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ABSTRACT

Past mining activities have left a legacy of water quality problems in the Tri-State
Mining District. Contemporary environmental risks stem from the release of lead and
zinc from mine tailings previously dispersed far downstream in alluvial deposits as well
as abandoned tailings piles. This study examines mining-related heavy metal
contamination in the Chat Creek Watershed. Chat Creek drains the area near Aurora,
Missouri on the eastern edge of the Tri-State District where mining occurred from 1886
to about 1930. This study identifies the spatial distribution of metal contamination in
fluvial sediments and quantifies the role of bank erosion as a secondary source of
contamination to the watershed. The three objectives of this study are to: (1) determine
the spatial distribution of lead and zinc contamination in the watershed; (2) determine
erosion rates due to lateral stream migration; and (3) develop a sediment-metal budget for
floodplain erosion. Sediment samples were taken from active channel and floodplain
deposits to determine the current distribution of metals. Historical aerial photographs are
used to determine lateral migration rates. Sediment-metal concentration data were
combined with migration rates to determine a short-term sediment-metal budget for the
5.5 km study area. Lead concentrations in active channel sediment range from 60 ppm to
2,068 ppm. Zinc concentrations range from 286 ppm to 19,666 ppm. Average floodplain
lead concentrations range from 59-643 ppm while zinc ranges from 191 ppm to 5,377
ppm. Bank erosion releases 929 Mg of sediment into Chat Creek each year. Floodplain
erosion also releases 84 kg/yr of lead and 321 kg/yr of zinc into Chat Creek. This study
provides resource managers, in charge of Total Maximum Daily Load determination,
with data concerning metal contamination in Chat Creek and the amounts of metals being
introduced into the system due to reworking of floodplain deposits.
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CHAPTER 1
INTRODUCTION

Mining —Related Water Quality Concerns

Metal contaminants released from active and abandoned base-metal mines to river
systems represent a major environmental problem worldwide (Hawes-Davis, 1993;
Forstner, 1995; USEPA, 1995; Carroll et al., 1998; Caruso and Ward, 1998; Marcus et
al., 2001). Of concern are the effects that mining-related pollution has on water quality
(Barks, 1977; Spruill, 1987; Hawes-Davis, 1993; Peterson et al., 1998) and the dispersal
of these metals throughout river systems (Warren, 1981; Marcus, 1987; Bradley, 1989,
James, 1989; Foster and Charlesworth, 1996; Miller, 1997). The contamination problem
can originally stem from several different sources associated with mining activities.
Most of these sources such as mill effluents, acid mine drainage, and tailings input are
point sources concentrated in close proximity to the active or abandoned mines
(Salomons, 1995). However, the release of metals from previously contaminated alluvial
deposits has drawn 'much recent investigation (Bradley, 1989). Contaminated alluvial
deposits can be spatially diffuse and act as pollution sources to receiving waters for long
periods of time due to erosion and chemical weathering, and thus are considered nonpoint
sources of pollution. Researchers have worked to gain an understanding of the transport
of metals from the time of initial introduction to the time of exit from the watershed.

Mining-derived contaminants undergo several depositional and erosional cycles
before ultimately being transported out of the watershed. The timing and duration of
these cycles may mean that these contaminants remain in the watershed for decades if not

centuries (Pavlowsky, 1996; Marcus et al., 2001). . Once introduced into the stream



system, these contaminants are subsequently carried downstream and are usually
deposited in channel deposits and floodplain deposits before being completely flushed
from the system (James, 1989).. Contaminants deposited in the stream channel may be
entrained by subsequent floods and carried downstream where it is either again deposited
in the channel, in floodplain deposits, or washed from the system (James, 1989).
Floodplain deposits act as water quality buffers storing contaminants away from the
active stream system (Bradley and Cox, 1990; Lecce and Pavlowsky, 1997; Lecce and
Pavlowsky, 2001). The effectiveness of this buffering mechanism depends on the rate at
which the channel migrates laterally and erodes the contaminated floodplain deposits.
Floodplain stored contaminants remain in storage until lateral stream migration erodes
these deposits and re-releases the metals into the stream (Bradley and Cox, 1990; Rowan
et al., 1995; Lecce and Pavlowsky, 1997; Smith et al., 1998). Thus, floodplain deposits
become secondary non-point sources of contaminants (Lewin.et al., 1977; Rowan et al.,
1995; Smith et al., 1998).

