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Abstract:

This study characterizes three soil groups (Teepee, Ridge, White) formed from Tertiary
sediment-derived glacial till in or adjacent to the Flathead National Forest. Three pedons of each soil
group were characterized. Characterization data included organic matter content, total nitrogen content,
Bray P content, particle size distribution, desorption, Proctor, Atterburg limits, soluble cations,
extractable cations, cation exchange capacity, pH, bulk density, and clay mineralogy. Soil groups
means calculated from these analyses were compared by major horizon to identify differences among
soil groups.

Volcanic ash surface horizons (B2ir horizons) of the Teepee and Ridge soil groups had' the highest
weight basis water holding capacity, organic matter content, total nitrogen content, Bray P content and
cation exchange capacity of the four major horizons evaluated. Excluding the B2ir ash cap horizon the
three soil groups increase in value from Teepee (loams) to Ridge (silt loams) to White (silt loams) in
organic matter content, total nitrogen content, Bray P content, water holding capacity at .33 and 15
atmospheres tension, and Atterburg limits.

The influence of climate, topography and solum soil properties on site productivity was evaluated by
comparing means derived from eleven study sites: five from this study and six from Cullen (1981).
Sites located on the Flathead National Forest have high yield capabilities (92 {ft*3/a/yr). Cullen's six
sites, which have moderate yield capabilities (66 ft3/a/yr or 72 ft*3/a/yr) are developed on Tertiary
Volcanic-derived sediments and limestone or quartzite-derived glacial till in the Bitterroot and
Kootenai National Forests, respectively.

The most dramatic difference between sites in the high and moderate yield capability classes involved
precipitation. Sites on the high yield capability class received twice as much mean annual precipitation
as well as mean annual precipitation between April 1 and July 31 as the moderate yield capability
classes. Pedons supporting high yield capability stands have lower available water holding capacities
than pedons associated with the moderate yield capability class. Apparently, relatively high summer
precipitation compensates for the low water holding capacity soils associated with high productivity.
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ABSTRACT - -

This study characterizes three soil groups (Teepee, Ridge, White)
formed from Tertiary sediment-derived glacial till in or adjacent to the
Flathead National Forest. Three pedons of each soil group were char-
acterized. Characterization data included organic matter content, total
nitrogen content, Bray P content, particle size distribution, desorp—
tion, Proctor, Atterburg limits, soluble cations,. extractable cations,
cation exchange capacity, pH,.bulk density, and clay mineralogy. Soil:
groups means, calculated from these analyses were compared by major hori-
zon to identify differences among soil groups. ' .

Volcanic ash surface horizons (Boir horlzons) of the Teepee and
Ridge soil groups had' the highest weight basis water holdlng capacity,
organic matter content, total nitrogen content, Bray P content and
cation exchange capacity of the four major horizons evaluated. Exclud-
ing the Byir ash cap horizon the three soil groups increase in value
from Teepee (loams) to Ridge (silt loams) to White (silt loams) in or-
ganic matter content, total nitrogen content, Bray P content, water
holding capacity at .33 and 15 atmospheres tension, and Atterburg limits.

The influence of climate, topography and solum soil properties on
site productivity-was_évaluated by comparing means.derived from.eleven
study sites: five from this study and six from Cullen (1981). Sites
located on the Flathead National Forest have high yield capabilities
(92 ft3/a/yr). Cullen's six sites, which have moderate yield capabili-
ties (66 ft3/a/yr or 72 ft3/a/yr) are developed on Tertiary Volcanic-
derived sediments and limestone or quartzite-derived glacial till in

the Bitterroot and Kootenai National Forests, respectively.

The most dramatic difference between sites in the high and moder-
ate yield capability classes involved precipitation. Sites on the Hhigh
yield capability class received twice as much mean annual precipitation
as well as mean annual precipitation between April 1 and July 31 as the
moderate yield capability classes. Pedons supporting high yield capa-
bility stands have lower available water holding capacities than pedons
associated with the moderate yield capability class. Apparently,
relatively high summer precipitation compensates for the low water
holding capacity soils associated with high productivity.




INTRODUCTION

The Flathead National Forest, located in northwestern Montana,
encompasses 2.3 million acres of timberland in the Whitefish, Salish
and Swan Ranges of the Northern Rocky Mountains (United States Forest
Service, 1981). This land is managed for timber, water, wildlife and
range.

Forest lands are currently being classified and mapped at the
landtype level of the United States Forest Service Land System
Inventory method of land mapping. The landtype is characterized by
properties of soils, landforms and climax plant communities (United
States Forest Service, 1976). Soil characterization is a supplemental
component of the Flathead National Forest landtype inventory.

Most glacial till soils in the Forest are dominated by the
quartzites, argillites and limestones of the Belt Supergroup and some
have been characterized by Forest Service soil scientists. Many of the
large valleys, such as the North Fork of the Flathead River, are par-
tially filled with Tertiary age sediments consisting of highly varied
conglomerates, sandstones, siltstones and claystones. There is no
characterization information for soils of tills influenced by the
Tertiary sediments. They comprise the three soil groups described in

the following paragraph.
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Tertiary sediment-derived glacial till soils of the North Fork of
the Flathead River are divided into loams and silt loams. These two
groups occupy 10 to 20 sections of land in the North Fork drainage and
may be extensive in other valleys. In the Upper Flathead valley, the
third group (mostly Whitefish series) includes silt loams developed on
calcareous Tertiary sediment influenced glacial till, occupies 30 to 40
sections of 1land.

Climax plant communities in landtype mapping units are defined by
the habitat classification of Pfister, et al. (1977), which also esti-
mates yield capability class in ft3/a/yr for timbered habitat types.
Some of the Tertiary sediment-derived glacial till soils of the North

Fork have high yield capability class ABLA/CLUN/CLUN (Abies lasiocarpa/

Clintonia uniflora/Clintonia uniflora) habitat types. Others have

moderate yield capability class PSME/LIBO (Pseudotsuga menziesii/

Linnaea borealis) and ABLA/LIBO (Abies lasiocarpa/Linnaea borealis)

habitat types. Cullen (1980) characterized soils of similar moderate
yield capability PSME/LIBO and ABLA/LIBO habitat types on Tertiary
Volcanic-derived sediments, and limestone or quartzite derived glacial
till on the Bitterroot and Kootenai National Forests of western
Montana.

The objective of this study is twofold. The first is to character-
ize the three soil groups developed from Tertiary sediment-derived

glacial till and the second to identify soil, climatic and topographic
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factors attributable to the contrasting timber productivity of sites

supporting moderate and high yield capability classes.




LITERATURE REVIEW
/
Forest Site Evaluatioﬁ

Thé forest site is pomposed.of the physical environment which
surrounds the tree both above and below the ground sﬁrfa;e (Spurr and‘
Barnes, 1972). Lemmon (1955) states that this physical environment is
influenge& by climgtic, physiographic, biotic and édaphic facto¥s.
Forest éite quality is directly related to how well these factors con-
Qerge into an environment conducive £o tree growth. Tarrant (i949)
reported that interrelationships between these four site faéfprs are
complex. |

Génerally,‘site index isia measure of forest site qu;lity.’ Site’
index is determined froﬁ the ;ge of the sfand and the average height of
several dominant and often codominant trees (Spurr and Barnes, 1973).
In a review of site eval@ation methods, Jones.(l969) reported thap site
index curves used with proper.regard for their_liﬁitations are a some-
what rough index to the productivity of sites. But it is the most
direct méthod,'énd fof most speciés in suitable sfands, éood site index
curves probabl&hare the best tool for evaluating productivity. Effec-
tive use of'site index is limited to well-developed stands of mature,
even-~aged timber where tree height and age can’Bé directly measured.
Unfortunately, mény forests in the northwestern Unitéd States have been

logged or burned and do'notisupport stands of suitable.age or stocking
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for direct measurement of site index (Copeland, 1958; Cox, et ai.;
1960; Hill, et al., 1943). Several researchers in this region have
identified soil-site index correlations to estimate site quality on
areas not conducive to determinipgnsite index>(Brown and Loewenstein;
1978; Carmean, 1954; Gessel and Lloyd, 1950; Lemon, 1955). Periodic
annual incremént, tree height and tree volume have also been used to
correlate sige qualit& with soil characteristics (Brown and Loeweﬁs;ein,:

1978; Dumanski, et al., 1973). Topographic and climatic factors are

also often. correlated with site quality.

