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Abstract:

In 1976 and 1977, six leveled, naturally revegetated 45- to 49-year-old. overburden deposits were
studied near Colstrip, MT to determine factors affecting vegetation development on minesoils. Initial
observations revealed plant communities on the deposits were different one from another as well as
from native rangeland, although the origin, age, parent materials, microtopography, climate, and past
management were apparently similar. Study objectives were to review literature on vegetation
development patterns on disturbed sites, describe existing plant communities on minesoils and
surrounding range-land, and analyze plant species and site differences to identify factors causing the
differences in vegetation development.

Information was collected on site origins, grazing use, climatic variability, microtopography, and soil
characteristics. Vegetation analyses included community mapping, species lists, canopy coverage,
above and below ground productivity, frequency, density, phenology, and age-class distribution of
important species. Sampling was conducted on sites, on slopes off sites, and on surrounding grazed
rangeland to determine differences in plant species distribution and migrating abilities.

Plant communities on the study sites apparently developed based on responses of individual plant
species to: 1) environmental gradients such as differences in season of site abandonment, parent
materials, microtopography, past grazing management, and surrounding plant populations, 2)
environmental modification produced by the existing vegetation on sites, and 3) the influence of
climatic variability on establishment of initial vegetation. Establishment of initial vegetation may be an
important process controlling the course a given plant and soil successional sequence will follow.
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ABSTRACT

In 1976 and 1977, six leveled, naturally revegetated 45- to
49-year-old overburden deposits were studied near Colstrip, MT to
determine factors affecting vegetation development on minesoils.
Initial observations revealed plant communities on the deposits were
different one from another as well as from native rangeland, although
the origin, age, parent materials, microtopography, climate, and past
management were apparently similar. Study objectives were to review
literature on vegetation development patterns on disturbed sites, de-
scribe existing plant communities on minesoils and surrounding range-
land, and analyze plant species and site differences to identify
factors causing the differences in vegetation development.

Information was collected on site origins, grazing use, climatic
variability, microtopography, and soil characteristics. Vegetation
analyses included community mapping, species lists, canopy coverage,
above and below ground productivity, frequency, density, phenology,
and age~class distribution of important species. Sampling was con-
ducted on sites, on slopes off sites, and on surrounding grazed
rangeland to determine differences in plant species distribution and
migrating abilities.

Plant communities on the study sites. apparently developed based
on responses of individual plant species to: 1) envirommental
gradients such as differences in season of site abandonment, parent
materials, microtopography, past grazing management, and surrounding
plant populations, 2) envirommental modification produced by the
existing vegetation on sites, and.3) the influence of climatic vari-
ability on establishment of initial vegetation. Establishment of )
initial vegetation may be an important process controlling the course
a'given plant and soil successional sequence will follow.




INTRODUCTION

Development of extemsive coal depoéits in the semiarid Northern
Great Plains to supply energy for generation of electricity has in-
creased discussion about reclamation potential.  Doubt exists about
the feasibility of reclamation in areaé where evaporafioﬁ exceeds
precipitat;on (NAS 1974). This doubt has stimulated the passage of
stringent reclamation laws.

Legislation requires establishment of vegetation cover capable
of self-regeneration and succession on surface ﬁined land [30 CFR‘515.
(b)(19)]. The time required to establish that cover has been repeatedly
questioned (Curry 1973, 1975; Packer 1974). The presence of a 45-year=
old naturally revegetated overburden deﬁosit that exceeded'pfeseﬁt
standaras for reclamation success indicated that potential exists for
successful reclamation in the Colstrip, MT area (Sindelar and
Plantenberg 1978). Howeﬁer; time alone does not guarantee 'success,
as five 48- £o 49-~year-old overburden &eposits in the same area did
not meet the requirements {(Skilbred 1979j:

Studies of old naturally revegetated deposits could identify and
rank importance of factors affecting vegetétion development on ﬁined
land. These studies are imp;rtant because the number of old leveled
minesoils is limited. In-additionm, five sites were destroyed by mining

in 1977.
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In 1976 and 1977, six naturally revegetated overburden deposits
were intensively investigated. Study objectives were to review
literature on vegetation development patterns on disturbed sites,
describe existing plant communities on minesoils-and surroundiﬁg
rangeiand, and- analyze species and site differences to.identify
factors causing differences in vege£ation development.

The erosits consisted of leveled-excess overburden removed
before mining in areas where overburden depth exceeded dragline capa-
city. Overburden was deposited on adjacent native rangeland. Pre-
liminary reconnaissance of the deposits-showed that plant communities
were dissimilar on the six sites. Eiant communities graded frém
shrub/subshrub-annual grass stands in poor range condition [using
Soil Comservation Service (SCS) range condition guidelines] to stands
dominated by native perennial species in good range condition. ﬁow-
ever, éite origin, age, pa;ent material, microtopography, climate,
and past grazing management were appérently similar on five of six
deposits. Plant communities on five of six deposits réflected
changes in the relative importance of individual species.rather than
changes in floristic composition (Skilbred 1979).