Watershed-scale contamination relating to mining waste is a concern in the Tri-
State Mining District of southwest Missouri. To date, studies have been conducted to
understand mining contaminant effects on water quality (Barks, 1977; Peterson et al.,
1998) but little is known about the spatial distribution and transport of these contaminants
in sediments. Barks (1977) examined the water quality in the Joplin, Missouri area as a
result of abandoned lead and zinc mines. He found that tailings pollution increased zinc
concentrations in bottom sediment from 100 pg/g to ~2,500 ug/g and lead concentrations
from 20 pg/g to ~450 pg/g. A study completed in cooperation with the National Water-

Quality Assessment Program determined that lead and zinc concentrations (both
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dissolved and sediment-bound) are elevated above background levels downstream of
abandoned mining sites in the Tri-State Mining District (Petersen et al., 1998).
Sediment-bound lead and zinc concentrations downstream of historical mining sites were
determined to be above threshold guidelines for possible adverse affects on biota.
Carlson (1999) investigated zinc and lead concentrations in active stream sediments
downstream of mining areas in the Honey Creek watershed in southwest Missouri. Zinc
concentrations directly downstream of past mining sites average 163 times background
levels. Zinc levels remain elevated at a distance of 24 km downstream of mining sites
where levels are over three times higher -than background (Carlson, 1999). Carlson
(1999), also found that lead concentrations are not as elevated as zinc. Lead
concentrations in active stream sediments are 21 times higher than background
immediately downstream of mining and fall to two times background 2 km downstream.
The Chat Creek watershed near Aurora, Missouri is an area that suffers from the
legacy of past mining activities. Abandoned. mining operations in the headwaters of this
stream have created contemporary water quality concerns. The Missouri State
Department of Natural Resources recognizes Chat Creek as -having impaired water
quality due to zinc from mining activities. A study in an adjacent watershed, Honey
Creek, showed that high levels of lead and zinc are contained in the channel and bank

sediments (Carlson, 1999).

Scope of Study
This study focuses on understanding the effects of mining-related zinc and lead
pollution on sediment quality in the Chat Creck Watershed, which is located along the

eastern boundary of the Tri-State Mining District in the Upper Spring River Basin, Chat
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Creck has been heavily impacted due to past mining activities in the Aurora sub-district
of the Tri-State Mining District. The contamination concern is well known, but to date,
no studies have been completed to determine the spatial extent, severity, and non-point
sources of the contamination. The Missouri Department of Natural Resources (MDNR)
recognizes Chat Creek on its state 303d list of waters that have water quality concerns
(EPA, 1998). The degradation of water quality in Chat Creek is attributed to zinc from
abandoned mining operations. Under the Clean Water Act of 1977, the MDNR must
establish a management plan for restoring water quality in the degraded body of water.
One of the main stipulations is that the MDNR must develop a Total Maximum Daily
Load (TMDL) for the responsible contaminant. The established TMDL will then be used
to allocate release rates of the contaminant from different portions of the watershed and
including both point or non-point sources (USEPA, 1999). This study also examines lead
contamination in Chat Creek because of its hazardous nature in general and strong
association with zinc in the contaminated sediments.

Even though mining ceased over seventy years ago there still remains a threat of
lead and zinc contamination into Chat Creek. This threat mainly stems from erosion of
abandoned tailings piles and the release of metals' from previously contaminated alluvial
deposits, specifically floodplain deposits. Most of the remnant tailings piles are now
subdued features on the landscape covered in vegetation, therefore, eroding floodplain

deposits may be a significant source of lead and zinc.

Purpose Statement
Chat Creeck has impaired water quality due to past mining activities, but little is

known about the spatial distribution of this contamination and how it is being transported
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through the watershed. These factors must be better understood in order to improve the
water quality in Chat Creek. The MDNR’s protocol for developing TMDLs stipulates
that an initial step in determining an appropriate TMDL is to identify the sources of
contaminants and their relative contribution of contaminants (USEPA, 1999). The
purpose of this study is to gain an understanding of the distribution of contamination in
Chat Creek and to determine the importance of floodplain erosion as a non-point source.
Past studies have recognized a need for quantitative information §n sediment- bound
contaminant transport between the time of original release and when the contaminant is
ultimately flushed from the system (Meade, 1982; Walling, 1983). The quantitative
knowledge generated by this study concerning the metal contamination in Chat Creek and

its transport will allow for better management decisions.