Climatic"Féctors

Climate haé long been recognized as a factor in soil-site quality
studies (Lemmon, 1955). A few studies have involved study sites with
nearly equal amounts of annual precipitation (Dumanski, et al., 1973;
Hill, et al., 1948). Carmean (1954) and more recently Steinbrennef
(1965), conducted studiés in Washington over.areas of widely varying
annual precipitation.. Site quality for'Douglas—fir in southwestern
Washipgtoﬁ incfeased as totai'annual precipitation increased (Carmean,
1954).

In northwestern Washington;‘Gessel-and Lloyd (i950) foﬁnd Douglas-
fir site index on the same soil profile and textural'groups was related

to mean annual precipitation. Site index on one soil type increased

as the precipitation increased from 25 to 40 inches. A decrease in site
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index as precipitation exceeds 40 inéhes.may be associated with lowef
temperatures and shorter growiné season of high precipitation sites.
Stephens (1963)‘concluded that Douglas—fir site index is cor?e—
lated positively with temperature and length of g;owing'season and
negatively with annual precipitation and winter snowpack in the north-
western Cascades of Oregon. He also states that these climatic factors
(temperature? length of growing seaéon, precipitation and snowpack)

are only vaguely correlated with aspect, elevation and.latitude.

Physiographic Factors

Physiographic fagtors are corrélated with site‘quality in several
studies (Carmean, 1954; Dumanski, et al., 1973; Hill, et al., 1948;
éteinbrenner, 1965). Carmean (1954) sﬁggested that poor high elevation
Douglas—-fir site quality resulted from soil moisture shortage caused By
a delay of the growing season to the period of lowest summer rainfall.
Steinbrenner (1963) and Brown and Loewenstein (1978) also found a nega-
tive correlation between site index and elevation in Douglas—fir stands
in western Waéhington and northern Idaho, respectively. They attributed
this relatioﬁship to severe élimates associated with high elevations.

In séuthwestern Alberta, Dumanski, et al. (19735 observed thgt
aspect had minimal effect on lodgepole pine productivity on all except
sandy or gravelly soils. This may be due to the droughty nature of

coarse~textured soils.
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Steinbrenner (1965) stratified slope, aspect and topographic
positibn by elevation clasées. He found site index generally did no£
change with aspect.éxcept on northwest and southwest expoéures.' The
effect of positionAwas more sigpifiéaqt‘at higher elevationé (over
1,000 ft) than at low.elevatidns, At high‘elévations, footsloﬁes had
"higher site indeﬁes théniridge tops: $lopes of 30 percent and steeper
had reduced siﬁe indexes.. Dumanski (1973) also found a décrease in

productivity on slopes greater than 30 percent.

Soil Surﬁey Information

Soil-mapping units established by the Soil Conservation Service
have been correlated with site quality by Hill, et al. (1948) and
Gessel and Lloyd (1950). In northwestern United States, Hill, et al.,
(1948) conducted the first study of'£his type. - He found soillseries
and types to be unnecessarilyrrefjned and land capability classes too
general for correlation with Douglaé—fir site index. Soil mapping units
were developed by grouping all soils of similar profile, texture énd
dépth. Soil moispure relatiqnéhips Qere‘indicative of site index.
Gessel and Lloyd tested the validity of this method oﬁ solils of.glacial
‘origin and found_simila; results. ' |

Contrary to Hill, ét al. (1948), Stephens (1963) concluded that the
soil taxomomic unit, at the'éeries 1evel, provides an éccurate predic~

tion of Douglas~fir site. index.
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Duﬁanski, et al. (1973) used a soil map compiied on the basis of
soil associations? qéil complexes andlgoil mapping units to evaluate
land productivity. There were strong iﬂterrelationships among sqil
pafent materials'(soillassociétions and complexes),-soiiAdrainage, and

regional and local climates with pine productivity.

'Sbil'Chemical.and Physical Properties

Several studies havg examined the influence of soil chemical prdp-
erties on site qualit& (Brown and Loewenstein, 1978§.F6rristall and
Gessel, 1955; Jameson, 1965; Tarrant, 1949; Zinke, 1960). TFew chemical
properties consistently influence site quality.-

Brown. arid Lqewgnstein (1978)_and Forristall and Gessel_(1955)'each
founa cation ex@hange capaéity and totél nitrogen to be positively
related té site‘érOAuctivity. In ‘Saskatchewan, Jameson (1965) observed
" the same relationship with cation exchange capacity. Ziﬁke (1960) found
a positive relationshib between total nitrogen and site ptddﬁctivity«in |
'California.

Tarrant (1949) studied the relatioﬁship between Douglas-fir site
quality and soil fertility in five %ocaiitiéé in Washington and Oregon.
Né statistically significant relatioﬁ was founa between site class and
values obtained from cﬂemicaliproperties; including cation exchange

capacity and total nitrogen. He concluded that the nutrient content of

[
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the Douglas;fi¥ fegion is too high to éonstituté a limiting factor
for tree growth..

Several scientists have demonsffated a positive correlation bet&een
sife productivity and soil physical propérties (Brown and LoeWeﬁéteiﬁ;
1978; Carmean, 1954; Copeland, 1958; Cox, et al., 1960; Holtby, 1947;
Jameson, 1965; Lemmon, 1955;.Stevens, 1965). Most of these properties
affect the quantity of moisture available for plént growth.

Several researchers‘have found‘é‘positive correlgtion between
effective soil‘depth and site quality (Copeland, 1958; Cox, et al.;
1960; Jameson, 1965; Lemmon, 1955). Effective soil depth is total soil
depth corrected-for coarse fragment éontent. High bulk density-induced
low permeability may élso limit effgctive soil‘depthL

Copeland (1958) wofking in the nérthern Rocky.Mountain region:
found effective soil depth, depth to zone of reduced permeability and
the available water holding capacity of the effective depth in the top
three feet of soil, to be useful in estimating western Whi;e pine sité
index. Field measurements of effective soil depth were more valid thaq
laboratory measuremeénts. Lemmon . (1955) reported that total effectiﬁe
soil depth was the most important factor in determining the productive
capacity of a Douglaé—fir site iﬁ the Willamette Basin of Oregon. |

In western Montana, Cbx, et al. (1960) found tﬁe influence of soil

depth to be minimal on areas receiving supplementary moisture from
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seepage or high water tables. ‘Similarzconclusions wére drawn by.
Jameson (1965).

A few authors havé pointed dut an inverse relationship between
gravel content and site quality (Carmean, 1954; Stevens, 1965).

" Carmean (1954) reported that gravel contains little available moisture
for tree growth dufing the dry summer growing seasoﬂ. Gravel, there-
fore, may bé viewed as relatively'inert material occupying space that
might otherwisé be oFcupied'bf mofg adsorptive soil.

Brown and Loewenstein (19785 used several soil characteristics
which effect water retention in prediction equations for site index,
height and total Qolume‘of mixed conifer stands. Soil to rock ratio in
the buried horizons was positively correlated to both site index and
total volume. Organic matter contént in the ash and bﬁried horizons
was positively correlated to height'and site index, respectively. Soil
to rock ratio and organic matter content are instrumental in the reten-
tion of soil water in the éoil; an increase in these two properties
would probably lengthen the time in sumﬁer that water is available for -‘
plant growth in an area where most precipitation occurs in the winter.

Holtby (1947) concluded that s§i1 texture six inches below the soil
surface is a'fairly“reliabie indicator of site quality in the ponderosa
pine reéion near.Glenwood, Washington. He found a positive relationship
between mean percentages oﬁ fine soil material (clay and silt) and total

tree height in the three -site quality classes evaluated.
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General‘Observations‘ o
Currently, researchers have not identified a.simple solution to
the problem of predlctlng 51te quallty in the absence of a sultable‘
tfmber stand for d1rect measnrement (Lemmon;ll955) Varlons.studies
show.different factors to be significant, depending on thevspecies, the
factors examined, their range of valuesg'the manner in Which they nere_

measured and expressed and the statlstlcal ‘and blologlcal relatlons

1between the ' 1ndependent" factors (Jones, 1969)

C01le (1951) stated that the product1v1ty of soil for forest growth
\is condltloned by the quantity and quallty of grow1ng space: for tree
roots, s01l propertles that may be classed under these two categorles‘

may have d1rect effects on growth both direct and 1nd1rect effects

‘(interaction), or only'indirect effects.