This study was part of a study for the U.S. Department of Energy
(then Energy Research and Development Administration) (Sindelar and
Plantenberg 1977, 1978, 1979,.1980). Another Master of Science study

was conducted on five of the six overburden deposits (Skilbred 1979).




LITERATURE REVIEW

Literature concerning vegetation development patterns on disturbed
land is extemsive (Haug 1970). Wali (1980) recently reviewed succes-
sion theory as it relates to mined land revegetation. He indicated
problems gcologists have had rélating £hev"orderly progression to
climax' theory to observéd vegetation development in areas where eva-
poration exceeds precipitation. Skilbred (1979) reviewed succession
principles that affect natural revegetation of mined land in the
Northern Great Plains. The literature review that follows seeks to
clarify the role of ecologicai factors in develophent of vegetation'
on mined land.

Development of a climax community is not determined by an in-

‘herited design but By characteristics of the environment and of the

plant species that are able to establish and maintain populations in
the community (Drugy and Nisbet 1973; Whittaker 1975; Pickett 1976).
Initial establishment of vegefation is important to the natural revege-
tation process on disturbed sites (Egler 1954). The role of climatic
variability in succession is important to imitial establishment of
vegetation after a disturbance (Lang 1971).

Significant yearly variability in precipifatidn occurs in the
study area (NOAA 1924-1983). The vegetation present in an area may
result more from climatic extremes than from average weather patterns

(Egler 1977). TFor example, several studies indicated that drought
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and precipitation greater than average influenced vegetation-develop-
ment more than grazing  (Reed and Peterson 1961; Houston and Woodward
1966; Branson and Miller 1981). |

Many vegetation studies in semiarid areas have stressed the im-

portance of.yearly precipitation amounts related to long term averages.

The variation in precipitation month to month has been shown to bé
significaqt as well (Olson 1983). Profential evapotranspiration must
also be comnsidered (Toy 1979).

Minesoils are substantially different from native soils in the
Colstrip, MT area. Schafer et al. (1979) reviewed differences be-
tween native soils and minesoils less than 50 years old at Colstrip.
Minesoils were characterized by homogenization of the landscape,
parent materials, soil texture, and soil depth, and by high coarse
fragment content (Schafer 1982). ﬁinesoils with up to 70% coarsé

fragments probably have more favorable moisture regimes for deep

.rooted plants than moderately fine to fine textured soils (Berg and

Barrau 1973). Mined land has incﬁeased soil depth but often contains
impermeable layers that can perch.wafer tables (Larson 1980). |

Curry (1973, 1975) speculated that rates of soil genesis may be
impossible to measure with the climate that exists in the study area
today. However, measurable soil formation processes ﬁave beén docﬁ-
mented on naturally revegetated mingsoils under 50 years old (Schafer
et al. 1979; Siﬂgleton and Barker 1980; Wali 1980).

Vegetation development on mined land is a mixture of primary and
secondary succession processes-(Wali 1980). Aithough vegetation and

soil development are interdependent, the role of soil development in
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primary successions probably has been exaggerated (Drury and Nisbet
1973). Yor example, some ﬁlant species characteristically associated
with later stages of soil formation, may succeed if introduced initial-
ly by seed or vegetative transplant. In South Dakota, coolfseasoﬁ

grasses, such as Agropyron smithii and Stipa viridula replaced warm-

season grasses in native plant communities as soil structure and soil
fertility (i.e: soil development) incréased with time (White 1971).
But om seeéed mined land at Colstrip, éool-season grasses predominated
regardless of minesoil age, topsoil treatment, or fertilizer regime
(Depuit 1980). Mined land in the Colstrip area typically has suffi-
cient stored soil moisture to increase initial vegetation establishment
success if precipitation is normal (Sindelar et al. 1973).

Man has introduced many new species into the Northern Great Plains

flora. Examples include Salsola kali which became widespread in the

drought of the 1930's (Van Bruggen 1976). Melilotus officinalis is a

conspicuous exotic biennial species that has become a naturalized com-
ponent of disturbed native rangeland in the area (Sindelar and
Plantenberg 1978). Introduced perennial species are important in na-

tive communities; examples' are Poa pratensis in Agropyron smithii-

Stipa viridula grasslands and Taraxacum officimale. Improved pastures

are seeded with introduced plant species. Various noxious weeds such

as Centaurea maculosa, Cirsium arvense, and Convolvulus arvensis occur

in the study area on disturbed sites (Sindelar and Plantenberg 1978).
Although man's activities have favored introduction of exotic spe-

cies, the opportunity for exotic species to become established is
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present even in some existing un&istu?bed communities (Daubenmire
1968). Disturbance, coupled with the presence of aliens, may result
in a plant community different from the antecedént vegetation type
(Weaver and Clements 1938). The introduction of competitive new
species and varieties alters vegetation development patterns on mine-
soils (Sindelar and Plantenberg 1978; King 1980). ‘

Man's use of the land may have modified existing vegetation
populations in the Northern Great Plains. For-éxample, existing
vegetation in an area may not be representative éf the potential
vegetation because grazing may_have altered it (Sedgeley 1974). The
bison herds are gone. In contrast to transient bison uée (England
and De Vos 1969), overgrazing by livestock is extensive in different
vegetation communities and occurs in all seasons of the year. The
influencé of livestock grazing in the past 100 years has significantly
changed vegetation development patterns (Ellison 1960). In fact,
grazing programs are being used tbday which. recreate the.herd effect
on land without which plant, soil, and animal succession is al£ered
(Savory 1981).

