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Distribution of Mining-Related Trace Elements in
Streambed and Flood-Plain Sediment along the
Middle Big River and Tributaries in the Southeast
Missouri Barite District, 2012-15

By David C. Smith and John G. Schumacher

Abstract

Lead mining first began in the Big River watershed dur-
ing the 1700s. Lead was the primary metal mined throughout
most of the 1700s and early 1800s and it continued to be
mined until the mid-1900s. Barite mining began in the middle
part of the watershed in the mid- to late 1800s. Although con-
siderable attention has been given to concentrations of mining-
related trace elements (mostly cadmium, lead, and zinc) in the
Big River and its tributaries draining the Old Lead Belt, there
is less information regarding concentrations of mining-related
trace elements in tributaries draining the Barite District in
southeast Missouri, which is downstream from the Old Lead
Belt, and the contribution of sediment transported from this
district to trace elements in lower reaches of the Big River.
The purpose of this report is to present results of an investi-
gation of the distribution of mining-related trace elements in
sediments in the middle reach of the Big River downstream
from the Old Lead Belt and the Big River tributaries that drain
a large part of the Barite District.

In general, concentrations of cadmium and lead in
streambed sediment were largest in samples from the Big
River and smallest in Barite District tributary samples. Con-
centrations of zinc were somewhat similar in the Big River
and Barite District tributaries; however, higher concentrations
were present in upstream Big River site samples, as well as in
samples from one site on Maddin Creek and at another site on
Old Mines Creek that drains the Barite District. Barium con-
centrations were considerably larger in samples from Barite
District tributaries compared to samples collected on the Big
River. Samples collected downstream from the Barite District
on the Big River had considerably larger barium concentra-
tions than samples collected upstream from the Barite District.

Flood-plain core samples were collected from 26 cores
at 5 transect locations along tributaries in the Barite District.
Of the individual 693 bulk (unsieved) samples from these
cores analyzed by x-ray fluorescence, the probable effects

concentration (PEC) values were exceeded for cadmium (PEC
of 4.98 milligrams per kilogram [mg/kg], 218 samples), lead
(PEC of 128 mg/kg, 91 samples), nickel (PEC of 48.6 mg/kg,
45 samples), and zinc (PEC of 459 mg/kg, 77 samples). Of the
693 samples, 21 exceeded the U.S. Environmental Protection
Agency residential yard cleanup level of 400 mg/kg for lead;
19 of these were samples from a single transect near the mouth
of Mineral Fork Creek where its flood plain joins the Big
River flood plain.

Shortly after the December 2015 flood on the Big River
(the third largest flood along the river since the 1950s),

23 samples of fine sediment deposited from the flood were
collected from the Big River flood plain upstream and down-
stream from the Barite District and several tributaries. Overall,
the general pattern of barium, lead, and zinc concentrations in
the 2015 flood sediment samples was similar to that observed
in the streambed-sediment samples.

Overall concentrations of barium were larger at Big River
sites downstream from the Barite District, and cadmium, lead,
and zinc concentrations were generally similar or smaller at
sites downstream from the Barite District when compared to
sites upstream from the Barite District. These data indicate a
substantial influx of barium from the Barite District into the
Big River but only a minimal influx of cadmium, lead, and
zinc.

Introduction

Missouri has been a leading producer of lead in the world
for more than 100 years (Missouri Department of Natural
Resources, 2014). Ore minerals of lead (mostly galena and
lead sulfide), zinc (sphalerite and zinc sulfide), and barium
(barite and barium sulfate) are present across southeast Mis-
souri with some of the most abundant deposits within the Big
River watershed in parts of Washington, Jefferson, and St.
Francois Counties, Missouri (fig. 1).
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Mining History

Lead mining first began in the Big River watershed dur-
ing the 1700s with shallow diggings in surficial materials.

In the early 1800s, the mining evolved into development of
shallow shafts (less than [<] about 50 feet [ft] deep). In the
1860s, lead ore was discovered several hundred feet beneath
the surface near Bonne Terre and Park Hills, Mo., in what is
now referred to as the Old Lead Belt. Lead was the primary
metal mined in the watershed throughout most of the 1700s
and early 1800s and it was mined through the mid-1900s.
More than 8.5 million tons of lead was produced from the Old
Lead Belt part of the Big River watershed before the last mine
was closed in 1972 (Mugel, 2017). Zinc became an important
metal commodity in the mid-1800s and barium in the early
1900s. Mining for barite began in the watershed in the mid-

to late 1800s initially by handpicking barite “chunks” from
small hand-dug pits in the clay-rich soils. Large mechanized
strip-mining operations with centralized mills for washing and
grinding of barite replaced the hand methods in the 1940s.
Barite mining was centered in the eastern part of Washington
County and southwest part of Jefferson County, Mo., mostly
within the watersheds of three tributaries (Mineral Fork Creek,
Maddin Creek, and Mill Creek) that enter the Big River about
20 miles (mi) downstream from the Old Lead Belt (Mugel,
2017). This area had previously been mined for lead and zinc
and there was some limited lead recovery during the barite
mining (Weigel, 1977). Barite mining peaked in the early
1970s and the last mine closed in the 1990s. Wharton (1972)
estimated 11.8 million tons of barite was produced from the
Barite District.

Lead ore (primarily galena) was the first commodity
mined in the 1700s by early Europeans in the watershed;
however, some zinc was recovered starting in the early to
mid-1800s. The earliest lead mines in the late 1700s and early
1800s were referred to as “diggings” (also called “pits” or
“shafts”) in the residual soil and were about 15-20 ft deep
(Schoolcraft, 1819). These hand-dug features were round
holes about 4 ft in diameter normally dug to the top of the
bedrock where lead ore was often concentrated. Some of
the deeper shafts used horse whim or later a steam-powered
windlass to hoist the ore to the surface (Ball, 1916). Small
horizontal drifts were dug short distances under the residuum
until they became unstable and then the shaft was abandoned
and the process was repeated a short distance away until the
landscape was covered with pits in areas rich in lead ore (Ball,
1916). Early ore processing methods were crude and began
with simple hand cleaning using hammers to remove non-ore
material (waste) from the galena that was smelted in small fur-
naces. The waste containing other lead minerals (cerrusite and
anglesite), zinc ore, and barite (“tiff”) was placed in nearby
“dumps” until the 1800s when these minerals started being
recovered. By the mid-1800s, mining operations were active
in some shafts as deep as 170 ft and drifted several hundred
feet long. In the 1860s, most of the lead and zinc mining in
the Barite District shifted to the vast underground deposits
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discovered in the Old Lead Belt near the towns of Parks Hills
and Bonne Terre in the 1860s (Ball, 1916; fig. 1).

Mining of barite in the region began in the mid-1800s
as commercial uses were determined for the “tiff” formally
discarded during earlier lead and zinc mining—mostly as paint
pigment. By the 1870s, small-scale hand mining of barite
was taking place across a wide area estimated by Tarr (1919)
to be about 250 square miles (mi?) in mostly locally owned
individual prospects. Beginning in the late 1920s, larger scale
mechanized barite strip mining was driven by barium, becom-
ing an important additive in drilling mud used in drilling oil
wells (Burford, 1978). Hand mining, however, continued to
be important until the 1940s when mechanized strip mining
became the dominant practice. At the peak of mechanized
strip mining in the 1950s and 1960s, there were nearly 30
wash plants (where barite extracted from the overburden was
washed to remove clay and impurities) in the region and 4
grinding plants in the vicinity of Mineral Point, northeast of
Potosi, Mo. Mechanical strip mining eventually occurred over
about a 75-mi? area, with at least 25 mi? of actual strip mines
(Mugel, 2017). By 1972, an estimated 11.8 million tons of
barite had been produced from the Barite District (Wharton,
1972, 1975). Some barite was mined in tributaries to the
upper reaches of Big River upstream from the Big River near
Irondale streamgage (U.S. Geological Survey [USGS] station
07017200, fig. 1) but no barite mineralization occurred within
the rich lead and zinc deposits of the Old Lead Belt. The last
barite mine closed in the 1990s.

Previous Studies

More than 200 years of lead and zinc mining and
100 years of barite mining has left a legacy of mine waste con-
tamination in the Big River watershed. The most obvious signs
are large mine waste piles (hundreds of acres in size and often
more than 100 ft tall), metal-rich sediments that discharge
from the piles to local streams in the Old Lead Belt, and large
tracts of disturbed and partially vegetated land and mill ponds
in the Barite District about 20 mi northwest of the Old Lead
Belt. There have been at least 16 major documented releases
of mine wastes in the Big River or its tributaries (Meneau,
2016). One of these releases occurred in 1975 when a barite
mill pond failed along Mill Creek and another release occurred
in 1977 when about 50,000 cubic yards (yd?) of lead-zinc mine
waste from a tailings impoundment in the Old Lead Belt near
Park Hills, Mo., was released into the adjacent Big River. The
barite mill dam failure resulted in a fish kill along about a
12-mi reach from Mill Creek and extending into the Big River.
Red, turbid water downstream was noticeable in the final
73 mi of the Big River and benthic invertebrate populations
were impaired (Duchrow, 1976). Many studies regarding the
Big River have documented elevated levels of lead, zinc, and
cadmium in algae, plants, crayfish, mussels, fish, and stream
sediments (for example, Schmitt and Finger, 1982; Kramer,
1976; Smith and Schumacher; 1991; Pavlowsky and others,
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2010). Lead concentrations in fish have resulted in fish con-
sumption advisories for the 93-mi reach of the Big River from
the Old Lead Belt to its mouth at the Meramec River (Mis-
souri Department of Health and Senior Services, 2018). The
U.S. Environmental Protection Agency (EPA) is in the process
of remediating lead-contaminated soils identified at thousands
of properties in the watershed (EPA, 2011, 2016). Although
considerable attention has been given to concentrations of
mining-related trace elements (mostly cadmium, lead, and
zinc) in the Big River and its tributaries draining the Old Lead
Belt, there is less information regarding concentrations of
mining-related trace elements in tributaries draining the Barite
District and the contributions of Barite District sediments to
metal concentrations in lower reaches of the Big River.

Description of Study Area

The Big River has a watershed of about 912 mi? in
southeastern Missouri (fig. 1). The study area is about 45 mi
southwest of St. Louis, Mo.; is centered on the Barite District
of southeast Missouri draining into the Big River; and includes
about 90 mi? of the middle part of the Big River watershed
in eastern Washington County and western Jefferson County,
Mo. Barite mining occurred throughout much of the western
part of the Big River watershed but was concentrated to about
a 200-mi? region that included watersheds of the Big River
tributaries Mineral Fork Creek (190 mi?); Mill Creek (51 mi?);
and Maddin Creek (4.5 mi?), which is part of about a 25-mi
long reach of the Big River between the Big River below
Bonne Terre streamgage (USGS station 07017610; fig. 1) and
the Big River near Richwoods streamgage (USGS station
07018100; fig. 1).

