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Climate of the reglon 1s arid to semiarid with cold, harsh winters.
Precipitation of this region ranges from 15 to 38 cm, 25 to 40Z of which
occurs ag snow., Annual evaporation demand greatly exceeds

precipitation. The frost-free period averages about 125 days.

Mining Methods as Related to Reclamation

Bentonite is extracted with surface mining methods that differ
somewhat from those associated with other minerals in the Northern Great
Plaine. Bentonite pits are shallow (not exceeding a 10:1 stfipping
ratio), generally less than 15m in depth and 1 to 8ha in area. Due to
the irregulér distribution of mineable, high grade bentonite deposits,
pits tend to be interspersed with non-mined areas in discontinuous
patterns over the landscape. Thus, bentonite mining is more of an
"eutensive’ than "intensive" land disturbance, directly or indirectly
affecting large areas. This type of mining results in logilstical
problems in planning mining/reclamation and handling earth materials
different from other types of mineral extraction, such as coal surface
mining.

With current mining methods, scrapers remove the topsoil and
replace it on regraded spoil or stockplle it for later use. The
overburden is then removed, and either placed in adjoining pits, and
regraded and contoured or stockpiled for later use as backfill for the
open pit. The use of scrapers in a cast-back mining method results in
the inversion of pre-existing strata, placing the material high in sol-
uble salts closer to the surface. This material and poor quality bento-
nite may require additional overburden to insure adequate burial. The

stripping of clay beds and disposal of low quality materials results ino
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Topsoil quality on bentonite mined areas varies widely (Hemmer‘et
al, 1977). Soluble salt cuntents of the topsoils range from 0.5mmhos/cm
to greater than 4.0 mmhos/cm. The majority of topsoil material
overlying tentonite beds has at least 50% clay content, compounding the
problems of seedling emergence and establishment. Many of the topsoil
materials In the Big Horn Basin of Wyoming are clay loams and are higher
in available plant nutrients than soils found in othter mining districts

of the region (Dollhopf and Bauman, 1981; Hemmer, et al. 1%77).

Inorganic Amendments

Inorganic aﬁendments have been evaluated on both topscill and apoil
material. Dollhopf and Bavman (1981) evaluated ithe effect of sulfuric
acid (16.8mt/ha) and calcium chloride (28mt/ha) on the crusting of
both topsoil and spoil material (modulus of rupture). Modulus of
rupture was reduced by 90% on the topsouil material and by 80X on the
spoil by the addition of wither amendment. To lower the modulus of
rupture to 1.0 bar cr less on the spoil material would require slightly
greater application rates thar those tested for sulfuric acid. Dollhopf
and Bauman (1981) felt that 1{ the modulus of rupture is less than 1.0
bar, no seedling emergence problems woulsd exist.

Sulfuric acid (16.8mt/ba), calclum chleride {28 mt/ha), gypsum
plus sulfuric acid (20 and 6.7 mt/ha) and gypsum and calcium chloride
{20 and 9 mt/ha) were all found to increase the hydraulic conductivity
of topsoil and spoil material (Dollhopf and Bauman, 1981). However, the
increase in the spoill conductivity was not great enough to bring it
above the 'Very Slow' permeability class, 0.125 em/hr (Kohnke, 1968).

The amendments did not increase the hydraulic conductivity of the
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topsoll enough to change lts permeability class (mcderate, 2.0 to 6.25
cm/hr). Given the low permeability of the spoil material, leaching of
salts from the root zone is improbable; therefore, salinization of
replaced topsoil is likely.

King (1983) reported that gypsum applied to topsoils placed over
spoll material at the rate of 19 mt/ha resulted in better seedling
establiskment and plant cover than the @ mt/ha gypsum rate and the
non-amended control after one growing season.

Gypsum plus calcium chloride (6.7 mt/ha plus 17.2 mt/ha), gypsum
plus sulfuric acid (6.7 mt/ha plus 12.3 mt/ha) and gypsum plus sulfuric
acid with ifrigation (0.6 cm for 20 consecutive days) resulted in poor
to zero plant establishment (Dollhopf and Bauman, 1981). The poor
eatablishment was not limited to planted specles, and was attributed to
poor physical conditions of the spoil even though spoils were tilled and
mulched with 4500 kg/ha of straw. Amendment toxicity and spring seeding
may also have contributed to poor plant establishment. Season of
seeding trials on bentonite mined lands have showm fall seeding to be
superior to spring seeding (liemmer, et al. 1977). Irrigation falled to
Improve establishment when used in corjunctlon with the inerganic
amendments,

Bjugstad et al. (1981) also evalualed the effect of gypsum, perlite
and vermiculite on the growth and survival of several shrub, ferb and
tree specles 1n both a greenhouse and fileld study, Vermiculite and
perlite resulted in the best survival and grewth of the species tested
in the greenhouse. However, all three treatments resulted in better
survival than the control (no amendments) for fourwing saltbugh

(Atriplex canescens), common yarrow {Achillen millefolium), big
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in improved soll physical conditions in the zone of incorporation,

A subsequent study evaluated spoils amended at G, 45, 90 and 135
mt/ha of wood residue (Smith, 1984). He found soluble salt and sodium
content were significantly decreased in the surface 15 cm of the spoil
with an Increase at lower depths, indicating leaching had occurred.
Soil-water coutent was also greater in both years in the 0-30 cm apoil
depth than In the 30-45 cm depth on all wood amended plots. However,
the 90 and 135 mt/ha treatments had significantly greater stored
soil-water present than the 45 mt/ha treatment.