Research Questions
The goal of this research is to address two main questions concerning metal
contamination in Chat Creek. Each research question contains two sub-questions to be

addressed.

1. What is the geographic distribution of metal contamination in the fluvial
sediments of Chat Creek? '

o What are the levels of contamination?
o What portions of the stream system are most heavily contaminated?
In order to make effective management decisions concerning water quality
improvement in Chat Creek, the pattérns of contamination must be understood. It is also
important to identify less contaminated areas so that limited restoration resources are not

wasted.



2. Are floodplain deposits acting as pollution buffers, storing metals out of
the active stream system?
o What are the bank erosion rates and downstream trends along Chat
Creck?

o How much metals are being released into the system from the
reworking of floodplain deposits?

Mining sites and remnant tailings piles are casily identified on historic maps or by
scars on the landscape. Since these areas are relatively easy to locate, they get the most
attention as contamination sources. The erosion of stream banks is a subdued, natural
process that may go unrecognized as a possible significant non-point source of metals

into Chat Creek.

Objectives

There are three major objectives in this thesis research:

1. Determine the spatial distribution and magnitude of mining-related metal
contamination in both active channel and bank sediments within the Chat

Creek watershed.

No previous studiesl have been conducted on active channel or bank sediments to
monitor lead and zinc contamination within these two fluvial environments. Initial
assessments of lead and zinc levels and distributions are a vital first step to identify
problem areas. Management efforts may then be focused on high priority areas.

2. Determine lateral bank erosion ﬁtes for tl;e stream.
The importance of this objective is twofold. It is important to this investigation

because lateral erosion rates are an important variable in determining amounts of material

released into the stream due to erosion. Therefore, the third objective will not be realized
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without determining rates of migration. In.addition, the Water Restoration Action
Strategy (WRAS) report for the Upper Spring River identifies sediment introduction into
Chat Creek as a concern of local citizens (WRAS, 2000). Areas with high erosion rates
can be targeted for restoration projects to limit sediment release into the stream.

3. Calculate a sediment-metal budget for the floodplain erosion system.

It is important to identify the important possible sources of lead and zinc within
the watershed. Modeling the downstream 'relationshjp of deposition and erosion of
metals will identify problem areas within the watershed. This budgeting procedure will
also allow for a general determination of the amount of metals released into the Spring

River from Chat Creek due to floodplain erosion.

Hypothesis

It is hypothesized that contamination patterns in Chat Creek will be similar to
other watersheds that have been impacted by past mining activities. Due to selective
sorting, deposition, and mixing and dilution. with uncontaminated sediments, metal
contamination levels in sediments tend to decay downstream of mining sites (Marcus,
1987; Pavlowsky, 1995).

Secondly, it is hypothesized that Chat Creek, like other mining impacted streams,
will have a large proportion of current contamination entering the stream from lateral
channel migration and erosion of previously contaminated floodplain deposits (Rowan et
al., 1995; Smith et al, 1998). Some watersheds that have had mining waste sites and
milling sites removed or remediated receive a large proportion of current contamination

from erosion of floodplain deposits. Therefore, metal levels in stream sediments remain



high even though upstream sources have been eliminated (Rowan ef al., 1995; Smith et

al., 1998).

Benefits of Study

In order to improve the water quality of Chat Crc;ek, the degree and location of
contamination as well as sources of the metals must be better understood. This study v&i]l
facilitate this understanding. This research will contribute tol the source load assessment
process for establishing TMDL criteria for Chat Creek. In order for state agencies to
establish an appropriate TMDL, all sources ’and contributions of the contaminant must be
quantified. By better understanding the spatial distribution of the metal contamination
and processes acting to transport it, management efforts can be focused and thus more
effective. Additionally, this study will 1mprove the overall understandlng of fluvial
processes in Ozark streams since little is presently known about sediment release rates
from floodplain deposits in Ozark streams.