Purpose and Scope

The purpose of this report is to present results of an
investigation of the distribution of mining-related trace ele-
ments in sediments in the middle reach of the Big River and
its tributaries that drain a large part of the Barite District.

A focus of the study was to contrast mining-related trace-
element concentrations in tributaries draining mined areas in
the Barite District with trace-element concentrations in the
middle reach of the Big River that drains the Old Lead Belt
Subdistrict of the Southeast Missouri Lead District, which is
about 35 mi upstream from the Barite District. Three general
geomorphological features were the focus of sediment collec-
tion. Streambed-sediment samples were collected during 2012
at 10 locations along 3 tributaries draining the Barite District
and at 5 locations on the Big River. Core samples of flood-
plain deposits were collected in 2013 from 26 cores along two
tributaries draining the Barite District (Mineral Fork Creek
and Mill Creek) and along a tributary of Mineral Fork Creek
upstream from the Barite District (Fourche Renault Creek).
Fine sediments deposited by the December 2015 flood event
were collected from locations along the Big River upstream

and downstream from the Barite District and along Barite
District tributaries.

Methods

All samples were collected by USGS personnel and trans-
ported to the USGS Missouri Sediment Laboratory (MSL)
in Rolla, Mo., for initial particle-size distribution processing,
which included drying, disaggregating, splitting, and sieving
of samples. After processing, samples were sent to the USGS
Central Mineral and Environmental Resources Science Center
(CMERSC) laboratory in Denver, Co., for elemental analyses,
using either inductively coupled plasma-atomic emission spec-
trometry (ICP—AES) and inductively coupled plasma-mass
spectrometry (ICP—MS) methods or the x-ray fluorescence
(XRF) method. All data generated or analyzed during this
study are included in the main text of this publication.

To assess the effects of select trace elements on aquatic
life in freshwater systems, MacDonald and others (2000)
developed consensus-based probable effects concentrations
(PECs). If the PEC is exceeded, there is an increased chance
that the overabundance of trace elements in freshwater habitats
can result in toxicity to aquatic life. The PEC is commonly
used by regulatory agencies to assess damage to ecosystems.
The reported PECs for cadmium (4.98 milligrams per kilo-
gram [mg/kg]), lead (128 mg/kg), and zinc (459 mg/kg) are
used in this report as a general guideline for evaluating the
concentrations of mining-related trace elements and the prob-
able danger posed to aquatic life in streams.

Streambed Sediment

During August 2012, streambed-sediment samples were
collected at 10 locations along 3 tributaries draining the
Barite District (Mineral Fork Creek, Maddin Creek, and Mill
Creek) and at 5 locations on the Big River—2 upstream and 3
downstream from the Barite District (table 1 and fig. 1). Data
generated during this study are available from ScienceBase
(Smith and Wilson, 2018). Composite samples of streambed
sediments were collected at each location along a stream
reach equal to three channel widths. Within the sampled reach,
20-30 subsamples targeting depositional areas of fine-grained
sediments were collected. Depositional areas for fine-grained
sediment are commonly located where the current velocity
decreases, typically because of a decrease in streambed slope,
or downstream from channel obstructions such as large rocks
or woody debris. All subsamples were collected from the
upper 2-3 inches (in.) of the sediment bed using a 2-in. diam-
eter polyvinylchloride cup. Subsamples were placed directly
into large (1 gallon) plastic bags for transport to the MSL.

Streambed-sediment samples were dried and then split
and sieved for grain-size and chemical analyses. Samples were
initially air dried for several days to remove excessive water
from the bags and then transferred to nonmetallic trays and



Table 1.

Methods

December 2015 flood and underlying soils, and flood-plain cores collected from the middle Big River and its tributaries and tributaries
draining the Barite District, Missouri, 2012—16.

[Latitude and longitude are in decimal degrees. USGS, U.S. Geological Survey; --, not applicable; (N), pre-2015 deposit soil from 6 to 8 inches below original

5

Location of streambed-sediment samples, flood-plain sediment samples, and sediment deposited on the flood plain during the

grade]
i desnltti‘:ier Site name g::pf; ) sltjast(i_;;l Latitude Longitude
identifier
Streambed sediment
Big River
BR-01 Big River at Byrnesville August 2012 07018500 38.39172220 —90.63780560
BR-02 Big River near Richwoods August 2012 07018100 38.15961110 —90.70605560
BR-03 Big River at Mammoth Conservation August 2012 380722090403501 38.12277778 —90.67638889
Access
BR-04 Big River above Mill Creek confluence August 2012 380024090372501 38.00666667 —90.62361111
BR-05 Big River below Bonne Terre August 2012 07017610 37.96552778 —90.57441670
Maddin Creek
MD-01 Maddin Creek at Baryties 380343090393201 38.06194444 —90.65888889
Mineral Fork
MF-01 Mineral Fork near Big River confluence August 2012 380604090405501 38.10111111 —90.68194444
MF-02 Mineral Fork near Washington County State ~ August 2012 380542090410901 38.09500000 —90.68583333
Park
MF-03 Mineral Fork at Kingston conservation access August 2012 380545090424001 38.09583333 —90.71111111
MEF-04 Mineral Fork near Bliss, at Highway 47 August 2012 380545090445001 38.09583333 —90.74722222
bridge
0ld Mines Creek
MF-030M Old Mines Creek at Cruise Mill 380459090440001 38.08305556 —90.73333333
Mill Creek
ML-01 Mill Creek near Big River confluence August 2012 380159090372801 38.03305556 —90.62444444
ML-02 Mill Creek at Dark Hollow near Blackwell, August 2012 380153090374601 38.03138889 —90.62944444
Missouri
ML-03 Mill Creek below Tiff, Missouri August 2012 380123090390201 38.02305556 —90.65055556
ML-04 Mill Creek at Tiff, Missouri August 2012 380056090390601 38.01555556 —90.65166667
Flood-plain cores
Mill Creek
MLC-03-02 Mill Creek above Blackwell, Missouri August 2014 - 38.03121001 —90.62926426
MLC-A-03 Mill Creek above Blackwell, Missouri August 2014 - 38.03109200 —90.62906208
MLC-A-04 Mill Creek above Blackwell, Missouri August 2014 - 38.03096669 —90.62888967
MLC-A-5 Mill Creek above Blackwell, Missouri August 2014 -- 38.03087147 —90.62870560
MLC-A-01 Mill Creek above Blackwell, Missouri August 2014 - 38.03159298 -90.62954966
MLC-B-01 Mill Creek below Tiff, Missouri August 2014 - 38.01307811 —90.65283819
MLC-B-04 Mill Creek below Tiff, Missouri August 2014 - 38.01353996 —90.65318327
MLC-B-03 Mill Creek below Tiff, Missouri August 2014 - 38.01334617 —90.65300114
MLC-B-02 Mill Creek below Tiff, Missouri August 2014 - 38.01324030 —90.65289770
MLC-B-05 Mill Creek below Tiff, Missouri August 2014 - 38.01362243 —90.65175709
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Table 1. Location of streambed-sediment samples, flood-plain sediment samples, and sediment deposited on the flood plain during the
December 2015 flood and underlying soils, and flood-plain cores collected from the middle Big River and its tributaries and tributaries
draining the Barite District, Missouri, 2012-16.—Continued

[Latitude and longitude are in decimal degrees. USGS, U.S. Geological Survey; --, not applicable; (N), pre-2015 deposit soil from 6 to 8 inches below original

grade]
. USGS
. Slt_e . Site name Date of station Latitude Longitude
identifier sample . o
identifier
Mineral Fork
MFC-B-05 Mineral Fork, near Kingston conservation August 2014 -- 38.09811621 —90.71098798
access
MEFC-B-04 Mineral Fork, near Kingston conservation August 2014 -- 38.09782770 —90.71091120
access
MEFC-B-03 Mineral Fork, near Kingston conservation August 2014 -- 38.09754012 —90.71086510
access
MFC-B-02 Mineral Fork, near Kingston conservation August 2014 -- 38.09711390 —90.71075848
access
MFC-B-00 Mineral Fork, at Kingston conservation August 2014 -- 38.09464233 —90.71110809
access
MFC-B-01 Mineral Fork, near Kingston conservation August 2014 -- 38.09642893 —90.71061121
access
MFC-A-01 Mineral Fork, near Washington County State ~ August 2014 -- 38.09500099 —90.68499411
Park
MEFC-A-02 Mineral Fork, near Washington County State ~ August 2014 -- 38.09488188 —90.68469252
Park
MFC-A-03 Mineral Fork, near Washington County State ~ August 2014 -- 38.09459388 —90.68429011
Park
FR-02 Fourche Renault near Missouri Route 185 August 2014 -- 38.01621680 —90.87406293
FR-01 Fourche Renault near Missouri Route 185 August 2014 -- 38.01614916 —90.87387032
FR-03 Fourche Renault near Missouri Route 185 August 2014 -- 38.01632568 —90.87435974
FR-04 Fourche Renault near Missouri Route 185 August 2014 -- 38.01643163 —90.87467599
FR-05 Fourche Renault near Missouri Route 185 August 2014 -- 38.01654889 —90.87494002
BR-FP Big River at Mineral Fork Creek August 2014 -- 38.09513938 —90.68090717
Flood-plain sediment samples from December 2015 flood deposits
Big River, upstream from Washington County Barite District
BR-26 Newberry Riffle January 2016 -- 37.89461736 —90.50110910
BR-27 Newberry Riffle January 2016 -- 37.89496385 —90.50068569
BR-21 St. Francois State Park picnic area January 2016 -- 37.95650904 —90.54102482
BR-22 St. Francois State Park picnic area January 2016 -- 37.95882783 —90.54092220
BR-23 St. Francois State Park picnic area January 2016 -- 37.95768760 —90.54083677
BR-25 St. Francois State Park at mouth of January 2016 -- 37.96753634 —90.53397886
Coonville Creek
BR-24 St. Francois State Park at mouth of January 2016 -- 37.96737277 —90.53400326
Coonville Creek
Big River, downstream from Washington County Barite District
BR-19 Washington State Park Highway 21 access January 2016 -- 38.08624733 —90.66251416
BR-18 Washington State Park Highway 21 access January 2016 -- 38.08631355 —90.66282357

BR-18-SL (N) Washington State Park Highway 21 access January 2016 -- 38.08638745 —90.66267720
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Table 1. Location of streambed-sediment samples, flood-plain sediment samples, and sediment deposited on the flood plain during the
December 2015 flood and underlying soils, and flood-plain cores collected from the middle Big River and its tributaries and tributaries
draining the Barite District, Missouri, 2012—-16.—Continued

[Latitude and longitude are in decimal degrees. USGS, U.S. Geological Survey; --, not applicable; (N), pre-2015 deposit soil from 6 to 8 inches below original

grade]
i des|1itt;:ier Site name E:I:lep:’: _ sl::t(i:io?l Latitude Longitude
identifier
BR-16 Washington State Park-picnic ground January 2016 -- 38.08550212 —90.68408542
Big River, downstream from Washington County Barite District—Continued

BR-17 Washington State Park-picnic ground January 2016 -- 38.08696335 —90.68146159

