic horizons Qere deveisped from pareﬁt
material having higher initial base saturation when compared to soils
with cambic horizons. Wells (1959), in New'Zealand; éqncludes that

soil developed from greywacke are low in fertility, "podzolized™

with residual quartz, and are less productive when compared to soils

derived from basalt.

Parent Matérial—-Clgy Mineraiogy Relationships

Birkland (1974) states that all other factors being equal, the
texture of the péfent material has a éréat influence on the course of
soil development. He proposes that clay férmation would probably
proceed more répidly in the finer-textured material beéauée of the
greater surface area available for weathering. Constituents fof

clay formation are more often removed by leaching.in .soils of coarse-
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te#tufed parenf materials resulting in lower bgse status, Becauée
of this, he theorizes éhét soils of finef—textured material might have
a highef ratio of 2:1‘1éyer clays to 1:1 clays tﬁgn those of more
. perﬁeable materiél; |
‘Clay miner;ls in' a soil may 6riginate by means of three differen;
‘mechanisms: (1) inheritaﬁce from parent material, (2) alteration and:

degradétion of primary minerai, and (3) synthesis by precipitation

(Grim, 1968). For sedimentary rocks, inheritance from parent ﬁaterial

is believed to 5e the predoﬁinant mode of clay origin (Grim, 1968;
Van Houten, 1953).. Tn 35 of 43 paired sambleé of soils and their
sedimentary parent bedrock from Wyoming -to Pennsyivania; Van Bouten
(1953) found the predominant‘cléy mineral groups in the Soils té be
the same as those of thgir paréﬁt rock. ysﬁecific examples of soil
clay mineralogy relationships to their pareﬁt ﬁaterials include:
montmorillonﬁte White Store soil from montmofillonite-rich Triassic
shale in North Carolina; kaolinitic'Gasport soil from kaolinite-rich -
Pennsylvania shale'in_Ohio;'and illitic Miami soil from illite-fich

Late Wisconsin glacial till,.also in Ohio.

. Grim (1968) states that kaolinite is frequently the most abuﬁdant

clay mineral of soils formed in sands and sandstones because they
typically have a low base status and high' leaching environment that
is conducive to kaolinite formation. Also, kaolinite is the dominant

clay mineral in ancient. lacustrine sediments. (such as in sections of
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‘the Kootenai Formation 6f this thesis) deposited in a low pH and

active water environment. In alkaline, less active waters, illite and

montmorillonite are usually the

dominant clay minerals.

Johnson (1970) .-found kaolinite as the dominant clay mineral

_in soil parent material from sandstones and metamorphics in

Pennsylvénia. He theorizes that in the sandstone derived soil, this

is brobably a manifestation of the inheritance mechanism. Illite

was found to be the dominant'clay mineral of 95 percent of the shales

from Precambrian to Tertiary-Pliocene age and their derived soils,

One bredicgtibn upon which
its parent material is based is
with depth in. the soil profile.
those in Iowa soils by Peteréon

and those in Minnesota soils by

appreciable change in colloidal
depth in the profiles of soils

Manitoba, Canada, Ehrlich et al.

inheritance of soil clay mineralogy from
the uniformity of the clay minerals '
Numerous recorded analyses, such as

(1946), and Russell and Haddock (1941),

Caldwell and Rost (1942), reveal mo - . -

composition or clay mineralogy with
developed on sedimentary rocks. In.

(1955) found: that montmorillonite, illite

and kaloinite content.of soils formed on Mankato-age glacial till is

relatively uniform-throughout the‘profile. They concluded that this

indicates -the clay minerals were not formed in situ by recent soil

forming processes, but father were inherited from pre-Mankato soils

or geologic strata.

The clays in'soilS'derived

from crystalline rocks, both igneous
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énd métamorphiq,’are not directly inheritéd from the pareﬁt rock but
are the products of alteration and degrada;ion of primary minerais
" and thus more often reflect the eﬁQironmental constrain#s and weath-
eriﬁg processes pf the séil forming peried (Van Hdufen, 1953). In
California, Ba;§héd (1966) found illite to be a dominant. clay minerél
of soils derived from felsic intrusive.igneéus rock (the Boulder
batholith of this study is predoﬁinantly felsic igneous rock)
and'aﬁtribqted this to the biotite mica content-of the rock and the
availability of poféssium. On the‘granitic Idaho batholith of Idaho
and western Montana, which is mainly of gfanodiorite composition
(Boulder batholith of this study is of quarté monzonite:and grano-
diorite dompositioq) Clayton et al.(1§79) coﬁclude& thét fhe biotité
. commonly Weathers to deéraded.mica, then to a smecﬁite—iddingsite
product, and eventually to illite,. Séricitic weathering ﬁroducts apd
gltimately{ some kaolinizgtion,bf feldspars are common. They found
mixed—layer.clays to be notably absent in soils of the Idaho batholith.
- Grim (1968) points out that felsic igneoué‘rocks containing |
consi&erable quantities of potassium as well as magnesium will yield
illite and smectite as the alteration products'under weathering
conditions'whiéh permit the potaséium and magnesium to reﬁéin'in the
weathering environment; If the content of magnesium is low, illite
will be the main product aﬁd if potassium.is.low, smectite will be'the

main product. Rapid removal of both elements would lead to the
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formation of kaolinite. Loughon (1969) concluded that, in dryer
environments, potassium feldspar in felsic crystalline rocks will

generally weather to illite and montmorillonite instead of kaolinite.

