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Abstract:

Lack of suitable native soil for covering waste dumps poses a critical reclamation problem at the
Berkeley Complex in Butte, Montana. The purpose of this study was therefore to determine the
capabilities of alluvial overburden materials for use as a coversoil.

A greenhouse study used wheat as a growth indicator to evaluate manure and lime amendment levels
on three alluvium sources. The alluvium was intensively sampled and analyzed in the laboratory to
characterize its physical and chemical properties. Further greenhouse study assessed the response to the
stress of crust formation of cicer milkvetch, thickspike wheatgrass, sheep fescue, and slender
wheatgrass grown in an alluvium control or alluvium treated with manure, hay, or crimped straw. Field
observation identified a surface crusting problem in alluvial materials applied to a dump slope. A
scanning electron microscope was utilized to determine the mechanisms of crust formation.

Results indicated that alluvium from the east rim of the Berkeley Pit was the best plant growth medium
evaluated. Added lime was not of significant benefit. Manure mixed with alluvium at a 1:4 volumetric
ratio provided the greatest increase in wheat yields. Moisture contents high enough to insure plant
germination within the alluvium reduced crust strength below levels inhibitory to plant emergence,
except for species with small seeds such as sheep fescue. Crusting problems were shown to be a
physical phenomenon caused by grain packing and clay adhesion within the sand fraction. Low
percentages of expanding clays limit the tendency for cracks to develop in the crust. Organic matter
addition decreases crust strength by aiding formation of stable soil aggregates and decreasing clay
adhesion in the sand fraction.

Berkeley Pit alluvium can be used as a coversoil with a good suitability classification for pH, electrical
conductivity, texture, and sodium adsorption ratio. Rock fragment percentage is easily estimated in the
field and should be used as a selection criterion for the alluvium, with <35% rock fragment content
providing for coversoil with at least a fair suitability classification. Levels of selenium, arsenic,
mercury, nickel, lead, and cadmium in the alluvium did not exceed suspected toxic levels. Copper,
manganese, and zinc levels were elevated in the alluvium, but localized toxicities to plants can be
ameliorated by liming, addition of organic matter, or fertilization.



STATEMENT OF PERMISSION TO COPY

In prgéénting this thééis in partial fulfillment of the reqﬁife- .
menté for an advanced degree.at Montaﬁé Sfate University, I agree that
‘the-Library shall ﬁake it freely available for inspection. I further
:agree that permission for extensive copying of this thesis for schol-

arly purposeé may be granted by my major professor, or, in his

absence, by the Director of Libraries. It is understood that any

.. copying .or publication in this thesis for financial gain shall not be

allowed without my written permission.




INVESTIGATION OF SELECTED.BERKELEY PIT OVERBURDEN AS A

MEDIUM FOR PLANT GROWTH
by
Fred Elmer Parady III

A thesis submitted in partial fulfillment
of the requirements for the degree

of‘
MASTER OF SCIENCE
in

_ Land. Rehabilitation
Approved:

Chairman, Graduate Committee

flead, Majog7nepar Tjﬁy

Graduate Dean .

MONTANA STATE UNIVERSITY
) Bozeman, Montana

May, 1981




iii
ACKNOWLEDGEMENTS

I wish to express éppreciation.to the Anaconda ‘Copper Company for

dgvéloping and funding this project. Special.thanks are due Roger

.Gordon, Senior Reclamétionist at Butte Operations, for his optimism
during innumerable difficulties; to John C. Spindler, now with Ana-

conda Copper in Denver, for obtaining the project's authorization; to

Dr. Brian W. Sindelar for his editorial expertise; flexibility, and
encouragement; to Dr. William M. Schafer for many great ideas; £o
I. Bernard Jensen for souﬁd practical ad&ice; and'to_kon Thorson for
statistical analysis.”

Fiﬁaily and mést of all, to my wife, Anne, for'accep;ipg another

two years as a student's wife.




iv

TABLE OF CONTENTS

Vita . .

Acknowledgements .

Table of Contents

List of Tables .

List of Figures

Introduction .

Literature Review .
Use of Overburden As Cover3011
Depths of Cover8011 .
Soil Crusting . . .
Mulches and 8011 Amendments .

Heavy Metals As Environmental Contamlnants

Alluvium Characterization
Study Site Description
Methods and’ Procedures R
Results and Discussiom . . . . . . . . .
Summary and Conclusions .

Amendment Levels . . . . . .
Methods and Procedures
Results and Discussion
Summary -and Conclusions .

Mechanisms of Crust Formation
Methods and Procedures
Results and Discussion
Summary and Conclusions .

Effects of Crust Formation .
Methods and Procedures
Results and Discussion

, Summary and Conclusions .
Summary and Conclusions
Literature Cited:




Table

Table

Table

Table

Table

Table

Table

Table

‘ Table

Table

Table.

Table

_Table

Table

10.

11.

12.

13.

14.

LIST OF TABLES

Dominants in the climax vegetasion of a silty range
site in-the 380 to 480 mm precipitation zone .

Statistical énalysis of selected parameters' .

Selected criteria for rating materials” for use
as coversoil .

Comparison of DTPA extractable levels of copper,
manganese, and zinc in agricultural soils and
Berkeley Pit alluv1um with suspected toxic levels:
in Montana .

Statistical summary of copper, zinc, and manganese
values by source, extract, and pH

Range of values for copper W1th1n four drill holes .
Descriptioﬁ of alluvial sources

Summarized results of chem1ca1 analysis of alluV1a1

materlals

Lime requirement in kg/ha

Production means by alluv1um type and manure level
measured as grams per pot of aerial blomass

Production means by alluvium type and lime level
measured as grams per pot of aerial biomass

Germination from equal number of seeds of sheep

‘fescue under varying treatments

Gravimetric moisture content at mortality for four
species by treatment (measured in percent)

Aerial Biomass productlon means by spec1es and treat- )
"ment measured as m1111grams per. seedllng .

24

33

34

38

39

41

. 43

45

46

47

48

59

60

61




vi

Table 15. Comparlson of pocket and Procter penetrometer test
-results (in bars)

62




Figure
Figure
" Figure

Figure

Figure 5.

Figure

Figure

Figure:

Figure

Figure

10.

vii

LIST OF FIGURES

Aerial photograph of the Berkeléy Complex. .
Typical wdste' dump at the Berkeley Complex

Isopacﬁ“map showing depths of alluvial materials

f

. Alluvium sample'locationé'.

Locations of drill hole samples .

.Relatidnship between lime requirement
and pH for Berkeley Pit alluvium

Surface saﬁple photographed at’ 800 x

 Sufface, middle,_ahd-bottom of a 7 ‘em thick .

crust photographed at 200 x .

Soil control, alluvium Eontrﬁl, and incorporated
hay, 'manure, and crimped straw treated trays.

Relétipnship between crust strength and moisture
content .

. 27
. 29

. 30

. 36

. 52
. 54
. 56

. 64




viii

ABSTRACT

" Lack of suitable native soil for covering waste dumps poses a
critical reclamation problem at the Berkeley Complex in Butte, '
Montana. The purpose of this study was therefore to determine the
capabilities of alluvial overburden materials for use as a coversoil.
A greenhouse study used wheat as a growth indicator to evaluate manure -
and lime amendment levels on three alluvium sources. The alluvium was
intensively sampled and analyzed in the laboratory to characterize its
physical and chemical properties. Further greenhouse study assessed
the response to the stress of .crust formation of cicer milkvetch,

- thickspike wheatgrass, sheep fescue, and slender wheatgrass grown in
an alluvium control or alluvium treated with manure, hay, or crimped
straw. Field observation identified a surface crusting problem in
alluvial materials applied to a dump slope. A scanning electron
- microscope was utilized to determlne the mechanisms of crust forma- .
tion. : , .
Results indicated that alluvium from the east rim of the Berkeley
Pit was the best plant growth medium evaluated. Added lime was not of
significant -benefit. Manure mixed with alluvium at a 1:4 volumetric
ratio provided the- greatest increase .in wheat yields. Moisture con-
tents high enough to insure plant germination within the alluvium re-
duced crust strength below levels inhibitory to plant emergence, ex-
cept for species with small seeds such as sheep-fescue. Crusting
problems were shown to be a physical phenomenon caused by grain
packing and clay adhesion within the sand fraction. Low percentages
of expanding clays limit the tendency for cracks to develop in the
crust. Organic matter addition decreases crust strength by aiding
formation of stable soil aggregates and decreasing clay adhesion in
the sand fraction. _ ‘

Berkeley Pit alluvium can be used as a coversoil with a good
suitability classification for pH, electrical conductivity, texture,
and sodium adsorption ratio. Rock fragment percentage is easily es-
timated in the field and should be used as a selection criterion for
the alluvium, with < 35% rock fragment content providing for coversoil
with at least a fair suitability classification. Levels of selenium,
arsenic, mercury, nickel, lead, and cadmium in the alluvium did not
exceed suspected toxic levels. Copper, manganese, and zinc levels
- were elevated in the alluvium, but localized toxicities to-plants
. can be ameliorated by liming, addition of organic matter, or
fert111zat10n




- INTRODUCTION

Intens1ve mining in the Butte area began with the d1scovery of
gold in 1864 (Smlth 1953). The - Berkeley Pit opened in 1955 and now
:uses large scale truck and shovel operatlons to mine. low grade copper
ore. -The m1n1ng 51te presently known as the Berkeley Complex, occu-
. pies approximately 3250 ha in the northeast corner of the Summit-
Valley (Figure_l):l | | | ‘

’ Lack of suitable‘native soil for coverlng'waste dumps poses a
critical reclamatlon problem at the Berkeley Complex Undisturbed
_soils in the area are qu1te shallow, rang1ng from 25 to 100 cm "deep
(Boettcher, 1970)." The area has been highly disturbed by mining ac-
tivity, decreasing the limited quantities ot native.soil_ayailable for
salvage Construction of'mine Waste.dumps hasﬁincreased land surface_
area, causlng a concomlttant 1ncrease in the need for . cover301l ma—
ter1als Covers01l is def1ned as any materlal used on f1na1 recla-
mation surfaces-as a plant growth media (Schafer, 1979). Waste dumps'
contain a yarlety of mater1als (Flgure 2), 1nclud1ng ore mlxed with
waste materlals Further, geologlcal,materlals overlyrng mlneral ore
"deposits.frequently contain lom concentratlonsIof-dissemlnated pyritlcf
m1nerals Pyr1t1c m1nerals ox1dlze upon exposure to a1r and’ water,'
ac1d1fy1ng the spo11 mater1als and potent1ally solublllzlng tox1c S
g quantities. of heavy metals (Sorensen et al 1980). 'Heterogenelty of‘

the coarse mater1als at the dump-surface and the-presence of pyritic




% BERKELEY PIT EAST RIM
§A-A BERKELEY SHOPS ACCESS ROAD
O-—0 PROPOSED SOUTHEAST BERKELEY RAMP

Figure 1. Aerial photograph of the Berkeley Complex.




Figure 2. Typical waste dump at the Berkeley Complex.




minerals necessitates the burial of these materials with an acceptable
depth of suitable coversoil.

_ Soil physically supports plants‘while providing the water and

-nutrient reservoirs necessary for growth.(Brady, 1974). Selecting

overburden méterials for ‘use as'coyersoii thus requires evaluation of
the range §f physical and chemical propérties knoﬁn to affect plant
growth. Since plant communifies ;eflect‘the range of étresses préseﬁt
in the environment over time, the material selected should aEcommodate
the vegetation envisioned féf the post mining land use. Field tgials
are needed to demonstrate the ability of the coversoil to support
plant communities over time and over the range of natural stresses.

A substantial deposit of alluvial materials covers a large por-

tion of the Berkeley Complex. These materials offer promise for use

as a coversoil and will be made availablé'by the eastward expansion of

the Berkeley Pit. Ho%éver, field observation identified a surface
crusting problem in alluvial materials placed on a dump slope. The
purpose of this'stqu was to determine-the_cafabilities of alluvial
ovérburden materials for use as coversoil on areas which must Be re-
elaimed in accordance'with reclamation plaﬁs abproved by the Montana

Department of State Lands.




Specific'project_objectiées include:
_ll ,Characteriéation_of the chemical apd physical properiies of
| the alluvial material. |
2. Determinatibn of élant respoﬁée'to amendment treatments for
eﬁhancing allu&iai'suitabiiity for use as a coversoil.
3. Idenfificétion‘of crust formation mechanisms.
4.i. Determination of plant response to the stresg of crust for-

mation.




LITERATURE REVIEW .

“Use Of Overburden As Coversoil

The single most important factor in successful reclamation is the
nature of thé méterial left a£ the surface following mining {(McCormack,
©1976). . Sbecies seeded on mined land face an environment of interre-
‘lated 1imi£ing'fac£ors or étresses, inciuding drought; low nutrient .
availability, accelerafed erosion, extremes of temperature, and éom—
petition (Sindelar and'Plantenberg, 1980) .  Where the amount of top-
éoil'is limited, as in areas mined in the past when topsoil salvage’
was infrequent,'én adequate depth of to?ersoil éan potentially be pro-
vided by mixing available topéoil with selected spoil material
(Schuman and Taylor, 1978). Use of selected.overburden matepials as
coversoil has received little-investigation,lalthough studies of a
variety of overburden materials ;nd‘abandoned spoils have béen re-
ported.

Extensive evaluétiqns of plént.succeésion and soil genesis have
been conducted on a range of 1 to 50 year old coal mine spoils. in |
southéastérniMénpana. Schafer et ;lﬂ (1979) repbrted that three ;o
fou; years were réquifed before rodt.systems and levels.of mic;o;
biological activity in minesgi;s resembled those in native soils; that
only 50 years were requiféd'for organic matter content and étfuctﬁre
"of minesoilé to attain levels common in the.toﬁ 5 cm ofAna£ive spils;

and that as long as SOOHYearstay be necessary before organic matter




content and structure of deeper layers: resemble natural soils.