HISTORICAL GEOLOGY OF THE FLATHEAD AREA

Precambrian

The Pony'aqd Cherry Creek Series constitqte the "basal complex,"
oldest of Montaﬁa rocks (Perry, 1962). Composed lérgely of gneiss and
schist, this complex formed during.Early‘or Middle Precambrian time.
Overlying the‘basal complex is the Belt Superg;oup."

four groups of rock comprise the Belt éupergroup, which originated
during the Late Precambrian. Foiléwing are the group names in ascending
order, pre-Ravalli or Lower Belt, Ravalli, Pieganlor Middle Belt Carbon-
ate and MiSsouia (Ross, 1959 and Johns, - 1970). The Whitefish Range
forms the westetn margin of the North Fork Valley-and the northweéferﬁ
border of éhé Uppef‘Flathgad Valley, while the Swan and Salish Ranges
border the Upper Flathead Valley. These three mountain ranges are to a
‘large extent formed from the Ravalli, Piegan and Missoula Groups.

ﬁel£ Supergroup sediments were deposited in‘a Broad; shallow basin
during a semi-arid giimate (Jones, 1970). They have undergone low |
grade metamorphism_?esulting iniargillite, siltite, Quaftzite, dolomite

and limestone lithologies.

Térfiary
The Rocky Mountains were formed during the Laramide Orogeny. Two
successive periods of mountain building occurred between Late Cretaceous

and Middle or Late Tertiary time.
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Compressional forces caused folding aﬁd faulting.pfoducing the
first Rocky Mountains. During this first period of the Laramide
Orogeny, a large slab of Precambriuﬁ rock in northwestern Montané slid
eastward, forming the Lewis Overthrust ﬁelt which extends through
Glacier NationaI Park (Petersoﬁ, et al;, 1953). ‘Stream action eroded
these mountains to a peneplain by Early or Middle Tertiary time; No
remnants of these first Rocky Mountains have been uncavered'in weste?n
Montana (Alden, 1953).

Tensional forces released by block or normai faulting uplifted
mountain ranges and downdropped valleys forming the Rocky Mountains as
we see them today. This type of faulting began during the Miocene Epoch
of the Tertiary and has been intermitently active to the present
(Peterson; et ai., 1973).

Alt aﬁd Hyndman (1973) have developed an additional theory con-
cerning the formation of the North Fork and Flathead Valleys. As thé
mass of Precambrian rocg slowly slid eastward, 1arge.gaps openéd behind
it forming the Nofth Fork and Flathead Valleys. The Whitefisﬁ Range,
situated between the two valleys, may ha&e also slid eastward. Rocks
in the souphern end of the North Fork Valley suggest that the vélley
floor has also-dropbed vertically,

Uplifting blocked major drainage ways, forming lékes and marshes
in many valleys. Erosion from the surrounding mountains then filled

the valleys with Tertiafy valley-£fill sediments. .
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Johns (1970) reviewed descriptions By Daly (1912).ahd Barnes (1963)

of Tertiary beds in the North Fork Valléy. Daly described these beds as

the Kishenehn Formation. Barnes reported that the Kishenehn Formation -

was predominantly deposited on a broad flood-plain, in river channels,
and in flood~plain lakes and swamps. He further stated that the coarse,

poorly sorted conglomerate facies, which is found at places along the

. edge of the present valley of the North Fork may have been deposited by

mud flows from adjacent uplands. Lithologies within this'célcareous
unit afe sandstone, éilfstone, lignite, comglomerate and claystone.

The thickness of the Kishenehn Formétipn is unknown. Barnes esti-
mated iF to be several thousand feet, while Daly reported that an
exploratory oil weli near Yakinikak Creek intercepted 700 feet .of
Kishenehn strata (Johns, 1970).

There are very few known outcrops of Tertiary rock in the Flathead

Valley. Unlike the study area in-the North Fork Valiey, the area

‘adjacent to the Flathead Valley study sites has no outcrops of Tertiary

sediments.

Konizeski (1968)_states that the lack of outcrops is probably due
to three circumstances: (1) during the Quarterna;y, glaciation may have
removed or reworked the upper.paft of the Tertiary fill; (2) during the
Quarternary valley floor subsidence and resultant alluvial deposition

may have covered the Tertiary rocks; and (3) Tertiary outcrops in this
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region are difficult to identify. He further reports that most of the
valley £fill (as much as 4,800 ft) in the Kalispell Valléy is Tertiary.
Annuél precipitation began to increase near the close of the

Tertiary Period. Stream rejuvenation induced the excavation.of a sub-
stantial portion of the Tertiary vélley fi1l in western Manfaha (ﬁSU
Statigraphy Classes, 1978). Alt ;nd Hyndman (1973) reported that 1;000
feet of sediment was removed from the North Fork Valiey during this -

time.

Quarternary

This wetter climate initiated the formation of glacie;s duriﬁg the
Quarternary Period. Different types of glaciers existed in Fhe North
Fork and Flathead Valleys.

Thé Cordilleran ice sheet, which originated in British' Columbia,
flowed 96-112 km (60-70 mi) dinto the.northwestern‘corner.of Montana
(Veseth and Montagne, 1980). Flanked on the wegtern margin, b& the
Whitefish Range, this ice sheet moved south.fo Polson. Thé thickness
of ice at Kalispell was 610 m (2,000 ft) (Johns, 1970). Wﬁiie the
Cordilleran ice sheet was forming ianritish Columbia, alpine aﬁd
piedmont glaciers were developing in the North Fork Valley. A piedmont
glacier originates from several coalescing alpine glaciers. The
piedmopt‘glacier of the North Fork joined similar glaciers from the

Middle and South Forks of the Flathead River. This mass of ice was
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3,000 £t thick as it passeé throﬁgh Bad Rock Canyon (Alden, 1953).
Near Columbia Falls this coalescent piedmont glacier met the Cordil-
leran ice sheet and they flowed south down the. Flathead Valley. This
was the last major glacial activity -in the Flathead and North Fork
Valleys. Earlier glaciation did occur bpt its affects have been masked
by this latter glacial activity.

The surficial geology'of the North Fork and Flathead Vélleys is
largely a function of depositiénal landforms produced by glacial
activity. A mantle of g;acial till overlies Tertiary material iﬁ both
the North Fork and Flathead Vélleys. This Tgftiary sediment—derived
glacial till was a fresh parent material from which soil developed.
Soil which develoﬁs from glacial till possesses properties character-
istic of thé most prevalent lithology present in the-till.

The last major‘geologic event in noffhﬁestern Montana was the
deposition of volcanic ash which forms the surface layer of many soils
in this afea. Most of this volcanic ash camé f?om three Cascade Range
volcanos in Washington and Orégon (Veseth and Montagne, 1980). The
most entensive deposits of ash in western Méﬁtana are from the eruptions
of Mtf Mazama (Crater Lake) about 7,000 years ago (Nimlos, 1980).. In
the present study all of the Iertiary sediment-derived glacial till

sites in the North Fork Valley have a surface. layer of volcanic ash.




MATERIALS AND METHODS
Characterization

This study utilized nine study sites in or adjacent to the Flathead
National Forest (Figure 1) to chafacterize three groups of Tertiary |
sediment-derived glacial till soilsj The three soil groups studied
were l)‘the Whitefish series, a calcareous silt loam’With three study
sites located near Ashley and Blanchard Lakes (T28N, T30N, RZZW, égd
R23W MPM); 2) silt loams; and 3) loams located in the GlacierIView
Ranger District on thg North Fork of the Flathead River between
Ketchekan Ridge and Whale Buttes (T36N, T37N, R22W, and R25W MPM).
Figure 2 shows the 1oéation of these nine sfudy sites. |

Sites were selected to compare silt loams and loams from siltstone
and sanastone parent materials.. Forest Service soil scientists helped
identify the study si&es. The Upper Flaﬁhead Valley Area soil survey
(Soil Conservation Service, 1960) was used to identify the Whitefiéh
study sités. Soil pedons sampled are t&pical of the three different
Tertiary sediment-derived glaciai tills common in.the‘;rea.: Priér to
selecting study sites, explofatory soil pits were hand dug to assess ,
the variability. Two study sites within each soil grouﬁ were lqcated
in thé same section (sq. mi.). The third site ranged in distance from

2 to 16 miles from this section.
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Figure 2. Location of characterization study sites.
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The -study soils will=be referred té as follows: -Ridgé soils
consist of the silt loams near Ke£chekan Ridge‘in thenGlacier View
Ranger. District. Téepee refers to the loam soils in the Glacier View
Ranger District. These names do not represent soil series. The Whi£e
soil group represents the soils sampled from the Whitefish soil series
in the uﬁper Flathead Valley; ‘

Sampled soil pedons in the Glacier View Ranger District and Tally
Lake Ranger District were dug with a backhoe and by hand, respectively.