' Vegetation development potentials can be substantially modified
by man's choice of mining. methodology. Schafer (1982) concluded that
new reclamation methods had increased the overall SCS laqd capability
classification at some mines over the capability classes thét existed
before mining. Different mining methods allow selective'handling and
placement of overburden (Dollhopf et al. 1978)L Overburden with
man-created improvements may form a better topsoil than the previous

natural topsoil (Bradshaw and Chadwick 1980).
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Mining methods and economics affect the rate and scale of mining.

Size of disturbance is an important factor often overlooked in ecologi-

cal studies (Burges 1960). Vegetation development patterns change as
the size of disturbance changes (Egler 1954; Golley 1965; Platt 1975).
The larger the disturbance the less likely the site will return to
the antecedent vegetation (Connell and'Slatyer 1977).

Revegetation strategies developed to meet the requirements of

reclamation laws, alter vegetation development on mined land. TFor

example, climax species depend almost solely on wind for diséemina-
tion (Weaver and Clements 1938). " Today, legislation requires top-
soiling and seeding of land disturbed byvmining. With direct-haul
topsoiling practices, propagulés of rglatively‘immobile climax species
are directly transferrea to sites; increasing their chéﬁce for estab-

lishment (King 1980). Establishment irrigation, seed mixture formu~

"lation, fertilization, landscape design, and other man-controlled re-

clamaﬁion treatments alteryvegetation establishment potentials (DePuit
1980).

Foilowing initial revegetation treatments, plant populations may
be ﬁanipulated by fertiliéers, herbicides, insecticides,:and grazing
which will influgnce vegetation development .patterns. Reseeding and

interseeding are other alternatives to establish additiomal plant

- species (Humphries 1979). Direct intervention by man to supply seed

may be needed because seed of some species may be unavailable to

disturbed sites (Harper 1977).
In summary, climatic variability and minesoil properties

are factors that affect the process of initial establishment of- .
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vegetation gn mined land.. Man has introduced new plant species into
the local fléra and modified existing plant species populations as
well. Mining methods and revegetation strategies are other important

factors that affect vegetation development on mined land.




METHODS AND PROCEDURES

Introduction

e

Objectives of this study were to describe existing plant communi-

ties on mined land and surrounding rangeland near Colstriﬁ, MT and to

analyze plant species and site differences. To identify and rank fac-

tors causing the differences in vegetation development among the
sites, the following methods and procedures were developed.

Six overburden deposits from the same mining period on native
rangeland were chosen for study to minimize variations due to mining
methods, soil/parent materials, climate, grazing, and fire history in
surrounding plant communities. Methods were designed to study each |
deposit as one site without replicates. Sampling intensity was
selected to characterize adequately each site as well as the native

rangeland communities surrounding each site.

~

Mining Methodology

Historical information concerning mining methods at the time of
site formation was searched in many records:
-Western Energy Company records, Colstrip, MT

-W. B. Dean photograph collectlon - Forsyth MT and Montana
Hlstorlcal Society, Helena, MT

-Northern Pacific Railway Company records - Minnesota
Historical Society, St. Paul, MN

-Northwestern Improvement Company records - St. Paul, MN
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~-Foley Bros. Construction Company records - St. Paul, MN

~Forsyth Independent newspaper records - Rosebud County
Museum, Forsyth, MT

-Personal interview with N. Fandrich, Town Manager,
Colstrip, MT ’

Grazing History

Information on grazing history of the area was obtained from:

-Burlington Northern, Inc., grazing lease records, J.
Bishop, BN, Inc., Miles City, MT

-Personal interview with L. Eastgate, Sarpy Creek, MT,
local .rancher who leased the study area and who was former
purchasing agent, Foley Bros. Comstruction Co., in
Colstrip, MT. :

~Environmental impact stuaies done in the area
(Westinghouse Elec. Corp. 1973, Bennett et al. 1976).

Literature about the area was used to supplement informatiom on
the mining and grazing history of study sites (Foley 1945, Fulmer

1973).

Species Identification

Plant lists were méde for éach site (see Skilbred [1979] and
Sindelar and Planténberg [1978]). Plant collections were made .
throughout the growing season. Specimens of each species collected
were identified, characterized, and catalogued. Duplicate specimens,
if available,lwere submitted to the Montana State Univefsity Herbarium.
More than 425 vascﬁlar plant species in the Colstrip area were col-
lected. A flora including all of the species in the study area does

not exist. Scientific nomenclature for plant species was primarily
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based on Hitchcock and .Cronquist (1978). Nomenclature for other

species was based on Booth (1950), Booth and Wright (1966), Van

Bruggen (1976), and Dorn (1977). Nomenclature is based on USDA-SCS

(1982).