Although minespils are different from native. soils, the sﬁudy pointed

out that they are not necessarily infériQr. The authors of the study
concluded that due to limited water availability in thé arid. West,
mineéoils shou;a'be selected for high water-holdiné capacity. 'Study
of plant succession on coal mine spoils abandoned-in_1928 and 1930
feve#led spoil texture to be a major factor.affecging rate of suc-
cession. Highly adﬁanced communities occurred on spoil higher in siit
and clay and less advénced.communities were found on.spdil ver§ high-
in sand content (Sindelar>and_flantenberg, 1979)-. |
Greenhouse studies in Arizona using forage species grown in coal
mine spoils and native soilg indicated that the spoil material had a
lower fertility level. Spoils and native soils had neariy equal
yields of alfalfa, bariey, and wheat when opgimum soil moisturg and,

plant nutrients were supplied (Day et al., 1979a). A national ques-

tionnaire found corn yields on mine soils to be 4 to 90 percent less

than on adjacent native soils, varying with topsoil applications.and
special trea£ments.of reclaimed areas (Nielson and Miller, 1980).
Study of an open pit uraniu& mine in New Mexico correlated the degree
of plant establishmént on spéils abandonéd between .5 and 20 years,
finding that favoféble.pﬁ, electricgl coﬁdﬁctivity, ;nd soil texture

were closely related to successful vegetation qstablishment (Reynolds
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et-al., 1978)f Investigatioﬁ.of the'reclaﬁation potentiallof over-
burden materiéls f:ém the Fruitland forma;ion in New Mexico concluded
that high sodicity andlsalinity'levels, along with low phosphorous
contghig and'ﬁossiﬁle boron problems, would‘preclude use of overburdén
materials as coversoil without significant-amendmeqts (Gould et al.,.
1976). A study of the revegetation potential of acia mine wastes ‘in

northeastern California defined low pH as the factor mosf'inhibitory

"to revegetation, and suggested liming and surface mulch would be

necessary for the establishment oﬁ sgeded grasses and legumes (Butter-
field ‘and Tueller, 1980).

Field experiments in Colorado demonstrated that leached, proc-

essed oil shale, mulched with peat and sawdust and then fertiiized,

provided an excellent growth medium for tall wheatgrass (Agropyron

elongatum) and Ruséian'wildrye (Elymus junceus) (Schaal, 1973). How-

ever, a subsequent study fecommended 4 minimum of 30 cm of soil be .

flaced over the shale due to resalinization foilowing_leaching

(Harbert and Berg, 1978).

Depths of Coversoil

Coversoilé should provide a root zone deep enough to support the
post-mining plant community, and the root zone should be free of in-

imical zones and physical barriers to growth (Schafer et al., 1979).




In general, roots decrease in size and abundance with depth (White and

" Lewis, 1969).' However, Singh and Coleman (1974) found root growth

below 40 cm was most fapid early in the growing:season and postulated
ﬁhat growth of deep roots was important for utilization of soil water.
Weaver and Darland (1949) noted that many roots extended more than a

foot below the solum into the parent material. Coupland and Johnson

- (1964) pointed out.that differences in distribution of roots with

depth were significant in determining the competitive ability of each

species and in explaining species distribution in relation to climate

" and microclimate.’

In an exhaustive_stﬁdy.of rooting depths on prairie grasslands,
Weaver (1958) used the trench method to identify maximum rooting depth
of a variety of grasses. Roots of needlegrass-(StiEa spartea), buffa-

lo grass (Buchloe dactyloides), and western wheatgrass (Agropyron

smithii) reached depths of 2 m. Big bluestem (Andropogon gerafdii)

roots attained depths of 4 m. Green needlegrass (Stipa viridula) and

Canada wildrye (Elymué canadensis) were shallow rooted, with roots.
penetrating to only'1 m. The author concluded that for each of the

dozen grasses studied (except Junegraés, Koeleria cristata), all at-

tained root depths of at least 1.2 m in the variety of soil types

~ which were examined. Albertson (1937) found similar rooting depths

for western wheatgrass and Canada wildfye in Kansas.
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Sturges (1977) studied Big sagebrush (Artemisia tridgntaté) root-
ing patterns in southcentral Wyoming. He concluded that the primary
water reservoir for an individual plant exfends'91 cm laterally from
thevtrunk and.91.cm deep. Moisture usé zones shifted outward and
downward as thé season progressed. Maximum root.penetration was 1.8
m. Roots at one site extended less than 1.5 m deep, reflecting limit-
ed wa£er supplies and rocky substrata.

A North Dakota study of crop and native grass yields concluded

- that 75 to 100 cm of coversoil placed over unsuitable overburden was

required to reconstruct productive minesoils.(Agriéultural Research
Service, 1977). Further.study of wheat, alfalfa, crested whea;grass,
and native warm season gfasées yields on a wedge of topsoil and sub-
soil of varying depths concluded that all crops studied fesponded to
increasea soil thickness up to a total of 75 to 120 cm (Power et al.,
1981). All crops extracted water from £he spoil below the'replaced
coversoil in this study. - A

Standard soil profile description, root biomass, and radioactive
tracer techniques were used to characterize root distribution in'al
study near Colstrip, Montana (Wyatt et al., 1980). One purpose was to
determine required deéths‘for burial of toxic overburdén material
based on maximum rooting depth. Rodtihg depthsion old spoil, new -

spoil, and native soil. were compéred.' Results from all methods

Ll
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indicated old'sﬁoil.had more roots below 100 cm, a difference attrib-

‘'uted to an overstory dominated by deeper.rooting half shrubs on the

old spoil.  Root biomass in the ‘upper 100'cm'of‘new-spoii was 40%
less than in old spoii or native soils, due to the relatively short
time the new spoils had been vegetated. Maximum rooting depth was

measured for 15 speciés, with tall wheatgrass (Agropyron elongatum)

and needleandthread (Stipa comata) both having the deepest roots at
183 ¢m. Roots below 76 cm comprised 5% or less of total root Eiomass,
but these deep roots were extremely important for water uptake and

plant growth late in the.growing season. A minimum of 2-m of non-

toxic add non-compacted material was therefore recommended for a post

mining root zone.

Soil Crusting

Studies of crustiné problems haye deal£ with soils rathér than
overburden mate;iéls. Crust formation in overburden materials may
influence seed germinafion,,emérgencé, and chemical and-thSical proc-
esses in the saﬁe manner as soil crusts.

Although sﬁndy mgterials do not tyfically form crusts (Ferry and
Olsen, 1975),'érusting of ﬁaterialé low in orgaﬁic matﬁer has been
observed (Ahmad and'Réblin, 1971). Iq Queenslana, Australia, sandy

alluvial soils are low in organic matter due to continuous cropping
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' and conseouently'have-poor soil'structure. Soil particles slaked
upon wetting, forming ajnon;aggregated'iayer resulting in a strong
crust upon drYing; with‘the~degree of crust.development dependiné upon

“rainfall 1nten51ty and total precipitation (Gunton and Kerr, 1972) |
Short 1ntense rains on a sandy loam 5011 in Cal1forn1a caused crusts
up to 7 cm thick upon drying (Timm et al., 1971). 1Ibanga et al.
(1980) reported that fn soils with egual amounts of clay, those with
the highest amounts'of sand formed the hardest crusts harge parti-
cles of a- sand m1xture have a low total surface area and therefore
less clay 1slnecessary to bind the sand grains into a hard aggregate

:'Edwards~(1977) noted that crust1ng was most_severe'on'trlled soils

.1ack1ng protective vegetatlve cover. | |

A primary response of the soil surface to 1ntense ‘rainfall is the
formatlon ‘of a crust through the consolldatlon of surface oartlcles

(Farres, 1978).- McIntyre (1958) suggested two‘mechanlsms involved -in
crust formation: washlng-ln of f1ne particles and compactlon of the
‘'surface by ra1ndrop 1mpact Radiant energy is also highly significant .’
in developlng crust strength (Goyal et al. 1979) . Crust formation'

‘may thus be caused by raindrop impact and subsequent drning tEpstein,'
-and Grant 1973). | | | |

Holder and Brown (1974); work1ng w1th a loam textured s011 found

3an-1nverse relatlonshlp between mechanical 1@pedance and soil water
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content of the crust between 2.8 and 20%. .Ma#imum impedance was found
in a narrow raﬁge of 2.2 to'2.8% soil water, aﬁd crust strength in-
‘creased igitially as the soil dried and then déclined as surface
cracking increased. Busch ‘et al. (1973) repofted that irrigaﬁion may
weaken a crus£,:and that lower sprinkler application rates prodﬁcéd a
consistently weaker crust strength.

Surface crﬁsts in soils may reduce infiltration and increase run-

off (Duley, 1939). Crusts. can also decrease gaseous diffusion (Ahmad

and Roblin, 1971). The effect of ﬁhése changes is . to inhibit seedling‘

germination and emefgence (Evans and Buol, 1968). Crusts can.also
cause loss of seedlings due to heat girdling (Arndt, 1965).
A modulus of rupture test has been the standard method for meas-

uremeﬁt of soil crust strength (Allison, 1923; Carnes; 1934; Richards,

_1953). The modulus of rﬁpture is an intrinsic physical property which

is expressed in standard units independent of method of measuréement .

- The method has been modified so that briquet preparation simulates-

seedbed preparation and wetting and drying cycles under field condi-
tions (Rao and--Bhardwaj, 1976). Arndt (1965) has éorrectly noted

that proof of a causal relationship between modulus of rupture and

seedling emergeﬁce has not been established. 'The'prbblems in applying

laboratory results from this technique to field practices have also

been analyzed (Lemos and tutz, 1957). Arndt (1965)‘déveloped a
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technique for direct measurement of mechanical impedance. A compari-
son of the modulus'of_ruptﬁre test with the Fishing Line method and
the Shear Vane penetrometer showed good correlation between methods
but only .6 correlation with turnip seedling emergence (Page and Hole,
1977). |

Scanning electron microscopy has been used to énalyze cruéts
(Chen etlal., 1980). Thé scanning eléctron.microscope_utiiizes an
electron probe synchronized with a cathode ray.tube and is well adapt-
ed.to surﬁace examination of méterials, with advantages in minimum
sample preparation and changes in magnification nét necessitaping
changes in focus (Kimoto and Russ, 1969).

Seedling. emergence through crusts is affected by seed size and
weight, soil and crust water content, soil temperature and cumulative
degree days (Edwards, '1977). Hadas and Stibbe (1977) reported that
the deeper a seed is placed, the harder the soil‘crust will be when
reached by the coleoptile. Morton aﬁd Buchele (1960) demonstrated
that the energy necessary for emergence, as measured by a mechaniéal
seedling, increasea directly with seedling diameter. Emergent force
is also directly correlated with seed weight of selected forage seed-
lings (Jensen et al., 1972). Previous studies indicatgd.ﬁhat small

"seeded legumes experience aifficulty in emergence‘(Williams, 1956).

, ! )
Williams (1956) -reported the emergence force of small seeded legumes
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"to be closely correlated to seed weight. Frelich et al. (1973) showed

decreasing seedling emergence with increasing soil crust strength for

six -grass species; tall fescue (Festuca arundinacea) had the smallest

segds and lowest emergence'through all crusts. A curvilinear rela-
tionshiplbetween seedling.emergénce of wheat, guar, and grain sorghum
and crust hardness was demonstrated by Taylor (1962). A special
transducer was used to measure seedling emergence force of a Variéty

of plants, including corn and tall wheatgrass, with a positive corre-

‘lation shown between seed size and emergence force (Gifford and Thraﬁ,

1969). Research with whegt showed that crust strength limited seed-
ling émergence‘at the ‘lower end of the available moisture range, and
that the liﬁiting crust strength of 200 ta 500 millibars appeared to
decrea;e.as available moistufe decreaseq (Hanks and Thorp, 1956).
Bennet et ;1.-(1963) showed cotton seediiﬁg emergence to be negativeiy
correlated with crust stréngth and positiveiy co;rélated with moisture

content of the top 8 cm of soil.

Mulches and Soil Amendments
Mulches prétect soil by reducing wind velocity, shielding it from 

raindrép impact, retarding Qatgr flow énd soil movement by'acting'ag a

trap, and by increasing water infiltration; at the same time mulches

may enhance seedling establishment by holding seed and fertilizer in
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piace, modifying. temperatures, ;etaining mﬁisture, and préQenting
crusting (Kay, 1978a). Kay aiso pointed.out the need for soil mulch
or seed.coverage to limit ggrmination before sﬁfficieptlmoisture is
preseﬂt'for continued growth.

Organic surface residues increase water infiltration rates, re-

duce evaporation rates, and reduce spring and summer soil tempera-

tures, with the combination of lower.temperétures and lower evapo-
ration rateé redﬁcing soil crugting (Black and Sgddoway, 1979).
Nearly any plaﬁt material residug can be-used as a mulch. An evalua-
tion of wild oat stfaﬁ showéd that ;traw was effective in reducing
splash, blocking sedimeﬁf movement, delaying rdnoff‘initiat%on, reduc-
ing total runoff loss, aﬁd reducing crustjformafion (Singer ana
Blackarﬁ, 1977). Greenhouse studies on coal mine sppil in Arizona
&emonstfated that a muich of Russian thiétle was as effective as bar-i
ley straw in reducing soil moisture loss (Day et al., 1979b5.

Jensen et al. (1971)'repprted the need to anchor organic mulches

to limit loss by wind or runoff. However, a comparison of crimped

straw and standing stubble at a uranium mine in the Shirley Basin of

Wyoming concluded that small -grain stubble gave longer lasting protec-.

tion because it was not susceptible to being blown out (Schuman et

al., 1980).
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Wheat straw mulch increased the percentage of stable ‘soil aggre=
gates over tﬁaf found in a bare.séil in a Colorado study (Smika and
Greb, 1975). The authors attributed this effect to aggregétion of
individual soil partiéles by a substance not present in bare soil.
One effect of mulch in reducing evaporation is due to the:decrease in
convective vapor loss froﬁ the soil surface, which hastens formation
of a dry'i;yer and reduces both liquid and vapor flow to the atmos-
phere (Papendick et al., 1973). | |

The amounp of mulch to.be applied varies with site erodability
(Kay, 1§78b) and the kind of mulch (Grib, 1967). Recommended appli;
cgtion rates range from one to four tons per acre (Meyer et al.,
1970), A study_conductéd on a silt loam soil concluded that mulch
appliéation rates of 1, 2, and 4 tons pe? acre maintained very high
infiltration rates resulting in esséntially no erosion (Mannering and
Meyer, 1963). |

Microclimate provided by mulch treatment was shown to be the
major, factor in determiﬂihg'plant suxvivél in a‘stﬁdy in Austfalia on

gradiehts steeper than 18° (32%) with limited topsoil (Reynolds and

.Lang, 1979). Total vegetation production and ground cover were deter-

mined primarily by topsoil application.
-Various éhemipal amendmgnts and plastic emulsions, such as poly-

vinyl alcohol, have been utilized in attempts to reduce crust stfength
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(Chaudhri et al., 1976). Page and Quick (1979) reported th;£ materi--
als investigated as soil conditioners (including polyvinyl alcohol)
suffer from high Qigcosity and low solubility, making spray applica-

tions difficult. Another limitation is the high cost of the chemicals

necessary to achieve the desired results (Moe et al., 1971).