Each soil pedon was described following the Soil Survey Manual (Soil

L,

Survey Stéff, 1951) guidelines. The vegetation and pedon at each study |

site was classified in accordance with Forest Habitat Types of Montana

(Pfister, et al., 1977) and Soil Taxonomy (Soil Survey Staff, 1975),

respectively. Bulk éamples passing é 6.35'mm sieve were collected from
continuous horizons'at each study site.‘AThree undisturbed clods of soil
were removed from continuous horiéons excluding the Bzir horizons.
Clods were coated with a 1:5 saran:ace?one solution for 1aborétory

§

determination of bulk densiﬁy by a modification of Brasher, et al.
(1966) developed by Bates (198l). Two soil correlatién trays were col-
lected from every site. Bulk sgmples of Tertiar& sandsfone and silt-
stone were collecteq in the élagier View Ranger District from outcrops
in thé Teeﬁee'Léke area and adjacent to Whale‘Cfeek, respeqtively.

Photographs of each soil profile and associated landscaﬁe and vegetatioﬁ

were taken prior to sampling. -Bulk samples were oven dried at 55°C and




21
crushed in a flail typé soil grinder before sieving to remove the
greater than 4.75 mm fraction. A subsample was taken for Proctor
analysis. Tﬁe remaining portion of the bulk sample was sieved to.
remove the greater than 2 mm fraction. Subsamples of the fine earth
fraction were taken for laboratory:charécterization. To insure repre-
sentative subsamples were obtaiﬁed, a quartering technique was employed
(ASTM, 1979a).

The following analyses were conducted on eacﬁ hqrizon sampled:
soluble cation content and pH with a 1:5 dilution (U. S. Salinity
Laboratory Staff, 1954); particle size analysis (Tanner and Jackson,
1947); organic matter (Sims and Haby, 1971); cation exchange capacity
" and extractable Ca, Mg, Na and K (Chapman, 1965a, 1965b). Modified
Bray P (Smith, et al., 1957) and total nitrogen (Bremer, 1965) aﬁaiyses
were conducted on the solum horizons of each site. Phosphorus analysis
was conducted by the Soil Testing Laboratory at Mdntana State University.
A Proctor analysis was conducted on samplef of each horizon excluding

the B.ir (ASTM, 1979b). The liquid limit (ASTM, 1979c¢), plastic limit

2
and plasticity-index'(ASTM, 19794d) Were.determined for thé B and C°
horizons present at each site.

A pressure chamber apparatus and porous:ceramic plates simiiar to
those described by Richards (1972) were used to dgvéiop desprption

curves for the solum horizons. Moisture contents were gravimetrically

determined at 1/10, 1/7, 1/3, 1/2, and 15 atmospheres tension.
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The fine textured sémﬁles'and coarse textured samples were analyzed
separately.

Crystalline ciays present in the Tertiary siltstone and most
clay-rich B horizon of each soil pedon were identified by x;ray
diffraction. Clay samples were mounted 6n glass slides by thg paste
" method developed by Theisen and Harward (1962).° Samples'were analyzed
and x-ray diffraction patterns interpreted according to methods set
forth by Whittig (1965). A semi—quantit;tive méthod‘emplpying area
weighting factors‘fér various clay mineral types was used to eétimatg

relative abundance of clay minerals (Klages and Hopper, 1980).

Site Productivity

Site productivity, as indicated by yield'capability, was compared
on eleven s;udy sites. Five of these sites were among the six Study
sites selected for soil characterization in the Glacier View Ranger
District of the Flathead National forest. The remaining sites are
situated in the Bitterroot and Kootenai National Forests of western
Montana (Figure l); Soil profile descriptions and char#cterization data
for these six sites were obtéiﬁed from Cullen. (1981).°

Several edaphic soil properties were calculated for the solum of
each pedon from characterization data. Properties calculated. include
available water holding capacity, average bulk density (exéludiné-the'

surface horizon),.effective so0il depth, and the weight per volume of
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exchangeable cations and organic matter; The equations used to calcu-
late these properties are shown in the following section. When data
for a particular horizon were not determined in Cullen's thesis, data
from a similar horizon within the same pedon were used.

Cullen détermined exchangeable cation and érganic mattef.contént
by the same laboratory methods referenced in the previous section.
Bu}k density determinations were the same except that Cullen.wetfsieved
clods to remove coarse-fragments and in this study we removed coarse
fragments by dry sieving. Since Bzir horizon bulk densitieé were not
determined in this study, a value of .72 g/cm3, an average Qalue of tﬁe
surface horizon determined by Cullen (1981), was used.

Mean annual soil temperature and mean summer soil temperature were

predicted for each pedon using Soil Temperature Predictions in Mountains

and Foothills of Montana (Munn and Nielsen, 1979). Mean annual precipi-
tation and precipitation between April 1 and July 31 waé obtained from
maps from the Soil Conservation Service (1977):and Caprio (19805, re-
spectively.

The following information was part of the description of each
pedon; slope, aspect, elevation, and habitat type. Yield capabiiities
(ft3/a/yr) of -these habitét types as estimated by Pfister, et al. (1977)

were used.
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Calculations
Calculations used in‘this stu&y are:
1. Percent by weight of fines (in horizéns pf pedons located on the

Flathead National Forest:)

a) TVCF #CF x TVH, where

TVCF

total volume of coarse fragments in horizon,
%ZCF = percent by volume of coarse fragﬁents in horizon as
estimated in soil préfile deéc;iptidn,
TVH = total volume of horizon.
b) TVF = TVH - TVCF, where
TVF = total volume of finesfin the hqrizon.
c¢) TWF - TVF x BDF, where

TWF total weight of fines in the horizon,

BDF = bulk density of fines as determined by the clod
method.

d) TWCF TVCF x BDCF, where

TWCF = total weight of coarse fragments in the horizon,

estimated bulk density of coarse frégments (2.65 g/cms).

BDCF =

e) ZWF = (IWF <+ TWH) x 100, where
ZWF = percent by weight of fines in the horizon,
TWH = total weight of hqrizon.
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2. Exchangeable cations or'érganic matter expressed as grams ﬁer
square meter for a given horizon depth.

(EC or OM, g4n2) = (%ZEC or OM) (100 - % »2 mm) (BD) (Horizon Depth)x254,

where | ' '

EC or OM, g/mZ = exchangeable cati&n or organic matter- expressed
as grams per square meter for a given horizon |
depth,

ZEC or OM = percent by weight of exchangeable cation or-ofgapic

matter in the fine‘fraction of the soil,

100 - % »2 mm = percent by weight of the fine fraction,

BD = bulk density of the horizon expressed in grams per cubic

centimeter,

Horizon Depth = horizon depth measured in inches (Zinke, 1960).

3. Percent by volume of fines in a 100 gram sample from horizons of
pedons located on the Bitterroot National Forest.

a) VF = WF <+« BDF, where |

VF = volume of fines in a 100 g sgmple,
WF = weight of fines in a 100 g sample,
BDf = bulk'density of fines as determined by the:clod method.

b) VCF = WCF + BDCF, where

VCF = volume of coarse fragments in a 100 g sample,
WCF = weight éf coarse fragmenté in a 100 g.sample,v

BDCF

estimated bulk density of coarse fragments .(2.65 g/cmB).
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¢) ZVF = (UF + TV) x 100, where
#VF = percent by volume of fines in a 100 g .sample,
TV = total volume of 100 g sample.

Available water holding capacity of a horizon in centimeters.