Vegetation Mapping

Color and infrared aerial photographs and topographical maps
were used to con;truct vegetation mosaic maps of five of‘the siﬁes as
well as areas immediately surrounding these sites. Su?veying equip-
ment and topographical maps were used to produce micfotopographicél
profiles of these. five sites. Regretably, a sixth site and its sur-
rounding rangeland in another management unit,‘were not ﬁapped.
Numerous 35 mm photographs were taken of the sites during the étudy

period.

On-Site Sampling

Exclosure Measurements

Exclosures (15 x 25 m) were coﬁstructed to‘protéct permanent
plots from livestock and vehicle traffiﬁ. Exclosure locations were
selected on each deposit in the major plant community. The native
range site was selecﬁed on an upland ridge. The ridge was an

extension of the same ridge which was used to form two of the sites.

-

Also, it was selected to match the upland nature of the sites. Vege-

tation sampling methods matched those of the parent study (Sindelar

and Plantenberg 19?8, Figure 5, p. 152). ALl sampling was systematic
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at regular intervals élong transects. Justification for random vs.
systematic sampling is a matter of opinion (Daubenmire 1968).

Three permanent 20 m transects vere located using galvanized
wire stretched at érouﬁd level between steel posts and marked at
one-meter intervals. On one transec%, 10 permanent 0.75 m squa?e
quadrats were stereophotographed twice during each growing season.
These stereophotographé provided a 35 mm photographic record of the
Vegetationl A second transect was used for Sténding crop estimates
by the direct harvest méthod (Lewis 1970). Ten 0.5 m sqﬁare quadrats
were harvested twice dﬁring the growing season, once in late May or
early June and then again in early July. These dates were chosen to
sample the peak standing crop.of the major cool-season and warm-season
species in the area (Sindélar‘and Plantenberg 1977). Plant materials
including shrubg were clipped to ground level and separated by species.
Standing dead material and ground litter were also separated. Ali
samples were oven dried, weighed, and averages determined. ILitter
samples were not ashed. As a result, litter estimates are maximum
values. Shrub and cactus species with above groun& perenhating'cambiqm‘
layers and leéves were sampled different}y. Only the new growth was
removed aﬁd other perennating material was placed in standing dead
samples. As a result, shrub estimates are minimum values.

Two transects were used for groynd and canopy coverage analyses.
Forty permanently located 20 x 50 cm plots were sampled twice dufing
each growing season. . Canopy and grdund coveragé estimates were made
for each species as well aé mosses, lichens, fungi, litter, rock, and

bare ground with a modification of the Daubenmire (1959) canopy
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coverage method. Interspaces in the imaginary polygon drawn around a
plant canopy were removed to produce actual coverage values. As a
result, comparisons with other studies using this method are limited
and coverage values should be considered minimal. Canopy coverage
estimates provided data for species composition, frequency, and
species diversity. Diversity was calculated using the Shannon Index
(Pielou 1975j.' Diversity values aré réporFed to levels as precise as
the data tﬁat were used to generate them. " The indices were not cal-
culated on a plot-by-plot basis. As a ;esﬁlt,.statistical testing
was not conducted. | |

Summation of the largest sténding_crop and canopy coverage esti-
mates for individual species from the two sampling dates in a growing
season were used to compute a "maximum! value for each site. This
computation is standard procedure for productivity estimates (Siﬁgh
et al. 1975). For the coverage estimates, this represents a modifica-
tion of the Daubenmire technique. This modific;tion is justified for -
canopy coverage estimates because this siudy used permanently locaﬁed
plots with the samelplants being estimated each sample'date. These
maximum values Stillilack estimates for ephemeral forbs and laﬁe
developing species.

Plant density estimates were made in 20 permanently located
15 x 15 cm quadrats along one transect (Sinaelar and Plantenberg
1978). Density counts of each speEies.were recorded every two weeks

during the growing season. Nine sample dates were recorded in 1976

‘and 15 dates in 1977.
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Standing crop, canopy coverage and density aifferences among
sites were ﬁested.using analysis of variance pfocedures (Nie et al.
1975). Mean separation was accomplished using Duncan's Multiple
Range test (Steele and Torrie 1960). * Statistical analyses were con-
ducted even. though sampling on sites was noﬁ reélicated. Results
should be viewed in that context.

Species frequency was used to detérmine whether exclosure plant
communities were comparable with communities éﬁnthe rest of the stuay
sites. Frequency was sampled by modifying techniques used by Hyder
et al. (1963) and Hyder et al. (1965, 1966). Presence of a species
was recorded when it was overhanging or rooted in the sampling plot.
Over S,OOO, 4 x 10 cm plots were samplea on the six minesoil sites.
For exclosure comparisons, 60 plots were sampled at one-meter inter-
vals along transects in each exclosure. On the rest of each sité, a
central point was selected‘and transects were located in eight car-
dinal directions radiating from the central point. Frequency plo;s
were sampled at one-meter intervals in eight directiops,'gntil 200
plots were recorded 5n each of the five sites in one management unit.
On the sixth site, two central points were selected because of the
large size and bilobed appearance of the site (see Figure 14).. On
the sixth Sifé 1710 plots were=in§ent6ried. Frequency samples wére

subjected to Chi Square (Xz) analyses (Snedecor and Cochran 1971).