Birkland (1974) and Loughon (1969) point out that parent material

exerts an importanmt control on chemical weathering and the clay

mineral formation. Weathering releases constituents essential to the
formation of the various ciays,'and the inhérent texture énd ﬁerme-
abilit& influences how fast those constituents may'bé removed by
leaching.

In most cases clay mineralogy does vary somewhat With_depth in
the soil profile. Birkland (1974) suggests two possibilities,fbr this
vafiétidg. Firsf, that clay mineral assemblages are not in equilibrium
with present environmental conditions and are being altered to moré‘
stable clay minerals, such as is often the Case-wjth cla& mineral
inherited from the parent material. Second, soﬁe clay minerals could
have formed in the past ﬁnder different enviroﬁmentél conditiéns, and
%ith reaction rates being so slow under surface conditions, these
clay minerals are meféstable in the present environment; He also
attributed some variability to the diverse microenvironmental conditions
within thejsoil. Johnson (i970j:suégeéts that the three ﬁechanisms 6f

clay origin (inheritance,. alteration and degradation of primary

. minerals, and synthesis) operating under different profile weathering

conditions together with the process of the translocation of material
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results in soil clay minerél composition becoming; to‘some degree,
a function of soil dépth. He states that weathering is most intgnée
at the soil surface and decreases in intensity with depth. This is
the horizon &epth function of Jackson et al, (1948) which leads, in
many cases, to'the developmént of a profile of weathering in which clay

mineral distribution and composition changes somewhat with depth.

Determining Soil Variability

Part of the objective of this stud& is to campare the predicta-
bility and ranée of variability of properties and features of 'soils
derived from the Kootenai Formation and'Boulder Bgtholith. The
literature was reviewed for site,selection methods, sample size and .
statistical proceaureé. However, none of the soil-parent material
studies previously cited attempt‘sﬁch‘statistical comparisons.
Typically, oniy a few "representative'" soil sites were compare&.with
those of contrasting sﬁbstrates. Since these soil-parent material
studies had small sample sizes and little, if any, étatiSticalA

comparisons, studies evaluating soil mapping unit composition and

variaBility were'revieﬁed for statistical approacheé and soil property

variability.
In a study of variability of soil morphological properties within
three mapping units of Ohio, Wilding et al. (1965) employed a grid

method for site selection. They chose ten numbers from a random
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numbers table to'deéignate'sites on a numbered grid overlain on
an aerial pﬁoto. This was repeatea for 24 mapping unit delineations,
eighf delineations for each of the three mapping units, for a total of
240 obsérvgtions.A The density of observations per unit éfea was found
to be relatively constant fof 511 mapping unit delineations, thus |
allowing for variability comparisons bereen mapping'uniﬁs. The most
variaﬁlé soil properties.were,ﬁorizon thickness, depth of 1eaching'df
carbonates, loess thickﬁess, depth of mottling, pH, and size.class of
soil structure. .Cléy.content, soil structure grade (strength), and
soil color were the least variable properties. The number of samples
per delineation required to-estimaté the mean within 10 percent was
7-9 for all properties except_dépth of leaching, loess thickﬁess and
drainage class, which required, 12, 31, and 14 samples, resﬁéctively,

‘Crdsson and Protz (1974) also used a grid system for site
selectiqn'in a mépping unit composition étudy in Ontario, .Canada.
However, instead of random nﬁmbers, they sampled evéry lb m'én a
80 X 190 m grid. The calculéted number of samples required to detect.
significant aifferences betweén'the means of soil properties of the
two mapping units at the .05 sigﬁificance level was less than 60 for
only six properties. These included chroﬁa and hue of soil color,
percent organic matter and percent sand, silt.and clay in the Ap
horizon. The number of samples required for other properties generally

ranged from 118 to over 3000 (for pH).
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In a statistical summary of physical and chemical properties of
the Morley and Blouﬁt éeries in Ohio, Wilding et al. (1964) selected
59 total profile descriptions and 1ab'anelyees collected over the
previous ten yeafs in conjunetion with the Ohio soil survey program,

Ihey felt that although the requirements of random sampling were

" not strictly satisfied, they were approximated because of the large

" scope of the survey program, the wide geographical scattering

of sites, long %ime span during sampling‘and collection by different

soil scientists. They also postulated that most characteristics would

"approximate a normal distribution and a range similar to those defined

in each of the established series descriptions. For both series, the
least variable prbperties‘were eompoeife thickness, hue and value
variables ef color,idepth of'1eachipg of free carbonates, silt content
and total clay eoﬁtent. These properties ?equired }ess than ten
.sampies to estimate the mean within 10 percent.

McCormack and Wilding (1969) investigated theAvariation‘of soil

properties within eleven mapping units in Ohio. They randomly selected

" two delineations of each mapping unit from aerial photos and ten

sampling sites in each delineation. The density.of sampling sites ber
unit area was held relati?ely constant for‘all delineations, thus-
permitting reliable estimates of the aerial extent of included soil
propefties. Standard devietions, eoefficients of variation and the

number of samﬁles required to estimate the population mean within
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+ 10 percent iﬁdicated‘that thickness of the Bl, B2 and IIB‘horizons;

depth to mottling, soil structure grade aﬁd-¢hr6mé are the most
variable properfies. The least variable soil properties were hue,

‘value, pH of all“horizons,'textﬁre of the ITB horizén and the size and

type classes of soil structure.
"Nelson and McCracken (1942) made a statistical sﬁmmarization of
soil properties of the Norfolk and Portémouth series .in North Carolina.