(0.3 atm % - 15 atm %) (BD) (ZF) (HD)

AWC (cm) = 100 , where

.3 atm 7 = moisture percentage of a soil subjected to 0.3
gtmosphere suction. |

15 atm % = moisture percentage of a soil éubjected to 15
atmosphere suction,

BD = bulk density of horizon,

ZF = percent by volume of fines,

HD = horizon depth in centimeters (Hagan, et al., 1967).

Weighted average bulk density of solum_excluding surface horizon

WABD 5-EQT§5E3 summation of all pertinent horizons, where
BD = bulk density of horizon,

TSD = total solum depth io centimeters;

Effective soil depth of a horizon in céntimetefs

ESD (em) - % VF x HD, where

ESD (cm) = effective soil depth of horizon in centimeters,

ZVF = percent of fines by volume in the horizon,
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7. Porosity : \

o.M
e = (1 - PD) x 100, where

e = percent pore space
BD = bulk density of horizon
PD = particle density (Soil Conservation Service, 1967)

8. Exchange acidity
o + a
H+(exch) = CED - (Ca++ + Mg + Na+_+ K ) (exch), where

CEC = cation‘exchange capacity.

+

_H = exchange hydrogen,
.*_i.
Ca = exchange calcium,
Mg++ = exchange magnesium,

Na+ = exchange sodium
K+ = exchange potassium (Peech, 1965)
9. Percent base saturation

A + o+
%BS = (Ca++ + Mg + Na + K ) + CEC, where

#BS percent base saturation.

Statistical Comparisoﬁs
Comparisons‘of means determined differgncés between major horizons
in the three soil groups characterized. Table 1 shows specific hori-
zons in each pedon from which laboratory data was taken to calculate
means for major horizons. Means from the following analyses were cém-
pared, particle size, Proctor, bulk density? Atterburg limits, pH, tofal

nitrogen.
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Table 1. Horizons in each pedon which constitute soil group major

horizons.
Pedons s
Soil Group 1 2 3 Major Horizon
B21r B21r B21r B21r
Teepee IIA2 IIA2 IIA2 IIA2
IIBth IIBZt IIth IIB2t
I1Cca 1IC IICca LIC
B21r ler Bzir Bz1r
Ridge IIA2 IIA2 IIA2 IIA2
IIBzzt IIth IIBZt IIBZt
TIC IIB3 IICca LIC
White A2 A2 IIA2 A2
th B2t IIth th
Cca Cca IICca (64

+Data from horizons across rows were used to calculate means for the

major horizon in the last column.
were statistically compared.

Means from similar major horizons
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Bray P, organic matter, base saturation, catioﬁ exchange capacity,
1/3 bar moisture content and 15 bar moisture content.

Desorption data from each horizon were analyzed using a curve
fitting equation which indicates the linearity-of thé relationship.be-.
tween matric potential and moistﬁre content by assigning a corfelgéion
‘coefficient (Hillel, 1972).

Mean climate, tﬁpography and soil properties were compared bétween
all combinations of the high yield capability class and two moderate
yield capability classes. Means were calculated ffom study sites
within each yield capgbility class. 'Properties compared include mean
aﬁnual soil temperature, mean summer soil temperature, aspect, slope,
elevation, effective soil deﬁth;'available'water holding capacity, bulk
density; porosity, extractable cations, and organic. matter content;
Aspect was goded from one to eigﬁt beginning with N45E and continuing
in a clockwise direction using 450 increments to North (Brown and
Loewénstein, 1978) .

Mean comparisoﬁs in both the characterization and site proauétivity
sections of this stﬁdy were conducted using the T Grouped computer pro-
gram developed by Lund (1978). This program utilizes the Students t-
test (Smedecor and Cochran, 1973) to comﬁare meaﬁ values. Significanqe
levels of .65 and .0l were measured. The assumption that group vari-
ances were equal - -was generally correct. Normal distributions were

assumed.




RESULTS AND DISCUSSION OF CHARACTERIZATION

STUDY

Appendices. II and IV show frgfile desériptions and characteriza-
tion data for the nine soil pedomns characterized.in this study.
Appendix I is a key fo the pedon coding scheme.

Organic Matter, Bray Phosphorus and
Total Nitrogen

Table 2 lists'mean organic matter content by horizon for the three
groﬁps of Tertiary gediment—derived glacial till soils. In the same
‘table are_ﬁean coﬁpafison results; |

The soil groups can be ranked éccordiﬁg to organic matter content
in the fhree lowest'major-horizpns;. O%ganié matter increases from
Teepee'to Ridge to White éoilé; Orgaﬁic ﬁatter contént in the-Téepee
and White soil gréups is significantly different (p = .055 6niy in the
(II)A2 and'(II)th hqriions. |

Higher orgénic matter content of the White A, horizon may be re-

2

lated to the occurrence of pine grass (Calamagrostis rubescens) as a

domin;nt understory épecies at two study sites. Forbs, shrubs, and
subshrubs dominate the underétory-of the femaining seven ‘study sités.
Root residues of grass species are very effective in adding organic
matter to the ;oil. in addition, the White soils have much shallower

solum depths than the other two soil groups.
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Table 2. Mean organic matter content data® for the major horizons
of the three Tertiary sediment-derived glacial till soil

groups.
Soil Groups
Major Major
Horizon Teepee Ridge Horizon White
- % by wt
Bzir 2.3a (.76) 3.9a .70
ITA,* 0.5a  (.10)  0.9ab (.21) A, 1.7 (.53)
IIB,t* 0.5a  (.10) 0.6a  (.12) B, t 1.0b  (.10)
IIC 0.5a (0) 0.7a (.15) C 1.0a (.35)

+Numbers in parentheses are standard deviations.

*Numbers across rows not followed by the same letter are signifi-
cantly different at the p = .05 level.
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fedons inlthé White soil group lack the consistént presence of the
B2i£ horizon located above the IIAQ‘horizon in the Teepéé and Ridge
pedons. Organic matter content of each Bzir horizon is considerablj
higher than any other major horizon.

Nitrogen and phosphorus are-common‘constituents of organic matter.
Table 3 displays and compares mean total nitrogen and B;ay P conteﬁts by
major horizonm.

Total nitrogen and Bray P levels mifrqr changes in organic matter
amounts. Tarrant (19495 found soil nitfogen to be closely correlated
with the amount.of organic matter present in the soil. Significant
differences in total nitrogen and Bréy Pioccur only in the (II)th

horizons of the Teepee and White soil groups. The level of signifi-

cance in both cases is p = .0l.

Particle Size Distribution and Soil Texture

Table 4 shows and compares means of sand, silt and clay contents
by major horizon of the Teepee, Ridge and White soil groups. Varia-
bility 'as indicated by the standard deviation is similar in each of the
soil groups.

The Teepee and Ridge soil groups have significantly différent silt
and sand content in éll horizons. An exception is the sand contents of
the B, ir horizbﬁs.whidh are not significantly different. The (II)A2

2

and (II)th horizons of the Teepee and White soil groups contain
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Table 3. Mean total nitrogen and Bray phosphorus data’ for the majof
horizons present in the solum of the three Tertiary sediment-
derived glacial till soil groups.

Soil Groups

Major Major
- Analysis Horizon Teepee Ridge Horizon White
| . - % by wt
B,ir .072a (.02) .125a (.03)
Total : :
Nitrogen IIA2 .013a (.01) .030a (.03) A2 .044a (.01)
IIth** .010a (0 ) .0L6ab(.01) B2t .034b (.0L)
ppm
Bzir 355.0a (109.7) 541.7a (240.4)
Bray '
Phosphor us IIA2 29.3a2 (17.9) 37.7a (15.5) A2 159.0a (90.1)

IIth** 24.0a ( 4.4) 21.7a  (13.3) B2t 75.3b (14.6)

+ ' .
Numbers in parentheses are standard deviations.