BR-20 Mamouth access January 2016 -- 38.12123807 —90.67663483

BR-20-SL (N) Mamouth access January 2016 -- 38.12119913 —90.67659720

BR-15 Highway H Conservation access January 2016 -- 38.16321236 —90.70905813

BR-15-SL (N) Highway H Conservation access January 2016 -- 38.16314652 —90.70902381

BR-14 Brown’s Ford January 2016 -- 38.21327342 —90.70629705

BR-14-SL (N) Brown’s Ford January 2016 -- 38.21332693 —90.70622008

BR-13 Brown’s Ford January 2016 -- 38.21334513 —90.70644096

Dry Creek, Jefferson County tributary to the Big River
DC-01 Dry Creek at Butcher Branch Road January 2016 -- 38.21995843 —90.65556413
DC-01-SL (N) Dry Creek at Butcher Branch Road January 2016 -- 38.21978792 —90.65616556
Mineral Fork Creek and tributary, Washington County Barite District Big River tributary

MF-01 Mineral Fork at US Highway 47 January 2016 -- 38.09535685 —90.74731573
(in channel)

MF-01-SL (N) Mineral Fork at US Highway 47 January 2016 -- 38.09541208 —90.74730107
(flood plain)

OMC-01 Old Mines Creek at Highway 47 January 2016 -- 38.07563792 —90.73939475

MF-02 Mineral Fork Kingsington access January 2016 -- 38.09568013 —90.71118600

MF-03 Mineral Fork Kingsington access January 2016 -- 38.09305497 —90.71163005

Mill Creek and tributaries, Washington County Barite District Big River tributary

FBT-01 Fountain Farm Brook of Mill Creek at January 2016 -- 37.97596575 —90.72775964
Highway E

UK-01 Unknown tributary to Sibboleth Brook at January 2016 -- 38.02561166 —90.69180239
Highway E

ML-01 Mill Creek at Tiff Road January 2016 -- 38.01573115 —90.65096492
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dried at 60 degrees Celsius (°C) in laboratory ovens. After dry-
ing, the entire sample was sieved through two stacked stain-
less-steel sieves with mesh sizes of 25 and 2 millimeters (mm;
fig. 2). The total weight of material retained on the sieves and
the weight of the material passing through the 2-mm sieve
were recorded. Material that passed through the 2-mm sieve
was split into two subsamples—split A and split B—using a
stainless-steel splitter with a 2-mm opening, and the weights
of both subsamples were recorded (fig. 3). A representa-
tive fraction of split A (ideally approximately 2 grams, but a
minimum of 0.5 gram) was removed for the chemical analysis
of the <2-mm fraction (fig. 3). The remaining fraction of split
A was sieved through a 0.250-mm sieve and a representative
fraction of material that passed through the 0.250-mm sieve
(pan material) was removed for the chemical analysis of the
less than 0.250-mm fraction (ideally approximately 2 grams
but a minimum of 0.5 gram) after the weights of material
retained on the sieve and in the pan were recorded. Split B
was further separated into two additional splits—split B1
and split B2—using the stainless-steel splitter. Split B1 was
sieved through stacked sieves with openings of 0.250 mm and
0.063 mm using the sieve shaker. Weights of each fraction
remaining on the sieves and the pan were recorded before a
fraction from the pan (<0.063 mm) was collected for chemical
analyses. Split B2 was archived.

Subsamples from three size fractions (<2 mm,
<0.250 mm, and <0.063 mm) of each of the 15 streambed-sed-
iment samples were placed in sealed plastic bags and sent to

Figure 2. Photograph showing stacked sieves in preparation of
mechanical sieving process (photograph by David C. Smith, U.S.
Geological Survey).

the USGS CMERSC laboratory for determinations of 42 major
and trace elements. Major and trace elements were analyzed
by the CMERSC contract laboratory using ICP-AES and
ICP-MS. The samples were decomposed using a mixture of
hydrochloric, nitric, perchloric, and hydrofluoric acids at low
temperature. An aliquot of the digested sample was aspirated
into the ICP-AES and ICP-MS to determine concentrations
of major and trace elements. Calibration on the ICP-AES is
completed by standardizing with digested rock reference mate-
rials and a series of multiple element solution standards. The
ICP-MS was calibrated with aqueous standards, and internal
standards were used to compensate for matrix effects and
internal drifts (Taggart, 2002).

Flood-Plain Sediment

Flood-plain sediment samples were collected from
cores at six sites along tributaries draining the Barite District
(table 1; fig. 4). Flood-plain core transects were co-located
with previously collected 2012 streambed-sediment sample
locations, except for FR in the upper part of the Mineral Fork
Creek along Fourche Renault Creek and a single location on
the Big River flood plain just upstream from Mineral Fork
Creek (BR-FP). Fourche Renault Creek ends where Mineral
Fork Creek begins. At each site, an attempt was made to drill a
transect of cores across the flood plain. Five to six cores were
generally spaced evenly across the flood plain from the outer
edge where the ground elevation increased to near each creek
with a few exceptions. Two sites were hand-cored sites with
only 3 (MFC-A) and 1 (BR-FP) sampling locations due to no
vehicle access. Two cores (MFC-B-00 and MLC-B-05) were
offset from the original flood-plain transect due to difficult
access. Cores were drilled to refusal using a truck or tractor-
mounted Geoprobe™ direct-push soil-sampling unit. To pro-
vide higher resolution for soil near the surface, a small trench
was hand dug adjacent to each core and soil samples were
collected at 1-in. intervals from O to 6 in. deep and then at
intervals from 6 to 9 in. and 9 to 12 in. deep. Continuous core
samples were collected from each core using a 4-ft long, 2.25-
in. outside diameter core barrel to collect a 1.125-in. diameter
core. The core barrel had a clear acetate liner that prevented
contact with the metal core barrel. The core barrel was pushed
into the subsurface in approximately 4-ft runs until refusal.
The core barrel was then mechanically removed after each
run and opened to remove the acetate liner containing the core
sample. The length of core inside the liner was measured to
determine the percent recovery, which is the length of recov-
ered core divided by the length of the run. Plastic caps were
placed on both ends of the plastic liner and secured with elec-
trical tape. The plastic liner was labeled with the date, time,
depth, orientation, and core identification. A tape measurement
was made in the open hole to verify the depth between pushes
and ensure that the hole did not collapse. Ensuring the hole
has not collapsed allows the core barrel to be pushed through
the hole directly to the next undisturbed section without extra
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Figure 3. Process for splitting and sieving streambed-sediment and flood-plain sediment samples.
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material falling in over the undisturbed sample. The core
barrel may pick up soil from shallower depths than the target
depth if the hole collapses. Measuring the depth of the hole
ensured that the sample was representative of the target depth.
This process was done after each run until the sampler met
refusal.

The core samples inside the acetate liners were trans-
ported to the USGS office in Rolla, Mo. The acetate tubes
containing flood-plain cores were cut lengthwise with a
special core cutting knife to expose an area of the core about
1 in. wide. The outside of the core is typically disturbed during
the coring process as it slides against the steel cutting head
and into the core barrel. A knife was then used to shave off
the outer % in. of the core to expose undisturbed material that
had not been in contact with the acetate liner, creating a flat,
usable surface for the XRF, and then the core was cut into 2-ft
lengths, placed in core boxes, and allowed to dry before analy-
ses using the XRF. The XRF measurements were made using
a 60-second scan at three equally spaced intervals within each
1-ft interval of the core and the average of these three readings
assigned to the mid-point of the 1-ft interval. For example,
the average of measurements at 2.25, 2.5, and 2.75 ft would
represent the metal concentrations in the 2—3-ft depth interval
and assigned the average depth of 2.5 ft.

To determine if variable grain size had a measurable
effect on metal concentrations determined by the XRF on the
“bulk” core (unsieved intact core), core material from one core
from each location was selected for re-analyses using the XRF
in various grain-size fractions. The selected core was split
longitudinally in approximate equal halves and subsamples
were collected from one-half of the core at selected depth
intervals (1-ft intervals) for sieving and XRF analysis of trace
elements in the size fractions. The sieving procedure used for
the streambed-sediment samples was modified because of the
small volume of material in the core samples and sieves were
stacked, resulting in the following size fractions analyzed
by the XRF: greater than (>) 2 mm, 2 to 0.250 mm, 0.250 to
0.063 mm, and <0.063 mm. The XRF results of the sieved
fractions from each interval were then compared to the aver-
age of the bulk core scan for that same interval.

December 2015 Flood Deposits

Between December 23 and 28, 2015, more than 6 in.
of rainfall was recorded at the Big River near Desloge
streamgage (USGS station 07017260, fig. 1). This amount
was much greater than typical rainfall at this time of year
across the Big River watershed and most of southern Missouri,
resulting in substantial flooding along the Big River. Around
10:00 p.m. on December 29, 2015, the instantaneous discharge
at the Big River near Richwoods streamgage (USGS station
07018100; fig. 1) exceeded 50,000 cubic feet per second at
a stage of more than 29.5 ft. This was the third largest dis-
charge recorded at this streamgage in more than 70 years of
record (U.S. Geological Survey, 2015). Because of the small
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number of streambed-sediment samples available and the
unique opportunity presented by the near historic flood along
the Big River, and fine sediments deposited by the December
2015 flood event were collected from more than 90 locations
along the Big River including Barite District tributaries. Data
from samples collected from 12 locations along the middle
reach of the Big River and its tributaries are presented in this
report (table 1; fig. 5). A small plastic putty knife was used

to carefully remove fine sediments from surfaces such as
concrete boat ramps, sidewalks, and flat rocks (fig. 6). At six
locations, a sample of native soil also was collected from 3 to
6 in. of depth beneath the original land surface. Native soil in
this instance refers to soil 3 to 6 in. below the ground surface
(below what is referred to as the “O horizon,” which is where
the root material resides). This deeper soil was selected to best
reflect the preflood soil. In most locations, the recent flood
sediments were fine-grained silts that ranged from 0.1-in.
thick to more than 2-in. thick. Care was taken to minimize
collection of sediment directly in contact with the underlying
surface. At several locations, recent flood deposits were of suf-
ficient thickness that they could be collected from grassy areas
on the flood plain. The samples were placed in sealed plastic
bags and transported to the MSL where they were air dried for
3 to 4 days. Samples were lightly disaggregated each day in
the plastic bags by simple hand manipulation. After samples
had completely dried, the bulk samples were analyzed using
the XRF at the USGS CMERSC. Samples were placed in a
test stand and analyzed three times, with the sample bag mixed
between each of the three analyses. Concentrations of trace
elements reported in the samples were the average of the three
individual analyses. After XRF analyses of the bulk samples
were completed, each sample was sieved using a 0.063-mm
sieve and the <0.063-mm size fraction of each sample was
analyzed by the XRF.

Quality Assurance and Quality Control

Project quality assurance and quality control was main-
tained using replicate and split samples, check standards,
blank samples, and laboratory confirmation samples. The
results of the chemical analysis were compared using data
quality objectives (DQOs) to ensure quality assurance and
quality control.