On a broader-scale, this study will shed light on fluvial processes that shape the
earth’s surface. Watersheds with past mining activities provide valuable natural
laboratories in which to study sedimentation patterns and sediment transport. Metals that
attach to sediment and are referenced spatially and temporally provide valuable tags for
which to trace sediment as it is dispersed through fluvial systems (Knox, 1987; Marcus,
1987; Bradley, 1989).

This thesis research also provides a unique approach combining field-based
investigations with geospatial technologies to evaluate environmental problems. With
the increasing availability of inexpensive high quality digital data such as aerial

photographs, researchers are fusing empirical field-based studies with digital analysis.
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This study is an extension of this research approach. Geographic Information Systems
allow the integration of field data and geospatial data to solve complex environmental
problems. Most prior similar studies focus on large study areas. Both the study by Smith
et al. (1998) é.nd the study by Rowan ef gl. (1995) combine digital spatial analysis with
field investigations on relatively large gtreams. The current research tests this approach
by applying it to a very small-scale area. Advances in software technology and higher
resolution geospatial data have allowed rescarchers to investigate small-scale
énvironmental issues such as stream bank erosion, These studies utilize terrestrial
photogrammetry to develop detailed large-scale digital terrain models (DTMs), which are
used to evaluated changes in stream bank form over time (Barker et al., 1997, Heritage et
al., 1998). These studies are aimed at improving techniques used to budget sediment

transport at reach-scale levels.



CHAPTER 2

TRANSPORT AND DISTRIBUTION OF MINING RELATED
CONTAMINANTS IN FLUVIAL SYSTEMS

The Chat Creek Watershed has been greatly impacted by past zinc and lead
mining activities. Erosion and leaching of abandoned mining sites have released zinc and
lead into the stream where ﬂuvlial processes distribute the metals downstream. Thus,
channel and floodplains deposits along Chat Creek are heavily contaminated with
mining-related zinc and lead. Presently, some of the contaminated ﬂoédplain deposits are
being reworked by fluvial proceéses and are secondarily entering the stream system as
non-point source contaminants. Metals deri\'zed from abandoned mining sites have been
distributed throughout the watershed by various fluvial processes. This chapter discusses
sediment bound metal contamination in fluvial systems as well as geomorphic processes
that initially distribute these sediment bound contaminants within a watershed. | Fluvial
processes that are responsible for éecondary introduction of metal contamination such as
lateral channel migration and floodplain reworking will also be addressed. Next, tﬁe use
of digital technologi;es to analyze lateral channel migration in watersheds that have not

been previously surveyed will be discussed. Lastly, this chapter will discuss studies

conducted on mining contamination in other Ozark streams.

Metal Contaminants in Fluvial Systems

In water quality studies, research is concerned with contaminants that are both
dissolved and attached to sediment and how these contaminants are delivered to and
dispersed through watersheds. Since, research has shifted from focusing on a lack of

nutrients in soil to problems with contaminants in the’soils (Holmgren et al., 1993;
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Forstner, 1995), the emphasis in recent years has focused on understanding the effects of
heavy metal contamination on water resources.. Metals can move up the biological food
chain until uviltimately ending up in the blood stream of humans (Forstner, 1995). Of
particular importance to this study, a body of literature has developed that examines
heavy metal contamination from abandoned mining sites. Bradley (1989) reviewed an
early study examining low zinc and lead from mining operations had an adverse affect on
a water supply in the United Kingdom. More recent investigations on contaminants from
mining areas began in the early 1970s. Many of these studies focused on metal
contaminant distribution and transport in areas of the Upper Mississippi Valley (Knox,
1987, Pavlowsky, 1995; Lecce and Pavlowsky, 1997; Lecce and Paviowsky, 2001),
European mining areas (Bradley, 1989; Rowan ét al., 1995), and mining areas of the
western U.S. (Marcus, 1987; James, 1989;‘Smith et al., 1998).