Slope and Exposure

Plant species on the slopes of five sites were listed and

mapped. The relative abundance of each species was estimated using
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the Domin-Krajina abundance scale (Mueller-Dumbois and Ellenberg
1974). Unfortunately, the slopes of the sixth site were not

mapped or inventoried in any way.

‘Age-Class Distribution

An age;class distribution analysis was conducted for selected
species populations én five sites to quantify whether or not repro-
duction was oc;urring. A central point on each site was selected and
transects were established radiating in four cardinal directions.

The plant closest to every five-meter mark was sampled until 25 -
plants were sampled per site. |

Artemisia cana is rhizomatous; however, the stems are long lived.

The oldest stem on each plant was sampled and the age determined by

counting growth rings. Artemisia dracunculus, a perennial forb or

subshrub species and Stipa comata, a perennial bunchgrass were sam-
pled by measuring the basal and crown diameters. It‘wasiassuméd that
the oldest plants had the largest diameters {Daubenmire 1968). Al-
though this is a relative criterion, an approximatibn of’age is in-
ventoried as well as relative plant size. The mean and 95% confidence
intervals were determined. The width of the confidence interval in-
dicated the distribution of different age and size classes in the
population. If intervals did not ovérlap when graphed, significant

differences between populations were assumed.

Phenology Studies

Seasonal development of six major species was observed.iﬁ 1977

to reveal variations in development associated with litter accumula-




.1 cotyledon (newly.ggpminated)
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tions. Phenology was sampled by modifying techniques of Mueggler
(1972'and Personal communication). A phenology code was used that
was developed by other researchers in southeastern Montana (Taylor
and Leininger 1977, Table 1). Attempts were made to locate 25 plants
of each species in the canopy coverage plots. Plants were marked for
repeéted observations. Fifteen sample dates were observed between

April 1 aud October 15, 1977.

Table 1. Phenology code (Taylor and Leininger 1977).

0

flowering, anthesis

2 seedling N 10 late flowe;ing

3 basal ro;ette - ) 11 fruit formed

4 early greenup, veg. buds swelling T 12 seed shatter, dehiscence

S vegetative growth, twig elongation 1; vegetative maturity, summer'dormancy, leaf drop
6 booé stage, flower buds appearing 14 fall greenup

7 shooting seed stalk, floral buds opening 15 winter dormancy

8 early flowering . - 16 dead

Soil Measurements

Soil samples were collected on each of five sites using a 7.5 cm
bucket auger. From each site, six samples at five depths (¥=30),
0-10 cm, 25-35 cm, 50-60 cm, 75-85 cm, and 100-110 cm were collected.
Soil analyses were.conducted on samples from two sites by the Montana

State University Soil Testing Laboratorj. Samples were then subjected

. to analysis of variance and mean separation techniques. Soil samples

from the other four sites were analyzed by the USDA-SCS Soil Charac-
terization Laboratory in Lincoln, Nebraska as part of a cooperative

soil genesis study on the sites (Schafer et al. 1979).
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Soil moisture was determined gravimetrically at biweekly inter-
vals (Reynolds 1970). Each site was sampled in 1977 in two locations
and six depths, namely 0-10 cm, 20-30 cm, 40-50 cm, 60-70 cm, 80-90
cm, and 100-110 cm.

Bulk density and root production were sampled at three sites using
methods outlined by Sindelar et al. (1973). Sampling wés conducted
in September 1976 and July 1977. Rooté were separated by ?ashing
through a #40 soil sieve. Roots were dried, weighed, and corrected
for mineral matter content by ashing at 600°C. Roots and bulk den-
sity were also sampled in 1977 on all sites using a 137 cc core

sampler.

Off-Site Sampling

Frequency Sampling

A total of 6075, 4 % 10 cm frequency plots were sampled near the
six overburden sites on transects radiating in cardinal directions
onto surrounding rangeland. .Frequency was used to‘evalﬁate differ-
ences in opportunities for'migration of plant species. The nearest
source of propagative materials was sought when a species found on
the study sites was not found within 100 m of the site on surrounding
native rangeland. Between 950. and 1225 frequency plots were sampled

surrounding each site.

Pioneer Species’

During the 1977 field season, species lists were made on 35 one-

and two-year-old man-created disturbances in the management unit
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containing five of the six deposits. These disturbances were used to
identify possible pioneer species on the deposits at the time of site
formation. Attempts were made.to determine whether the species on
the récent disturbances had established from seed, vegetative trans-

plant, or from peripheral invasion.