Central tendencies, ranges and_standard_deviationé_of the soil pro-

perties were determined from‘15:rand9m1y selected sites of each series. -

Thé soii ﬁrbpérties were_anélyzed for poténtial critéria for soil
classificéfion'and éharaéterizafioh, gndiinflﬁence-dn-cdrn yield:A_
Tﬁey Eonciuded that a sample size.of iS'is inadequ;te for estimatiﬁg
most éoil_propertiés. 'ihe.opiy.féétbr_thét showéd promise. ‘as a

differentiating criterion of corn yield potential‘waé the 2:1-to 1:1.

: 1ayér clay ratio.

In a soil &ariébility sfudy‘on a red pine plantation in Maséaéhu—
setts, ﬁadgf (1962) found exchangeablé Cé and“Mg‘tO'be tbe most
variable propeftyl’lOnly two samples were réﬁuireq to.eStiﬁaté the.
mean bulk dens?;y ‘Within.'i_lo percent, whereas 20 saﬁplés wére
requife@ for drgaﬁic matter content and évéf IOOVS;mbiés f&r éxéﬁéngé—
able'Ca and‘ﬁg. He'aftribﬁted Ehis‘to'thé éreatgr{ﬁatural Vari;bility
af’éoﬁe séii'probergies than otheré: |

Stggrs and:Héjek (19?9) evaluafeq the accurqcy:of fandémiy

‘e
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selected point intercept transects in determining map unit composition.‘
The point intercept'transect.nethod is basically sampling at regular

spacings on a straight line transect.‘ The transect was distributed

evenly throughout the mapplng unit de11neat10ns for a uniform expression

of varlabllity;" They conc]uded that man& mapplng nnlts in a survey
'atea can be characterised at an 80 percent.confidence 1EVe17by deterf
mining soil occhrrence along”less than'ten transects Withia minimnm
of ten point observations per transect. Points on the transect were
located b? paciné with. compass orientation,i.The transect‘methoo was
found to ‘be perticuerly useful in wooded arees ano in;complex_terrain
_nith limited accessibility where soil boundaries and‘lendharks:afe not:
easily obsefved;

| Ball and Willlams (1968) also’ found the p01nt 1ntercept transect:
method applicable in -evaluating the variability of SOll chem1ca1
nropertles of mountain ranéeland 5011s in North Wales. foints were
. located at 27.m 1ntervals on parallel transects 260 m apart.‘ 'in‘
:Michigan, Amos’ and“Whiteside (1975) used the point intercept transect
method for site selection in'evalueting soil survej mapoing accuracy
.in an nthanisingleree. Randomly selected paraliei.ttansects;Were.:

152 m apart with points at 76 m intervals. A minimum of 50 samples’
weére required to_estimate the propertyrneans within -'_I-_l'Q‘pe:rjcent‘._'»'.r >
In evaluating mépping unit composition and precision in Ceorgia,

‘Powell and Springet'(1965) nSed'the point intercept transect methoq
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for site selection. Point observations were determined by pacing and
compass orientation. The tranéects Qére randomly selected and transect
spacing varied with size and complexity of the mapping unit. Transects
were about 1.2 km in length. The point intercépt transect method was
used because soil boundaries were not easily discernable in the wooded
and hilly topography, ﬁaking raﬁdom site selection infeasible.

Wicherski (1980) analyzed the variability of soils in two forest
land type mapping units in'Oregon with the point intercépt transeqt
method. Eight delineations ofAeacﬁ mapping unit were sampled'with
randoml& located transects consisting of 40 point observations each.
Variability was quantified in terms of estimates of required sample
sizes, ranges and coefficients of variation. He found chemical
prope?ties to be more variable than physical or morphological pro-
perties, which were about equal. The most variable chemiéai properties.
were extractable bases and organic matter content. Coarse fragment
content and thickness of the 0 horizon were the ﬁost variable physical
and morophoiogicai properties. Least variable properties in general
were pH, CEC, bulk density, texture, and color. A major source of
variation was atfributed to sudden changes in the character of the
parent material and the variety of geomorphic surfaces of varying

age and stability.




Chapter 3
MATERTALS -AND METHODS - -

Study Area Descriptions.

The Kébténai Formétion sgudy area is 1oqét;d in the Madiéon
Range south 6f_Big‘Sky in southﬁestern Montané (éee Figure 5). This 
area has a mean annual?precipitafiqn of 46-66 cm (Ross and Hun£er, ‘
.1976) and méan ianﬁary;'Juiy and annuaI‘temperapufes of —i6; ZS'ana 
59 ¢, respe;bively (Cofdéll,‘19605._ Elevations of the Kootenai
Formatisﬁ'expééﬁre (outliped on‘thevﬁap'iﬁ Fiéufe 5).ranges fr;m
1830 m in the northeaétern portioﬁ to about 2745 m in theAsouthﬁeSt;
The Férmation expoéure is 'a smooth céntinuoﬁsldiﬁélébé wi£h?a ﬁbrtﬂ;ﬂ_

east dip. This means that the topographic'surface-roughly péralleléﬁ‘.”