Organic soil amendments have met with more success than chemical
amendments . in improvement of s0il crusts. Gauer et al. (1971) showed

favorable effects of organic materials such as manure on humic acid

" content, organic carbon, total nitrogen, and available nutrients.

Application of aﬁimai wastes is effective both’in providiﬁg nutriehts
and disposal of Qéste (Lund and Doss,.1980), A Nigerian study demon-
strated that a combinaﬁion df'NPK fertilization and cattle feedlot
manﬁfe applied to a subsoil caﬁséd equivalént dry matter yields for
the subsoil and topsoil (Aina and ﬁgolum, 1980). A étudy on clay
soils in Vermont showed that manure counteracted the effect of

ammonical-N fertilizer in lowering pH (Magdoff and Amadon, 1980).

Lund and Doss (1980) reported that manure application increased pH

through the addition of cations from the manure and the resultant_re4 '

moval of acid-forming constituents from the profile. They also re-

ported that large applications of manure increased the cation exchange

capacity of soils. ‘Annual application of 270 metric tons/ha for three

years caused a four-fold increase in CEC.
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Heavy Metals As Environmental Contaminants

‘Copper, zinc, and manganese are essential plant nutrients that
can also be phytotbxié at4excessive cnncentrations (Bidwell, 1974).
Understénding a heaﬁy'metalhtoxicity problem requires knowledge of
naturally occurring baseline concentrations, levels of the metal in
contaminated soils, critical levels in piant tissue, the reactions of
thg metal in the 'soil, and the phyéiologic effects of the metal in
'ﬂthe-plant. Potential rehabilitation methods dépend on these factors
.és well as interactions among metals. Heavy metal toxicity problems
are &ifficult to precisély define because of variation netween sites
-and the planté growing on tnem. In any toxicity situation, the re-
sponée-of vegetation will vafy with the degree of stress from other
factors and the plgnt's to}grance to that toxicity (Rosen et al.,
1978). | |
l Copper content in nat;ve soils is reported to range from 2 to 100
ppm (Tisdale and Neison, 1975)1 éoils within 1 mile of a copper
smelter'infsuperior% Arizona averaged 5000 ppm copper at the surface
(Qannon.and Anderson, 1971); The upper critical level, which is the
minimum concentrntion in activély growing tissue‘that reduces yiélds,
is 20 ppm coppér in barley (Davis et al., 1978). The amount of.ex-
changeablencopbgr‘witnin the soil decreases nith increésing pH

(Tisdale and Nelson, 1975). . Copper is a constituent of a mnumber of

/
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proteins, including cytochrome oxidasg fPrice et.al., 1972). Ex-
cessive amounts of copper in the piant depresses iron activity aﬁd may
~ cause iron deficiency'symptoms to appeér in.plants (Tisdale and
Nelson, 1975). .

Organic-mattef complexes witﬁ coppe¥,_in séme cases tightly -
énough to restrict its availability-to plants (Lee, 1950).. Thus, or-
ganic matter additions may possibly.have a role in redhcing locally
“high level; of copper. Liming to increase the pH of an acid soil may
also be an effective means of limiting copper avai1abi1ity‘to plants

(Luéas and Knezek, 1972). Copper deficiencies are more fréquent in
sandy soils than medium and fine textured soils (Russell, 1973).

Zinc content éf ﬁormal soils ranges from 10 to 300 ppm (Rosen ét
al., 1978).  Zinc cbnteﬁt of the upper 3 cm of soils within 900 m of
zinc smelters in Japan, Poland and England ranged up to 12,200 ppm,
with appreciable downward movement 6bSérved (National Academy of
Scienées,'1979). The'ﬁfper critical level is 290 ppm zinc for barley
(Davis et al., 1978). The distribution of zinc betwéeq oxidation
states or mineral forms is ihfluenced by soil pH and redox potentiai.
Zinc solubilized by low pH aﬁd fgducing coﬁditions is associated with
the exchangeable and organic fractions of thg soil (Sims and Patrick,
1978). Cofn g;bwn ;n soils hithin zinc exhibited severe chlorosis

and stunting. High zinc levels interfered with chlorophyll
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metabolism, possibly through zinc competition with iron for a parti-

- cular site on a chlorophyll biosynthetic enzyme (Rosen et al., 1978).

Zinc deficiencies have been reported in éoils that have received
frequent or heavy phosphorous applications (Paulsen and Rotimi, 1968).

Reduction in zinc adéorption-with increasing phosphorous levels is

apparentiy due to the formation of soluble zinc-phosphorous compounds,’

with the highest reduction in adsofptiqn occurring in the soil with -
the lowest carbonate content (Saeed, 1977). Phosphorous could there-
fore be used to alleviate zinc toxicities in soils with high zinc

levels. The solubility of zinc.decreases with increasing pH, .so lime

. is a poténtial amendment to alleviate zinc toxicities (Saeed, 1977).

Iron and manganese both cause depressed zinc absorption by roots and
translocation in soybeans (Reddy et al., 1978). The suggested mech-
anism was competition by iron and manganese for absorption sites.

Total manganese content of most soils is reported to range from

200 to 3000 ppm (Swaine, 1960). Manganese exists in soil in three

valence states, with the exchangeable divalent ioﬁ taken up by plants
favored by a pﬁ below 6.5 (Tisdale.and Nelson, 1975). Manganese is a
nonspecifig activator for a number of enzymés (Prige et al.; 1972).
High levels of organic matter are known to depress levels of exchange-
able manganese (Murphy and Walsh, 19725. Therefore, applicatibn of

organic matter may alleviate local:tokicity problems. Liming of an
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acid sBil also decreases the amount of manganese a crop will. take up

(Chambers and Gérdher, 1951).




ALLUVIUM CHARACTERIZATION

Study Site Description

The Berkeley Complex lies next to the Continental Divide at an
elevation éf 1750 to 2000 m.‘,Two-thirds of the 290 mm annual precipi-
tation recorded‘at'ihe Butte airport féllsiduring the growing season
(National Oceanic and Atmospheric Administratign, 1977)( Precipi-
tation at the Berkeley Comflex is probably higher due to its higﬁer
elevation. The frost free period averages sixty days, ranging from
forty to ninety days. | |

Ross and Hunter (1976) described the.climax veéetation éf.
Montana. They ciassified_the Summit Valley Floor as a silty range
site (indicating soilénmore than 50 cm deep of fine sandy loam, loam,
or silt loam in téxture) receiving 380 to 480 mm of annual precipi-
tation. The species expected on a climax site in this area'are listed
in Table 1 in order of decreasing dominance (adgpted from Roés and
Hunter, 1976). The moderately to very.steep mountain slopes of the

East Ridge would support subalpine fir (Abies lasiocarpa) and douglas-

fir (Pseudotsiga menziesii). Douglaé-fir climgx forests would occur
at elevations of 1,830 to 1,980 m on south and west facing slopes.
The present vegetation of.the Summit Vailéy does not approach
climax due to historic overgrazing (especially from large numbers of
horses associated with mining prior to the turn of the century), tim-

bering activities, and damage from at least eleven different smelters
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Table 1. Dominants in the climax veg?tation of a silty range site in
the 380 to 480 mm precipitation zone.

Scientific Name Common Name Category
Festuca scabrella rough fescue decreaser
Festuca idahoensis Idaho fescue increaser
Agropyron spicatum bluebunch wheatgrass decreaser
Stipa columbiana Columbia needlegrass decreaser
Elymus cinereus basin wildrye decreaser
Hesperochloa kingii spike fescue decreaser
Danthonia parryi Parry danthonia decreaser
Agropyron trachycaulum slender wheatgrass decreaser
Lupine spp. lupine increaser
Geranium viscossisimum sticky geranium decreaser
Balsamorhiza sagittata arrowleaf balsamroot increaser
Geum triflorum prairiesmoke decreaser
Artemisia tridentata big sagebrush increaser
Delphinium occidentale tall larkspur decreaser
Koeleria cristata prairie junegrass increaser
Danthonia intermedia timber danthonia increaser
Poa ampla big bluegrass decreaser

1Adapted from Ross ‘and Hunter, 1976.
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(Montana Department of State Lands, 1975). Two vegetation types cur-
rently .dominate the Be;kele& Complex. The rubber rabbitbrush

(Chrysothamnus nauseosué)/grassland type is in poor range condition,

with bluegfass (Poa spp.), slender wheatgrass (Agropyron ﬁrechg-

caulum), tufted hairgrass (Deschampsia caespitosa), and rough bent-

grass -(Agrostis scabra) being the dominant grasses (ECON INC.; 1980).

The forest type is domlnated either by 1odgepole pine (Plnus contorta)

or aspen (Populus tremuloldes) and is in fair range condltlon (ECON

- INC., 1980).

-Soils of the Benkeley.Complek are yenthfnl soils deﬁeloped from
.alluviél'and collu#iélAmqterials'(Mosbien andiNoel, 1981)'derived‘fr6n
granitic Boulder Bath&lith pérenf meterialé}“Veseth and Monbegnef
(l980)‘described.thnee tentative seil'series on a'lahdscape”setting df.'
the Boulder batholithjSonbh of Helena.' The Comad'series‘is eAséndy-A
.sbelebal; mixed, Alfic Cryochrept formed in coarse reéidnum, collu- -
vium, or glaeiai till on eteep mountain slepes at elevétions of 1,525
to 1,980 m (5,000 bor6,500 ftb); charaetefiged by high coarse fragmenb
.'conten£,(60—80%) nith a sand or loamy §ann texture in tbe < Z‘mm-frac;

.tion. ‘The Woodgulch series is a sandy, mixed, Dystric Eutrochrepf

‘formed in coarse re51duum and colluv1um on moderately steep slopes at - . -

1 370 to 1, 675 m (4 500 to 5, 500 ft. ), characterized by 5- 30% angular )

“granlte pebbles and .a sand- to loamy sand f1ne fractlon texture fThe
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Baxendale serles is a coarse*loamy, mixed Typic.Haploboroll forned in
residuum and alluuium'on gently to steeply.sloping foothills and
alluvial fans at elevations of 1 370-1 525 m (4,500 to 5, OdO'ft ),
characterlzed by 5 to 35% coarse fragment content and 5 to 10% clay
content in the B hor1zon

' Alluv1um blankets bedrock as the topographlc surface leaves Butte
~H111 and plunges to the anc1ent Silver Bow Creek valley floor The
deepest alluv1um lies 1n the area: southeast of the Berkeley P1t (Fig-
ure 3). Parent mater1a1 of’ the alluv1um is med1um to coarse gra1ned
granltlé)quartz monzon1te of the Boulder Bathollth (Alusow, 1978)
The alluv1um is pr1mar11y stream sed1mentary material. Alluv1al de-
p051ts and floodp1a1n sed1ments are depos1ted in one of two ways: over-
- bank sed1mentatron outsmde the'natural levee of the-r1ver channel and
' ehannel derived point or channel bar sediment.bars (DaVies and Leuin,:
'1974) Alluvial fans generally formlln.ar1d env1ronments at the base
of a mountain front where a steeper slope abruptly passes into a gen- .
tle slope.f Alluvial fans from adjacent drainages commonly coalesce.'
laterally into a.broad sloping plain or alluvial apron. Thick de-‘
posits of poorly sorted,"eoarse detrital sediments are often:produced»
in teotonicallp-active areas where the‘hountains are being eleVated
and the alluvial fans are sinking (Relneck and'Singh,l19755, as is thé:’

case in the Summit Valiey (Ratcliff;-1973). Three zones can be’
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distinguished.inialluvial fans, with the coarsest and thickest deposits

occurring near the fanhead or apex. The fanhead is dominated by
masses of unsorted coarse materigl from coiluvialrflow‘orzmud flow
(Hooke, 1967). Maximum grain size and sediment thickness decrease’

from the fanhead through the midfan to the base or outermost area of

-the fan (Blissenbach, 1954).

The depositional ‘environment of an alluvial “fan is complicated,
consisting of interstratified fluvial and mudflow sediments (Reineck
and Singh, 1975). . Sediments of alluvial fans are deposited under

oxidizing conditions and organic matter is consequently rare.

Sorensen et al. (1980) noted that geological materials overlying ore

deposits often contain low concentrations of finely disseminated py-
ritic minerals. ¥Field observation has confirmed the presence of dis-

seminated, pyrites in the alluvium.’

Methods and Procedures
A series of 86 alluvium samples was collected over a two. year

period. Sample locations are shown ianigure 4. Locations of ten

samples are not known because of collection on previously transported

fill materials. An .additiomal 39 sampleé were selected from drill

core and chip materials. - Recovery of alluvial materials was poor un-

til drilling mud was used (Golder Associates, 1980). Drill hole loca-

tions are presented in Figure 5.
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M47 - M49
STI6-2I

STI2-15

P26-29, P42-45
P30-32, P46-48
P34-4l, P49-56 %
ST I-1I

P1-25

Figure 4. Alluvium sample locations.
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MI-M20 @ M3l-M32
M2I-M27 A M33
M28-M29 O M34- M39
M30

Figure 5. Locations of drill hole samples.
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Sampies P1-P56 wéfe'taken from the east rim of the Berkeley Pit.
-Samples M1-M39 are from tﬁé drilling program. Samples ST1-ST20 were
taken from areas adjacent to the Berkeley Shop access'road. Samples
M4d;ﬂ59 are miscellaneous samples collectea'from a variety of areas.
Samples P1-P41, STlfSTZO, and M4§-M59 were anaiyzed by the-Environ-
':mental Engineering Laborétory of the Anaconda.Copper Company -in Butte.
Samples M1-M42 and P42-P56 were analyzed by Northern Testing LéboraJ
tories, Inc. in ﬁillings.