Smith (1984) also demonstrated that plant density was significantly
greater on plots amended with wood residue (40-70 plant/mz) compared to
the non-amended control (13 plant/mz). Fach Increase In wood residue
amendment rate resulted in a slgnificant iacrease in plant density.
First year seedling survival, canopy cover and aboveground blomass of
seeded species showed significant increases with increasing wood residue
rates.

Vegetation establishment with woodchip amendments has been found to
he equal to that of teproiled spoils (ollhopf and Bauman, 1981). From
preliminary results, they concluded that wocdchips may be a feasible
substitute for topsoill] where the latter is limited or unavallable. King
(1983) observed wood mulch applied to topsolled spoils tn be more
effective, after one growing season, than topsoll alone in prompting
vegetation estahlishment.

Manure amendment of bentonite spoils has not proved as effective as
wood residue amendment in promoting vegetation establishment. Dollhopf
and Bauman (1981) applied 224 mt/ha and 112 mt/ha plus sulfuric acid to

spoll material, and achieved variable and poor results., They attributed -
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Plant Species Selection

Proper selection of plant gpecles 1s of obvious importance to
sucressful revegetation. Past research has demonstrated, in general,
that plant species potentially successful on bentonite mined lands in
the Northern Great Plains should possess one or more of the following
qualities: drought tolerance, salt tolerance, adaptation to clay aoi{s,
rapid initial establishment traits and for grasses, rhizomatous growth
form.

Plant species response to fertilizer, surface modification
treatments and amendments varies tremendously. Swith (1584) concluded
that native-grass species examined generally had higher density and
cover at low rates of wood residue amendment, and lower aboveground
biomass at higher wood residue levels than introduced grass species
examined, Rhizomatous grasses also generally perfofmed better than
bunchgrasses in the high shrink-swell environment of the clay spoil.
Hemmer et al. (1977) found pubescent wheatgrass, streambank wheatgrass
aand crested wheatgrass respondad more faverably than western wheatgrass

or Indian ricegrass {Oryzopsils hymenoides)on reclaimed bentonite mined

areas. Meadow fextall (Alopecurus pratensis), alkali sacaton

(Sporobolus airoides), streambank wheatgrass, slerder wheatgrass (A.

trachycaulum), tall wheatgrass and pubescent wheatgrass were the most

succesasful species established on topaoiled and bare spoil in a
greenhouse study where twenty-two speciles were evaluated (Dollhopf and
Bauman, 1581).

Bjugstad (1979) evaluated the survival of seven bare root and
container grown shrubs and trees transplanted intoc bentonite spoils,

Green ash (Fraxinus pennsylvanica lanceolata) showed the greatest
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organic amendments such as wood residue are used.

Irrespective of the reclamation practices applied, general
exclusion of livestock grazing from revegetated bentonite mined lands
during the initial years following seeding may be a highly beneficial,
if not an essential, management practice (Hemmer, et al, 1977; Sieg, et
gl, 1983). However, the loglstical and economic constraints posed by
the extensive pattern of bentonite mining may preclude fenclng in many
instances,

Wildlife use of reclaimed areas will probably not result in
deterioration of the vegetation. Schuman and Sedbrook (1984) and Smith
(1984) have_not observed any deterioratiocn due to wildlife utilizationm
of reclaimed bentonite spoils. Hull (1981) reported that deer mice
were the most common of five species of small mammals captured on a
reclalmed bentonite site. No detrimental effects of the deer mice were
evident on the reclaimed area and leas than 1% of their diet consisted
of species seeded on reclaimed land. Conversely she found mycorrhizae
In the mouse feces and concluded that the mice were possibly beneficial
in mycorrhiiae dispersal and inoculation,

Salinization of good quality topsoil replaced over saline-sodic
spolls must also be considered in bentonite reclamation planning.
Upward migration of salts, particularily sodium, from sodic spolls into
the topsoil has been studied by Merrill, et al., (1980) and Dollhopf, et
al. (1981). Upward migration of salte depends upon the texture of the
topsoil overlying the spoil, the clay mineralogy and the hydraulie

conductivity of the spoil. If leaching can be assured, upward migration
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