[

.the.inclined geologic.strata which are plunging down to the northeast. ' _f‘?'-57;
‘The Kootenai Formation exposure is predominantly forest-covered = . '

with numerous-Scattered:meadOWS‘comprising about 30 -percent of the ‘ |

area. Dominant tree species include Abies lasiocarpa, Pinus contorta,

Pinus albicaulis, Pinus flexilis and Pseudotsuga menziesii, with under-

story species of mainly Vaccinium scoparium, Physocarpus malvaceus,,

Calamagrostis rubescens, Spiraea betulifolia and Arnica cofdifolia(‘,.

Meadow vegetation includes Agropyron smithii, Festuca idahoensis,

Artemisia tridentata, Balsamorhiza sagittata, ‘Lupinus spp. and . a

.widé variety of. other forb species.”

The exposuré‘of'muéh of the Boulder batholith is ohtiihed,oﬁ the .
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Figure 5. Kootenai Formation exposure with transect and point
observation locations.
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map in Figure 6. Smooth rounded mountain slopes with occasional to

numerous rock outcrops called tor piles typify much of the batholith

‘topography. The study.aréas_on_the batholith are located in pdrtions-

~6f‘thfee'mounta%h ranges: the. Elkhorn Mquntains in.fhé ppftheast;
Helena Mountéiﬂé in the centfal and'northwe;tern portion;; a;d the
Main Raﬁge in ‘the SOuEh.- Eievatiqns 6f’the.stuay areas generailf
rénge between 1525.andu1920 m. Estiﬁate& mean ‘annual precipigatioﬁ
-ié iﬁ'the‘36—56 cm rangé (Ross ana‘Huptér, 1976). - Mean‘January, july
' and‘annual gémperaturesjin th¢ stuay érea.afe ~14, 28 ;nd 7° c,
reSpéctiyeiy (éordeil, 1960);

The Bétholith study areas are.lafgély erested‘with lower
mquntaih slopes upder grass cover. Pééudotéuga menziesii.and_ﬁiggg

ponderosa are the dominant tree species with understory species

including Agropyron spicatum, Festuca idahoensis, Berberis repens and

Arctostaphylos uvi—ur313 though most forested sites do- not support

understory vegetation. Grassland and meadow speciés'are mainly

Agropyron spicatum, Feépuca idahoensis and Artemisia tridentata. .

Site Selection

The soil -site selection methods used on both pqreﬁt materials - -

reflect an attempt to encompass the widest range in soil vafiabilitj A

within the ‘constraints of limited access, time and manpower. Due to

the difficulty of locafingﬁrandomly selected or fegular grid—selécte&~
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points'inAforested terraiﬁila poinf intercept transéct métﬁod'was
ch&sen. Oﬁ.the Kootenai Formation, five parallél transeétglwefe'
spacedil.é km apart-with point dbservafion evérf 322 m'(S/ﬁi).l A'total
of éS observations were déécribed and:sampled wifh 4-6 per trénéectﬁ
_ Transect lengt‘hs{.’varied‘sl'iéhtly' withithé.x}idﬁh of the formation
exposure. The transects wére'drawn én a topbgraphié map aﬁd located
in~the‘field-with an aerial photo. The first site on each transect was
randomly selected and'each éuccessive site along thé ;ransect'was
1océte§ by pacing and compass orientatidp. Transects and bqinf
observation locations on.fhe'Koétenéi-Formafion are shown in Figure'5;

The péin; inté?cept transect method of»site sélectioﬂ Was_also.
used oﬁ the ﬁoulaer bathblitﬂ; ﬁoﬁever, a different spacing ﬁas
required. Due'té the'limited‘éccesslon fﬁe bathoiith; transécﬁs-wéréf
oriented along roads on the eastern ﬂalf of the batboiith;A_Transect.
spécing is 10-19 km. The transects wéré-drawn on tqpogfébﬁiﬁ maﬁ§
"and point observétionsﬁwere located every 1.6 km aldng the transects.
with spacing determined by car odometer and map reférencg points.
Sample sifes are at 1ea§t 50 m'from‘tﬁe‘roéds. A fotai of 25 siteg'

were described and sampled with 4—-6 per transect.- Transect and point

observation locations on the Boulder batholith are displayéd:iﬁ*Figﬁré‘:=~"

6. The letter symbols near the transects indiéate_genefal points of

rgferencé; for examplé, PS refers to'Pipestone Pass.
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Soil Site Description and Sampling

All soil'éites'were exca&aéed by hand to a_depth-of 100 em oxr to -
bedrock. Approximately 2 kg samples were collected from each horizon
for~1ab analyses. For each'horizon, the following ﬁroperties were
measured by proéédhres of the Soil Survgy.Staff (1951): thickness;
moist color‘éMunse11'C016r Chart); texture; structure type, cias; and
grade; Qet ana moist_conéistence; effervescepce (0.1 noxmal HCl); pH
(Heliige-Truog field pH kit);.and percent (by'voi) coarse fragments
> 20 mm. Slope and aspect of theusigés wére determined with a

clinometer compass. .Dominant vegetation was identified and rockiness

and stoniness classes (Soil .Survey Staff, 1951) were estimated within

a circle with a radius of about 25 m from the point obseryvation.