Samples were péssed through a 2 mm sieve and oven dried at 55°C
for 24 hours. An extract of a saturated paste was used for determina-
tion of calcium, ﬁagnesiuﬁ, and sodium, by'atomié absorption spectro-
scopy, and for electrical conductivity and pH analysis with the ap-
propriate probe (United States Salinity Laboratdry Staff, 1969). - A
Aneutral one normal amﬁonium aéetate extraction was used for atomic
absorption analysis for potassium (United Stétés Salinity Laborétory
Staff, 1969). Pérticle size analysis utilized a standérd hydrométer
technique (Day, 1965). Phosphorous was extracted with the so&ium.
bicarbonate method (Olsen and Dean, 1965).

Northern Testing Laboratories used a DTPA extraction (Follet and
Lindsay, 1971) brior to atpmic absorption qﬁalysis for. zinc, iron,
manganese, copper, cadmiuﬁ, lead, and nickel. Anaconda's laboratory

used a neutral one normal ammpnium acetate extraction prior to atomic
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absorption analysis for cépper (Fiskeli, 1965), zinc (Viéts_et al.;
1965), mang;nese (Adams, 1965), cadmium, and lead, as a measure of‘the
ayailability of the.heta; to plant roots.

Fifteen additionai samples were collected in March, 1981 and dr§
sieved for rock fragment percentage (Soil Comservation Service, 1967).
. Selenium content was determined by the gaseous hydride method

(fine, 1965) after.hqt water extraction; Mercury levels were detg%-
mined by atomic absorption spectroscopy cold vapor generation after' 
acid extraction of the sample (Hatch and Ott, 1968). Arsenic was
detérmined by atomic gbsorption spectroscopy of an acid extraction’

(Forehand et al., 1976).

Results and Dissgussion

A summary of results of analysis for properties where methodology
was uniform is presepted in Table 2. Schafer (1979) utilizgd a liter-
ature review to pfopose guidelines for-rating the suitability of top-

soil, subsoil, and overburden materials for use as coversoil material

. in stripmine reclamation. A summary of the€ relevant criteria for key

soil properties is presented in Table 3 (adapted from Schafér, 1979). .
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Table 2. Statistical Analysis of Selected Parameters.

Standard Number of

Property Mean Error Range Samples
Calcium (ppm) 933 99 66-4600 104
Magnesium (ppm) 218 25 4-2420 125
Sodium (ppm) 66 6 2-520 124
Clay (%) 13 .6 3-34 98
8ilt (%) 20 .8 8-46 98
Very Fine Sand (%) 8 3 1-18 57
Sand (%) 67 1.2 29-87 98
pH 6.0 1 | 31388l 125
Lime requirement (kg/ha) 3095 477 0-13,450 44
Electrical conductivity .82 .09 + 19%1.9 76

(mmhos/cm)
Cation exchange capacity 10.4 1.6 4-36 19

(meq/100g)
Potassium (ppm) 139 6 4-388 125
Phosphorous (ppm) 23 4 1-247 101
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Table 3. Selected criteria for rating materials for use as coversoil.

Factor Good* Fair** Poort
Texture class vigsl, sl 8] LEgsIs 0l 8,Cs8C81C
ail scl,sicl

Electrical < 4 4-8 > 8

conductivity

(mmhos/cm)
pH 5.6-7.8 4.,5-5.6, < 435,

7.8-8.4 > 8.4

Rock fragments (%) <. 15 15=35 > 35
Sodium Adsorption

Ratio (meg/%) 0-5 5-15 >15

*Good is ideal plant growth media.
**Fair is acceptable plant growth media.
tPoor should not be used or should be amended.

Farmer et al. (1976) reported good growth and root development of
grasses on spoils limed to a pH of 5.0; however, additional liming was
necessary to prevent reacidification. Plant growth is commonly re-
stricted by pH levels below 5.0 (Vlamis, 1952). Slightly over thirty
percent of the Berkeley Pit alluvium samples have a pH lower than the
5.6 needed to receive a good suitability rating. Only eight percent
fall into the poor category with a pH below 4.5. Only three percent
of the samples exceed the pH level of 7.8 necessary for a good rating,

and they are within the pH level of 8.4 required for a fair rating.
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Overall, the bulk of the material (with a mean pH of 6.0) received a
- good suitability classification for pH.

Lime requifemenﬁland pH exhibited significant correlation, as
expected. The curvé ;nd equation describing the relationship are
presented in Figure 6: The equation describiﬁg the relationship can
be used to predict lime requirement from PH for the Berkeley Pit allu-
vium. The standafd deviation of lime requirement predicted from pH
with this equationlis approximately 2000 kg/ha.

" For texture, 82% of the samples rated a good suitability'claési-
fication (sandy loam or loam) and the remaining 18% of the material
receives a fair classification (sandy clay loam or loamyisand) under
the guidelineé. Electrical conductivity of all samples was below 4
mmhos/cm, and all sodium adsorption ratios (SAR) were‘beloﬁ 5, iqdi-
cating a good suitability for these properties.

Eight samples taken from the éast rim of the Berkeley Pit had a
mean rock fragmenﬁ percentage of 24.4 (S.E. = 2.79); rating a fair
suitability clgssification. For three gémples taken from the vicinity
of the Berkeley Shops éccess'road, the mean rock fragment peréentage
was 42 (S.E. = 4.39), classifying in the upper end of the poor cate-
gory. For thrée samples taken from the area of the proposed southeast
Berkeley exﬁeﬁsion‘ramp, mean rock fragment percentage was 59.5 (S.E.

7.5), rating a poor suitability classification.
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Figure 6. Relationship between lime requirement and pH for Berkeley

Pit alluvium.
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None of the samples analyzed for selenium, mercury or arsenic
exceeded the suspected foxic levels estaBlished for these elements in
Montana (Dollhopf et al., 1977). Eleven samples exceeded the red flag

level for nickel of 1 ppm, but only 1 sample was over 2 ppm at 8.52

ppm. Only two samples exceeded the sﬁsbected toxic levels for lead of

10-20 ppm, those being 22.5 and 34.5 ppm. Finally, only two samples
exceeded the 1 ppm red flag level for cadmium, at 1.3 and 1.99 ppm.
The levels of copper, manganese, and zinc in Berkeley Pit allu-l

vium were not correlated with depth of sample, texture, or pH. The

presence of disseminated pyritic minerals throughout the alluvium de-

posit probably accounts for the variability in trace element levels
presented in Table 4. Uée of low grade ore or leach rock as road bed

material in the Berkeley Pit is a complicating factor. A statistical

.summary of analytical results for extractable trace elements in.the

Berkeley Pit alluvium and agricultural soils is presented in Tqble 5

with the recommended suspect levels for these elements in Montana.
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Table 4. Comparison of DTPA extractable levels of copper, manganese,
and zinc in agricultural soils and Berkeley Pit alluvium with sus-
pected toxic levels in Montana (ppm).

SuspectTd Agricultural Berkeley Pit
Toxic Soils Alluvium
Range Mean
Copper 40 14-3.68°, 1.2-192 = 44.0
1.06-19.30
Manganese 60 .6-39.52 1.1=322 100.9
0-78.5
Zinc 40 13=14,2% 2.7-110 30.7

iDollhopf et al., 1978.

Follet and Lindsay, 1970 (Colorado).
Gupa and MacKay, 1966 (eastern Canada).
Walker and Barber, 1960 (Indiana).




Table 5.

Statistical summary of copper, zinc, and manganese values
and pH (all values in ppm, except N = number of samples).

by source, extract,

5 Co;i);rfw‘ Zinc 4anganese
o 3 STD ) % STD : “STD

Source Extract pH X Error Range N X Error Range N X Error Kange N
Berkeley Pit Ammonium oy a7y o= i
East Rim acetate 5.5 43.6 9-3 .5-280 42 47.6 11.9 L4-462 42 26.8 10.6 -1=-371 41

DTPA 6.3 44.0 9.1 1.2-126 14 30.7 F1 2.7-108 14 100.9 11.4 15.6-176 14
Miscellaneous  Ammonium RS - 3

acetate S-1 57.4 10.1 3.0-127 17 77.9 23.3 .9-351 17 64.8 26.6 1.0-355 17

DTPA 6.2 45.5 7.3 1.7-192 42 30.2 4.3 3.8-110 42 321.9 15.9 7.1-332 42
Southeast Ammonium <l : L e
Berkeley Ramp acetate y 7.5 2.0 1.0-41 20 2.6 .6 .1-4.5 20 7 o2 1=3.0 20

6€
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0f the samples extracted with DTPA, 40% exceeded the suspect level
used in Montana for copper, 25% exceeded the level for 21nc, and 65% .

exceeded the 1eve1 for manganese. It should be noted that trace ele-

-ment levels are commonly elevated above ore deposits, providing the

basis for the procese of geobotanical.prospecting (Viktorov.et al.,
1964). |

In any tox;c1ty131tuat10n the response of vegetation will vary
with the degree of env1ronmental stress and the plant's tolerance to
that toxicity (Rosen et al., 1978). Local'toxicity situations which
may occur in tﬁe elluvium for copper, manganese, and zinc eould possi-
bly be alleviated by liming to raise soil éH and decrease metal avail-
ability (Lecas and Knezek, 1972; Saeed, 1977; Chambers aﬁd Gardner,
1951). Organic matter addit;ens may decrease copper and manganese
availability (Lee, 1950; Murphy and Walsﬁ, 1972); Increasing phos-
phorous 1eve1e through fertilization increases the formation of zinc-
phosphorous compouhds and may be a means to ameliorate a zinc toxicity
situation (Saeed, 1977).

A question exists as to whether the alluvium has been edequately
sampled to obtain a representative range of values. In the Fort Union
formation, drill holes placed 300'm or more apart yield né better
information than a single drill hole in each miﬁe area (Dollhopf et -

al., 1978).‘ Location of unsuitable overburden materials required
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.drill holes placed every .30 to 50 m (Dollhopf et al., 1978). A study

by the United States Geological Survey in Big Horn County, Montana -
concluded that the range of elemental concentrations increased only
slightly by sampling multiple drill holes compared to a Single drill

hole, and that only a slight risk existed of missing rocks of unusual

geochemistry by sampling a single hole (Hinkley et al., 1978).. Simi- .
larly, the range of DTPA-extractable copper values within any of four

‘ d;ill.holes (Table 6) largely includes the Qverali range for all sam- -

ples of 1.2-192.0 ppm éoppér.

Table 6. Range of values for copper within four drill holes

" Drill Hole

1 2 3 4

Copper (ppm) 2.2-186.0-  8.8-71.9 3.4-68.9  1.2-103.0

Thus, the variety of sampling locations in this study should insure
adequate representation of the range of characteristics of the allu-.

vium,

Summary and Conclusions
The alluvium rates a good suitability classification for pH,
. ! .
electrical conductivity, texture, and sodium adsorption ratio. Rock

fragment percentage should be used as a selection criterion to insure
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the'use of material Qith at least a fﬁir suitability classification.
Levéls of-selépium, mercury, arsenic, nickel, lead, and cadmium in the
Alluvium do not present toxicity problemé; Copper, mangaﬁese, and
zinc levels are élevated in the‘alluvium, But local plant toxicity

situations can be dealt with by liming or organic matter and fertili-

zation management. The alluvium has been adequately sampled to insure

representation of the range of values present in the alluvium for dif-
ferent properties. Soil tests performed on the alluvium should be

abbreviated and ;tandardized; For comparisgn purposes with suspected
toxic levels in ﬁontané, a DTPA extract should be used. Soil analyses
oﬂ the alluvium néea only include pH; texture, copper, manganese, and

zinc.




AMENDMENT LEVELS

A study to determine optimum levels,of_lime and manure amendments
for enhancing the capgbility of ailuvial overburden materials to
-subport plant'growth was initiated in thé Montana State University
greenhouse on July 19, 1979. Wheat yields (g/éot) were used as an
indication of the valﬁe of soil amendménts. Pots-coﬁtaihed one of a
combination of three glluviﬁm types, three liming ratés, éﬁd fouf '
levels of manure applicaﬁion. - The greenhouse portion éf the study was

completed October 4, 1979.

Methods and Procedures

The alluvium for the study was collected from the Berkeley
. Complex and placed in 125.£ containers on July 17, 1979, as described

in Table 7:

Table 7. Description of alluvial sources

Approximate Depth
Alluvium Source from Surface Location

Berkeley Pit East Rim : 60 m ' North of the dragline
below the 5400 sump.

Berkeley shops Access Road 7.5 m South wall of the
. . : access road east of
the super tube.

Southeast Berkéley Ramp - 3.6 m : East rim of the pit,
: : . ' south of the wate
tank. :
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The allﬁ&ium ﬁateriais were sorted by'haqd and rocks greater than

2.5 m in diameter were remoﬁedu Samples of the thfee~a11uviﬁmltypes
were sieved through a 2 mm siéve and oven dried at 55° C. The samples
were aﬁalyzed.by the Reclamatibn ﬁesearch Labofatory at Montana State
University in Bozeman, Montana.

- Agricultural lime was applied to the fﬁree-élluﬁium types at
Zero, ﬁormal, ahd aoubie rates. The actual amount of lime applied was
based on.eight-tepths of the indicated lime requirement for fhé
samples (Peech, 1965). The manure Was‘obtained from the Montana Live-
- stock Auction in Butte,_Montaha. It was éhredded using a Linden Soil
Shredder. and mixgd:on.a dry volume baéis; ;Fértilizer was applied to
all pots based on a rate Qf 336 buik ké/ha of 16-20-0, resulting in
application of 54 kg/ﬁa a;tqal'ni?;dgen and 67 kg/halactqal PZOS.
' The pots were 2450 cn’ in volume, and were seeded with wheat on
July 20, 1979. Séedlings were thinned to five per pot on August 2,
1979. Pots were'randomly placed on a'gregnhouse beﬁch initiéily and
" were rearraﬂgéd twiée'during the study. Soi} moisturé levels wefe
maintained at or-near:field éapacity thfoﬁghout the growth period.
Plan£s in each thIWerg clippe& to ground level on October 3, 1979,
individually,baggéd, placed in a drier for 48 hours, and then weighed.