Replicate and Split Replicate Samples

To ensure sieving techniques could be replicated and
performed of equal quality for all samples in the study, origi-
nal replicate and split replicate samples were created. Split
replicates were created by using an aluminum splitter with
a 2-in. diameter opening. The entire sample contents were
poured through the hopper and equal amounts of sample were
portioned into two pans below the hopper. Each separate por-
tion was sieved to the three size fractions used for all sample
analyses (<2 mm, 0.250 mm, and 0.063 mm). Two samples
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(BR-02 and BR-04) were split and the chemical analysis
results of split samples were compared using a DQO of 30
percent for the relative percent difference (RPD).

The RPD between analytical results for the split samples
are listed in table 2. The RPD was calculated as the absolute
value of the difference between the concentrations in the origi-
nal and split replicate samples divided by the average concen-
tration in the original and split replicate samples multiplied by
100. The average RPD values in the three size fractions for the
four trace elements of interest were 19 percent for barium (6 to
37 percent), 38 percent for cadmium (2 to 94 percent), 8 per-
cent for lead (2 to 18 percent), and 33 percent for zinc (1 to
83 percent). Overall, there were 11 exceedances of a DQO of
30 percent for 13 average RPD values for the three size frac-
tions. There was a strong relation between RPD value and size
fraction analyzed. The smallest RPD values were measured
in the <0.063-mm size fraction and largest RPD values were
measured in the <2-mm fraction (table 2).

Methods 13

Figure 6. Examples of fine-grained
sediments deposited by the December
2015 flood in the Big River watershed.
(photographs by David C. Smith, U.S.
Geological Survey).

Check Standards

A handheld XRF instrument was used to determine
concentrations of trace elements in core samples from flood-
plain cores and samples of flood deposits from the December
2015 flood. Quality control on analytical results from the XRF
instrument included daily check standards and blanks and
analyses of split samples. Check standards of known concen-
trations were used to ensure the instrument was within daily
calibration requirements and assess the general accuracy and
precision of the XRF measurements. Check standards and
silica sand blanks were analyzed by the XRF at the beginning
and end of each day and periodically throughout the day. All
flood-plain core samples were analyzed using an XRF and
standards supplied by the EPA Region 7. CAN Till-4 (sup-
plied by the instrument manufacturer; Lynch, 1996) and EPA
Resource Conservation and Recovery Act (RCRA; EPA, 2007)
standards were used to validate EPA XRF measurements
during sample analyses. The December 2015 flood-deposit
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samples were analyzed by the USGS XRF unit. Check stan-
dards were run during the analyses of these samples using
the National Institute of Standards and Technology (NIST)
medium standard (2177A) and NIST high standard (2710A;
Reed, 2009) in addition to a silica sand blank.

The overall mean concentration, mean standard deviation,
95th and 5th percentile (upper confidence level [UCL] and
lower confidence level [LCL], respectively), and mean percent
difference were calculated for selected trace elements in each
check standard and compared to the standard’s most prob-
able value (MPV). Each standard has an MPV for each of the
elements in its suite provided by the supplier and is defined as
the resultant value with the highest probability for an obser-
vation. This would be the most probable concentration of an
element for environmental soil samples. A percent difference
of within 30 percent for target elements (barium, cadmium,
lead, and zinc) for the XRF results and standard MPV was the
DQO for this project. The precision of the XRF measurements
for the four mining-related trace elements of interest (barium,
cadmium, lead, and zinc) was assessed by calculating the
relative standard deviation (RSD) for the check standards. The
RSD was calculated for target elements in each check standard
by dividing the absolute value of difference between the XRF
result and the MPV by the average of the XRF result and the
MPV then multiplying by 100. The average RSD for each
metal of interest in each check standard was then calculated.
The XRF precision DQO for the project was an average RSD
of within 20 percent for the trace elements of interest in the
XRF check standards.

The results of the EPA XRF instrument analysis of the
two check standards (RCRA and CAN Till 4) were within
the DQO of 30 percent for barium, cadmium, lead, and zinc
(table 3). Concentrations of barium, cadmium, lead, and zinc
were within 10 percent of the check standard MPVs except for
a mean lead concentration of 37 mg/kg in CAN Till 4 check
standard that was —25.6 percent lower than the MPV of 50 mg/
kg. The mean lead concentration in 54 RCRA check standards
of 462 mg/kg was only —7.5 percent lower than the MPV of
500 mg/kg. Except for cadmium where the XRF reported
a mean concentration of 517 mg/kg in the RCRA standard
(MPV of 500 mg/kg), mean concentrations of barium, lead,
and zinc in check standards reported by the XRF tended to be
slightly smaller than the standard MPV values but well within
the project DQO. The larger percent difference between the
XREF result and MPV for lead in the Can Till 4 standard of
50 mg/kg (—25.6 percent) compared to the RCRA standard
(—7.5 percent) may indicate a decrease in accuracy at lower
concentrations of lead.

The December 2015 flood deposits were analyzed using
the USGS XRF. A review of 10 check standards analyzed by
the USGS XRF (NIST 2710A and NIST 2711A) indicates con-
centrations of barium, cadmium, lead, and zinc were within
the project goal of 30 percent (table 4). Except for a mean
zinc concentration of 364 mg/kg reported by the XRF in NIST
2711A that was —12.1 percent lower than the MPV of 414 mg/
kg, concentrations of mining-related trace elements of interest

for this study were within 10 percent of the check standards.
None of the nine silica blank samples contained detectable
concentrations of constituents of interest analyzed by the
XREF (table 4). The reporting limits for nickel and zinc for the
USGS XREF are likely smaller than the project XRF report-
ing levels of 65 and 25 mg/kg but have not been rigorously
determined, but all of the silica blank samples had nickel and
zinc <3 mg/kg.

Blanks

To determine possible sources of bias in chemical results,
seven blank samples were processed between analyses of the
streambed-sediment samples. Blank samples included a source
material blank, a splitter blank, and five blanks processed
through various sieves. Blank samples were prepared using
a source-material mixture of environmental-grade pure silica
sand and silt-sized silica flour. Concentrations of cadmium
were less than the minimum detection level in all blank
samples (table 5). The source blank had detectable barium
(40 mg/kg), lead (4.8 mg/kg), and zinc (5 mg/kg), but all blank
sample concentrations except one were less than one-fifth the
minimum concentrations detected in the streambed-sediment
samples. Barium, lead, and zinc, as well as iron and manga-
nese, concentrations were largest for material retained on the
0.063-mm sieve from split B (sample QA-B063R; table 5).

It is possible these elevated concentrations are a result of
insufficient cleaning of sieves between environmental sam-
ples. Because concentrations of nickel and chromium (com-
mon alloys in stainless steel) were not elevated in the split

B results, the source of these trace elements is most likely
residual from environmental samples from the Big River study
area.

Laboratory Confirmation Samples

A total of 30 confirmation samples were submitted to the
CMERSC laboratory to verify accuracy of the handheld XRF
results and to evaluate laboratory comparability. The samples
were selected from flood-plain core depth intervals that had
been sieved and represented split samples of various size
fractions from 18 different cores at nearly all locations, rep-
resenting a range of concentrations of barium, lead, and zinc
(table 6, at the back of this report). The 30 samples consist
of split samples: 2 samples of the >2-mm fraction; 8 samples
from <2- to 0.250-mm fraction; 8 samples from the <0.250- to
0.063-mm fraction; and 12 samples from the <0.063-mm frac-
tion (table 6).

Overall, handheld XRF results for the target elements
lead and zinc compared favorably to laboratory XRF results
with logarithmic linear regression (Helsel and Hirsch, 2002)
coefficients of 0.923 for lead and 0.941 for zinc (fig. 7). The
handheld XRF results of the original sample were less favor-
able for the target element barium, which had a logarithmic
linear regression coefficient of 0.757, when compared to the
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Table 3. Results of analyses of standard reference materials by the U.S. Environmental Protection Agency x-ray fluorescence unit.

[Gray shaded cells indicate mining-related trace elements of concern for this study. MPV, most probable value; mg/kg, milligram per kilogram; n, sample size;
XREF, x-ray fluoroscence; LCL, lower confidence level; UCL, upper confidence level; RCRA, Resource Conservation and Recovery Act; --, not determined;
CAN Till 4, Canadian standard reference material collected near Scission’s Brook, New Brunswick, Canada; <, less than]

_ Standard rep)::::ing NOI;T:: ' XRF mean, Xgra:]e(::::;le 95-percentiles 95-percentiles  Percent difference
Constituent ) MPV, level, censored  in mg/kg deviation, ) LCL, _ UCL, between XRF mean
in mg/kg in mg/kg values in mg/kg in mg/kg in mg/kg and standard MPV
RCRA Standard
Arsenic 500 54 11 377 24 370 383 —24.6
Barium -- 54 100 517 48 504 530 -
Cadmium 500 54 12 517 44 506 529 3.5
Cobalt - 54 260 50 273 47 260 285 -
Copper -- 54 35 27 51 17 46 55 --
Iron - 54 100 0 43,282 1,529 42,874 43,690 -
Manganese -- 54 85 0 753 99 727 780 --
Nickel - 54 65 49 70 15 66 74 -
Lead 500 54 13 0 462 27 455 470 =75
Selenium 500 54 20 0 471 21 465 476 -5.8
Strontium - 54 11 0 182 8 180 184 -
Zinc -- 54 25 0 71 10 69 74 -
CANTIll 4
Arsenic 111 54 11 0 96 9 94 98 —13.4
Barium 395 54 12 1 378 53 364 392 —4.4
Cadmium - 54 100 53 15 19 10 20 -
Cobalt 8 54 260 51 <267 27 -- -- --
Copper 237 54 35 214 27 207 221 -9.9
Iron 39,700 54 100 0 31,245 1,628 30,811 31,679 -21.3
Manganese 490 54 85 353 64 336 371 -27.9
Nickel 17 54 65 54 65 0 -- -- --
Lead 50 54 13 2 37 11 34 40 -25.6
Selenium - 54 20 53 20 1 20 20 -
Strontium 109 54 11 115 8 113 117 5.6
Zinc 70 54 25 67 16 63 71 —4.4
Silica (Si0,) blank
Arsenic -- 29 11 29 11 0 -- -- --
Barium - 29 12 25 101 3 100 102 -
Cadmium - 29 100 28 12 1 12 12 -
Cobalt - 29 260 29 260 0 - - -
Copper -- 29 35 29 35 0 -- -- --
Iron - 29 100 29 100 0 - - -
Manganese -- 29 85 29 85 0 -- -- --
Nickel -- 29 65 29 65 0 - - -
Lead - 29 13 29 13 0 - - -
Selenium -- 29 20 20 20 0 -- -- --
Strontium - 29 11 29 11 0 - - -
Zinc -- 29 25 28 25 1 25 26 --
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Table 4. Results of analyses of standard reference materials by the x-ray fluorescence unit.