**Numbers across rows not followed by the same letter are signiffi-
cantly different at the p = .01 level.
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Table 4. Mean particle size fraction datat and associated textural
classes for the major horizons of the three Tertiary sediment-
derived glacial till soil groups

Particle

Size Major Soil Groups
Fraction Horizon Teepee Ridge White
_______ g T
B,ir 31.0a (7:2) 35,38 (=.6)
Sand I%Az** 53.3a (5.0) 28.7b (455) w27 3hW (45 2)
2mm - .05 mm  IIB_t* 47.3a (3.1) 24.3b (2:5): 532 3 253)
T1Ck* 48.7a  (5.5) 23.7b  (3.5) 41.7c (3.8)
B, ir* 49.0a (3:5) 59.0b (2.6) -
silt 1fn, %% 38.7a  (4.0) 60.3b (1.5) 60.7b (4.0)
.05 mm-.002 mm IIB, t * 39.4a (Z251) 55 3b (2 S 1)E 51 8 ot i (FRS1)
11c# 40.6a  (1.5) 57.0b  (1.0) 47.6ab (7.5)
B, ir* 20.0a (5%3) 5lb (251) -
Clay 1fa,* 8.08  €3.6) 11,00 040 E) 17 0piaLL
<.002 mm IIB t 13,38 £3:8) 20,48 | (4:8) '16.38 (£208)
11c# 10.7a " (4.2) 19.36° 43.2)" . 10.7a " (8:8)
B.lr loam silt loam -
Textural I%A2 sandy loam silt loam silt loam
Class IIth loam silt loam silt loam
IIC loam silt loam loam

+
Numbers in parentheses are standard deviations.

* **Numbers across rows not followed by the same letter are sig-

nificantly different at the p

= .05 or p = .01 level, respectively.
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it

horizons, silt and sand contents within the Teepee and Ridge soil groups

significantly different silt and sand contents. Excluding the B

vary little.' In the White soil group'silt and sand contents decrease

:and 1ncrease, respectively, with' depth A reduction‘in weathefing,with

: depth may explaln these trends

Clay content is: highest 1n ‘the- (II)B t horizon of each s011 group.

An exception is the clay content of the B, ir horizon in the Teepee soil

-2

gfoun. The' highest (II)B t horizon clay content is in the Ridge s011
" group, but the difference is not 31gn1ficant. Clay content in the TIC

.horizon,of the Ridge. soil group,is_significantly different (p = .05)

from the other two soil gronps whith had edual‘clay contents in the
(II)C horizon.A | | |

Means fron the particle size analy31s of the s1ltstone and sand-
stone parent'materials are shown in Table 5. Relatively high silt and
sand contents found in the Ridge and Teepee soil groups, resnectively,

were inherited from their associated parent material. Horizons within

~ both soil groups have'higher clay contents than their'respective parent
materials. "These clay content variations between soil and parent

.material plus others -involving silt and sand may be due to several

factors such as'weathering,'glacial till influence and particle size .

variability within the parent material,. -
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Table 5. Mean sand, silt and clay contents for the siltstone and
sandstone parent materials of the Ridge and Teepee soil
groups, respectively. :

Parent Sand - Silt Clay
" Material 2 mm -~ .05 mm .05 mm - .002 mm £.002 mm
%
Sandstone 68 25 7
Siltstone

5 82 13
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Table 4 shows the textural class of each major hofizon of each
soil group. Textural classes within each soil group were genefally
cgnsistent. All major horizons in the Ridge and White soil gfoups are
silt loams. An exception is the C horizon of the White soil gfoup,
which due to a highey sand.céntént has a loam texture. -The Teepee soil’
group ha; loam textures in every horizon except the»IIAz. Clay eluvi-

ation in this horizon has résulted in a sandy loam textural class.

Waéer Holding“Capacity
Appendix VII shows desorption énd curve fittiﬁg resu;ts for the
horizons‘present in the solum of each pedon studied. Table 6 exhibits
and compares mean water holding‘capacities at .33 and 15 atmosﬁheres
tension. |
The Bzir horizons possess Fhe highest 1/3 and 15 atmosphere water

holding capacities. GCullen (1981) reported similar results. Excluding

the B,ir horizons, the White soil group hés the highest water holding

2
capacity'and the Teepee soil‘group hgé the lowest.

Significant differences at the .Ql level occur bétween all combi-
nafiqns of l/3-atmospﬁere water holding capépities in the IIA2 horizon.
Water ﬁoiding capacities for the Teepee aﬁd_White soil groups are sig-
nificantly different in the (II)A2 and (II)B2t horizons at both 1/3 and.

15atmospheres tension. Differences between the water holding capacities

in the (II)A2 horizon of the three soil groups are graphically shown in
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Table 6. Mean fine earth water holding capacities+ of the major hori-
zons present in the solum of the three Tertiary sediment-
derived glacial till soil groups.

Soil Groups
ATM Major Major
Tension Horizon Teepee Ridge Horizon White
———————————————————— % by Wtm——m e
Bzir 34.6a (5% 0513528 BE (3357
.33 ATM IIAZ* 16.5a @al)E i 19,0« 1G5, 5Y) A2 30.. 9¢:41L(:2.50)
IIth** 17.8a (LY 3)N206a (1953 ) B2t 26 <7 b S LT
Bzir 18.1a (3i8) B2.6a (56)
15 ATM IIA2* 5.5a (.+9) 8. 6b.5 (150 A2 12.7b +(4:40)
IIth* 6.9a (oSN vl soh L6 th 10 7bRSGE=0)
Bzir 2355 22.6
AwnCF T1A 11.0 10.4 b 1g 4
2 2
{2 mm
fraction IIB2t 10.9 9,1 th 16.0

+Numbers in parentheses are standard deviations.
FAWHC = available water holding capacity (these values were not

statistically analyzed).

* **Numbers across rows not followed by the same letter are sig-
nificantly different at the p

.05 and p = .01 level, respectively.
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'Figure 3. Desdrbtibn results from one representative pedon.in éachs - ill;';g
soil group were used to pfoduce these curves.

Matric p&tentia}:dictates water_holdiqg capacity under céﬂditipns
'present'iﬂ,a preésure‘plate apparétué. Generally, finer soil texéuréslll L
_.have gféatef matrix pofenﬁiais and aésoéia£ed water hdlding caﬁacities.

.Soil tethre explainé the water holding'c;pacity differenceé bétWeen;#he
Teepee and other two.soil-groups; |

Différenéeé bétwgen.the White ‘and Ridge sbil'group cannot be
explained.on a tektufal basis. Higher oréanic matter content in the
White soil group is one possible explanation. | |

Plant avaiiable watef holding cdpacities (AWHC) were calculatéd 5s
the difference between 1/3 énd 15 atmosphere water,holding capacities
(Table 6). Excluding the B,ir hofi%ons@ the White Soil group_haé the

2

highest AWHC. The Téepee and Ridge'soil groups have similar available

water holding capacities in each horizon. . S ' e

Buik Deﬁsityl
Appendix.VIII contains bulk &épsity.rawudata fromithree replica-
tions used in calculating bulk densitieslfér eagh pertinent horizoﬁ'in
the niné soii pedoné. Table 7 lists and comparés me;n bulk dgnsities
for the major horizons present in each soil group.
Significant differences (p = .055 between the Sqik déhéities_bf

the Ridge and White soil groups occur in the (II)BZE and (II)C
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TEEPEE 3

WHITE 2

] 10 20 L] 100
MOISTURE CONTENT (% by wt)

Figure 3. Water desorption curves for the A, horizon of one
pedon in each Tertiary sediment-derived glacial
till soil group.
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- ' ' +
Table 7. Mean bulk densities for the major horizons of the three
Tertiary sediment-derived glacial till soil groups

Soil Groups ) B ::EéﬁJ
. Major . : Major - SRR,
Horizon Teepee Ridge Horizon White . - . '

- ot . N 3 ) - B i
‘ - _ g/em™-
ler : . .ND ; ND N | | :
I1a, © 1.50a (.15) 1.50a° = (.20) A2 1.13a° (.19 . - -"Qﬂ
TIB,t* 1482 (.09  1.5Iac (.09) By’ '1.15b (.i8) .
TICH 1.51ab (.19)  1.45a  (.03) . ¢  1.19b  (.15) v
. . : . - . ,'“" E‘ ’i:
Numbers in parentheses are standard deviations. ' R g

*Numbers across rows not followed by the same letter are s1gn1f1—."
cantly different at the p = .05level.
ND = not determined.
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horizbns. Bulk densities in the-(II)A2 horizons of the Teepee and
Ridge soil groups are larger than that of the Whité soillérpup but the
difference is not significant at the p = :01 level,

. fhé highest bﬁlk density within each soil group is associated with
the (II)th or (IT)C horizon. ‘Likewise, éhe lowest organic mat;er'con—
tents are present in these two lowest horizons. Organié matter éoﬁtéﬁt:
and bulk density are generally inversely proportional. The low bulk
densities in the White soil group can be explained by ;elativély higﬁ.

organic matter contents.

