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ABSTRACT

Bedrock geology and mineral resource
assessments can provide important informa-
tion for ecologically based stewardship of
land and water. Combining information
derived from mineral resource assessments
and geoenvironmental mineral deposit
models provides a means to rapidly screen a
large region for potential for mineral
concentrations, to assess the environmental
risk associated with mineralized bedrock
and with human disturbances of mineralized
bedrock, and to establish priorities for
further studies.

ROLE OF BEDROCK GEOLOGY
AND MINERAL RESOURCES IN
ECOSYSTEMS

Lithology affects both physical and
chemical parameters of ecosystems.
Physical parameters are affected because
lithology provides the context for
landscape development. Lithology con-
trols the potential for the occurrence of
mineral deposits, and, thereby, the
potential for man-made disturbances
through exploitation of these deposits.
Chemical parameters of ecosystems are
affected by lithology because geologic
materials and processes control initial
availability of nutrients, acidity and
oxidation-reduction potential, and metal
contents of soils and water. Extreme
enrichment of minerals in the litho-
sphere, e.g., a mineral deposit, can
create correspondingly extreme condi-

tions by natural weathering or when
exposed during mining. Undisturbed
mineral deposits may cause local or
regional elevated geochemical back-
grounds in waters, soils, plants, or rocks.
The composition of ores and host rocks
control the nature and severity of
impacts resulting from exploitation of
mineral deposits.

The presence of mineral deposits in
bedrock is especially significant because
of socioeconomic issues and potential
environmental risks, which can create
conflicting land-use options. Develop-
ment of mineral resources is a socio-
economic benefit, not only in creating
high-paying jobs and tax revenues in the
local area, but in providing secondary
jobs and contributing to regional and
national economic growth. However,
social concerns are that inadequate
planning or unforeseen problems during
development can create hazards to
human and environmental health. The
interplay among social concerns,
economic forces, and resource needs can
create conflicts that make land-manage-
ment decisions about mining and areas
with potential for mineral deposits
complex and controversial. The ability
to predict the potential for the
occurrence of mineral deposits can be
used to assure that the kinds of studies
that will be needed are done. A
scientific ~ information  base  that
anticipates the potential for mining is
essential to development of adequate,
reasonable, and timely plans for



mitigation and remediation of the
impacts of mineral development.

The interaction of some minerals,
such as iron sulfides, with the atmo-
sphere or hydrosphere, can produce
toxic conditions even in their naturally
occurring, undisturbed condition. Under
certain conditions, weathering of iron
sulfides can produce acid waters and
base-metal sulfides can produce a low-
level bioavailability of metals. Disturb-
ance of high-sulfide zones, whether
through mining, road building, or com-
munity development, increases the
amount of surface area available for
reactions to take place and can increase
potential for toxicity and acidity of soils
and waters. An example is fish kills in
the Great Smoky Mountains that resulted
from water draining through iron-sul-
fide-rich rocks used as rip-rap in the
base for highway construction.

Knowledge of the types of deposits
that can occur in a region provides a
basis for identifying areas that have the
potential for developing naturally occur-
ring toxicity in surface or ground waters.
Identification of land areas with poten-
tial for specific types of mineral deposits
and associated mineralization can be
used to assess the environmental risk
associated with disturbing mineral con-
centrations. For areas with high poten-
tial for mineral deposits of the types that
might cause environmental hazards,
more detailed geologic maps and geo-
chemical baseline studies allow land
managers to anticipate and prevent haz-
ardous conditions.

In addition to potential environmental
hazards, some rock types, such as
limestone form a natural buffer for
acidic waters. Carbonate rocks serve as
a calcium source, thereby increasing
initial availability of one of the nutrients
that are derived from bedrock.

EXAMPLE OF SCREENING
PROCESS IN THE SOUTHERN
APPALACHIAN MAN AND THE
BIOSPHERE REGION

The U.S. Geological Survey's mineral
resource assessments predict potential
for mineral deposits and geoenviron-
mental models predict environmental
affects from mineralized bedrock. These
tools can be combined to rapidly screer
large areas and establish priorities for
further studies. The following example
shows how information from mineral
resource assessments can be combined
with information from geoenvironmental
models to delineate areas and establish
priorities for further studies in the
Southern Appalachians Man in the
Biosphere Ecosystem (SAMAB) region.
The SAMAB region, which was
designated by the United Nations Scien-
tific, Educational, and Cultural Organi-
zation (UNESCO) in 1988, as a regional
biosphere reserve, covers the Appala-
chian part of six states: Virginia, Tenn-
essee, North Carolina, South Carolina,
Georgia, and Alabama.

The U.S. Geological Survey's Nation-
al Mineral Resource Assessment, whicl
was compiled at a scale of 1:500,000
and 1:1,000,000, provides digital infor-
mation on the types of deposits that are
known and that might be present in ar
area for five important metals: gold.
silver, copper, lead, and zinc (Ludingtor
and Cox, 1996). For this example, only
copper, lead, and zinc are included.
These metals are important in our
economy, have been produced widely
and extensively, and can cause a range
of environmental affects ranging from
benign to very hazardous, depending or
deposit type.