[Gray shaded cells indicate mining-related trace elements of concern for this study. MPV, most probable value; n, sample size; XRF, x-ray fluoroscence; LCL,
lower confidence level; UCL, upper confidence level; NIST, National Institute of Standards and Technology; --, not determined; <, less than]

_ Standard rep)::::ing NOI;T:: ' XRF sta)|(1lzil;r d 95-percent 95-percent Percent difference
Constituent MPV, mean, o LCL, UCL, between XRF mean
in mg/kg . level, censored in mg/kg d.e‘"atm"' in mg/kg in mg/kg and standard MPV
in mg/kg values in mg/kg
NIST Standard 2710A
Arsenic 1,540 10 11 0 1,479 14.0 1,470 1,487 -4.0
Barium 792 10 100 720 13.6 712 729 -9.0
Cadmium 12.3 10 12 12.3 0.6 11 12 =5.7
Cobalt! 599 10 260 10 260 0.0 - - -
Copper 3,420 10 35 0 3314 26 3,298 3,330 -3.1
Iron 43,200 10 100 0 46,520 462 46,234 46,307 7.7
Manganese 2,140 10 85 0 2,044 16 2,034 2,054 -4.5
Nickel' 8 10 65 10 <65 - - - -
Lead 5,520 10 13 0 5,421 33.1 5,401 5,442 -1.8
Selenium! 1 10 20 10 <20 -- -- -- --
Strontium 255 10 11 0 318.6 12.3 311 326 249
Zinc 4,180 10 25 0 4,090 38.3 4,067 4,114 =21
NIST Standard 2711A
Arsenic 107 10 11 49.3 5.0 46 52 —54.0
Barium 730 10 100 663 14.3 654 672 9.2
Cadmium 54.1 10 12 53.5 1.3 53 54 -1.0
Cobalt! 9.89 10 260 10 <260 14.0 -115 —98 -1,173.5
Copper 140 10 35 112 1.9 111 114 -19.7
Iron 28,200 10 100 23,787 98.3 23,726 23,848 —15.6
Manganese 675 10 85 514 8.6 508 519 -23.9
Nickel' 21.7 10 65 10 29.3 2.4 28 31 34.9
Lead 1,400 10 13 0 1,396 9.8 1,389 1,402 -0.3
Selenium! 2 10 20 10 <20 - - - -
Strontium 242 10 11 234 2.5 232 235 -3.3
Zinc 414 10 25 0 364 5.7 360 368 —-12.1
Silica (Si0,) blank
Arsenic 0 9 11 9 <11 -- -- -- --
Barium 0 9 100 9 <100 - - - -
Cadmium 0 9 12 9 <12 -- -- - --
Cobalt 0 9 260 9 <260 - - - -
Copper 0 9 35 9 <35 -- -- -- --
Iron 0 9 100 9 <100 - - - -
Manganese 0 9 85 9 <85 -- -- -- --
Nickel 0 9 65 9 <65 (<3) - - - -
Lead 0 9 13 9 <13 - - - -
Selenium 0 9 20 9 <20 -- -- - --
Strontium 0 9 11 9 <11 - - - -
Zinc 0 9 25 9 <25 (<3) - - - -

'All concentrations were below the XRF reporting limit.
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Table 5. Concentrations of major and trace elements in quality assurance blank samples processed through sample splitting and sieve

equipment.

[Samples collected on August 22, 2016. All blank samples were analyzed by the contract laboratory using inductively coupled plasma-atomic emission spec-
trometry and inductively coupled plasma-mass spectrometry methods. Gray shaded cells indicate mining-related trace elements of concern for this study. mm,
millimeter; QA, quality assurance sample; SM, source material; SB, splitter blank; R, retained on sieve; P, passed through sieve; w%, percent by weight; <, less
than; mg/kg, milligram per kilogram|

SplitA SplitB
SOU"-fe Sulitter Material Material Material Material Material
. . material ' passc_ad through passed through  passed through passc_ad through passed through
Constituent Unit blank blank splitterand ™ lister and splitter and \itter and
retained on plieran spritteran retained on sptter an
. 0.250-mm sieve  0.250-mm sieve . 0.063-mm sieve
0.250-mm sieve 0.063-mm sieve
QA-SM QA-SB 0QA-A250R QA-A250P QA-B250P QA-B063R QA-B063P

Aluminum w% 0.09 0.1 0.12 0.07 0.06 0.14 0.09
Calcium w% 0.02 0.02 0.01 0.02 <0.01 0.05 0.02
Iron w% 0.03 0.02 0.02 0.02 <0.01 0.05 0.02
Potassium w% 0.01 0.01 <0.01 0.02 <0.01 0.04 0.02
Magnesium w% <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01
Sodium w% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Sulfur w% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Titanium w% <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Antimony mg/kg <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Arsenic mg/kg <1 <1 <1 <1 <1 <1 <1
Barium mg/kg 40 25 16 13 13 74 10
Beryllium mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Bismuth mg/kg <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
Cadmium mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Cerium mg/kg 6.13 2.31 291 2.76 2.78 2.07 2.4
Cesium mg/kg <5 <5 <5 <5 <5 <5 <5
Chromium mg/kg <1 2 2 3 1 2 2
Cobalt mg/kg 0.2 0.2 0.1 0.1 <0.1 0.4 0.1
Copper mg/kg 2.1 3.7 2.6 1 2 4.6 1
Gallium mg/kg 0.31 0.28 0.31 0.15 0.18 0.35 0.21
Indium mg/kg <0.02 <0.02 <0.02 <0.02 <0.02 <0.02 <0.02
Lanthanum mg/kg 34 1.5 1.8 1.8 1.7 1.4 1.6
Lead mg/kg 4.8 5.1 3.6 3.8 2.5 21.1 3.8
Lithium mg/kg 2 2 2 3 1 3 3
Manganese mg/kg 8 11 7 6 <5 34 6
Molybdenum  mg/kg 0.2 0.24 0.19 0.27 0.18 0.3 0.27
Nickel mg/kg 1.2 2.3 2. 2.3 1.5 3. 2.4
Niobium mg/kg 0.2 0.2 0.2 0.2 0.1 0.2 0.3
Phosphorus mg/kg <50 <50 <50 <50 <50 <50 <50
Rubidium mg/kg 0.6 0.5 0.3 0.7 <0.2 1.2 0.6
Scandium mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Silver mg/kg <1 <1 <1 <1 <1 <1 <1
Strontium mg/kg 3 3 1.2 6.6 0.8 6.9 6.4
Tellurium mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Thallium mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Thorium mg/kg 1.1 0.4 0.6 0.5 0.7 0.4 0.5
Tin mg/kg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Tungsten mg/kg <0.1 0.8 <0.1 <0.1 <0.1 <0.1 <0.1
Uranium mg/kg 0.3 0.2 0.3 0.2 0.4 0.2 0.2
Vanadium mg/kg <1 <1 <1 <1 <1 <1 <1
Yttrium mg/kg 1.4 1.2 0.6 2.1 0.5 1.8 2.1
Zinc mg/kg 5 5 3 4 2 10 4
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Figure 7.
fluorescence analysis in original samples.

laboratory results, which are similar to results by Smith (2016)
using similar methods and equipment.

The overall average percent difference of the XRF results
for lead compared to the laboratory results of —19 percent was
within project DQO although 2 samples had a percent differ-
ence <—30 percent and 9 samples had percent difference >30
percent. Lead concentrations determined by the handheld XRF
tended to be lower than the concentrations determined by the
laboratory based on negative overall average percent differ-
ence (table 6) and a y-intercept of <1 (0.423) in the regres-
sion equation comparing the two methods (fig. 7). The XRF
results of samples with smaller grain-size fractions (<0.250
and 0.063 mm) tended to compare more favorably to labora-
tory results than larger grain-size fraction (>2 mm and <2 mm)
sample results. The average percent difference for the XRF
results compared to the laboratory results was —16 (n=12) for
the <0.063-mm fraction and —9 (n=8) for the 0.063-0.250-
mm fraction. The percent differences for the larger grain-size
fractions tended to be much higher although there were only
two samples compared for the >2-mm fraction. The average
percent difference for the 0.250—-2-mm fraction was —36 (n=6)
and for the >2-mm grain-size fraction was —34 (n=2) (table 6).

The overall average percent difference of the XRF results
compared to the laboratory results for zinc was —7 percent,
which was within the DQO. The average percent differences
did not seem to have the variability among samples with dif-
ferent grain sizes that was evident in the samples analyzed
for the other trace elements. All average RPDs tended to be
relatively low, ranging from —12 percent for the <0.063-mm
fraction to 5 percent for the 0.063—0.250-mm fraction. Zinc
concentrations determined by the handheld XRF also tended
to trend lower than the concentrations determined by the labo-
ratory based on negative overall average percent difference
(table 6) and a positive y-intercept (0.294) of the regression
equation comparing the two methods (fig. 7).

The overall average percent difference between the XRF
results and the laboratory results for barium was —43, which

Comparison of concentrations of barium, lead, and zinc in laboratory subsamples and concentrations reported by the x-ray

exceeded the project DQO goal limit of plus or minus 30. The
RPD results (table 6) and a y-intercept of <1 (0.795) in the
regression equation comparing the two methods (fig. 7) both
indicate that barium concentrations determined by the hand-
held XRF tended to be lower than concentrations determined
by the laboratory. The average percent differences for barium
were —34 for the <0.063-mm fraction, —59 for the 0.063—
0.250-mm fraction, —51 for the 0.250—2-mm fraction, and 2
for the >2-mm fraction.

Distribution of Mining-Related Trace
Elements in Streambed and Flood-Plain
Sediment

This section presents the concentrations of chemical
constituents in streambed sediments, flood-plain core samples,
and December 2015 flood deposits. Spatial differences among
the sites are described.

Streambed Sediments

In general, streambed-sediment concentrations of cad-
mium and lead were largest in samples from the Big River
(average of 5.4 mg/kg for cadmium and 1,011 mg/kg for lead)
and smallest in samples from the Barite District tributaries
(average of 1.1 mg/kg for cadmium and 223 mg/kg for lead;
fig. 8). Of the individual 45 streambed-sediment samples sent
to the laboratory for analysis, the PEC values were exceeded
for cadmium (6 samples), lead (35 samples), and zinc (17 sam-
ples). Of the 45 samples, 14 exceeded the EPA residential yard
cleanup level of 400 mg/kg for lead. Concentrations of zinc
were somewhat similar in the Big River (average of 371 mg/
kg) and Barite District tributaries (average of 400 mg/kg) but
tended to be larger in upstream Big River sites and at single
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sites on Old Mines Creek and Mineral Fork Creek. Barium
concentrations were considerably larger in samples from Bar-
ite District tributaries (average of 4,725 mg/kg) compared to
Big River samples (average of 965 mg/kg).