Standara Proctor Test

This tesp determines the relationship between water content and
dry density in a soil compégted by a standard methéd. Optimum ﬁoisture-
content is the soil moisture content when maximum density.ié achieved
through-compactivé efforts. Prqctor fest results are often expreésed
by a moisture density curve. Hand-drawﬁ moisture dehsity curves are
shown in Appendix VI for all horizons tested. Mean maximum density
achieved (MDA) and mean optimum moisture content (OMC) for the major
horizons in each 'soil group are shown and compared in Table 8. |

No statistical differences at the p = .05 level are present in the
(IT)C horizon. The Ridge and White soil groups have significantly
diffgrgnt MDA and OMC means in the (II)A2 horizon. MDA and OMC means

in the (II)A2 and (II)th horizons of the Teepee and the White soil
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Table 8. Mean maximum density achieved and mean optimum moisture content
data for the major horizons of the three Tertiary sediment-
derived. glacial till soil groups.

Soil Groups

Major ' Major
Analysis Horizon Teepee Ridge Horizon White
S g/cm>
Maximum Bzir ND ND -
Density \ ' )
Achieved IIAZ** 2.00a (.09) 1.90a (.04) .A2 1.58b (.09)
IIBZt** 2.02a - (.03) 1.88b (.02) B2t 1.78¢  (.25)
1IC 1.99a (.10) 1.90a (.02) ¢ 1.78a - (.15)
- 7% by Wt——————
Byir « ND ND . _
Optimum 1A% 10.7a (0.9) 12.7a (1.4) -4, 19.7b  (3.4)
Moisture ' -
%k :
Content IIth 10.4a (0.5) 13.0ab(1.8) B2t 15.8b 0.7)

IIC - 11.0a (1.1) 12.4a ( .9) C _15.8a (3.8)

+Numbers in parentheses are standard deviationms.

%*,%**Numbers across rows not followed by the same letter are
significantly different at the p = .05 or p = .01l level, respectively.

ND = not.determined. . : '
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groups are significantly different. The only signifiéant difference
(p = .01) between the Teepee and Ridge soil groups is the MDA means in

the IIB,t horizon. Low clay content and high sand content explain the

2 .
MDA and OMC means obtained forlthe Teepee soil group. - Felt (1965)
'states that there’ is a'decréase in maximuﬁ density achieve& and an
increase in optimum water content for compaction as the soil textufe
becomes finer. Means for the Ridge and White soii groups do not. support
Felt's statement. The Ridge soil group generally haé'higher clay con-:
tents but lower optimum moisture contents and higher maximum densities
than the White soil group. This may Be due to more organic matter in

the White soil group. Organic matter has a high aﬂsorptive capacity

for water and a low bulk density.

AEterBurg Limitg

This.test‘measures the effeét 6f,soil mpistufe content on soil
consisteﬁéy. The'moisture>content at wﬁich soil changes from a friable
to a Plastic consistency is known as the plastic limit. The liquid
limit is that moisture content at which_a soil changes from a plastic
to aiviscous (semi-fluid) cdnsiséency. These two 1iﬁits and the
numeriéal difference between them, termed the plastic index, constitute
Atterburg's li@its. Table 9 shoﬁs and compares mean plastic limits,

liquid limits and plastic indices for the.(II)th and (II)C horizons

of the soil groups.
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Table 9. Mean plastic 1limit, liquid limit and plastic index data™
for the two lowest major horizons of the .three Tertiary

sediment-derived glacial till soil groups

Soil Groups

Ma ior . Major

Analysis Horizon Teepee Ridge Horizon White

"7'""”""""”""f""%-"; _______________
Plastic IIB,t* 16.0a (1.4) 19a (1.0) Byt 25.3b (0.6)
Limit TIC 16.0a (1.4) 18.3a (0.6) C 30.5a (7.8)
Liquid TIB,t* 18.0a (1.4) 22.7a .(2.1) Byt 30.7b (0.6)
Limit TICH 17.5a  (0.7) 22.7b (1.5) C 34.5¢ (4.9)
Plastic IIB, t* 2.0a (0) 3.7ab (2.9) Bt 5.3b (0.6)
Index 1IC 1.5a (0.7) 4.3a (1.2) C 4.0a (2.8)

"Numbers in parentheses are standard deviations.
*Numbers across rows not followed by the same letter are sig-
nificantly different at the p = .05 level.
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Plasticity increases from the Teepee to the Ridge and to the
White soil groups. There.is a significant difference at the p = .05
level between both limits of the White soil group and the other two
soil groups  in the (II)BZt horizon. Clay:content in the (II)BZt horizon
of these soil groups does not explain this plastiéity.difference.
Accordingly, the Ridge soil group-shoﬁld have‘the‘highesf limits.

O;ganic matter affects soil consistenéy. Baver (1956) sﬁowed that
organic matter increased plastic and liquid limits. The White soil
group has the highest organic matter content in the (II)BZt horizons
which ma§ explain the relatiﬁely high plastic and liquid limits
associated with these soils. |

In Baver's study, different 6rganic matter contents failed to
_ materially ghange the piastic indgx. His research ‘implies that the
plastic index may besf réflect.soil clay content. Mean clay contents
and plastic indices of the three soil groups show no consistent_;e—
lationship. Highest clay contents and plastic indices are associated

with the Ridge and White soil groups, respectively.

Soil Chemist?y
Table 10 exhibits mean exchangeable cation contents for the major
horizons preseﬁt.in gach soil group. This table also contains mean
comparisonvresults. ﬁighAstandard deviétions reflect the variability

of these chemical data.
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Table 10. Mean exchangeable cation data’for the ma jor horizons of
the three Tertiary sediment-derived glacial till soil

groups.
Exchange- Soil Groups
able Ma jor Ma jor
Cation Horizon Teepee Ridge Horizon White
-------------------- me /100 geeemmmmc e
B,ir H.97a :(3.29) 1.76a " { 0:.35)
IIA2* 2.50ab (2.45) 1.23a ( 1.06) A2 0.07b" (1:68)
Ca IIBZt** 6.70ab (6.04) 4.36a ( 1.66) th 12 <7 Th a2
FECH 20.83ab(17.16)10.73a (11.04) C '33.70b (4.24)
Bzir 1.80a'0(1935) 0 ~40a L1020
IIA2* 008" (D.70) i .63a (" Osli3) A2 1.93b (0.40)
Mg IIBZt** +80a (005686 ab (£11.369) th 2.40b (0.17)
IICZ* A3a 1 10:32) Yi50ab (10.82):C 1.93b (0.32)
B, ir 0Fa. (0,00) »10a. 4 "0 )
IIAZ* .03a (0.06) .07ab ( 0.06) A2 +AT6 " (05:06)
Na IIBZt <088 L EOSOBN SO Tads (01063 B2t L1138 (006
IIC .O07a" (0.06) 1.0a il Lo 1.0a EITPORED
Bir +50a 00,1000 508 v (O 1
IIAZ** Afas 603067 ¥.30abi(-0F10) A2 283b1(0%15)
K IIBZt* A3a (0.12) F .37a 4 ( 0:006) th +73b (0.06)
I1IC «30a i (ORA 090 808 4.( 0 FLO)SE .40a (0.10)

*Numbers in parentheses are standard deviations.
* %% Numbers across rows not followed by the same letter are
significantly different at the p = .05 or p =.01 level, respectively.
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Exchangeable cafions are the numerical aifferenceé between éx—
tractable and soluble cations. The exchangéable cations in each soil
group are present in ?he same relative duantities. In ascending order
of quantity present the catiéns aré sodium, pofassium, magnesium and
calcium; .Bohn.(l979) reports thgt this ranking is comménly found in
mést producti&e'agricglfurai soils. Excluding the Bzir horizon, thé
‘caicium patioﬁ increased ‘'with depth in each soil gfoup, reflééting fhe
iﬁflﬁénbé‘of~ieaching.‘ No otﬁer.felaﬁiopship$ fétween.cation quantity'
énd depth aré p%esent.

No significant &ifferences occur between thé exchangeable cations
of the Teepeé and ﬁidge sqil grouﬁs. Genefally, calcium and potaésium
qﬁantities';re higher'in the Tegpee,soil grouﬁ, ﬁhile sodium and
magnesium quaﬁtities are higher in thé Ridge soil grohp.