Certain amounts of trace metals occur natulrally m soil and \;vater systems, but
when these amounts become elevated and toxic to 6rganisms it is of great concern to
natural resource managers (Holmgren ef al., 1993). Many recent stﬁdies have found that
areas with past mining operations have elevated levels of leeItd and zinc in the local fluvial
environments (Swennen et al., 1994; USEPA, 1995; Rowaﬁ et al., 1995; Lecce and
Pavlowsky, 1997; Smith et al., 1998;5. Research has focused on the terrestrial and
alluvial sources of metals, such as lead and zinc and ho;)v these metals are tran;tsported
through fluvial systems (Rowan e al., 1995; Foster and Charlesworth, 1996; Smith et al.,
1998). These types of studies involve an understanding of sediment transport and
sediment geochemistry since metals tend to‘attach morel readily to sediment than dl;SSOIVC

in water (Steele and Wagner, 1975; Forstner and Muller, 1981; Warren, 1981; Foster and
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Charlesworth, 1996; Helgen and Moore, 1996). It is not unusual for 90-99% of metal
loads in a fluvial system to be transported attached to sediment (Miller, 1997). This
observation creates a two-pronged research need. First, fluvial sediment transport
processes must be better understood in order to analyze transport and dispersion of metal
contaminants (Miller, 1997). Second, using metal contaminants as temporal tracers
allows fluvial geomorphologists to expand the understanding of fluvial process involved

with sediment transport through researching mined watersheds.

Geomorphic Response to Land Use Changes

Many studies have addressed channel changes that have resulted from changes in
land use or watershed surface cover. Knox (1977, 1987) has done an extensive
investigation of channel changes due to land use changes and the resulting sedimentation
rates in the Upper Mississippi Valley area of southwestern Wisconsin and northwestern
Illinois. Other studies have also examined the hydrologic effects of land use changes on
stream channels (Trlmble, 1983; Jacobson, 1995, Jacobson and Gran, 1999). Studies
have also mvestlgated the recovery of rivers aﬁer the removal of preturbation.
Magilligan and Stamp (1997) mvestlgated the geomorphxc response to changing
hydrologic conditions induced by land clearmg. The authors also examined the
hydrologic and geomorphic response to the removal of the disturbance by revegetation.
Magilligan and Stamp (1997) concluded that flood peak hydrographs and sedimentation
rates have declined since revegetation. Flood peaks and sedimentation rates have
stabilized but remain higher than modeled pre-settlement measurements indicating the

establishment of a new hydrologic and geomorphic equilibrium.
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Initial land clearing for settlement and agriculture along with poor agricultural
practices increases runoff rates and sediment available for transport (Knox, 1977; Knox,
1987; Ruhlman and Nutter, 1999). The increased runoff and erosion creates more
overbank flow events in lower order tributaries (Knox, 1987). This creates a situation in
which overbank flow events deposit large amounts of sediment in the low energy
floodplain areas; the floodplain subsequently aggrades increasing channel depth (Knox,
1987, Odemerho, 1992). Subsequent flood events are then contained and concentrated on
downstream areas thus increasing bank and bed erosion rates. A second geomorphic
response to land use change is a widening of the stream channel, especially in streams
with relatively small drainages (<155 km®)(Knox, 1977; Grant and Goddard, 1980). The
result is that streams can now hold all but the largest of flow events within its banks.
Ruhiman and Nutter (1999) also concluded that the Upper Oconee River in the Georgia
Piedmont has undergone a period of channel enlargement since land clearing resulting in
lower overbank flood frequencies.

Due to an improvement in agricultural practices, soil conservation practices and
an increase in impervious sutface, the sediment supply is reduced but runoff remains
high. This situation results in less floodplain aggradation but an increase in channel size
since the channel begins to expend its energy by eroding its banks (Odemerho, 1992).
The stream migrates laterally because of this erosion, thus adding more sediment and

attached pollutants to the stream.
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Sediment-Metal Dispersion in Mined Watersheds
Tracing Dislodged Sediment

The metals released by mining operations to streams can be used as stratigraphic
markers to trace the path of sediment as it is cycled through fluvial systems (Knox, 1987,
Marcus, 1987; Bradley, 1989; Pavlowsky, 1995; Rowan ef al., 1995; Sear and Carver,
1996; Graf, 1996; Lecce and Paviowsky, 1997; Carlson, 1999). Once the metals are
introduced into the stream system via tailings release, they are deposited in one of three
basic areas: (1) as colluvium; (2) deposited as alluvium in channel or on floodplains; or
(3) flushed from system (Trimble, 1983). The spatial distribution of mining-related
metals in the fluvial system depends on the location and number of mining sites in the
watershed as well as how the sediment is sorted, the manner in which contaminated
sediment is mixed with uncontaminated sediment, and how the sediment is deposited and
stored on the floodplain (Foster and Charlesworth, 1996).