Mineral resource assessments provide
information about the types of rocks and



mineral deposits that are present in an
area, the parts of the area that are
favorable for the occurrence of
additional mineral deposits, and esti-
mates the probable amounts of undis-
covered mineral resources.  Mineral
resource assessments answer the ques-
tions of what, where, and how much.
The mineral resource assessment method
is based on mineral deposit models,
which describe a groups of deposits with
similar characteristics and provide the
link between deposit type and geologic
environment (Cox and Singer, 1986).
The models are based on worldwide
literature and observation, and they
describe the common geologic attributes
of deposits and the environments in
which they are found. Grade and
tonnage models consist of frequency
distributions of the grade and size of the
individual deposits that serve as exam-
ples for that deposit type. A mineral
resource assessment is carried out by an
interdisciplinary team of geoscientists
who review the geology of an area,
select appropriate deposit models, and
delineate permissive tracts for each type
of deposit. The permissive tracts are
defined by the geologic environments of
formation described in the deposit
model. Permissive tracts are defined as
those for which the probability of
deposits occurring outside the tract is
negligible.

Within the SAMAB region the
National Mineral Resource Assessment
identified permissive tracts for 5 deposit
types: Kuroko-type massive sulfide,
Besshi-type massive sulfide, sedimen-
tary exhalative zinc-lead, Appalachian
zinc, and sandstone-hosted lead-zinc, as
described in Cox and Singer (1986).

The two types of massive sulfide
deposits, Kuroko and Besshi, have
similar characteristics, and are combined

on figure 1. Both types form as
sheetlike or lens shaped concentrations
of copper, lead, and zinc sulfides with
high pyrite contents and are spatially
associated with volcanic rocks. Five.
tracts were defined, each of which has a
different combination of geologic char-
acteristics that are considered favorable
for the occurrence of massive sulfide
deposits. Three of the permissive tracts
(SA01, SA02, and SA03) are wholly
within the SAMAB region, and two
(SA08 and SAQ9) are partly within the
SAMAB region. Several deposits are
known in the permissive tracts including
deposits in the Ducktown (Copper Hill)
district. For tract SAO1 the numerical
estimates of the number of undiscovered
deposits at the 90th, 50th, and 10th
percentile confidence levels are 1, 3, and
5, respectively (table 1) (Slack, 1996).
That is, the assessment team estimated
that the probability of less than one
undiscovered deposit at a depth of 1 km
or less in tract SAQ1 was very low; they
considered it likely that 3 undiscovered
deposits exist, and unlikely that there
were more than 5 undiscovered deposits.
From this analysis, it is concluded that
there is a relatively high probability of
the occurrence of one of more undis-
covered massive sulfide deposits in tract
SA01 Estimates for the other tracts
indicate that the probability of undis-
covered massive sulfide deposits is high
for SA03 and SA08 (Slack, 1996; Klein,
1996). No estimates were made for
tracts SA02 and SA09 because the team
considered the probability of undis-
covered deposits to be less than one
percent, but not negligible.

Continuing with the example, the
severity of environmental hazards asso-
ciated with massive sulfide deposits is
then estimated. Geoenvironmental



Table 1. Numerical estimates of the number of undiscovered deposits in tracts that are permissive for
massive sulfide deposits within the Southern Appalachians Man and the Biosphere region at 90th, 50th.
and 10th percentile confidence levels. Estimates are for the number of undiscovered deposits in a tract a*
a depth of less than one kilometer. Estimates from the National Mineral Resource Assessmen*

(Ludington and Cox, 1996).

Massive sulfide Probability
Tract 90% 50% 10%
SAO01 1 3 5
SA02 No estimate
SA03 1 3 5
SAO08 2 5 10
SA09 No estimate

models for mineral deposit types char-
acterize the environmental signatures of
rocks, soils, sediments, and waters prior
to being mined (Plumlee and Nash,
1995). Geoenvironmental models also
describe and predict the environmental
effects likely to result from mining, that
is, recovering the metals from such a
deposit. Geoenvironmental models
include factors such as the character and
size of mine workings, the character and
mass of waste products, and the pro-
cesses of their interactions with the
environment. The geoenvironmental
model for massive sulfide deposits is the
most likely of all deposit types to have
associated environmental problems
(Taylor and others, 1995). Drainage
waters associated with massive sulfide
deposits can be highly acid, can have
extremely high dissolved metal contents,
and are generally in host rocks that have
low acid-buffering capacity. The depos-
its are most problematic in arid climates,
but the iron- and base-metal sulfide
minerals that are present in massive
sulfide deposits are unstable under
normal oxidizing conditions and
represent potential sources of highly acid
and metal-rich drainage in any
environment.

In the geologic setting where massive
sulfide deposits form, iron and base-
metal sulfide-rich concentrations occur
not only in mineral deposits where
concentrations are sufficient to be
mined, but in lateral extensions of these
deposits and in concentrations that are
not rich enough to mine, but can cause
acidity and elevated level of metals ir
stream water flowing over undisturbec
rock. Oxidation of pyrite (iron sulfide)
releases Fe and trace metals along with
SO, 2" and H* and may increase acidity
in ground and surface waters if no*
buffered. Disturbance of sulfide-rict
zones through human activities increase
the area of sulfide that are exposed to
near surface conditions, which in turr
increases the rate of the oxidatior
reaction and potential for acid
production.

Therefore, the tracts identified as
having high potential for massive sulfide
deposits (SAO1, SA03, and SAO0R) also
have a high level of environmental risk
associated with disturbance of pyrite-
rich zones (fig. 2). For this example the
areas with high potential for the
occurrence of mineral deposits with high
levels of environmental risk are assigned
priority level of 1, and warrant a more
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