Production data were analyzed using a standard analysis of vari-

ance technique and a Duncan'Multiple Range Test (Ostle,'1963) with the
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aid of Dr. Ervin Smith, Agricultural Experiment Station Statistician

at Montana State University.

Results and Discussion

All three alluvial materials were sandy loam in texture, with the
Ramp and Super Tube materials containing a higher percentage of larger
rocks. The results of the chemical analysis of these materials are

summarized in Table 8.

Table 8. Summarized results of chemical analysis of alluvial materials

Berkeley Shops Berkeley Pit Southeast
Test Access Road East Rim Berkeley Ramp
pH 6.1 6.5 TS
EC (mmhos/cm) 1501 .59 Nel0
% Saturation 28.8 30.0 33.8
CEC (meq/}OOg) 87 152 16.4
Pb (pg/g) < .40 < .40 < .40
Ccd < .20 < .24 < .20
Cu 26.9 1.6 307
Zn 4.3 14.9 2.8
K Tal.i2 126.0 180.0
Ca 888 1084 1820
Mg 162 260 404
As 2 44 .79 RTLS
Total S (pg/g)3 2449 1605 822
N - NO, (pg/g) 5.5 4.9 5.6
OrganiC Matter % 0 0 0
P (pg/g) 1.4 1.9 0.8

1 1NNH OAC extraction. AA analysis of extractant solution.
2 Chaudhry and Cornfield, 1966.
3 Phenoldisulfionic acid method.
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The normal rate of lime treatment was based upon limé requirement .

test results from the Anaconda Copper Company Environmental Labora-'

- tory, -shown in Table 9.

Table 9. Lime requirement.in.kg/ha.

‘Southeast Berkeley Pit Berkeley Shops

Alluviﬁm Type:  Berkeley Ramp East Rim . Access Road

Lime Requirement: 3000 2500 - 2500

These test résults do not indicate plant toxic levels of heavy
metals. Cadmium levels in a:varietf of nonpolluted soils have been
reportéd as less thaﬁ'l ppm (Hagﬂiri, 1973), While the cadmium éontént
of nonpollutéd soils of the-Gallatin Valley were reporte& as. .5 ppm or
le;s using a hydrochloric.acid éxtrécpio# (Munshower, 1977). Total
lead content of apparqntly uncontaminated soils in Great Britain
ranged from 10 to 150 ﬁpm (Colbourn and Thornppn, 1978). The test
values ?eported éfe within theée rangés, and below the suspect levels
used as a guide for rating matérialé.for use ag'a plant}growth @edium

‘in Montana (Dollhopf et al., 1977).

Wheat yields increased with increasing manure level for a}l_allu-

vium types, as shown in Table 10. These results demonstrate that .
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Table 10. Production -means by alluvium type and manure. level measured
as grams per pot of aerlal b1omass

~ Manure Level (in cm): ) 0 .8 “15 ¢ - 23
Alluvium Type: - Berkéley Pit 1" _ . . _
: ' . Access Road 2.6a-. . 3.5b C 4.4 c 5.4d
- Berkeley Pit = o ' : o
East ‘Rim 2.4a 5.5b 5.8¢c 7.3c
Southeast ' - : _ - :
Berkeley Rim 1.7a - 4.1b 4.8¢c ° 5.1c

1Means in. tne same row followed by the same letter are not signifi4
cantly different at the .05 probablllty level as determined by
Duncan's Multlple Rarnge Test :
under greenhouse and optimum soil moisture'conditions, the greatest
_ga1n in y1e1d occurs w1th the 1n1t1a1 add1t10n of manure, and that
the benefit in terms of productlon from the third add1t10na1 1ncrement
of manure.is minimal. However; plant eolor and vigor were visibly
best at the highest level of added manure, ‘The only plants which
flowered during'the study Were botn_treated with tne highest manure'
level used. :Under fieid conditions'the benefits of additionalxorganid
matter in increesing the cation exchangévcapacity and water holding
capacity ma; be significant: |
| Added lime wasnnot a significant.factorlin inereasing production,

as shown in Table 11. These results could be expected, given the
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Table 11. Production means by alluvium type and lime level.measured
grams per pot of aerial biomass.

Lime Level: ‘ None . Normal - " Double
Alluvium Type: Berkeley Shops )
' ) Access Road 3.9a 4.0a - 4.0a
. Berkeley Pit S
East Rim 5.2a 5.7a 5.6a
Southeast Berkeley

" Ramp 3.6a 3.9ab - 4.3b

Means in the same row followed by the same letter are not signifi-
cantly different at the .05 probability level as determined by
Duncan's Multiple Range Test.

initial pH of the materials. However, the presence of disseminated

~disulfides and pyrites could cause later acidification of the materi-

als upon exposure to surface weathering. The total sulfur levels

(refer to Table 8) indicate that acidification might be a poténtial

* long term problem requiring a lime épplication,'

The overall mean production of the Berkeley Pit East Rim mate-

rial, 5.5 grams of'aerial biomass per pot, was significantly greater

(p<. 05) than those of the Berkeley Shops Access Road and Southeast

Berkeley Ramp materlals, 3.91 and 3.96 grams per pot, respectlvely
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Suﬁmary and Conclusions

A greenhoﬁse'exper{ment was cogdﬁcted with three alluvium types,
three levels of lime, and four levels of manure applications All
treatments weré feftilized. Whegt was gfown under optimum $011 mois~
ture conditions and psed'as a growth potential indicator. Under thésc
conditions, the results indicated that the Berkeley Pit éast rim ma-
terial is the suﬁeridr growing medium of the three, the 7.6 cm manure
treatment produced the greatest increment of increased yield, and

neither of the two lime levels shown significant benefit.




MECHANISMS OF CRUST FORMATION

A study site locéted on a-west facing 24° (40%) slope of the
Continental Eaét waste dump. was covered with a 60'cm layer of alluvium
in Novémﬁer of 1979. After lying:falioﬁ over winter, fdrmatioﬁ of a
surface crust of sufficient strepgth'to impair seédling emergence was
observed the following spring. Deterﬁinétiqn of the mechanism of
crus£ formation and iden;ificatﬁon of possible techniqﬁes for miti-
gating the crusting problem was £he objective of this portion‘of fhe

research.

Methods and Procedures '

Samples of crusted alluvium were taken from three iocgtions on‘a
regraded.mined'area at the Continental Eas£ waste dump study.site on
July 10, 1980. The alluviﬁm had been iﬁ pléce without éurface cover
. for eight months. The.samples were'aif_driéd prior to analysis. Each
of the thrée.crpst samples was éubéampled at ﬁhe surface, middle (ap¥
proximately 3 ¢m) and bottom of the crﬁst.. Twernity samples were meas-
ﬁred for depth of crust. An unconsolidatgd sample froﬁ below the
crust wag also.cpllected.

Samples were prepared for scanning electron microscope examina-

. . tion to identify fabric and porosity changes within the .crust. Spéci-

mens approximately 1 mm thick were mounted in colloidal carbon on
- clean copper specimen holders. All specimens were coated with gold

 for 4 1/2 minutes in a PELCO Sputtercoater to enhance the images.
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The samples were ;hen analyzed on a JEOL 100CX Transmission Electron
Microscope with a ASID-4D scanning attachment. Images of one 16c§tion
. .oﬁ each specimen were taken at three magnifications: 200 x, 800 x, and
+ 2000 x. | |
Modulus of rupture tests (Richards, 1953) were performed on five
untreated alluvium samples and five samples treated with manure mixed
at a 1:4 volumetric ratio. Clay mineralogy was analyzed using stan-

dard x-ray diffraction techniques (Whittig, .1965).

Results and Discussion

The following results are based upon qualitative intérpretatidn
of the SEM phbtographE; The mechanism of the crust éppear; to be
grain packing, with clays and silts filling in between sands; as shown
in Figure 7. Duley (1939) observed that soil crusting was caused by
fitting‘of finer particles between larger ones. A study of a range of
artificially produced textures showed that for soils with equal
amounts of clay, the sandier soils.pr;duce the strongest crusts

(Ibanga, 1980). The suggested meqhanism was that since fhe larger

particles of a sandier texture have a lower surface area, less clay is

required to bind the sand grains into a hard aggregate. The images
display no evidence of gypsum crystals, carbonates, or soluble salts,
eliminating chemical cementation as-a mechanism of crust formation

from consideration.
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Figure 7. Surface sample photographed at 800x.
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The images prgsenfed in Figure 8 create a crust profilg‘ﬁith'
images ;f ﬁhe_surface;_middle, and bottom of the crust at 200 x
magnification; The iﬁages démbnétrate an increase in pé;osity and’
mean grain-size.with depthﬁ The surface als; exhibits less jointing
or cracking thaniléwef depths.

.Thé averagezmodﬁlus of rupture tests of untréate& aliuvium'sam—
ples w;s,i;z bars (S.E. = .03). Thé<éllpvium samples treated Witﬁ

‘manure had a modulus Qf rupture of .19 bars (S.E; = .01) which was
'signifiéantly.different at p < .01. Thus, thé addifion"of'organic
.mgtter caused a.six-fbld decreéée iﬁ crusting strength.

X-ray diffraEtioﬁ tests showed the cléy fraction of the alluvium
to be éppro;imately'3Q% smectite, 50% illite, 10%:kaoli%ite,'anh 10%
qﬁartz.. The low ﬁefééntage gf expandiﬁg clays reduces’fhe‘cendenc§
for éragks:té déveiop in the crust,.dépreasing opportunities fdf |

seedling emgrgence;' Crust thickness‘averéged 7.25 cm (S.E. = .38).

\

Summary aﬁd Conélusiohs'

Suff;ce.crusting of alluvial pverburden'matéfials is a physical- 
problem causedfby'gfain packing;and.clay‘édheéion within the sand
fraction..‘de.percengages of expanding elays liﬁité the tendenéy for
cracks to deveiop in:tﬁe crust. 6¥gdnic matter addition decreases
cfuét strength by aiding forﬁgtion of stable soil éggregétés and dg-.

creasing clay adhesion in the sand fraction.

I { N S L
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Surface, middle, and bottom of a 7 cm thick crust

graphed at 200 x.

photo-




EFFECTS OF CRUST FORMATION

A greenhouse experiment designed to assess plant response to the

stress of crust formation was initiated in the spring of 1981. Four

plant species were used in a factorial design with five replicated

treatments.

Methods and Procedures

Plants were grown in trays 20°'x 30 cm and 10 ém}deep. .Trays
contained the following soil materials: Bozeman silt loam as a soil
control, alluvium control, manure mixed with alluvium at a 1:4.§q1ur

metric rate, hay incorporated into the surface at a 2.25 kg/ha rate,

and straw qrimﬁed in at a 4.5 kg/ha rate. Rocks larger than 5 cm

were handpicked . from thé alluvium during tray preparation. Figure 9

- presents a view of one tray of each treatment.

Species selected for the study were Lutana cicer milkvetch

.(Aétragglus cicer), Covar sheep fescue (Festuca ovina), Revenue

slender wheatgrass (Agropyron. trachycaulum), and Critana thickspike

wheatgrass (Agropyron dasytachum).. Cicer milkvetch is a strongly

.rhizomatous, herbaceous, perennial legume with medium size seeds (269

per gram) that haQe extrgmgly hard seed coats fequiring scafification
(Wigsner ét.al., 1978). Lutana is tolerant of slightly acid soils,

fros£, drought, and‘beiforms best on moderately coarse ﬁextured soils
(Stroh et ai;, 1978); .Sheep féscuelis a tenacisué understory bunch;-

grass with small seeds (1500 per grami) (Soil Conservation.Servige,
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Figure 9. Soil control, alluvium control, and incorporated hay, ma-

nure, and crimped straw treated trays.
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19725 Cotar is cold and‘drought tolerant, and particularly success-
"ful on sandy and gravelly s01ls (Lilley and Bensen, 1979) Revenue.
slender wheatgrass, W1th approx1mately 352 seeds per gram, is a
drought tolerant, cool season, natlve, perenn1a1 bunchgrass adapted to
most soil textures (Long, 1981). Cr1tanalth1cksp1ke wheatgrass has
.&10 seeds per.gram and is a native, perennial, rhizomatous grass
adapted to dry sandy sites (Dubbs et 51., 1974).

Seed was. tested to ascertain seed-duality. Lutana was mechani—
cally scarified so that 47% of the seed swelled,‘dhich is in the
30456% range recommended with a quick swell test (Wiesner et ali,
1978). slx replicates of 50 seeds each were germinated at 26°C for
14 days (Wiesner et al., 1978). Six replicates of 50 seeds each of
" sheep fescue and thickspike wheatgrass were placed on a blotter soaked

with .29 KNO3

50 seeds each of slender wheatgrass were placed on blotter soaked" w1th'

.2% KNO,, prechilled for five days, and then placed in a germ1nator at

37
25°C'for 14 days. Germination was counted at the conclusion of these
treatments, and used for.comparason purposes as a control for the -

. greenhouse portioh oflthe study.

Seedling emergence in the greeﬁhouse wasleounted, trays were

weighed for gravimetric soil moisture content, and trays were re-

‘randomiaed eVery 2 or 3 days. After 45 days, the plants were allowed

in a germinator at 25°C for 28 days. Six repllcates of -
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.
3

to.wil; #o determine Qilting point and‘were then clipped at grbupd"
Jlevel for production aéta. 'Upon completidn Qf'the greenhouse portion
of the study the trays were placed.in a‘d£ier at 60°C fo?*three days.
Five feadiﬁgs each with a Procter pgnétrémete£'with‘a 3.2'cm2 tip and
a Soil Test‘pockgt peqetr&heter with 3‘23 cmz ﬁﬁp-were taken on éach |
tray.. | " . . e : ' '
A separate experiment.utilized.ZS‘;rayg 26 cm2 X 6 cm deep téwdb;
tain a curve reiﬁting'crust s;rength to moisture content. The allu~
vium was passed tﬁrough a 19-mm sieve to remove rocks'and then;éven
dried at 30°C for 3 days brigr,to filling each tray with 2040 g of
alluvium. fhree we;-dfy cy51es qccurréd during which the alluvium
was biaced'in thé_éﬁnlightlin the afternoons and surface tgmper;tures.
exceeding 35°C were measured with a Cole-Parmer qué1.8520-50 Digi~
'Seﬁse Thermocouple Thermometer. Trays were wet to 20% moisture
qontén£ anﬁ crustlsﬂrength measureﬁ.using‘a_Proctor penetrometer with
a’'3.2 cm2 £ip.at successively drier moisture increments. Bulk density
‘of 5 crust samples coliected in thé'field was determined using a saran

$
'

resin technique (Brasher ef_al., 1966).