Other studies were completed utilizing metal tags to examine downstream
sediment transport and dispersion. Marcus (1987) tested downstream dispersion models
and the difference between dispersion of heavy metals attached to suspended loads as
opposed to heavy metals contained in bedload. Marcus (1989) tested whether sediment
bound metal loads from monitored tributaries can be successfully translated to
unmonitored tributaries. Another study used dispersion models to quantify metal loads
both before mining and after mining. This was done in an attempt to create better
background knowledge in order to improve understanding of elevated contamination

levels (Helgen and Moore, 1996).: Other “tracer” studies have quantified post settlement
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floodplain sedimentation rates using metal tracers (Knox, 1987; Lecce and Pavlowsky,
1997; Carlson, 1999). These studies are expanded in a later section.

After quantifying the downstream distribution of metals in the Allen basin,
Goodyear ef al. (1996) tested the Hawkes’ model for its applicability in contamination
source studies. Hawkes’ model is used to estimate downstream dispersion of lead and
zinc as a function of dilution by clean sediment input (Pavlowsky, 1995). This estimation
was compared to actual levels, determined i)y sampling, to determine the reliance of
Hawkes’ model in this application. Hawkes’ model estimations resembled actual levels
when the concentrations were near background levels, as contamination increased
Hawkes’ model lost accuracy (Goodyear et al.,, 1996). Other studies have examined
geochemistry and natural sorting and mixing processes to determine spatial distribution
of mining derived contaminants (Pavlowsky, 1995; Sear and Carver, 1996; Graf, 1996).
Combest (1991) studied spatial distribution of metals in an urban stream but did not focus
specifically on mining derived metals, He concluded that sediment-bound zinc
introduced to an urban stream did not decay downstream. Combest (1991) also
concluded that lead levels actually increase downstream possibly due to the response of
increased lead input from nonpoint sources.

James (1989) tested Gilbert’s sediment wave model on the Bear River in
California by using quartz vein mineral tracers. James concluded that sediment transport
in the Bear River may not follow the symmetrical wave Gilbert proposed instead it was
asymmetrical. This asymmetrical wave, skewed to the right, is the result of
remobilization of sediment stored in and along the channel margin in floodplain and

terrace deposits (Figure 2.1) (James, 1989). Even after sediment remains in storage over

15



fifty years the storage may not necessarily be permanent. Decreasing downstream
sediment yields are usually due to this storage, but if upland areas are stabilized main
channels may begin to erode and increase sediment yield downstream. Thus, ultimately

this released the stored sediment and associated metals (James, 1989).

James’
Proposed
Wave Gilbert’s
Wave
- ]
SEDIMENT X ¢
LOAD

7y
Bcginning of TH\/]E
Mining
Operations

Figure 2.1  James’ proposed asymmetrical sediment. Remobilization of sediment
temporarily stored in and along channel margins skews the curve
representing sediment loads . (Figure adapted from James, 1989).
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These findings may shed light on the idea of how sediment waves move through
stream systems. Even though mining ended in the study area more than seventy years
prior to the study, the majority of the contamination may still be in the upper reaches of
the watershed nearer to mining areas. It will most likely take centuries before the
sediment-metal concentrations return to pre-mining conditions and the longitudinal
downstream decay of contamination is reversed (James, 1989). The lengthy residence
times of mining/land clearing induced sediment-metal in the study area is due to the fact
that portions of the sediment-metal wave are stored in floodplain and terrace deposits

along the stream. This sediment releases as these deposits erode over time.

Sediment Transport

Several studies have developed watershed scale sediment budgets to examine
sediment yield and sediment storage. Trimble (1983) described sediment yield in the
Coon Creek Basin of Wisconsin as a function of “conveyance capacity.” He combined
three sediment budget methods to get one over all picture of sediment storage and
transport patterns in Coon Creek. In the case of Coon Creek, over fifty percent of
historical sediment has gone into storagé with only seven percent of introduced sediment
leaving the drainage (Trimble, 1983)." The author concluded that the stream would carry
sediment equal to its conveyance capacity. If sediment load exceeds conveyance
capacity, storage occurs, but when the sediment load falls below this level sediment will
be eroded from the bed and/or banks and released downstream (Trimble, 1983).