Physical‘Labofatory Analyses

Soil saﬁplgs ﬁere air dried and -measured for dry éolqr’(Muﬁééil
Color Charf) and dry.cénsistence (Soil Survey Staff, 1951), and then
ground with a fiailffyﬁe grinder. Samples were hand ‘sieved with

20 mm and 2 mm sieves for coarse fragment separation. The coarse

“fragment contents were estimated on a volume basis with measurements

of dry total sample volumes and water displacement volumes.of the
coarse fragment fractions.
Soil particle size analysis was determined by the hydrometer

method as described'By Day (1965). Sand size fractions were detérmined
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by decanting thp.suspenaed'éediment-from thé hydromefer anaiyéis
cylindérs,-oven drying the remaining sénd'gnd-passing_it th;ough'axi
sieve stéck.'.Thg-sieves‘were placed.oﬁ a récippoéating,sieve shakér
for th?ee minutes at 120 étrokes per minute. Sieve sizes were:l .0053,
.0106, .0250, .0425; .05 and .1 mm. Weiéﬁts'of.the Sie§¢d fractions.
weré’plottéd on a éemiiqé graph along with the < Zlhm hydréme;er method
daté for pérceﬁtage coﬁveréions'of the sand size fractions.A Coarse
(Véry coarse and cgarée) medium and fine (fiﬁé énd vér§ finej sand

size.contenfs were determined (Soil Survey Staff, 1951).

(Y

Soil Water Holding Capacity

Fivé soils on each pérent méterial,.oﬁe f?om eéch.trahsect, ﬁéie
analyzed for water holding capacity. The p;rcept séil water a; 1/3.'
and 15 atmospherés.tension Was’determined gfavimetrigélly with a cer- -
~amic plate apparatus (method 30) and preséuré membrané apparatus
_(method 31), respecfively, used in Agric. Handbook 60'(Salinity Lab-
orator& Staff,'1§54). The percent a%ailable water holding capacity . -

was estimated as the percent soil water content between those tensions.

The same five soil profiles Qn each parent material were aﬁalyzéd
'for clay mineralogy. .Samples of the < 2 mmlfréction frbm:thé:A and‘b-
(or B2) hbrizon:at 100 cm depth were préﬁareq:gsiﬁg:pﬂe_meth§d§'des_

cribed by Thiesen and Harward (1962). X~-ray analysis methods, using a
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Cu target and Ni filter, and interpretation procedures are from Whittig
(1965).- The relative abupdaﬁce of alumino-silipéte minerals in the
clay fraction was determinea by a semiquantitative method comparing
the areas underuthe diffréction.peaks (Klages, 1980). 1In this method,
area weighting factors are est;blished for the various clay minerals;
Thé peak areaé are multiplied by the weighting factors, and the

respective percentages of each clay mineral calculated.

Chemical Laboratory Analysis
Chemical.analyses of the five selected soil profiles on each

parent material were made by the Soil Testing Laboratory at

Montana State University, Bozeman. Organic matter percentages were

calculated from colormetric determination (Sims and Haby, 1970). A
2:1 water-soil mixture was used for pH and electrical conductivity

measurements. Extractable cations (Bower et al,, 1952). and cation

" exchange capacity from Method 19 of Agric, Handbook 60 (Salinity

Laboratory Staff, 1954) were determined By atomic adsorption spectro-

photometry"'

Statistical Comparisons

Statistical combarisons were made of a variety of quantita-
tive soil properties in the Al, AZ, B2t'and C,hbrizbns of all soils
sampled on each parent material. These properties include: hotrizon

dépth and thickness; pH; coarse fragment content; coarse, medium
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and fine sand content; and sand, silt and clay content., From

Snedecor and Cochran (1973), the statistical comparisons included

meané, standard deviations, ranges, 902percept confidence intervals:
and the nﬁmber of samples (ﬁ) neﬁuired to estimate fhe mean within
a ‘specific number of units (ém,.percentgge pbigts or log, units)
about the meaﬁ. A .10 significance level WaQ:used fqr both the'QO
percén£ confidenpe'interval and t6 estimate N. Predictébility of

qualitative soil properties such as color, structure and consistence

. were estimated by frequency distributions.

The significancé of differences in soil propefty means.betweenA
parént.materials was determined with the t statistic .(Snedecor and .
Cochran, 1973) at éhe .10, .05 and .01 lévels. Pooled variances
were.used since ﬁnequal sample sizes resulted with property analysis
by horizon. A.normal'distribution was assumed. The assumption of
gqual'variances waslnot_completely mef for alllsoil properties intro-

ducing possible error in significance of differences in some cases.




-Chapter 4
RESULTS AND DISCUSSION

_fhe contrasting'1ithologies”ot the Kootenai Formation and Boulder
.batholith, previously‘described,'should be reflected in a variety of
:contrasting 5011 propertles. Differences emphasized in this-study are
rockiness and ston1ness' depth to bedrock solum thickness; coarse
>‘fragment size and content; sand, silt and clay content' coarse,‘medium,
and- f1ne sand content'.structure type; size and grade; inherited color'
consistence; thickness:of the B2t horizon; water holding capacity, |
“clay mineralogp; cation-exchange capacity} extractable Ca concentra;.
tion; and .. pH es well as other soil properties. Greeter soil’varie4
bility.in Kootenai Formation soils due'to‘the neriabilitp of lith-
ologies is also en important difference.