Results and Discussion

Gérmination of 30%.0of the Lutana cicer milkvet;h seed was ob~-

tained in the‘labo;atofﬁ. Critana thickspike wheatgrass, Revenue
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slender'wheatgfass, and Covar'sheep_fescue germinated 96, 80, and’
94%, respectively. No significant aifferences among treétments
(including the seed laboratory control) wefe 6bserved fo£ germinatioﬁ
of ;icer milkﬁétch, sléﬁder wheatgrass, or thickspike whéatgrass.
:Optimumnsoil moisture conditions,(apérdximately 16% gravimetric ;oil
moisture content) were maintained during the first.h;lf of the study
and probably masked treatment differences. Germination of sheep fes-

cue did vary with treatment, as shown in Table 12.

Table 12. Germination from equal number of seeds of sheep fescue
under varying treatments (number of seeds).

——

Treatment ' Germination
Laboratory Control . 28 al
Hay 23 b
Manure _ 21 bc
Crimped Straw 18- bed
Soil Control : 16 d
Alluvium Control A : 15. d

1Means followed by same letter are not significantly different at the
.05 probability level as determined by Duncan's Multiple Range Test.

Sheep fescue had the smallést_seed used in the.study, probably ac-

counting for the difficulty it encountered in emerging in the'green—

house as compared to the seed laboratory.
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Gravimetric soil m01sture 1evels were recorded when the seedlings
exhibited signs of mortallty such as marked color changes. Resnlts of

these measurements are presented in Table 13.. No differences

Table 13. Gravimetric moisture content at mortality for four spec1es
' by treatment (measured in percent)

Cicer Thickspike Sheep Slender .
Treatment "~ . milkvetch wheatgrass * fescue wheatgrass
Soil Control 2.8 a 1.9 a 2.1b 2.3 a
Alluvium Control 2.7 a 1.5 a 3.0 a 1.6 b
Manure 3.0 a 1.1 a 1.2 ¢ .8 ¢
Hay 3.1 a 1.2 a 1.2¢ 1.1 bc

3.0 a 1.4 a 1.3 ¢ 1.2 bc

Crimped Straw

';Means_in the same column fellowed by the same 1etter.are not sig-.
nificantly different at the .05 probab111ty level as determined by
Duncan's Multiple Range Test.

attributable to treatment in the moisture level at which mortality .

occurred were observed for cicer milkvetch or thickspike wheatgrass.

Mortality of sheep fescue seedlings was earliest (highest moisture

content) on the alluvium control. Slender. wheatgrass seedlings died

earliest on.the soil control and latest (lowest moisture content) on

the manure treatment. Thickspike wheatgrass and slender wheatgrass

appeared to be the most drought tolerant species. Cicer milkvetch was

the least drought tolerant:
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Production means for -all speciés by treatment are presenfed in

Table 14. Aerial biomass from the soil control was significantly

- Table 14. Aerial biomass producfion means by species and treatment

measured as milligrams per seedling.

N Cicer Thickspike  Sheep -  Slender

Treatment milkvetch . wheatgrass . fescue wheatgrass
Soil Control 60 al 165 a . 4 a 217 a
.Manure B " 52 a 56 b 200 154 b
Hay ' 25 a 20 12 b 22 b
Crimped Straw 32 a 15b , 8b 30b
Alluvium Control =~ 19 a 20b 17 ¢

_ 1Means in the same column followed by the same -letter are not sig-

nificantly different at the .05 probability level as determined by
Duncan's Multiple Range Test. : :

greater than all other treatments for all species exéept cicer milk; B
vetch. Cicer milkvetch showed no differences .in pfoduction with any
treatment. Aerial biomass of‘slender wheatgrass grown in the alluvium
control was significaﬁtly.loWer than with other treatments;' Aérial
biomass.prﬁd#cgd by the ménure treatment was not statistidally &if-
ferent from production with the ofhef alluvium treatments. However,
froduction of the manure treatment was.éecond to the sbil:cénfrol, an

apparent,differenée observed for all spécies;
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" Results of penétrometer_tests on the soil control, alluvium con-
trol, and incorporated hay, manure, and crimped straw treated trays
are presented in Table 15.- Crimped straw treatment values were also

divided into between row or within row groups.

Table 15. Comparasion of pocket and Proctor penetfometer test re-
sults (in bars).

Treatment " Pocket Penetrometer . Proctor Penetfometer

Soil control 22 al 1.09 a

Manure . .27 a 1.11 a

Hay .. , 2.58 b 4,42 b,

Crimped straw 3.26 ¢ 6.29 ¢ -
Within rows 2.56 b 5.69 d
Between rows _ 3.72 4 6.69 c

Alluvium control 3.76 d 5.36 d g

1Means in the same qoluhn followed by the same letter are not sig-
nificantly different at the .05 probability level as determined by
Duncan's Multiple Range Test.

Penetrometer méasuremepts of soil strength for trays with manure mixed

" into alluvium at a 1:4 volumetric ratio were sfatistically similar to

‘results from the soil control for both the pocket and Proctor penetro-

. meters. When meaéured'with a pocket penetrometer, crust strength of

the hay, straw, and alluvium control treatments was significantly and
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successively greater than the soil control and manure treatments.

Pocket penetrometer readings within rows of the crimped straw treat-

ment were statistically similar to the hay treatment, while the values

between rows were similar to the alluvium control. Procter penetro-
meter measurements of crust strength Were similar except that thé
values for the.crimped stréw were gredter than tﬁe alluvium control.
Also, the within rows resulté'weré statistically similar to £he allu-
vium control, and the’between rows values were similar to the values
of the crimped straw ﬁreétment itself:. The divergence'inlvalues
measured With poéket ot Proctor penetrometers probabiy reflects
differences in éénfiguration of the instruments (Voorhees et al.,
1975). The pocket peneirometer presumably measured crust strength
within the crimped straw rows more accurately because it is much
smaller and therefore could be placed entirely within the row.

Figure 10 rebreéehts the logarithmic relationship betweén crust
strength and gravimetric moistgre content. . Crust strength increasées
with decreasing moisture content. Gerard et al. (1972) reported root
elongation.of peas and cotton decreaéed with increasing strength, as
measured with a penetrometer, particularly for soil strength values >
10 bars. Wheat, grain sorghum, and soybean éeedlingg were reported to
emerge from soils with crust strengths as yigh as 1.4.bars (Hanks and

’

Thorpe, 1956).

QA
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Figure 10. Relationship between crust strength and moisture content.
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Bulk density of crusted alluvium averaged 2.0 (S.E.=.05), ranging
from 1.89 to 2.17. G&ldgr Associates (lééc) reporteé bulk density of
drill core alluvium samples as 2;10 ($.D.=.1). Bulk density of sané
‘or loamy sand texﬁured soils range from 1.2 to 1.8‘g/cm3, and éubsoil
densities of agricﬁltﬁrél soils can exceed.2.0 g/cm3 (Brady, 1974).
Plant root activity is generally reduced by bulk densities higher ‘
than 1.88 g/cm3 (Veihmeyer and Hendricksoﬂ, 1948). Mofphplogical
‘changes occur in roots elongating through high strength soils, with
root tips beéoming ﬁarrower and the proximal part becoming wider than

usual (Barley, 1968). Radial root pressure from this form of growth

enables the root to deform or crack the soil ahead of the root tip and -

thereby‘peduce mechanical impedance and.promote root elongation
(Gefard et al., 1972). High bulk deﬁsity levels can decrease water
infiltfation.rates; reduce aeration, increase cloddiness, and increase
the mechanical st:eng#h of the soils (Feldman and Domier, 1970;'anq
Flocker et al., 1958).. High bulk densities cause chémical alterations
in roots, resulting in an increase in the cation exchange capacity of
éhe'root on both a unit weight and unit surface area bagis (Kulkani :
and Savant, 1977). Bulk density levelé can be lowered by amendment
with manure and managément practices such'as minimqm tillage (Brady,

1974).
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Summary and Conclusions

Moisture contents high ‘enough to insure plant gérmination aiso_
reduce cruét strength below levels inhibitory to plant emerggnée,
excépt_for speéies &ith very small seeds. The élluvium,'regardless of
‘£réatment or:spefies:producéa leésléerial biomass than the spil éon-
trol.. The soil strength of,alluvium amended with manure is stétisti-
.cally similar to the'soil'céntrol.- Crust strehgth of the alluvium
increases with decreasing'moistére'contént. Bulk density of the -

!

alluvium without amendment is high enough to inhibit plant root acti-

vity.




SUMMARY AND CONCLUSIONS

Lack.éf{suitabie native.soil for covering waste dumps poses a
éritical reclamation Eroblem at the Be;keléy Complex; Ailﬁvial over-
burden mate;iais from the Berkeley Pitlwere investigated for their
poteﬁtial use as a'cove?soil. Ap intensive fiéld sampling design was
implemented to determine the range of chemical and pﬁysical propertieé
present iﬁ'the alluvium. A greenhouse‘study using wheat as a growth
iﬂdicator was used to evaluate three sources qf alluvium, three liming
fates, and three manure application rates; A surface crust was ob-
served in the alluviuh afterii; 1aidAfallow.for one year, énd led to a
" study of the ;rusting phenomenon with a scahning electron microscopé.
Furthef greenhousg study used'cicer_milkvétch; thickspike wheatgrass,
sheép fescue, and slender wheatgrass grown in alluvium with control,
manure;.hay, and straw treatments to-evaluaté‘crust effects on seed-
ling germiﬁqtion,'emergence,‘and establishmen;.

Berkeley Pit alluvium can be used.aé a covérsoil'with a good
suitability classificatiop for pH, electrical conductivity, texture,
-and.sodium adsorptibn fatio. Rock fragment percentage is easily espi-

mated in the field and should be used‘as a selection criterion for
the alluvium, with < 35% rock fragment content providing for coversoil
with at least a fair suiﬁability classification. Levelé of seleﬁium,
mercury, arsenic, #ickel, lead, and cadmium in'the alluvium do not

presént toxicity problems. Coﬁper, manganese, and zinc levels are
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elevated in the ailuvium§ but localized toxicity problemé to ﬁlants
can be ameliorated by'liming, addition of'brganic matter, or fertili-
zation. The'alluviuﬁ has.Beén adequatel&‘sampled to insure repre-

' sentation of the range of values pfeéent for different properties.

The greenhousg study ﬁsing wheat as a growth indicator for amend-
ment léveis.and aliuvium.sourcés indicatéd-that‘ﬁatérial from the east
rim;of the Bgrkgley Pit was theibest élapt~growth medium ev#lﬁatedn
Manure mixed into a11u§iu@ at a 1:4 volumetric ratio.produced the
greafest increment of increased yield. - Added lime was not of sig-
nificant benéfit. | |

-Scanﬁinglelectron microscopy éhowed that the surface crus£ing of
allu&iai materiais was a physical problem caused by grain packing and
clay_adhgsion within the sénd ffaction. Léw fercentages of eipanding
clays limit the tendency‘for'cracks to devéloﬁ in the crust. Organic
matter qddition decreases crust strength by aiding formation of stable
soil aggregétgs and‘decfeasing 6lay‘adhesion in the sanq fraction:

_-Thelgreenhquse study of seedling Sucéess:df four speéigs grown
underAvarious_£reatments,demoqstr;tedvthat moistufe contents high
ehough to insure plant ggrmination generally reduced crust stréngth
below levels.inhibitpry to plant emergence.. Small seedéd §pecies:suqﬁ~

- as sheep fescue were the éxception, as it ekpefienced difficulty in

emergence from the alluvium under all -treatments. All species-grown
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in phe allﬁvium,'regardléss of,tfeatmeﬁt, produced léss ae?ial biomass
fhan the soil conﬁrol.. Soil crusf strengﬁh.of alluvium amended wi£h
manure and the .soil control ﬁére spatistiqally‘similar, Crust

. étfength.of ﬁhe alluvium incre;sed with decreasing m§i§tqre content.:
:Bulk density 6f the alluvium without amendment was high enough go |
inhiﬁit blaﬁt root activity. .

Berkéley Pit élluv;um is_generall& suitable for use'és a cover-
soil. The amoﬁnt‘of time the 311u§iuh lies fallow foilowing surface
appliéation should be miniﬁizédf Lack of cover during pgriqas of
failqw exacerbates temperature extremes and raindrop impact and
splash, the physicaliprqcegées which contribute télcrust formation and
determine thé.strength of the crust in the field. Addition of organic
‘matter ovér time should alleviate phfsicalApréblems inherent in the
;alluviﬁm. Furthef“reéearch is needed to demonstrate the ability of

the alluvium to support plant communities in the field over time.




' LITERATURE CITED

Adams, F. 1965." Manganese In Black, C. ‘A. (ed.) Methods of soil
analysis. Amer. Soc. of Agron , Madlson, Wlscon31n 1572 P-

- Agricultural Research Service. 1977. North Dakota progress report
. on research on reclamation of strlp—mlned lands. North Dakota
Agr. Exp. Sta., Fargo, North Dakota. .26 p. :

Ahmad, N. and A. J. Roblin. 1971 Crustlng of River Estate soil,
Tr1n1dad, and its éffect on gaseous diffusion, percolation, - and
seedllng emergence. J Soil Sci. 22:23-31.

Aina, P. 0. and E' Egolum . 1980. " The eéffect of cattle feedlot manure
" and inorganic fertlllzer on the improvement of subsoil produc-
tivity of Iwo 3011 . So0il Sci. 129:212-217.