Cadmium, lead, and zinc concentrations from Big River
sampling sites decreased downstream from the Old Lead Belt
and were largest in the <0.063-mm fraction except for lead
in the <2-mm fraction at site BR-05. Concentrations of lead
exceeded the PEC in all three grain-size fractions in the five
samples from the Big River (table 7, at the back of this report;
fig. 8). Concentrations of cadmium and zinc exceeded their
respective PEC values in one or more size fractions from all
Big River sites except for the farthest downstream site BR-01.
The largest cadmium concentrations were in the <0.063-mm
fraction at sites BR-04 and BR-05 (14.7 and 13.9 mg/kg), as
well as the largest zinc concentrations (799 and 709 mg/kg).

Barium concentrations, unlike cadmium, lead, and zinc,
were larger at Barite District tributary sites compared to Big
River sites and were larger in Big River sites downstream
from the tributaries compared to the upstream sites (table 7;
fig. 8). Barium concentrations ranged from 365 (<2-mm frac-
tion at site MF-02) to 9,370 mg/kg (<0.250-mm fraction at site
ML-02) in the various size fractions in samples from Barite
District tributaries—about 20 times the average concentra-
tion of 473 mg/kg in samples from the Big River upstream
from the Barite District tributaries at sites BR-04 and BR-05.
The largest barium concentrations were in samples from Mill
Creek and were similar at all sites along this creek (fig. 8),
which drains the more heavily mined areas of the Barite
District (fig. 1). In contrast, barium concentrations in Mineral
Fork Creek tended to decrease downstream. Overall, barium
concentrations tend to be largest in the <0.250-mm fraction in
Barite District tributary samples and largest in the <0.063-mm
fraction in Big River samples, indicating that barium in the
larger grain-size material is less likely to be transported in the
smaller tributaries. Along the Big River, barium concentra-
tions ranged from 155 to 804 mg/kg at sites upstream from the
Barite District. Downstream from the Barite District tributar-
ies, barium concentrations increased, ranging from 338 to
2,700 mg/kg at sites BR-03 and BR-02. Barium concentrations
decreased farther downstream at site BR-01 but were larger
than concentrations at both sites upstream from the Barite
District.

The pattern and concentrations of barium, cadmium,
lead, and zinc in the 2012 streambed-sediment samples from
the Big River are similar to those observed by Smith and
Schumacher (1991) in samples collected during 1988-89
and Schmitt and Finger (1982), indicating persistent effects
on cadmium, lead, and zinc concentrations in the Big River
from mine waste releases from the Old Lead Belt and Barite
District (fig. 9). Concentrations of calcium, cadmium, lead,
and zinc in the 2012 samples (table 7) fell within the range
of those reported by Smith and Schumacher (1991) but were
slightly smaller than the 198889 averages. In the fine-grained
(<0.063-mm size fraction) samples at site BR-02, barium,
cadmium, lead, and zinc concentrations in the 2012 sample

were 7, 30, 13, and 19 percent smaller, respectively, than the
average concentrations reported by Smith and Schumacher
(1991) but within one standard deviation of the 1988—89
samples. Concentrations of calcium and magnesium were

24 and 35 percent smaller in the 2012 sample, respectively;
however, strontium was about 50 percent larger than the
1988-89 samples. Although concentrations in the 2012 sample
were smaller than the averages of the 1988—89 samples at site
BR-02, they were within the range of the 1988—89 samples
and it could not be concluded that there had been a measur-
able decrease based on only one result. Additional samples
from each site, such as the seven collected quarterly by Smith
and Schumacher (1991), are needed to determine if there has
actually been a measurable decrease in metal concentrations
over time. Smith and Schumacher (1991, 1993) indicated that
sediment from the Big River near Irondale (site BR-07; fig. 1)
represented background concentrations of trace elements in
the Big River upstream from most mining activity. Average
concentrations in the coarse (<2 mm) and fine (<0.063 mm)
size fractions were barium (363 and 627 mg/kg), cadmium
(<2 mg/kg), lead (53 and 69 mg/kg), and zinc (102 and 80 mg/
kg). Most streambed-sediment samples collected during this
current study exceeded the concentrations at Irondale reported
by Smith and Schumacher (1991, 1993), including those from
the Barite District tributaries, indicating probable mining
effects on metal concentrations in Barite District tributary
streambed sediments.

All of the 10 streambed-sediment samples from the
Barite District tributaries contained cadmium concentrations
well below the PEC (4.98 mg/kg); however, several samples
contained lead or zinc above their respective PEC (128 mg/
kg) values (table 7; fig. 8). Concentrations of lead exceeded
the PEC in one or more size fractions from 8 of the 10 samples
from Barite District tributaries, but concentrations were an
order of magnitude less than those in Big River sites ranging
from 45 mg/kg in the <0.250-mm fraction from sample MF-04
to 972 mg/kg in the <0.063-mm fraction from sample MF-01.
Sample MF-01 was collected near the mouth of Mineral Fork
Creek (fig. 1) and it is probable that this sample also may
include sediment from the Big River deposited during higher
flow events. Excluding sample MF-01, the largest lead con-
centrations in any sample from Barite District tributaries was
428 mg/kg in the <2-mm fraction of sample MF-030M from
Old Mines Creek, a tributary to Mineral Fork Creek (fig. 8).
Sample MF-030M also contained the largest zinc concen-
trations in all size fractions of samples from Barite District
tributaries (1,030 mg/kg for the <2-mm fraction, 581 mg/kg
for the <0.250-mm fraction, 756 mg/kg for the <0.063-mm
fraction; table 7). Sample MF-030M also contained the largest
calcium concentrations of Barite District tributary samples
(1.72 percent in the <2-mm size fraction to 23.5 percent in
the <0.063-mm fraction). These large concentrations in this
sample may be a result of its relation to historic mining areas
in the Mineral Fork Creek watershed. There are several mining
areas, including about six barite mine waste ponds, upstream
from where sample MF-030M was collected (figs. 1, 4).
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Service during 1980-81 in the Big River watershed. Concentrations determined by complete digestion and laboratory
analysis.
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Smith and Schumacher (1991) indicated that the large
quantity of mine waste not only changed the concentration of
trace elements in the Big River streambed sediments, but it
also altered mineralogy of the streambeds. Calcite and dolo-
mite, signatures of mine waste, were now dominant minerals
in the streambed, whereas a more natural streambed sediment
mainly consists of quartz with little calcite or dolomite.

Similar to lead, concentrations of calcium decreased in all
size fractions of Big River streambed sediment with increasing
distance downstream from nearly 8 percent in the <2-mm frac-
tion at site BR-05 to <0.2 percent in the <2-mm fraction at site
BR-01 (table 7). Calcium is strongly positively correlated with
lead (correlation coefficient [R*]=0.70), cadmium (R?=0.72),
and zinc (R*=0.69) in all size fractions because calcite and
dolomite presence may indicate mining influence. There is
little correlation between calcium and barium (R?>=-0.17).

Mass ratios of barium to lead and lead to zinc vary in
streambed-sediment samples and indicate influxes of metal
contamination from various barite, lead, and zinc mining
areas. Most noticeable are the large barium to lead ratios in
Barite District tributaries compared to the Big River (fig. 8).
The average barium to lead ratio (31.8) in all size fractions
from Barite District tributaries (excluding site MF-01 that is
near the Big River) is nearly 100 times larger than Big River
sediments upstream from the Barite District (average of 0.36
at sites BR-04 and BR-05; average of 1 in 1988—89 samples
from background site BR-07 at Irondale; Smith and Schum-
acher, 1991, 1993) and nearly 15 times larger than the Big
River sites downstream from the Barite District (average of
2.01 at sites BR-01, BR-02, and BR-03). Two Barite District
sites (MF-01 and MF-030M) have unusually low barium to
lead ratios driven mostly by their larger lead concentrations.
Site MF-01 is at the mouth of Mineral Fork Creek and is likely
affected by sediments being transported by the Big River dur-
ing flood conditions. Site MF-030M is along Old Mines Creek
where Burford (1978) indicated the earliest lead mining (about
1720) in Washington County was reported. Dake (1930)
referred to the Old Mines area as covering several square
miles and by 1725 about 1,500 pounds (Ib) of lead had been
smelted in this area. Consistent with the historic, rich lead ore
mined in the Old Mines areas, the sample from site MF-030M
has among the largest lead to zinc ratio, and as mentioned pre-
viously, the largest calcium concentrations (possibly indicating
waste rock from bedrock mining) of any of the Barite District
tributary sites. In a compilation of production figures from var-
ious sources, Mugel (2017) indicated that about 180,000 tons
of lead and 60,000 tons of zinc were produced (lead to zinc
ratio of about 3:1) from the Barite District (includes zinc pro-
duction from Valley Mines zinc-rich deposits just east of the
Barite District and east of the Big River watershed). In con-
trast, about 7.6 million tons of lead and 800,000 tons of zinc
were produced from the Old Lead Belt (about 10:1 lead to zinc
ratio). Consistent with general historical production figures,
lead to zinc ratios in all size fractions of streambed sediments
tend to be smallest in Barite District tributaries (<1.0) and in
the Big River background site BR-07 at [rondale (ratio of 1;

data from Smith and Schumacher, 1991, 1993), and largest in
the Big River downstream from BR-07 at Irondale—decreas-
ing from site BR-05 (ratios of 1.3 to 7.2) to downstream site
BR-01 (ratios of 1 to 2.5).

Flood-Plain Sediments

Flood-plain core samples were collected from 26 cores
along 5 transects and a single location along streams drain-
ing the Barite District—two transects along the lower reach
of Mineral Fork Creek (MFC-A and MFC-B), two transects
along the lower reach of Mill Creek (MLC-A and MLC-B), a
single location on the Big River flood plain, and one transect
along Fourche Renault Creek (FR) in the upper part of the
Mineral Fork Creek watershed and upstream from most of the
previously mined areas in the Barite District (figs. 4, 10). Of
the individual 693 bulk samples from these cores analyzed by
the XRF, the PEC values were exceeded for cadmium (218
samples), lead (91 samples), nickel (45 samples), and zinc (77
samples). Of the 693 samples, 21 exceeded the EPA residential
yard cleanup level of 400 mg/kg for lead; 19 of these were
samples from transect MFC-A. This site is near the mouth of
Mineral Fork Creek where its flood plain joins the Big River
flood plain and so its sample composition may include Mineral
Fork Creek and Big River sediment. Because the XRF report-
ing level of 12 mg/kg for cadmium is larger than the PEC
(4.98 mg/kg), the frequency of cadmium exceeding the PEC
is likely underreported; therefore, the following discussion
focuses primarily on concentrations of barium, lead, and zinc.