Age-class Distribution

Age-class distribution énalyses were conducted on native range=-
land surrounding five of the six sites to match the anélysés con-
ducted on the five sites. Twenty-five plants were inventoried by
establishing an arbitrary point and Sampling at 5 m intervals in
four cardinal directions. The native range control site (NR) was

used for sampling Artemisia dracunculus and Stipa comata. Due to the

absence of Artemisia cana on the NR site, a swale between two of -the

minesoil sites was sampled.

A plowed field was sampled adjacent to one site (éee Figure 10).
It was abandoned in 1948, not seeded, and becamé dominated by Stipa
comata. This is common for abandoned sandy loam,croplandvin south-
eastern Montana (D. Ryerson, 1981, Mont. Stgte‘Univ., Bozeman, MT
Personal communication). A soil sample was collected for textural
analysis. In contrast, abandoned loamy soils in the area, can develop

Aristida longiseta-Psoralea tenuiflora communities with a conspicuous

component of annual Bromus spp.

Qther Information

Additional vegetation data from native rangeland were obtained

from other studies in the Colstrip area (Econ, Inc. 1975, 1976;
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Munshower et al. 1975; Munshower and DePuit 1976; Munshower et ‘al.
1978). Climatic data were obtained from the Colstrip weather station
(NOAA 1924-1983). Parent materials and geology of the area were
characterized by using Northwestern Improvement Co., mining records
and overburden drill analyses conducted by Western Energy Company

(1973). Table 2 summarizes sampling history of sites.

Table 2. Sampling history of sites.

SAMPLING SITE 28-1 SITE 28-2 SITE 28-3 SITE 28-4 SITE 28-5 SITE 30 NR SITE
DATA TYPE FREQUENCY 1976 1977 1976 1977 -1976 1977 1976 1977 1976 1977 1976 1977 1976 1977
Plant density biweekly X X X X X X % X X X X x X X
Cover & frequency twice/year 5/12 6/8 6/7 6/8 5/28 6/8 5/28 6/7 5/14 6/7 S/11 6/7 5/14 6/7

6/24 7/6 6/24 7/6 ns 7/6 6/24 7/6 6/23 7/6 6/21 17/6 6/24 1/6

Standing crop twice/year 6/17 6/15 6/7 6/15 6/7 6/15 6/7 6/15 6/7 6/15 6/7 6/15 6/7 6/15
7/20 "1/13 T/20 ‘7/33 7/20.  7/13 7)20 ‘1/33 7/20 3/13 71/20 7/12 1/20 7/13

Quadrat stereophotography twice/year 5/24 6/16 5/24 6/16 5/24 6/16 5/24 6/16 5/24 6/16 5/26 6/16 5/27 6/16
6/23 7/20 6/23 7/20 ns 7/20 6/23 7/20 /23 7/20 6/22 17/20 6/24 7/20

Site aerial photography yearly 6/18 8/23 6/18 8/23 6/18 8/23 6/18 8/23 6/18 8/23 6/18 8/23 6/18 8/23
7/15 7/15 7/15 7/15 7/15 7/15 7/15
Soil moisture &
temperature biweekly X X ns X ns X ns X ns X x X x x
Standard soil analyses yearly 6/1 ns 9/1 8/1 9/1 ns 9/1 8/1 9/1 8/1 6/1 ns 6/1 ns
9/1 9/1
Root biomass, soil bulk
density yearly 9/1 1/271. " 9/1 7/7 ns /L ins /7., % 773 " 9/1 /(7. 1% 7/6
1 (9/1/1913)
Phenology biweekly ns X ns X ns X ns s ns X ns x ns X

as = not sampled
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| STUDY AREA

General Description

Location

Colstrip is in Rosebud Cbﬁnty in southeastern Montan;. It is
located omnthe East Fork of‘Armell'g Creek which flows nbrfhward into
the Yellowstone River, 50 km away.  Colstrip is in the northern part
of the Powder River Basin in the Nofthern Great Plains physiographic
province.
Geology

A detailed summary of the geology was prepared by Schafer et al.
(1979). These sedimentary plains were not glaciated during Pleis£o—
cene time but changes in the climate caused downcutting of rivers and
rejuvenation of much of the Iéndscape. The area is charactgrized by
valleys and rolling hills which are strongly dissected by dintermit-
tent stream channels and scattered bedrock outcroppings (Figure 1).

Sﬁrficial-geoiogy_is dominated by the Tongue River memﬁer of the
Paleocene Fort Union formation. This formation has extengive sub-
bituminous coal reserves. At Colstrip, the Rosebud coal seam is
approximately 7.5 m thick. .Overburden, up to 50 m thick, is predomi-
nantly sandstone with abundan£ lenses of siltstone. Sediments vary -
laterally making sampling and characterization of overburden diffi-

cult (Dollhopf et al. 1978).
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Figure 1. General view of the Colstrip, MT area.