Albertson, F. W. . 1937. Ecology of mixed pra1r1e in west central
- Kansas. Ecol Monogr 7: 483 547

Allisop, R. V. .1923. - The modulus of rupture of a soil as.an index of
"its physical structure. J. Amer Soc. Agron. 15-409—415

"Alusow, E. WL 1978. A brief geologic descr1pt1on of the Berkeley

Pit. Unpubllshed Anaconda Copper Company report Butte, Montana.

5 p.

- Arndt W. 1965. The nature of the mechanical 1mpedance to seedlings

_ by 'soil ‘surface’ seals. Aust..J. Soil Res. 3:45-54.

Bennett, O. L » D. A. Ashley, and B. D. Doss' 1963. Methods of IEv.
duc1ng 5011 crusting to increase cotton seedling emergence.
Agron J. 56:162-165.

Bidwell, R. G. S. 1974. Plant physiblogyf Macmillan Publishing Com-
pany, New York, New York. 643 p. S

-Black,.A. L. and F. H. Siddoway. 1979. Influence of tiliage and
wheat straw residue management on soil properties in the Great
Plains. J. So11 and Water Cons. 34:220%2235

BliSSenoach; E. 1954 Geology of alluvial fans in semi- -arid regions.
Geol. .Soc.. Amer. Bull 65:175- -190.




71

I

" Boettcher, F. 1970. Soil survey and interpretations for resource
plann1ng and urban development in the. area of Butte, Montana.
Soil Conservation Service, U. S. Dep. of Agr 20 p.

. Brady, N. C. 1974. The nature and propertles of soils. Macmillan -
’ Publishing Company, New York, New York 639 P- '

Brasher, B. R., D. P. Franzmeler, V. Valassis and S. E. DaV1dson
1966. .Use of saran resin to coat natural soil clods for bulk-
density and water-retention measurements Soil Sci. '101:108.

Barley, K. P. 1968. Deformation of the soil by the growth of plants
Trans. 9th Int. Congr. Soil Sci. 1:759-768. :

Busch, C. D., E. W Rocheater, aﬁd C. L. Jerniga. 1973. Soil crust-
ing related to sprlnkler intensity. Trans. Amer. Soc. Agr. Eng.
16: 808 809. ‘

Butterfield, R. I and P. T. 'Taeller 1980. Revegetatiqn potential
of ac1d mine wastes 1n northeastern Ca11forn1a Recl. Rev. 3:-
21- 31 : ' ’

Cannon, H. L. and.B. M. Anderson. 1971. The geochemist's involvement
with pollution problems. In H. L. Cannon and H. C. Hopps (ed.).
Environmental geochemistry in health and disease. Geol. Soc. Am.
Mem. 123, Boulder, Colo. p. 155-177. ' '

1 Carnes, A. 1934. Soil crusts: Methods of study, their strength and’
method of overcoming their 1nJury to cotton stands. Agr. Eng.
15:167-171.

rChamBers, W. E. and H. W. Gardner. 1951. ~The effect of soil calcium
on the mineral content of wheat. J. Soil Sci. 2:246-253.

Chaudhri, K. G., K. W. Brown, and C. B. Holder. 1976. Reduction of
crust 1mpedance to simulated seedling emergence by the addition
of manure. - Soil Sci. 122:216-222. .

Chaudhry, I. A,, and A. H. Cornfield. - 1966. .The determination of
total sulfur in soil and plant material. Analyst 91:528-530.




72

Chen, Y., J. Tarchitzky, J. Brouwer, J. Morin, and A. ‘Banin. - 1980.
Scanning electron microscope observatlons on soil crusts and
their formatlon Soil Sci. 130:49-55.

Colbourn, P.,-and I. Thornton. 1978. Lead pollution in agricultural
soils. J. Soil Sci. 29:513-526. : ' "

-Coupland, R. T. and R. E. Johnson. 1964. ' Rooting characterlstlcs of
' native grassland spec1es in Saskatchewan J. of Ecol. 53:475-.
- 507.

Davies, B. E. and J. Lewin. 1974.° Chronosequences in alluvial soils
with special reference to historic lead pollution in Cardlgan—
shire, Wales. Env. Pollut. 6:49-57.

Davis, R D. 'P H. T. Beckett, and E. Wolan. 1978. Critical levels
~ of twenty potentially toxic elements in young spring barley
~ Plant and Soil 49:395-408. :

Day, A. D., G. F. Mitchell, T. C. Tucker, and J. I. Thames. 1979a.
Emergence and growth of plant species in coal mine soil. J.
Environ. Qual. 8:110-114.

Day, A. D., T. C. Tucker, and J. L. Thames. . 1979b. Russian thistle
' for soil mulch in coal mine reclamation. Recl. Rev. 2:39-42.

Day, P. R. 1965. Particle fractionization and particle-size analy-
sis. In Black, C. A. (ed.) Methods of soil analysis. Amer.
Soc. of f Agron., Madison, Wisconsin. 1572 p. S

Dollhopf, D. J., J. D. Goering, C. J. Levine, B. J. Bauman, D. W.
Hedburg, and R. L. Hodder. 1978. Selective placement of coal
stripmine overburden in Montana: III. Spoil ‘mixing phenomena.
Montana Agr. Exp. Sta. Res. Rpt. 135, Bozeman, Montana. 68 p.

Dollhopf, D. J., I. B. Jensen, and R. L. Hodder. 1977. Effects of
surface configuration in water pollution control of semiarid
mined lands. U.S. Environ. Prot. Agency, Cincinnati, Ohio.

Dubbs, A. L., R. T. Harada, and J. R. Stroh. 1974. Evaluations of
thickspike wheatgrass for dryland pasture and range. Montana
Agr. Exp. Sta. Bull. 677, Montana State Univ., Bozeman, Montana.
13 p. o




73

Duley, F. L. i939. Surface factors affecting the rate of. intake of
watér by soils. .Soil Sci. Soc. Amer. Proc.. 4:60-64.

ECON INC. 1980. Baseline.fegetation inventory of Montana operating
permit area 00041A. Unpublished report for -Anaconda Copper
Company, Butte Montana. 11 P-

AEdwards, W. M. 1977 8011 crusting. -U. S. Agr.. Res. Serv.:North
Cent. Reg 57: 35 =42, , .

Epstein, E. and W. J. Grant' 1973. Soil crust format1on as affected
by raindrop impact. Ecol. Studies 4 195 <201. :

.Evans, D. D. and S. W. Buol. 1968. M1cromorpholog1ca1 study of soil
_crusts. Soil Sci. Soc. Amer. Proc. 32:19-22.

Farmer, E, E., B. Z. Rlchardson, and R. W. Brown. 1976 Revegetatlon
of acid mining wastes in central Idaho. Intermountain Forest and
Range Experiment Station, U. S. For. Serv » U. S. Dep. of Agr.,
Ogden, Utah. 17 p. - - '

Farres, P. 1978. The role of time and aggregate size in tﬁe,érusting
process. Earth Surf. Proc. 3:243-254. :

Feldman M. and K. W Domier. 1970. Wheel traffic effects on soil
compaction and growth of wheat. Can. Agr. Eng. 12:8-11.

Ferry, D. M. and R.. A. Olsen. 1975. Orientation of clay particles as
it relates to crusting of soil. Soil Sci. 120:367-375.

_Fine, L. 0. 1965.  Sélenium. In Black, C. A. (ed.) Methods of soil’
analysis. Amer. Soc. of Agron., Madison; Wisconsin 1572 p.

Fiskell, J. G. A. 1965. Copper.. In Black C. A, (ed. ) Methods of
soil analysis. . Amer. Soc. of Agron , Madlson, Wisconsin. 1572

P

Flocker, W. J., J. A. Vomocil, and M. T Vittum. 1958. Responsesof.‘

winter cover crops to soil compactlon Soil Sci. Soc. Amer.
. Proc. 22 181~184. . : : :




74

Follett, R. H. and W. L. Lindsay. 1970. ‘Profile distribution of
zinc, iron, manganese, and copper in Colorado soils. Colorado
State Univ. Exp. Sta., Fort Collims, Colorado. Technical Bulle-
tin 110. 79 p.

Follett, R. H. and W. L. Lindsay. 1971. Changes in DPTA-extractable
zinc, iron, manganese, and copper in soils following fertili-
zation. Soil Sci. Soc. Amer. Proc. 35:600-602.

. Forehand, T. J.;_A. E. Dupuy, Jr., and H. Tai. 1976. Determination
' of arsenic in sandy soils. Anal, Chem. 48:999-1001. ' '

Frelich, J. R., E. H..Jensen, and R. 0. Gifford.  1973. Effect of =
crust r1g1d1ty on emergence of six grass spec1es Agron. J. 65:
26-29. ’

Gaur, A. C., K. U. Sadasivam, O. P. Vimal, and R. S. Mathur. 1971. A"
study of the decomposition of organic matter in .an alluvial soil:
002 evolution, microbiological and chem1ca1 transformations.
‘Plant and Soil 34:17-28.

Gerard, C. J., H. C. Mehta, and E. Hinojosa. 1972. Root growth in
clay soil. Soil Sci. 114:37-49.°

Gifford, R. 0. and D. F. Thran. 1969. Equipment of the measurement
~ of emergence force .of seedlings. Crop Science Abstracts, p. 23.
Western Society of Crop Science, Reno, Nevada.

Golder Associates. 1980; Alluvium strength testing program East
Berkeley Pit expansion. Unpublished report for Anaconda Copper
Company, Butte, Montana.

Gould, W. L., S. Miyamoto, and D. Rai. 1976. Reclamation potential
-of overburden materials in the Fruitland Formation in the San
Juan Basin. New Mex. Agr. Exp. Sta. Bull. 657. New Mex. State
Univ. 39p. :

Goyal, M. R., L. 0. Drew, ‘and V. K. Sharma. 1979. Soil crust
strength vs. tomato seedling emergence. Amer. Soc. Agr. Eng.
Paper No. 79-1516.-

Grib, B. W. 1967. Percent soil cover by six vegetative mulches.
Agron. J. 59:610~611. .




L)L

15

Gunton, J. L., and J. C. Kerr. 1972. Crusting hampers seedllng emer-
. gence at Inglewood Queensland Agr. J 98:609-611.

~ Gupta, U. C. ‘and D. C. MacKay. 1966.. The relatlonshlp of soil. prop—
' erties to-exchangeable and water-soluble copper and molybdenum
_status in podzol soils of eastern Canada.. Soil Sci. Soc. Amer.
Proc. 30:373-375. S S

Hadas, A. and.E. -Stibbe. 1977. Soil crusting and emergence of wheat
seedlings. Agron. J 69:547-550. :

_Haghiri, F. 1973. Cadmium uptake by plants.' J. Environ. Quai.
2:93-95. : . :

Hanks, R. J..and F. C. Thorp. 1956. Seedling emergence.of wheat as
related to soil moisture content, bulk density, oxygen diffusion
rate, and crust strength. Soil Sci. Soc. Amer. Proc. 20:307-310.

Harbert, H. P. and W. A..Berg. 1978. Vegetative stabilization of
spent oil shales. U. S. Environ. Prot. Agency Rep. No. EPA-600/
7-78-021 - ' ‘ '

Hatch W. R. and Ww. L. ott. 1968 Determination of sub-mlcrogram
quantltles of mercury by atomic absorptions. spectrophotometry
Anal. Chem. 40:2085-2087.

Hinkley, T. A R Je Ebens, and J. G. Boerngen. 1978. Overburden
: chemlstry and mineraology of Hanging Woman Creek, Big Horn
.County, Montana, and récommendations for sampllng at similar
sites. In Fifth annual progress report, geochem1ca1 survey of
the western reglons Denver, Colo 194 P-

~Holder, C B. and K. W. Brown.  1974. Evaluation of simulated seed-
ling emergence through rainfall induced soil crusts. Soil Sci.
Soc. Amer. Proc. 38:705-710.

Hooke ,- R. L. 1967. Processes. on arid-region alluvial fans."J; Geol.
75:438-460. : - . :

Ibanga, I. d.,,O..W. Bidwell, W. L. Powers, A. M. Feyerherm, and W. W.
~ Williams. -1980. " Soil consistence: Effect of particle size.
Soil Sci. Soc. J. 44:1124-1126.




Lt

76

Jensen, I. B.,.C. V. Cook, and G B. Colthorp 1971. Seeding. methods
for Utah roadsides. Utah State Univ. Agr. Exp. Sta. Proj. No. '
684 91p. ‘ ‘

Jensen, E. H.; J. R. Frellch, and R. 0. Glfford 1972. Emefgenée l
. force of forage seedlings. Agron. J. 64:635-639. . -

Kay, B. L. 1978a. Mulch and chemical stabilizers for land reclama~
tion in'dry regions: 1IN F. W. Schaller and P. Sutton (ed.)
- Reclamation of Drastically Disturbed Lands. Amer. Soc. of Agron.
Madison, Wisconsin. 742 p. '

Kay, B. L. 1978b. Mulches for erosion control and plant establish-
ments on disturbed sites. Univ. of Calif.-Davis Agr. Exp. Sta.
. Agron. Prog. Rep. No. 87. 20 p.

Kimoto, S. and J. C. Russ. 1969. The characteristics an& applica-
tions of the scanning electron microscope. Amer. Sci. 57:112-
133. :

Kulkani, B. K. and N. K. Savent 1977. Effect of soil. compactlon on
root cation exchange capacity of crop plants. Plant and Soil
48:269-278. o

Lee, H. 1950. A note on the copper-retaining power of a humic acid
from peat soil. Biochem. J. 46:450-451.

Lemos, P. and J. F. Lutz. 1957. Soil crusting and some factors af-
fecting it.~ SoilASci. Soc. Amer. Proc. 21:485-491.

Lilley, L. P. and J. Benson. 1979. New_understory'culﬁivars for
Pacific Northwest. Rangelands 1:103-104.

Long, S. G. 1981. Characteristics of planté used in western reclama-
tion - second edition. Environmental Research and Technology,
Inc., Fort Colllns, Colorado.. 138 p. :

Lucas, R. E. and B. D. Knezek. - 1972. Climatic and soil conditions
‘promoting micronutrient deficiencies in plants. In J. J.
Mortvedt, P. M. Glordano, and W. L. Lindsay (ed.) Micronutrients
‘in agrlculture Soil Sci. Soc. of Amer., Inc., Madison, Wiscon-
sin. 666 p. ' ‘ '




77

‘Lund Z. F. and B. D. Doss. 1980. Res1dua1 effects of da1ry cattle'
manure on plant growth and 3011 propert1es Agron J. 72:123-130.