The White §oil group has the_highest quantity of exchangeable
ca;ibﬁs.in‘each of the méjor-horizons. Exchangeable calcium contents
of the Whitefaﬁd.Ridge soil groups are signifiééntly different in each

.major horizon. Ekchaﬁgeable magﬁeéium contents 6f the White and Teepee
soil groups are significantly different in egch major horizon.

Meaﬁ pH, base saturation and cation eX¢hange capacity results'fqr
the major horizons in each soil group ére shown"iﬁ Table 11. Meén
comparison results are summarizgd in this table, also.

Base saturation and pH résults afe generally‘directly proportioﬁal.

In each soil group base saturation and usually pH increase with depth,
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Table 11. Mean pH, base saturation and cation exchange capacity data®
for major horizons in the three Tertiary sediment-derived
glacial till soil groups

Soil Groups

Ma jor Ma jor
Analysis Horizon Teepee Ridge Horizon White
B
2ir 5.68 4. 123 5.5 .0.20)
IIA ¥ 6.0a ( 0.36) 5.4b ( 0.15) A, 6.lab (0.74)
pH I1B,t 6,840 ¢ 0/90) g5 850) B,t 7.0a (0.36)
I1C Te2a (LU0 e6598 " (0:83)17 € 7. 6ans (0. 21)
_______________________ B i b g s s e I R
Bzir 3236 05N T 13 Ta: 0 70.0)
Base IIA2** 41.0ab (25.5 ) 29.5a (18.3) A2 52.8b (6.7)
Saturation IIBZt** 68.3a (36u2) 545 Ual ( i8.8) th 84.1b (5.4)
IIC 8022 (38,20 T2 . 8av(2600) =€ 100.0a ( 0 )
--------------------- me /100 gemmmmmmmm e
Bzir 21u23a (+3.72) 21.13a( 5399)
Cation IIAZ* 7.53a ( @.57). T 37al 1.19) A2 17.00b (2.49)
ST AR IIB.t*  8.20a ( 2.25) 12.00a (2.66) B,t 18.67b (1.78)
Capacity 2 2
IIC 6.50a ( 1:74) 10,408 (0.56) 'C 12.93a (6.23)

*Numbers in parentheses are standard deviations.
* **¥Numbers across rows not followed by the same letter are sig-
nificantly different at the p = .05 and p = .01 level, respectively.
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reflecting the effect of leaching. The highest base saturation and pH
values aré associated with the White soil group. This result reflects
the influence of precipitatioﬁ and nutrient cycling. The White soil
group receives less than half the mean annual precipitation of the two
soil groups located in the North Fork Valley (Soil Consgr;ation Service,
1977). This precibitation difference effectively reduqes the quantity
of cations leached out of the soii profilé._ Pinegrass, which is common
in tﬁe understory'of fhe White soil group is very proficient at cydling'
nutrients. | |

Few significant base saturation and pH differences occur between
;he three soil groups. Base saturation in’ the (II)A2 and (II)BZt horif
zons of the Ridge and White soil groups is significantly different at
the p = .01 level. Mean pH is significantly different in the (II_)A2
horizon of fhe Teepee'and Ridge,éqil groups. No other significant
differences.are present.

Sandstong-and siltstone parent materials have pH Va;ues'of’6.0 and
6.7, respectively. However, tﬁe Teepee soil group has hiéher pH Qalues
than the Riage soil group in each horizon. This contrést may be ex-
plained by a difference in glacial till composition or precipitation.
The Ridge study sites are located at higher elevations, and may

receive more precipitation increasing the leaching potential.
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Cation exchange capaéity results are highest in the White soil
group and generally lowest in the Teepee soil group. This same ranking
is present in the organic matter results. The relatively.high CEC of
the White soil group is attributable to organic matter. CEC in the

(II)A2 and (II)Bét horizons of the White soil group and other two soil

~ groups differ significantly at the p = .05 level.

Clay Mineralogy

Table 12 summa?izes X-ray diffracfion means by soil group. These
means were not anélyzed statisticaliy. |

Similar clay ﬁinerals were identified within the (II)th horizons
of each soil group.. The only striking difference in the clay miner-
alogy results is the relative abundance of the minerals and the presence
éf chlorite in the Ridge soil gréup.. I1lite and kaolinite are the
dominant clay minerals with iilite constituting about'50 ﬁérqent of thé
clay in each soil group. Togethér chlorite, smectite and intefst?ati—
fied vermiculite~chlorite account for less than 30 percent of the clay
identified.in each .soil group. The x-ray diffraction patterns_shown in
Figure 4 are from a pedon within the Ridge soil group. Chlorite ié
identified by the 7°A peak in the x-ray diffraction of the K—saturafed
slide Which was heated to 500°C. Except for the chlorite peak, these
x~ray diffraction patterns are very similar to the diffraction patterns

of the Teepee and White soil groups.
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Table 12. Mean clay mineralogy data’ for the (II)B.t horizon of the
three Tertiary sediment-derived glacial %ill s0il groups
and siltstone parent material.

Soil Groups

+

Mineralogy Teepee - - Ridge White Siltstone
Tllite HS55 (7.8) M48 (12.3) M49 ( 6.4) H 57
‘Kaolinite L 19 ( 4.6) L 24 (20.2) M26 (14.6) L 16
Smectite L 13 (12.3) L 13: (7.9 L 7 (9.5 L -9
Interstratified

Vermiculite- . .

Chlorite L 13 ( 3.5) Tr 3 ( 5.2) L 18 (7.8) L 18
Chlorite - L 12 (10.4) _ -

MNumbers in parentheses are standard deviatioms.
H = Very high (75-100 percent); H = high (50-75 percent);
meédium (25-50 percent); L = low (5-25 percent); Tr = trace

M=
( <5 percent). ‘
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Chlorite /

7A 10A A 17A

K500

Figure 4. X-ray diffraction patterns from a pedon (R2) in
the Ridge soil group.
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The homogeneity of the clay ﬁineralogy results reflect the in--

fluence of similar parent materials. Results from the qualitative

analysis of the clay minerals identified in the siltstone parent

material of the Ridge soil group are shown in Table 12. These résults

" show a striking similarity to the soil clay mineralogy results,

especially those of the Ridge soil group. This agrees with Veseth's
(1981) statement that soil texture and glay_mineralogy are closgly
associated with parent material. Tertiér& sediment ‘dominated glacial
till in both the North Fork and Flathead valléys is largely compqsed
of Belt Supergroup sediments. -

The dominance of illite can be éttributed to'the presence of
micaceous minerals within the Belt Supergroup. Ali the clay minerals
identified in fhig study can be formed.through the weathering of mica.
Jenny (1980) states that modifications in the state factors'of a site,
such as a change in the climate to raise the pH or initiate a leaching

regime, may lead to the formation of these clay minérals from mica.




RESULTS AND DISCUSSION OF SITE PRODUCTIVITY.STUDY

Appendices IT to V show profile descrip;ions and characterizgtion
data for the eleven s0il pedoné included in this study. The topographic,
climatic, phyéical and chemical data used in this study are sumﬁarized
'by_sité in Appendices IX go XI. Tabie 13 displays the following .
information for each site: parent matérial, habitat type and associ-
ated yield capability.

Habitat types are generally consistent within the three groups of

parent materials. The ABLA/CLUN/CLUN (Abies lasiocarpa/Clintonia

uniflora/Clintonia uniflora) habitat type represents the high yield

capacity class for which productivity ranges from 85 to 102'ft3/a/yr.
Pfister, et al. (1977) state that this habitat type is extensive in
northwestern Mbgtana. The othe; two habitaf types represent the modef;
ate yield capabilit§ class which has a productivity range from 50 to

85 ft3/a/yr. The PSME/LIBO/SYAL (Pseudotsuga menziesii/Linnaéa

borealis/Symphoricarpos albus) habitat type is a major habitat type in

northwestern, west—central and central Montana while the ABLA/LIBO/XETE

(Abies laciocarpa/Linnea borealis/Xefophyllum tenax) habitaﬁvtype is
found only in the vicinities of the Flathead, Lolo and Bitterroot
National Forests.

The Tertiary Volcanic-derived sediments and 1ime$tone or quarFéite—

derived glacial tills of Cullen (1981), both support moderate yield


















































































































































































































































































































































