Scanning the bulk core provided a rapid determination
of metal profiles with depth; however, this can introduce
error caused by trace elements being irregularly distributed in
various grain-size fractions of the sediment and singular large
grains dominating the XRF beam. To determine the usability
of the XRF data from the bulk core scans, and to determine if
grain size had a measureable effect on reported metal con-
centrations, 47 samples from five cores (FR-03, MFC-B-02,
MLC-B-05, MLC-A-02, and MLC-A-05; fig. 10) were split
into four fractions (<0.063 mm, 0.063 to 0.250 mm, 0.250
to 2 mm, and >2 mm) that were analyzed by the XRF and
compared to the average bulk core XRF scans of these same
intervals (table 8, at the back of this report; fig. 11). Metal
concentrations tended to be larger in the smaller size fractions.
Concentrations of trace elements in the bulk core also do not
provide information on metal concentrations for different size
fractions, which is important because finer material may dis-
solve more easily in stomachs of animals, making the metal
have greater bioavailability to animals (Luoma, 1989). Com-
parison of the <0.063-mm fractions in the 47 sieved samples
to the average of the bulk core scans using a paired t-test
(Helsel and Hirsch, 2002) indicates no significant difference at
an alpha level of 0.05 between barium concentrations (p-value
of 0.81 and averages of 1,716 and 1,674 mg/kg) but significant
differences were detected between the <0.063-mm fraction
sample and bulk sample for lead (p-value of 0.00 and averages
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of 105 and 76 mg/kg) and zinc (p-value of 0.003 and averages
of 262 and 207 mg/kg) concentrations. Profiles of barium,
lead, and zinc in the various size fractions (>2-mm fraction not
plotted) from five cores indicate that XRF-reported concentra-
tions in the various fractions exhibit similar patterns, but the
bulk core scans miss several inflections that are seen in the
sieved fraction results, particularly for lead and zinc in the
lower part of core MLC-B-05 and lead in the middle part of
core FR-03 (fig. 11). The significant difference in lead and
zinc concentrations between the <0.063-mm fraction and bulk
core, in addition to the missed inflections in the core profiles,
preclude the use of bulk core scans beyond evaluating general
patterns of trace elements with depth or general comparisons
between metal concentrations at various locations.

With few exceptions, the general pattern of metal con-
centrations in the bulk XRF scans of flood-plain core from all
locations was that barium concentrations were greater than
zinc concentrations and zinc concentrations were greater than
lead concentrations. Samples from transect FR along Fourche
Renault Creek upstream from the most intense mining areas
contained the smallest concentrations (number in parentheses
are averages) of barium (621 mg/kg), lead (29.9 mg/kg), and
zinc (58.4 mg/kg). The depth of cores at transect FR ranged
from approximately 5 to 18.5 ft (15.8 ft for core FR-03 in
fig. 12) and concentrations of trace elements in the five cores
from this location were similar and had similar vertical pro-
files (fig. 12). Barium concentrations in transect FR tended
be smaller in the 0—1-ft deep interval then remain steady or
increase slightly with increasing depth, whereas concentra-
tions of lead and zinc tended to decrease at depths below about
2 to 4 ft deep, and many lead values were less than the XRF
reporting level of 13 mg/kg (fig. 12; table 9, at the back of this
report). An expedition in 1719-20 lead by Philippe Francois
Renault discovered lead ore and started development of some
of the earliest lead mines in southeast Missouri at what was
called Mine Renault or Fourche Renault Mine in the headwa-
ters of Mineral Fork Creek that is thought to be along Fourche
Renault Creek (Ekberg and others, 1981; Park, 2006; Mugel,
2017). Park (2006) indicated the Mine a Straddle lead mine
was located about 1,000 ft upstream from transect FR. The
higher lead and zinc concentrations in the upper part of cores
along transect FR may be the result of early mining activi-
ties in this area because lead and zinc mineralization occurred
together but uses for zinc ore were not determined until the
mid- to late 1800s.

Downstream from transect FR, profiles of cores at
transect MFC-B along the lower part of Mineral Fork Creek
tended to have similar vertical profiles as transect FR but the
concentrations were generally larger (fig. 12; table 9). Barium
concentrations in cores MFC-B-01 through MFC-B-05
(fig. 12) tend to be smallest within the upper 0—1-ft depth and
then tend to be similar at deeper depths. The vertical profiles
of lead and zinc concentrations were similar with each slightly
larger concentration with a depth of 0 to 2 ft in some cores, but
the concentrations changed little with depth.

Cores MFC-B-01 through MFC-B-05 (fig. 10) are north
of Mineral Fork Creek where the flood plain is about 10 to
12 ft higher than the base-flow water surface of the creek.
High water marks (HWMs) from the historic December 2015
flood indicate a water depth of only 1 to 2 ft on parts of the
flood plain north of the creek, indicating that this area is rarely
flooded. In contrast, core MFC-B-00 (fig. 10), which was a
hand sample collected south of Mineral Fork Creek along a
footpath between the creek and the Missouri Department of
Conservation Kingston Access gravel parking lot, was in an
area that is frequently flooded. The HWMSs from the Decem-
ber 2015 flood indicate more than 5 ft of inundation at this
location.

Samples from transect MFC-A at the junction of the Min-
eral Fork Creek and Big River flood plains contained the larg-
est lead (average of 1,720 mg/kg; maximum of 7,340 mg/kg;
table 9) and among the largest zinc concentrations (450 mg/
kg; maximum of 967 mg/kg) detected in any streambed, flood-
plain, or flood samples analyzed in this study. Flood-plain
samples were collected from two locations along a transect
extending about 300 ft southeast of Mineral Fork Creek (cores
MFC-A-01 and MFC-A-03; no samples from location MFC-
A-02 were used for the analysis due to time constraints) and
one additional location about 900 ft east near the Big River
(BR-FP). Hand sample methods, which limit sample depth,
were used because the location could not be accessed by the
drill rig (fig. 10). Core MFC-A-01 was about 20 ft south of
an 8—10-ft high cut bank on the outside of a meander bend of
Mineral Fork Creek (fig. 10). Lead and zinc concentrations
increased steadily from 814 and 372 mg/kg, respectively, in
the surface sample (0—1 in. deep) to 7,340 and 967 mg/kg
respectively in the 2—3-ft deep sample at the bottom of the
core (fig. 12; table 9). Lead and zinc concentrations in the
0—1-ft deep samples at location MFC-A-03 about 250 ft to
the south were similar to those in the 0—1-ft deep intervals at
core MFC-A-01. Core MFC-A-01 and MFC-A-02 are within a
shallow draw that extends about 900 ft southeast to a mean-
der of the Big River (fig. 10). At the time of sampling, this
area was an overflow channel and likely an area of sediment
deposition for the Big River during high river stages. Exami-
nation of aerial photographs and elevation data from Google
Earth™ suggests that this feature could be an old abandoned
channel of the Big River because it is visually observable for
about another 0.5 mile upstream, which includes a crossing of
a meander in the Big River. The flood plain 900 ft east of this
feature at core BR-FP was about 8 ft higher in elevation and
consequently less frequently flooded. Core sample concentra-
tions of lead (<250 mg/kg) and zinc (<150 mg/kg) in the 0-1-
ft interval at core BR-FP were considerably smaller than those
at locations MFC-A-01 or MFC-A-03.

Samples from the most downstream transect along Mill
Creek (MLC-A) contained the largest barium concentrations
(average of 2,931 and maximum of 13,100 mg/kg in bulk core
samples) detected in flood plain or stream sediment samples
(table 9). Except for cores MLC-A-04 and MLC-A-05 that
were farthest from the creek, barium concentrations were
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largest in the upper 2—4-ft intervals at all cores on this transect
(fig. 13; table 9). The large barium concentrations at transect
MLC-A are consistent with past activities in the near vicinity.
Although this is not within the barite strip mined areas shown
(fig. 4), the transect is located immediately south of a former
barite mill pond and strip mine area. The residuum on hillside
north of transect MLC-A contained abundant weathered barite
crystals up to golf-ball size and drusy quartz (drusy quartz is
indicative of the Potosi Formation). Lead and zinc concen-
trations generally were <150 and 300 mg/kg. In the vertical
profile results for core MLC-A-01, there was an unusual
pattern of dramatically increasing barium and decreasing lead
and zinc concentrations in samples from the upper 1-ft depth
(fig. 13). Core MLC-A-01 is the only core north of Mill Creek.
It was closest to the mine waste area and near a steep road
leading from the mined area to the creek. Runoff from this
area may have contributed to barium, lead, and zinc concen-
trations. It is possible that the erratic metal concentrations

are related to the presence of barite grains in the bulk core
sample that are depleted in lead and zinc. Visual inspection

of core from MLC-A-01 indicated angular sandy gravel with
small diameter (1 to 3 mm) milky-clear, bladed crystals—pos-
sibly barite and calcite—in the upper 1 ft of the core, which
changed rapidly to a sandy silt below.

Metal concentrations in bulk XRF scans of samples from
the upstream transect along Mill Creek (MLC-B) were smaller
than concentrations at downstream transect MLC-A (fig. 13).
Unlike most cores at other transects, concentrations of barium
and zinc tended to be similar (100500 mg/kg) in the deeper
intervals of most cores.

December 2015 Flood Deposits

Twenty-three flood-deposit sediment samples were col-
lected after the December 2015 flood—15 from the Big River
flood plain (7 samples upstream and 8 samples downstream
from the Barite District), 7 samples along the flood plains
of Barite District tributaries (Mill Creek and Mineral Fork
Creek), and 1 sample from the Dry Creek flood plain that
represents a Big River tributary in Jefferson County with little
known mining within its watershed (fig. 14). Metal concentra-
tions reported by XRF in the 2015 flood-deposit sediments
indicated samples collected along the Big River had the
largest lead and zinc concentrations, whereas samples col-
lected from Barite District tributaries had the largest barium
concentrations. The mean lead concentration in flood samples
collected along the Big River was 1,746 mg/kg upstream
from the Barite District and 1,858 mg/kg downstream from
the Barite District, and the mean lead concentration in flood
samples collected in the Barite District tributaries was 235 mg/
kg (table 10, ). The mean zinc concentration in flood samples
collected along the Big River was 731 mg/kg upstream from
the Barite District and 474 mg/kg downstream from the Barite
District, and the mean zinc concentration in flood samples col-
lected in the Barite District tributaries was 423 mg/kg. Barium

concentrations in flood sediment samples collected along the
Big River downstream from the Barite District were larger
overall than those in samples collected along the Big River
upstream from the Barite District. The mean barium concen-
tration in flood samples collected along the Big River was
438 mg/kg upstream from the Barite District and 1,471 mg/
kg downstream from the Barite District, and the mean barium
concentration in flood samples collected in the Barite District
tributaries was 6,504 mg/kg. The sample from Dry Creek
contained the smallest concentrations of barium (<700 mg/kg),
lead (<60 mg/kg), and zinc (<140 mg/kg) in the bulk or fine
fraction, which was consistent with the minimal mining in its
watershed.