The following soil characterizations and comparison of.selected

soil propertles 1nd1cate that there are some 1mportant dlfferences be-

tween soils of the two parent materials. An awareness of these proper- . :

ty and variability differences should help to improvefthe accuracy of

soil inventories and management on the two parent material exposures, '

Rockiness -and Stoniness
_Soil.rockineSS"refers to the percent bedrock ekposure,'either
. as rock’ outcrops or 5011 areas- too shallow over bedrock for agri—

v

'cultural use. 8011 stonlness 1nd1cates the percent stones over 25 cm
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in diameter near or on the soil sﬁrfape» A'comparison of rockiness and.
stoniness classes of soil on the Kootenai Formation and Boulder
batholith is. shown in Table i.'

Only 16 percent of fhe Kootenai sites contained rock exposures
éompared to ?8 percent on the batholith, with a majority of the
batholith sites in rockiness clasées 2 and 5. The difference in
degree of‘stoniness, in contrast, is small, witﬁ sites on both parent
materials having the same frequency of class 0 stonipess. High
stoniness ¢lasses 4 and 5 include a larger percentage of Kootenai
sites than those on the batholith,.ZO percent as compared to 4
percent. This reflects the greater %eatheriﬁg resistance of some

Kootenai Formation sandstones and limestones in contrast to the

-uniformily weathering batholith rocks.

All Kootenai sites are located on the dip slope exﬁosures.-
On scarp slope exposures, where the topographic surface cuts across
the bedding of the geologic strata, Kootenai soils would probably

tend to have higher rockiness and stoniness classes.

Depth to Bedrock

Depth to bedrock (Table 2) in the > 100 cm class tends to be

v : ) - Co ’

slightly greater in Kootenai soils (12 percent higher frequency).
Batholith soils have an 8 percent higher frequency of being < 50 cm

deep to bedrock. Frequencies of medium depth ranges are nearly the




Table 1. Frequency distribution of rockiness and stoniness classes+ of soils on
the Kootenai Formation and Boulder batholith.

Parent Material 0 1 2 3 4 5 0 1 2. 3 4

T . - - - - - -Z-Z-=< 7 - - < - - <-_< S
. Kootenai Formation 8 8 8 - - - 36 20 24 — 12
Boulder batholith 12 16 32 36 4 — 36 12 28 20 4

Rockiness Clasées§

Stoniness Classesi

T Soil Shrvey.Staff (1951)
5 0

o

]

< 2%, 1= 2-10%, 2 =

-

< 0.01%, 1 = 0.01-0.1%, 2 = 0.1-3.0%, 3 =.3-15%, 4 = 15-90%, 5 = > 90%.

LE
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Table 2. Frequency distribution of the depth to bedrock in soils on
the Kootenai Formation and the Boulder batholith

Depth Intervals+

cm
Parent Material < 50 50-100 > 100
_________ 7
Kootenai Formation 4 24 72
Boulder batholith 12 _ 28 | 60

+ Intervals for shallow,
Staff, 1951).

moderating deep and deep soils (Soil-Sqrvey
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same in soils of botn parent mareriale. ~ The greater frequencp of
deeper soils on the Kootenai Formation may reflect a predominance
of soils derived from soft shale ané an overall lower weathering
resistance of Kootenai Formation strata in comparison to the-crystale
line Batholith rocks. Some Kootenai,Formation sandstones and.lime-
stones, however, are also quite reeietant.to weathering, resultiné
in soils with higher stoniness classes (previons eection) and higher

edarse fragment contents, which are discnssed later.

Solum Thickness '

Solum thickness (Table 35 is greater in Kootenai'soils.(i =:70.8
cm) than batholith soils (X = 50.6 cm) with the difference between
means significant at the .05 level. Variability of solum>thickneee,_
hoﬁever, is very similar between soils of.the‘twe parent materials

with similar standard deviatiens and ranges. ‘The 90 percent confidence

intervals are nearly the’same.width, but they do not overlap.

Table 4 shows that a similar number of samples are required to
estimate the mean solum thickness for soils of both parent materlals.
A confidence interval width of + 5 cm about the mean appears to be the

most feasible.

Horizon Frequency

. A frequency distribution of the presence of selected soil horizons:

in the upper 100 cm of the profiles is shown: in Table'5. The horizon
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Table 3. Statistical data on solum thickneés in the ubper 100 cm of
soils on the Kootenai Formation and Boulder batholith.

% . .
Parent Material’ X SD Range 90% c1'
L . . . I I T emn-C_-_----Z=-—C ——
Kootenai Formation 70.8 28.8 ] 19-100+ 61.0-80.1 -
Boulder batholith . 50.6 U 27.2 . 11-100+  41.0-59.9

+ Confidence interval at the .10 significance level.. _
* Difference between means significant at the .05 level.