Native soils and minesoils have been studied by Western Ene?gy
Company (1973) and Schafer et al. (1979). Most soils in the area are
less than 10,000 years old. Representative soil series that develop
on various parent materials at each geomorphic position in the area
are illustrated in Figure 2 (modified from Econ, Inc. 1975, 1976;
Schafer et al. 1979). Coarse-loamy and fine-loamy textural classes
of soils dominate locally. Some fine-loamy soils occur on colluvium
derived from siltstone. Skeletal and fragmental soils are common on
top of sandstone, siltstone, porcelanite, or baked sandstone-capped

outcrops.
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Vegetation
Vegetation in the area is predominantly mixed-prairie grassland

and Pinus ponderosa savanna on bedrock outcroppings (Payne 1973; Ross

and Hunter 1976). A typical cross section of major plant species as-
sociations and their relation to soil, aspect, elevation, and USDA-
SCS range sites is presented in Figure 2. Scientific names for plant

species abbreviations used in Figure 2 are listed in Table 3.

N

Climate

The continental climate in the area is best described by extremes
rather than means. Temperatures fluctuate between -40°C'(-40°F) and
40°C (111°F). Typically, January and July are the coldest and warmest
months. Precipitation averages about 40 cm but as little as 22 cm
fell in the drought of 1934 while 63 cm fell in 1944. The growing
season begins for many species in late September if moisture is
adequate. Growth ceases with the onset.of cold weather in late
October and resumes again in late March as the snow recedes. Summer
precipitation is variable due to localized showers and high intensity
thunderstorms. Phenological differences of up to one month can occur
depending on growing conditions. Vegetation production in any year
is affected by fall and winter moisfure from the previous year (Rogler
and Haas 1947; Newbauer et al. 1980). It may also depend on moisture
from the last two years (Dahl 1963). Distribution of mpisfure is ex-
tremely variable due to slope, exposure, wind, sublimation, drifting

patterns, runoff, potential evapotranspiration, soil texture, soil
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STUDY SITE NATIVE RANGELAND

30 SITE 28 SITES 30 SITES
R h L SRR & 4 | 3QSITES. 1
PIPO PIPO eroding
JUSC AGSP CHNA
RHTR L AGSP RHTR ARTR SAKA
AGSM CALO CALO ARCA eroding BOCU CAFlI KOPY ORHY
POPR STCO STCO STCO STCO STCO AGSM STCO CHNA BRJA STCO AGSP BRTE
ACNE POSA KOPY ANDROKOPY AGSM STCO ARTR ARCA BRTE AGSP MUCU KOPY RHTR STCO
FRPE AGSM KOPY BOGR CAPE BOGR POSA BRJA STVI AGSM BRJA ORHY ARTR BRTE AGSM
SYOC STVI CAFl CAFlI KOPY CAFlI KOPY KOPY AGSM STVI MEOF*ATCO CAPE BRUA
100 AGSM POPR BRJA YUGL BOGR POSA BOGR STVI KOPY POPR AGCR™ GUSA L 360
1100 Rowo BRUA BOGR CALO YUGL AGSP CALO POPR BRJUA ARTR £t
" | PoPU STVI ANDRC ARDR *eeded
LITHIC ENTISOLS
~3000
94‘?-1 | : ENTISOLS i ft.
1 SN ] Llal s ARIDISOLS i
‘ . >4 4 MBORTHIDS |
FLUVENTS MOLLISOLS ARIDISOLS MOLLISOLS ARIDISOLS IENTISOLS
HAPLOBOROLLS CAMBORTHIDS HAPLOBOROLLS L[‘AMBORTHIDS [ l
& 1
ovartiow!s. TaglilY ~ v o wnw sandy - - - — — clayey overflow disturbed dense - -thin -~ clayey minesoil
- = ~silty -~ - plowed clay hilly abandoned

'SCS Range Sites

Figure 2. Cross section of major plant associations around the study
sites and their relation to soil, aspect, elevation, and
SCS range sites.

Table 3. Important plant species in the study area.

Grasses and sedges Forbs
*AGCR Agropyron cristatum *MEOF Melilotus officinalis
AGSM Agropyron smithii *SAKA Salsola kali + S. collina
AGSP Agropyron spicatum
ANDRO Andropogon gerardii, A. g. Shrubs and Trees

var. paucipilus (A. hallii)
& Schizachyrium scoparium ACNE Acer negundo

BOCU Bouteloua curtipendula ARCA Artemisia cana

BOGR Bouteloua gracilis ARDR Artemisia dracunculus
“BRJA Bromus japonicus ARTR Artemisia tridentata
*BRTE Bromus tectorum ATCO Atriplex confertifolia
CALO Calamovilfa longifolia CHNA Chrysothamnus nauseosus
CAFI Carex filifolia FRPE Fraxinus pennsylvanica
CAPE Carex pensylvanica GUSA Gutierrezia sarothrae
KOPY Koeleria pyramidata JUSC Juniperus scopulorum
MUCU Muhlenbergia cuspidata PIPO Pinus ponderosa

ORHY Oryzopsis hymenoides POPU Populus spp.
*POPR Poa pratensis RHTR Rhus trilobata

POSA Poa sandbergii ROWO Rosa woodsii

STCO Stipa comata SYOC Symphoricarpos occidentalis
STVI Stipa viridula YUGL Yucca glauca

*introduced and naturalized species in area
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infiltration rates, plant litter, and storm intensities. Potential eva-

potranspiration is estimated at 57 cm for the Colstrip area (Toy 1979).