‘Magdoff, F. R. and J. F. Amadon. 1980. Yield trends and soil chemi~

cal changes resulting from N and manure appllcatlon to continuous

corn. Agron J. 72 161~164.

Mannerlng, J. V. and L. D. Meyer.-. 1963. The effects of various rates
of surface mulch on infiltration. and erosion. Soil Sci. Soc.
Amer. Proc. 27:84-86. :

McCormack, D. E. 1976. Soil reconstruction: Selecting materials for

"placement in mine reclamation. Mining Congr. J. Sept. 1976:32-36.

McIntyre, D. S. 1958. Soil splash and the formation of surface
crusts by raindrop impact. Soil Sci. 85:261-266.

Meyer, L. D., W. H. Wischmeier, and G. R. Foster. 1970. Mulch rates
requlred for erosion control on steep slopes So0il Sci. Soc. Am.
Proc. 34:928- 931 :

Moe, R. A., .G. A Nielson, and R. T. Chor1k1 '1971. - Soil crust
studles Mont. ‘Agr. Exp. Sta Res. Rep. No. 6. ‘Mont. State
Univ., Bozeman. 21.p. - :

Montana Department of State Lands. 1975. Environmental impact state-

ment concerning the issuance of a mining permit to the Anaconda
, Company of Butte, Montana State of Montana, Helena. 57 p. with
. appendices. . ' '

Morton, C. T. and W. F. Buchele. 1960. Emergence energy of plant
seedlings. Agr. Eng. 41:428-431. :

Moshier, R; and D. Noel. 1981. Soil report for Anaconda Hillcrest
project. Unpubllshed report for the.Anaconda Copper Company,
Butte, Montana.: Loose leaf n.p. )

Munshower F. 1977. Cadmlum accumulation in plonts and animals of
polluted and nonpolluted grasslands. J. Environ. Qual. 6:411-
413. . -




e T} el L

78

Mﬁrphy, L. S. and L. M. Walsh. 1972.. Correction of micronutrient
deficiencies with fertilizers. In J. J. Mortvedt, P. M, Giordano,
‘and W. L. Lindsay (ed.) Micronutrient.in agrlculture Soil Sci.
Soc. .of Amer., Inc., Madison, Wisconsin. 666 P-

- National Academy of Sciences. 1979{ " Zinc. University Park Press,
Baltimore, Maryland. 471 p. ' o

-National Oceanic and Atmospheric Adm1n1st£at10n - 1977 C11matography
of the United States #20 - Climate of Butte, Montana. U. S. Dep.
of Commerce, "Environ. Data Serv., AsheV111e, North Carolina. 3 p.

Nielson, G. A and E. V.. M111er 1980. Crop yields on native soils
. and strip mine 50115 A comparison. J. Soil and Water Cons. 35:

44- 47

Olsen, S. R. and L. A. Dean. 1965. Phosphorous. In C. A. Black
(ed.) Methods of soil analysis. Amer. Soc. Agron., Madison,
~ .« Wisconsin. 1572 p. ' .

Ostie, B. 1963. Statistics iniresearqh. The Iowa State University .
* Press, Ames, Iowa. 585 p.

Page, E. R. and B. J. Hole} 1977. Soil crustlstrength-measufement.
o "'Commun. In Soil Sci. and Plant Anal. 8:139-148.

Page, E. R. and M. J. Quick. 1979. A comparison of effectiveness of
organic polymers as soil ant1 crusting agents. J. Sci. Food Agr.
30:112~ 118 ’

lPapendick; R. I., M. J. Lindstrom, and V. L. Cochran. . 1973. ' Soil
mulch 'effects on seedbed temperature and water during fallow in
eastern Washington. Soil Sci. Soc. Amer. Proc. 37:307-314.

Paulsen, G. M. and 0. A. Rotimi. 1968. Phosphorous-zinc interaction
in two soybean varieties differing in sensitivity to phosphorous
nutrltlon 8011 Sci. Soc. Am Proc. :32:73-76.

‘Peech, M. 1965. Lime requirement. In C. A. Black (ed.) Methods” of
soil analysis. Amer. Soc. Agron., Madison, Wisconsin. ‘ 1572 P




8 L. el Lot

79 .

Power, J. F., F. M. Sandoval R. E Ries, and S. D. Merrill. 1981.
Effects of topsoil and sub3011 thickness on soil water content
and crop production on a d1sturbed soil. 8011 Sci. Soc. Amer. J.
45: 124 129 :

Price, C. A., H. E. Clark, and E. A. Funkhouser . 1972. Functions of
: mitronutrlents in plants. 1In J. J. Mortvedt, P. M..Giordano,. and
W. L. Lindsay (ed.) Micronutrients in agrlculture Soil Seci.
Soc. of Amer.,.Inc., Madison, Wisconsin. 666 p..

Rao, M: R. and R. B. L. Bhardwaj. 1976. . Soil crusts in relatlon to
seedling  emergence. Sci. and Cult 42 404-409. )

Ratcliff, M. W. 1973. Copper and molybdenum mineralization in the
continental deposit, East Butte District, Montana.. In R:. N.
Miller (ed.) Guidebook for the Butte f1eld meeting of Soc. of -
Econ Geol., Butte, Montana. 113 p..

Reddy, K. R., M. C Saxena,,and U. R. Pal. 1978. Effect of iron and
manganese on ~Zn absorption and translocation in soybean seed-
lings. Plant and Soil 49:409-415.

ARelneck H. E. and I. B. Singh. 1975. Depos1t10na1 sedlmentary
environments with reference to terrlgenous clastlcs Springer-
Verlag, New York, New York. 439 p. ' '

Reynolds, J. F., M. J. Cwik, and N. E. Kelley. 1978. Reelamation at
Anaconda s open- p1t uranlum mine, New Mexico. Recl. Rev. 1:9-17.

Reynolds, K. C. and R. D Lang 1979. - Mulches, m1croc11mate, tops011
and the establishment of vegetative cover on a dispersible soil.
Aust. J. Agr. Res. 30: 1079 1087 -

:Richards, L. A. 1953. Modulus of rupture as an index of crusting of
soil. Soil Sci. Soc. Amer. Proc. 17:321-323.

. ) . K . . ‘ ot 8
Rosen, J. A., C. S. Pike, M. L. Golden, and J. Freedman. 1978. ‘Zinc
tox1c1ty in corn as a result of a geochemlcal anomaly Plant and
Soil 50:151-159. '

Ross, R. L. and H. E. Hunter. 1976 Climax vegetation of Montana
based on soils and climate. 'S0il Cons. Serv., U. S. Dep. of Agr.,
Bozeman, Montana. 64 p. S e




80

Russell, E. W. 1973. Soil conditions and plant growth. William
Clowers & Sons lelted London. 849 p. Y

Saeed, M. 1977. Phosphate fertlllzatlon reduces zinc adsorption by |
*  calcareons soils. Plant and Soil 48:641-649.

Schaal, L. 1973. 1968 1968 semi-works plot field experlment p-
49-56. In M. B. Bloch and P. D. Kilburn (ed.) Processed shale
revegetation studles Colony Development Operation, Denver,
~ Colorado.

Schafer, W. M. 1979. Guides for estimating cover-soil quallty.and
mine soil capability for use in coal strip mine reclamation in
the Western United States. Recl Rev. 2:67-74.

Schafer W. M.y G. A Nielson, D. J.oDollhopf, and K. Temple. 1979.
8011 gene31s, hydrologlcal properties, root characteristics and
microbial activity of 1- to 50-year-old stripmine spoils. U. S.
Environ. Prot. Agency Rep. No. EPA-600/7- 79-100. '

Schuman, G. E. and E. M. Taylor. 1978. Use of mine spoil to improve

the topsoil. Univ. of Wyo. Agr. Exp. Sta. Res. J. No. 130. 10 p.

Schuman, G. E., E. Mi Taylor, F. Rauzi, and G. S. Howard. 1980.
~ Standing stubble versus crimped straw mulch for establishing
grass on mined lands. J. Soil and Water Cons. 35:25-27.

Sims, J. L., “and W H. Patrick, Jr. 1978. The d1stribution of micro-
nutrient cations in soils under conditions of varying redox po-
tential and pH. Soil Sci. Amer. J. 42:258-262.

Sindelar, B. W. and P. L. Plantenberg. 1979.  Establishment, succes-
sion, and stability of vegetation on surface mined lands in east-
ern Montana. .Mont. State Univ. Dep. of Energy Annu. Prog. Rep.
55. p. ; B ‘ '

'Siﬁdelar, B. W. and P. L. Plantenberg. 1980. Establishment, succes-
sion, and stability of vegetation on surface mined lands in east-
ern Montana. .Mont. State Univ. Dep. of Energy Annu. Prog. Rep.
48 p. - : , ' .




81

Singér, M. J. and J. Blackard. 1977. Evaluation of wild oat straw as
a soil erosion retardent using simulated rainfall. Agron. J.
69:811-814. '

Singh, J. S. and D1 C. Coleman. 1974. Distribution of photo-
assimilated C* in the root system of a shortgrass prairie. J.
Ecol. 62:359-365.

Smika, D. E. and B. ,W. Greb. - 1975. Nonerodable aggregﬁtes and con-
centration of fats, waxes, and oils in soils as related to wheat
straw mulch. Soil Sci. Sol. Amer. Proc. 39:104-107.

Smith, R. I. 1953. History of the early reduction plants of Butte,
Montana. De Re Metallica 18:1-19.

Soil Conservation Service. 1972. Culture and uses of sheep fescue.
Y. S. Dep. Agr., Spokane, Washington. 3 p. ’

Soil .Conservation Service. 1967. Soil survey laboratory methods and
procedures for collecting soil samples. Soil Surv. Invest. Rep.
No. 1. U. S. Dep. of Agr. -

‘Sorensen, D. L., W. A. Knieb, D. B. Porcella, and B: Z. Richardson.

1980. Determining the lime requirement for the Blackbird mine
spoil. J. Environ. Qual. 9:162-166.

Stroh, J. R., A. E. Carleton, and W. S. Seamonds. 1978. Management
. of Lutana cicer milkvetch for hay, pasture, seed, and conserva-
. tion uses. Montana Agr. Exp. Sta. Bull. 666, Montana State Univ.,
Bozeman, Montana. 17 p. '

Sturges, D. L. 1977. Soil water withdrawal and root characteristics
of big sagebrush. Am. Midl. Natur. 98:257-274.

Swaine, D. J. and R. L. Mitchell. 1960. Trace element distribution
in soil profiles. J. Soil Sci. 11:347-368.

Taylor, H. M. 1962. Séedling'emergence of wheat, grain sorghum, and
guar as affected by rigidity and thickness of surface crusts.
Soil Sci. Soc. Amer. Proc. 26:431-433,




L

82

Timm, H., J. C. Bishop, J. W. Perdue, D. W. Grimes, R. E. Voss, and D.
N. Wright. 1971. Soil crusting effects on potato plant emer-
gence and growth. Calif. Agr. 25:5-7.

Tisdale, S. L. and W. L. Nelson. 1975. Soil fertility and fertil-
izers. Macmillan Publishing Company, New York, New York. 694 p.

United States Salinity Laboratory Staff. 1969. Diagnosis and im-
provement of saline and alkali soils. Agr. Handbook No. 60. U.
S. Dep. of Agr. 160 p.

Veihmeyer, F. J. and A.H. Hendrickson. 1948. Soil density and root
penetration. Soil Sci. 65:487-493.

Veseth, R. and C. Montagne. 1980. Geologic parent materials of Mon-

tana soils. Mont. Agr. Exp. Sta. Bull. 721. Bozeman, Montana.
117 p. ’ '

Viets, F. G., and L. C. Boawn. 1965. Zinc. In Black, C. A. (ed.)

Methods of soil analysis. Amer. Soc. of Agron., Madison, Wiscon-

sin. 1572 p. '

Viktorov, S. V., Y. A. Vostokova, and D. D. Vyshivkin. 1964. Short
guide to geo-botanical prospecting. MacMillan Publishing
Company, New York, New York. 158 p.

Vliamis, J. 1952. Acid soil infertility as related to soil-solution
and solid-phase effects. Soil Sci. 75:383~394.

Voorhees, W. B., D. A. Farrell, and - W. E. iarsqn; - 1975. Soil

strength and aeration effects on root elongation. Soil Sci. Soc. -

Amer. Proc. 39:948-953.

Walker, J. M. and S. A. Barber. 1960. The availability of divalent
Mn to millet and its equilibrium with other forms of Mn in soils.
Soil Sci. Soc. Amer. Proc. 24:485-488.

Weaver, J. E. 1958. Summary and interpretation of underground devel-

opment in natural grassland communities. Ecol. Monog. 28: 55-78.

Weaver, J. E. and L. W. Darland. .1949. Soil root relationships of
certain native grasses in various soil types. Ecol. Monog. 19:
305-338.




Ll

83. '

White, E. M. and J. K. Lewis. 1969. Ecologlcal effect of a clay

soil's structure on same native grass roots. J. Range Manage.
22:401- 404

Whittig, L. D. 1965. X-ray diffraction techniques for mineral iden-
tification and m1neralog1ca1 composition. In C. A, Black (ed.)

Methods of 5011 analysis. Amer. Soc. ‘Agron., » Madison, Wisconsin.
1572 p.

Wiesner, L. E., A. E. Carleton, R. D. Austin, J. R. Stroh, and J. G.

" Scheetz. 1978. Cicer milkvetch. Montana Agr. Exp. Sta. Bull. 655,

Montana State Univ., Bozeman, Montana. 22 p.

Williams, W. A. 1956. Evaluation of the emergence forgce exerted by

seedlings of small seeded legumes using probit analysis. Agron.
J. 48:273-274. .

Wyatt, J. M., D. J. Dollhopf, and W. M. Schafer. 1980. Root distri~
bution in 1~ to 48-year-old stripmine sp01ls in southeastern Mon-
tang. J. Range Manage. 33:101-104.




AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

I

N37?,

paIL
¢op-