Table 4. Number of éampleSr(N)# required to estimate the mean solum’
thickness of soils on the Kootenai Formation and Boulder

batholith.
. .Confidénce Interval Width -
: : o - - - = Cl= = .= = = = = =~.
Parent Material . . o 2 5 +10
..Kootenai Formation 24 . -4 ‘ 21

. Boulder batholith o 22 s T

'# Estimated at the .10 significance level. E - L b
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Table 5. Frequency distribution of the presence bf‘selected‘horizoné
’ : in the upper 100 cm of soils on the Kootenai Formation an

Boulder batholith. . . L
— |
: ", . Horizons+ ] |
Parent Material : 0 Al A2 B2t C Cr "R
______ : _’ _.' _ - ,_%_ - _. - - \_ :_‘ - - _ - -_ ;
Kootenai Formation 40. 84 36 84 . 48 16 28
" Boulder batholith 52 64 52 . 76 . 8 28 40 !
'+ Soil Survey Staff (1951). : o - a T
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with the lowest frequency in soils of both parent materials is the
paralithic Cr horizon, which has a 12 percent higher frequency in -
batholith soils. The frequency of an R-horizon or lithic contact is

also fairly low (28 percent) in Kootenai soils, but includes.40

percent of the batholith soils. Almost twice the frequency (88 percent

as compared to 48 pe;cenf)'of a C horizon in the upper 100 cm ié
found in batholith soils as in Kootenai soils. This difference may
reflect, in part, the lower availability‘oﬁ clay for deveiopment of
thick B2t horizons in bétﬂolith soils. There is a high frequency of
B2t horizons in soils of both parent mgtgrials, with the kootenai
soils having a slightly greater frequency, likely again because of
the higher clay Eontent 6f the parent material. Althqugh there %S.;
similar frequency of B2t horizons, 1arge>difféfencesfin clay content
and tﬁickness e*ist between.soils of the two parent materials,:as,
will Ee discussed later. Kootenai soils have.a higher frequency of
Al horizons and slightly lower frequency of O and A2 horizons than
batholith soils. 'This‘ié likely a refiection more of fhg vegetative
cover thaﬁ parent material influences. There are 14 meadow-grassland
sites oﬁ the Kootenai Formation and 10 on the Boulder batholith,
which may exbiain, in part, the higher Al hpriZon frequency énd

lower A2 and 0O horizon frequencies in Kootenai ‘soils.’
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Horizon Thickness dnd Depth

The only significant difference (.05 1g§e1) between .mean horizon :

.thicknésées in the upper lOO_ém'of Kootenai and batholith soils (Table
- 6) is in the Al and B2t horizonms. Kooténai soils averaged 3.5 cm

_ thicker Al horiszs an@'li.z cm thicker B2t horizons. The: 90 percent

confidence intervals for the mean thicknesses of these two horizons
do not overlap, whereas all other horizon cqnfidence intervals have

largé_overlaps. Mean dgpths to the tbp dftthe:BZt and C horizoné:

are larger for Kootenai soils though the difference is not significénty

at the .10 level.
In Table 7, the 0-and Al horizon thicknesses aré the-only ones

that require a’low number of samples to éstima;g the means witﬁin‘i:'

2 cm about the mean in both Kootenai and Batholi;h soils. The numﬁeriﬁ-
of samples required to estimate the mean thickﬁess"and'dqﬁthZfofthg,"}‘ o

top of the other horizons are very similar  for soils of both parent.

matérials and they'afe generally only précticgl at the confidence
interval of i'lo cm'abqﬁt the mean. The vafiability’in horizon -

thickness, particulérly in surface horizons, may be more a‘result;of

changes in other soil forming factors such as vegetative cover, .slope,

aspect, etc. rather than parent materigl‘influeﬁces.

" Soil Colof

In the frequency distribution of dr& soil colorf(Tab1e~8),-the




Table 6. Statistical data on thickness and depth to the top of selécted horizons in
. the upper 100 cm of soils on the Kootenai Formation (KF)_ahd the Boulder
batholith (BB). ‘

.].

‘ X ____Sb _Range édi CI
Soil Property Horizon KF BB KF BB KF° ‘BB KF BB
— T . - - - - _---_C e = = - = = - = C - - - - _-_Z
Thickness 07 48 3.8 10 1.3 327 27 4.2-5.3 2.4-5.2
B Al ‘lQ.B 6.8 3.4 1.8 S 747 410 9.0-11.6 6.0-7.6
T2 230 15.2 13.5 15.2 1045  4-40 14.8-31.2 8.9-21.5

B2t* - 49.2  34.0 . 22.0. 20.6  9-94 8-86 40.9-57.5 2575—42.2 ES

c .' §7.o 43.0  22.3 1.7 '-8760 15-76 25.4-48.6 35.8-50.2
_Depthlfé‘fhé:goé B2t 20;8j T 13.8 ;1.9 " 6-53 4-38 15.6-26.0 9.8-19.2

c 47.8 7 38.8  16.6 17.5 . 19.68 '11-72 39.2-56.4 32.4-45.2

T Confidence interval at the .10 signifiﬁante level.

* * " Difference between means significant at the .05 level.
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Table 7. Number of sampleS‘(N)# reduired to estimate the mean:thickness
and .depth to the top of selected horizons in the upper 100 cm
of soils on the Kootenai Formation (KF) and the Boulder

batholith (BB).