Trimble (1993) conducted a subsequent study on sediment budgets for different
areas in the same stream system. The results indicate that the upper valley of the main

channel is contributing much sediment while tributaries and the lower main channel are
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providing very little sediment (Trimble, 1993). Trimble advises that management efforts
concerning soil erosion should be focused in the upper main stem where cut banks are
exposed -- this location may correspond to the middle reach of Chat Creek where large
cut banks of historical sediment are exposed.

Several studies have been completed on channel changes and sediment transport
in various Ozark streams (McKenney et al., 1995; Jacoblson and Pugh, 1995; Jacobson,
1995; Jacobson and Gran, 1999). Most of these studics addréss channel chahges as a
result of low impact land uses as well as gravel waves that move through Ozark streams.
Jacobson and Gran (1999) concluded that historically a large gravel wave created by
headword erosion has moved through Ozark streams and presently much smaller waves

may be passing through these systems.

Floodplains: Contaminant Sinks and Secondary Sources .
Floodplains as Temporary Pollutant Sinks

Several studies have used metal tracers to investigate storage patterns and
sedimentation rates in floodplain deposits. These studies have combined channel change
characteristics, sediment transport and dispersion, and geochemical properties to analyze
floodplain deposition. Knox (1987) quantified floodplain sedimentation rates by
referencing metal concentrations in soil horizons to dates of mining activity. . Many
studies have examined floodplains as sinks and future sources for metal contamination
and how these metals are concentrated and spatially distributed within the floodplain
(Leenaers et al., 1988; Rang and Schouten, 1989; Bradley and Cox, 1990; Swennen et al.,
1994; Rowan et al., 1995; Lecce and Pavlowsky, 1997; Smith et al., 1998; Carlson,

1999). These studies utilize geochemical analysis to determine longitudinal distribution
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of metals within the floodplain (Lecce and Pavlowsky, 1997; Carlson, 1999) as well as
lateral and vertical distribution (Swennen ef al., 1994; Lecce and Pavlowsky, 1997;

Carlson, 1999).

Erosional Potential and Lateral Stream Migration

Floodplains become secondary sources of mining-related metals through the
process of lateral migration. There are several féctprg tﬁat influence the rates at which
streams migrate laterally. One of the main factorls affecting cilaﬁnel stability is stream
bank composition. Thorne and Tovey (1981) exanﬁned the stability of composite stream
banks, which are similar to the structure of stream banks in Chat Creek. Composite
riverbanks consist of lower layers of sand and gravel that are overlain by cohesive layers
of silt/clay. The authors concluded that erosion occurs by a process of fluvial transport of
the lower sand and gravel that creates cantilevers in the upper cohesive layer. This upper
layer gives way and collapses into the stream where it is transported downstream by
subsequent flow events.

Other factors that influence lateral migration, which are relevant to Chat Creek,
include the role of riparian forest and vegetation buffers and barriers such as valley and
artificial structures that may reduce erosion rates.

A study by Burckhardt and Todd (1998) examined the effects of riparian forests
on lateral migration in northern Missouri. They concluded that meander bends with
forest buffers migrate more slowly than bends without forest buffers. A similar study by
Beeson and Doyle (1995) concluded that streams in British Columbia migrate more
slowly at bends that have riparian vegetation than at bends without riparian vegetatiop.

The middle reach of Chat Creek can be characterized as having alternating stretches of
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forest with stretches of livestock pastureland. Depending on rates of erosion, floodplains
can become significant secondary sources of contaminants or can act as buffers by
storing high levels of contamination and slowly releasing them into the stream via slow
migration rates.

Valley walls and artificial structures are important impedances to lateral migration
in Chat Creek. In some cases, Chat Creek is confined against the valley wall and
prevented from migrating laterally at any significant rate. Where Chat Creek is slowly
eroding into the pre-historic hillside, relatively “clean” sediment is being released and
diluting downstream metal concentrations. The Burlington Northern railroad that

parallels Chat Creek is also a deterrent to migration in some reaches.