Wildlife

Wildlife inventories of the area have been conductéd. The most
significant impact of biota observed are the periodic outbreaks of
grasshoppers as in 1977. Effects of éther insects, birds, and rodents
on reclamation seedings and in other areas have not‘been-a&équately
analyzed. Impacts of game animals on reclamation seedings at Colstrip

and other areas have been documented (Sindelar et al. 1973).

Grazing History

Horses, cattle, and sheep have used the area extensively since
the 1880's. The Green Mountain Stock Ranching Coﬁpany was one of the
first cattle operations to move into the Colstrip area (Bennett et
al. 1976). Large 1ivestoék operations trailed herds through"the area
until fhe 1930's. The Fletcher Brothers (FUF Ranch) from Minneapolis;
Minnesota, had a horse herd that used the length and breadth qf the
Armell's Creek drainage. They raised 15,000 horses for dog and cat
food and had several thousand head of cattle in the early part of the
20th century. The Philbricks had a lafge sheep ranch headquartered
east of Colstrip on Rosebud Creek until the 1930's. They sold the
Colstrip townsite to Northern Pacific Railway Company (Fulmer 1973).
More cattle were shipped out of Colstrip than any other place in the
state in the 1930's (Eastgate, L. Colsprip, Montana, 1977. Personal
communication). Cattle grazing ié the dominant land ﬁse in the study

area today.
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SITE DESCRIPTIONS

History of Site Formation

Colstrip Miﬁing History

Coal-powered steam locomotives powered the mnation's railroads in
the early 20th century. A dependable, economical source of fuel was
essential. Northern Pacific Railway Company (now Burlington Northern,
Inc.) had three sources of dependable but expensive coal: Roslyn,
Washington; Red Lodge, Montana; and coal shipped to Duluth, Minnesota
from the east (Foley 1945). Experience in midwestern coal fields
showed that surface mining was more economical than underground
mining. Because of government land grants, Ndrthern Pacific owned
land in southeastern Montana underlain by quantities of subbituminous
coal. The coal had not been exploited because of distance from the
main line. From 1917-1923 Northgrn Pacific developed.a favorable field
in the Armell's Creek drainage loc;ted 56 km southwest of Forsyth, MT
which had an eightfmetér thick vein of coal covered by relatively
thin overburdeﬁ. A branch line was completed in 1923'fr6m the main
railroad line to what was called Colstrip, MT.

In 1923, Northérn Pacific Railway Company called for bids to
equip and operate the new field which would be supervised by North-
western Improvement Company, a subsidiary of Northern Pacific Railway
Company. The controversial low bidder was Foley Brothers' Construc-

tion Company of St. Paul, MN which had bid for an electrified operation
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rather than traditional coal-powered operations. A 150 km powerline
was constructed from Billings,\MT to power the mine. The operation
proved to be successful and changed the coal surface mining industry
(Foley 1945).

Foley Brothers Construction Company and Northwestern Improvement
Company operated the mine until Northern Pacific Railway'Company con-
verted to diesél operation in 1958. Western Energy Company,‘a sub-
sidiary of‘Montana Power Company, purchased the operations and along
with Long Construction Company, commenced mining coal for electrical
utilities in Montana and the midwestern states in 1968.

From 1924-1958 almost 600 ha grazing land was disturbed. Although
Burlington Northern, Inc. leveled nearly all abandoned overburden in
1972-1973, some areas were not redisturbed. Several small level.
deposits created between 1927-1931 prdvided the opfortunity to study

nearly 50 years of natural revegetation in the area.

Excess Overburden Operations

The first pit at Colstrip was opened in the fall of 1924. A
Marion 360 dragline was used that was track mounted and equipped with
a 46 m boom and a 3.8 m3 bucket (Figure 3).  The dragline could handle
up to 15 m of overburden. In 1925, overburden averaged only five
meters thick. As.mining progréssed in Pit One, away-from Armell's
Creek, overburden continued to thicken. In areas where the dragline
range was exceeded, surface material had to be removed outside the
mining area. The excess overburden was jackhammered or blasted, and

loaded by diesel shovel into 1927, chain driven, side-dump, Mack
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trucks. The trucks hauled the material from the mine site onto adja-

cent rangeland (Figure 4).

Figure 3. A Marion 360 dragline was used to mine Pit One at Colstrip
in the 1920's (Dean Collection 1925).
Loading and unloading the excess overburden mixed the overbur-
den, sorted larger rock fragments (Figure 5) and created diagonal
layers in the minesoil.

Over 200,000 m3

of excess overburden from Pit I were deposited
in six dumps up to one hectare in size from October 13, 1927 until
November 18, 1928. Excess overburden removal continued in Pit Two
from July 26, 1929 until May 30, 1931. Removal of 1,222,000 m3 of

excess overburden from Pit II resulted in three dumps up to 10 ha in

size being deposited on native rangeland.

































































































































































































































































