:Confidence Interval Width

B
o _ +2 5

Property . ‘ Horizon - KF BB KF BB KF BB
Thickness - 0. 1 1 1 1. 1 1
| AL .9 31 11 1
A2 155 130 25 21 6 5
B2t © 360 318 50 50 14 13

¢ . 401 287 6k 46 16 127 o
Depth to the -top B2t 142 - 106 22 17 6 4
¢ 222:" 36 % 9 9

227

# Estimated at the .10-significance level.

}




Table 8. Frequency distribution of dry soil color’ by horizon in soils on the Kootenai
Formation (KF) and Boulder batholith (BB).
Hue Values Chroma
Parent
Horizon Material 5 YR 7.5 YR 10 YR i 5 6 7 8 1 2 3 4 5 6 7 8
___________________________ e e e e T R e S
Al KF 24 33 43 - 19 19 29 29 5 el U S S A R e e
BB 100 2538 19 1) n =" iem B BRE AL, S o e e Pl
A2 KF 11 89 - - = - 67 33 115 AR AN 20T e e
BB 100 =153 54THaT L=y e e 3 T o LI | Rl S =
B2t KF 23 29 48 - 4 29 29 29 9 e U e R AT S e
BB 100 - 11 32 47 - - ot TG oy S G ARG S
c KF 50 17 33 = g 1705803301 3 e, R A e N ey —
BB 100 - 18 59 14 9 = UFARIT23N 2130, A w18 TR 9

t+ Munsell Color Chart

9%
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.only predictable differénce.is'in the hue variable of color. All of

the batholith dry soil colors are of hue 10 YR. Kootenai dry soil

‘colors range from 5 YR and 7.5 YR to 10 YR in all horizons except the

A2, where no hue of 5 YR ié found and 89 percent‘qf the hﬁes ére -
10 YR. The red color predominanéiin the Kootenai Formation strata is
mogt pronounced in the C‘horiéon with a 50 percent_frequehcf'of the
reddish 5 YR hue. No striking different or consistent pattern caﬁ
be fpuna in chroma.- |

Kootenai soils have higher frequencies of light color values of

7 and 8 than batholith soils. One ﬁight expect’ to find lighter values

in forest éoils'fhat.are subjected to higher leaching and-iower pH
environments in coptfasf to ﬁeadow and grassiand soils; However; it
does not explain the lighter values in this case, since theré'afe
four more meadow sites on the Kooténai Formation than on the Boulder
batholith. The higher precipitation ranée'and associated 1eéching
potential of the Kootenai study area mayiﬁe a factor, . Since the
C horizon of qutenéi soils also has a higher frequency of light
values (7 and 8) than batholith soils, iF appears to be an inherited
coior différence, possibly accentuated by climatic factérs in.the._
upper horizons.

Like dry soil color, the main differeﬁcé-in moist qdlor (Table 9)
between sﬁils on the two parent materials-is the hue_variable; ‘

Batholith soils again ére,lQO,percept hue 10 YR, except- 95 ﬁerceﬁt.in'




Table 9. Frequency distribution of moist soil color ' by horizon in soils on the Kootenai
Formation (KF) and Boulder batholith (BB).

Hue Values Chroma
Parent —
Horizon Material SR 7.5 10 YR 1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
—————————————————————————————— b AR e .
Al KF 24 43 33 = 9 62 19 - - - - — 33 :29" 38 — - — —
BB - = 100 - 63 38 - - - - - Sl ) G & - - -— = —
A2 KF = 22 78 - — - 11 49 45 - - — GG TGS B = -
BB = - 100 - - 69 23 8 — —_— - 15 31 S& - = — — o
B2t KF 29 33 38 - — 10 32 48 10 — - - 9 38 — 48 -_ 5
BB = 5 95 - — 16 68 2 & | 5 - - — S 3% <53 - 5 -— —
c KF 25 42 33 - -— - X2 25 33 25 - — L e R . - = 8
BB - - 100 -— - - 27 59 9 5 - - 5-:18° 63 5 9 o —

+ Munsell Color Chart

8%y
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the B2t horizon. Kootenai soils are fairly evehly distributed between

hues 5 YR, 7.5 YR and 10 YR. Moist soils are redder than.dry soils

~ with a higher frequency of 5 YR and 7.5 YR hues. The consistent moist

and dry hues in batholith soils reflects the gréater ﬁniformity of
batholith rock mineralogy in contréstfto the variable Kootenai

Formation lithologies.

Soil Structure

Table 10 shows ‘the frequency distribution of soll structure

grade, size and type. Structuré grade distribution in the Al horizon

. is roughly 2/3 moderate and 1/3 weak in Kootenai soils, whereas in

batholith.soils-it is about 2/3 ﬁeak and l/3_moderate. In the A2
horizon of soils of both parent materiais-structure grade is predom-
inantly weak. Moderate and strﬁng structure grades dominate-in.the
B2t horizon of Kootenai soils, whereas batholith soils have 100 per-
cent modérate structure grade. The C horizon of both Kootenai and
batholith soils have a structureless grade because thé"structhre type
is massive. The stronger structure grade of Kootenai soils reflects
the higher’me;n clay content, which will be discussed 1atér.

Structure size‘clgsses for Kootenai soils are very'fine; fine and
medium in thé'Al horizon; fine and mgdium in the A2; and ﬁedium and

fine in the B2t. Batholith soils have medium and fine classes in the

. Al horizon; yery:coarse and medium in the A2; and dominantly medium

























































































































































































































































































































































































