Determining Lateral Migration Rates

Analysis of aerial photographs is an accurate way to measure stream migration
over time. This is one of only a few options for streams that have not been previously
surveyed. Three previous studies provide models for determining migration patterns
from historic air photos (Rowan et al., 1995; Barry et al., 1996; Smith et al., 1998). In
each study, air photographs were used from several different years to determine
migration rates. The air photos wére digitized and then input into a GIS sd that the

stream channels from different years could be overlain and the changes in position

quantified (Rowan ef al., 1995; Barry et al., 1996; Smith ef al., 1998).

Lateral Migration and its Non-point source contamination contribution
Two previous studies provide models for quantifying the amount of nonpoint

source metal contamination contributed by lateral stream migration. These studies by
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Smith et al. (1998) and Rowan er al.. (1995) combined spatial distribution of metal
contaminants with rates of lateral migration in designated reaches of two streams to
quantify amounts of contamination entering the stream system from lateral migration.
Each study divided their respective streams into segments, established a level of
floodplain contamination and a rate of migration for each segment. The authors were
then able to quantify the amount of contaminated sediment being eroded. The study by
Smith et al. (1998) establishes that on the Clark Fork River, Montana contamination from
various sources remains relatively constant through time. Even though mining has
ceased and tailings piles and mining sites have been remediated, the relative percentage
of contaminants released from these sites as compared to contaminants released from
floodplain erosion remains constant (Smith ef al., 1998).

After mining operations cease floodplains can become the major source of mining
related contaminants to fluvial systems (Rowan et al., 1995). Rowan et al. (1995)
concluded that levels of metal concentration may continue to decay longitudinally
downstream due to the fact that most of the contamination was in fact coming from upper
floodplains where primary contamination was highest and where the stream is most
actively migrating. Another study alludes to the difficulty in quantifying the amounts of
contamination being released by lateral migration. In some instances, even though
mining has ceased, metal input from “on site” locations may drown out the effect of
metal inputs from floodplain deposits on. sediment-metal concentrations in the channel

system (Pavlowsky, 1995).

21



Mining Contamination in Ozark Streams

Various studies have been completed addressing mining contaminants in Ozark
streams, however no such studies exist on Chat Creek. Steele and Wagner (1975)
examined trace metals in sediments of the Buffalo River, Arkansas. The authors used
geochemical analysis to locate the affect ore bodies had on metal concentrations. Steele
and Wagner (1975) found that due to mixing with sediment from tributaries, peak zinc
levels can return to background levels within a mile or two from the confluence. Carroll
et al. (1998) examined geochemical data of sediment and water samples to determine
controls of trace metal distribution in mining areas of the Tri-State Mining District. The
authors concluded that metals attached to sediment could become bioavailable because of
active exchange between particulate metals and dissolved metals. A study conducted by
Barks (1977) examined dissolved metal concentrations in the Joplin, Missouri area. He
determined that the dissolved fraction of zinc was elevated in Joplin, but the lead levels
were high only at runoff sites from tailings piles.

A recent study by Carlson (1999) examined spatial distribution of contamination
in floodplain deposits of the Honey Creek Watershed in Southwest Missouri. He also
quantified post settlement floodplain sedimentation rates using metal tracers. Carlson
(1999) found that present day sources of mining-related metals into Honey Creek are
related to inputs of both “pure” tailings from past mining sites as well as nonpoint

introduction through erosion of contaminated floodplain deposits.

Chapter Summary
Historical land uses have a lasting affect on stream water quality. Agricultural

land clearing and urbanization cause geomorphic changes in stream channels and at the
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same time may introduce contaminants into the same streams. Upon the initial release of
contaminants from mining activities, their distribution within the watershed is largely
dependent on deposition and mixing processes. Due to geomorphic controls, many of
these contaminants are originally deposited in floodplains and other alluvial deposits.
Presently, these floodplain deposits may be the major non-point source of contaminants
due to reworking by erosion.

In the case of Chat Creek, past land uses including land clearing, agriculture,
urbanization, and mining have changed the channel characteristics and introduced large
amounts of sediment and heavy metals into the watershed. Due to the initial floodplain
aggradation much of this sediment and associated metals<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>