Lead concentrations in flood deposit samples collected
upstream from the Barite District were similar to those in sam-
ples downstream from the Barite District on the Big River. In
bulk samples, lead concentrations determined by XRF analysis
ranged from 886 to 2,043 mg/kg (average of 1,495 mg/kg) in
the 7 samples collected along the Big River upstream from the
Barite District, and were about 20 percent lower than samples
collected downstream (1,249 to 2,232; average of 1,859 mg/
kg) from the Barite District which does not include pre-2015
deposit soil (sample identifier-SL). Lead concentrations in
bulk flood sediment samples collected upstream from the
Barite District were not significantly different from concentra-
tions in samples collected downstream from the Barite District
at an alpha level of 0.05 (Mann-Whitney Test [Helsel and
Hirsch, 2002]; p-value of 0.18). Lead concentrations in the
<0.063-mm size fraction of these same sample groups were
similar in the upstream samples (average of 1,990 mg/kg) and
downstream samples (average of 2,067 mg/kg) and about 10
to 30 percent larger than average concentrations in the bulk
samples. There was no significant difference between samples
collected upstream from those collected downstream for the
<0.063-mm fraction (Mann-Whitney Test; p-value of 1.00).
Lead concentrations in flood-deposit samples collected along
the Big River exceeded the 128-mg/kg PEC and the EPA resi-
dential cleanup level of 400 mg/kg in the bulk and <0.063-mm
fraction (table 10).

Concentrations of barium (ranging from 272 to 3,697 mg/
kg) in flood sediment samples collected on the Big River
were largest in samples collected downstream from the
Barite District. Barium concentrations in samples upstream
from the Barite District ranged from 300 to 546 mg/kg. The
upstream concentrations were similar to concentrations found
in samples (DC-01 and DC-01-SL) from Dry Creek (table 10;
fig. 14), which lies east of the Barite District where very little
mining has occurred. This similarity may indicate that barium
concentrations upstream from the Barite district on the Big
River may be closer to background conditions.

Lead concentrations were much larger (2-3 orders of
magnitude) in sieved and bulk samples along the Big River
upstream from the Barite District than samples collected from
tributaries in the Barite District. Concentrations of zinc were
somewhat similar in the Big River and Barite District tributar-
ies but tended to be larger in upstream Big River sites (fig. 14).
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Lead concentrations in samples from Barite District tributar-
ies ranged from 56 to 485 mg/kg with 14 out of 16 samples
exceeding the PEC (128 mg/kg), but only 3 out of 16 exceeded
the EPA residential cleanup level (400 mg/kg). Samples col-
lected along the Big River upstream and downstream exceeded
the EPA residential cleanup level by a minimum of 220 per-
cent and maximum of 670 percent.

A comparison of the ratios of barium to lead, lead to zinc,
and barium to zinc show higher barium to lead and barium
to zinc ratios downstream from the Barite District and are
greatest in the finer sediment fractions (fig. 158, D, and E).
The lead to zinc ratios were also greater downstream from the
Barite District with the greatest ratios in the <0.250-mm frac-
tion (fig. 15D). The amplitude increase of the barium to lead
and barium to zinc ratios downstream from the Barite District
in the Big River for the smaller size fractions (fig. 15D, E,
F) may reflect the greater mobility of barium-rich sediment
<0.250 mm and the proximity to the source of the barium.
Barium to lead and barium to zinc ratios in sediments depos-
ited by the December 2015 flood and streambed sediments in
Mineral Fork Creek and Mill Creek tended to increase down-
stream (fig. 16). Lead to zinc ratios in sediments deposited by
the December 2015 flood and streambed sediments in Mineral
Fork Creek and Mill Creek remained stable throughout the
two streams (fig. 16).

Large increases in barium concentrations and barium
to lead and zinc ratios in streambed and flood sediments at
Big River sites downstream from the Barite District indicate
an influx of barium into the Big River from tributaries in the
Barite District. Despite a known influx of Barite District sedi-
ments into the Big River, as evidenced by the large increase
in barium concentrations in sediment downstream from the
Barite District in the Big River, sediments from the Barite
District are only a small contributor of lead and zinc to the
Big River system, which is evidenced by the smaller lead and
zinc concentrations in Barite District sediments (streambed,
flood-plain core, and flood) compared to Big River sediments
upstream from the Barite District, and smaller lead and zinc
concentrations in Big River sediments (streambed and flood)
downstream from the Barite District compared to Big River
sediments upstream from the Barite District.

Summary and Conclusions

Missouri has been a leading producer of lead in the
world for more than 100 years. Ore minerals of lead (mostly
galena and lead sulfide), zinc (sphalerite and zinc sulfide), and
barium (barite and barium sulfate) are present across southeast
Missouri. Some of the most abundant deposits are within the
Big River watershed in parts of Washington, Jefferson, and
St. Francois Counties, Mo. Lead mining first began in the Big
River watershed during the 1700s with shallow diggings in
surficial materials that in the early 1800s evolved into shallow
shafts less than (<) about 50 feet (ft) deep in the middle part
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of the watershed. In the 1860s, lead and zinc mining shifted to
vast deposits of lead ore that were discovered several hundred
feet beneath the surface in what is referred to as the Old Lead
Belt in the vicinity of Bonne Terre and Park Hills, Mo. More
than 200 years of lead and zinc mining and 100 years of barite
mining has left a legacy of mine waste contamination in the
Big River watershed. The most obvious traces of past mining
activity are large mine waste piles (hundreds of acres in size
and often more than 100 ft tall), large tracts of disturbed and
partially vegetated land and mill ponds, and metal-rich sedi-
ments in local Old Lead Belt streams. Although considerable
attention has been given to concentrations of mining-related
trace elements (mostly cadmium, lead, and zinc) in the Big
River and its tributaries draining the Old Lead Belt, there is
less information regarding concentrations of mining-related
trace elements in tributaries draining the Barite District and
how much they contribute to metal contamination in lower
reaches of the Big River.

The purpose of this report is to present results of an
investigation of the distribution of mining-related trace ele-
ments in sediments in the middle reach of the Big River down-
stream from the Old Lead Belt and its tributaries that drain a
large part of the Barite District. A focus of the study was to
contrast mining-related trace-element concentrations in tribu-
taries draining mined areas in the Barite District with trace-
element concentrations in the middle reach of the Big River
that drains the Old Lead Belt Subdistrict of the Southeast
Missouri Lead District, which is about 35 miles upstream from
the Barite District. Three general geomorphological features
were the focus of sediment collection. Streambed-sediment
samples were collected during 2012 at 10 locations along three
tributaries draining the Barite District and at 5 locations on
the Big River. Core samples of flood-plain deposits were col-
lected in 2013 from 26 cores along two tributaries draining the
Barite District (Mineral Fork Creek and Mill Creek) and along
a tributary of Mineral Fork Creek upstream from the Barite
District (Fourche Renault Creek). Fine sediments deposited by
the December 2015 flood event were collected from locations
along the Big River flood plain upstream and downstream
from the Barite District and along Barite District tributaries.

In general, concentrations of cadmium and lead in
streambed sediment were largest in samples from the Big
River (average of 5.4 milligrams per kilogram [mg/kg] for
cadmium and 1,011 mg/kg for lead) and smallest in samples
from the Barite District tributaries (average of 1.1 mg/kg
for cadmium and 223 mg/kg for lead). Of the individual
45 streambed-sediment samples sent to the laboratory for
analysis, the probable effects concentration (PEC) values were
exceeded for cadmium (6 samples), lead (35 samples), and
zinc (17 samples). Of the 45 samples, 14 exceeded the U.S.
Environmental Protection Agency residential yard cleanup
level of 400 mg/kg for lead. Concentrations of zinc were
somewhat similar in the Big River (average of 371 mg/kg) and
Barite District tributaries (average of 400 mg/kg) but tended to
be larger in upstream Big River sites and at single sites on Old
Mines Creek and Mineral Fork Creek. Barium concentrations
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Figure 15. Ratios of selected elements in deposited sediments from A-B, the December 2015

flood (table 10) and C—F, streambed-sediment samples (table 7). The site order is from upstream to
downstream. All native soil samples are included in the charts.



Summary and Conclusions 37

80 T [ T T
A c
60 - - —
(-]
° °
40 ° B o —
w
- ° - § - o -
o
> e +
2 20 - = F r
3 § I i *
£ ¢ © + +
é 2 L ] -~ E - -
[<5)
8 0 % = * *
e o =)
e FBT-01 UK-01 ML-01 = ML-04 ML-03 ML-02 ML-01
[<b)
© c
8 80 . E | | |
- B 1) D
[<})
S8 60 = s L .
ES ]
£8 =
L | E - _
g8 . £
£2 097 ] [ :
& 2 L ¥ 3 t _
2 3 * [} i
RS L b + $
3 = 20 ° - o L ° il
a ¥ L % - o
e % 2 o ¢ !
= b7 B 1
5 f £ § ; H X
‘q:'; 0 % « % % %
g MF-01 0MC-01 MEF-02 S MF-04 MF-030M MF-03 MF-02 MF-01
x MF-01BG MF-03 E
3 =
§ E 80 T
3 s LE i
“— [}
(=) 7]
i=l k]
5 o 60 -
e S
[a's
L ° _
4+ -
o
20 —
+
(-]
L + _
0 %
MD-01

Site location in order from upstream to downstream

EXPLANATION

[Each graph consists of all size fractions from tables 7 and 10]
o Barium to lead ratio
X Lead to zinc ratio

+ Barium to zinc ratio

Figure 16. Ratios of selected elements in deposited sediments from A-B, the December 2015
flood (table 10) and C-E, streambed-sediment samples (table 7). The site order is from upstream to
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were considerably larger in samples from Barite District tribu-
taries (average of 4,725 mg/kg) compared to the Big River
(average of 965 mg/kg). Mass ratios of barium to lead and lead
to zinc varied in streambed-sediment samples but indicated

an influx metal contamination from the various barite and
lead-zinc mining areas. Most noticeable are the large barium
to lead ratios in Barite District tributaries (average of 31.8
excluding site MF-01 that is near the Big River) that are nearly
15 to 100 times greater compared to the Big River (average of
2.01 at sites BR-01, BR-02, and BR-03 downstream from the
Barite District and average of 0.36 at sites BR-04 and BR-05
upstream from the Barite District).

Flood-plain core samples were collected from 26 cores
along 5 transect locations along streams draining the Barite
District—one along Fourche Renault Creek in the upper part
of the Mineral Fork Creek watershed and upstream from most
of the Barite District, two transects along the lower reach
of Mineral Fork Creek, and two transects along the lower
reach of Mill Creek. Of the individual 693 bulk samples from
these cores analyzed by the x-ray fluorescence (XRF), the
PEC values were exceeded for cadmium (218 samples), lead
(91 samples), nickel (45 samples), and zinc (77 samples).

Of the 693 samples, 21 exceeded the U.S. Environmental
Protection Agency residential yard cleanup level of 400 mg/
kg for lead and 19 of these were samples from a transect on
the Mineral Fork Creek near its mouth where its flood plain
joins the Big River flood plain. The sediments from this area
are likely a mixture of sediments deposited by both Mineral
Fork Creek and Big River. Because the XRF reporting level
of 12 mg/kg for cadmium is larger than the PEC (4.98 mg/
kg), the frequency of cadmium exceeding the PEC is likely
underreported.

Scanning bulk core samples provided a rapid determina-
tion of metal profiles with depth; however, this can introduce
error because trace elements may be irregularly distributed
between the various sediment grain-size fractions, causing the
XRF beam to disproportionately measure singular large grains.
Concentrations of trace elements in the bulk core also do not
provide information on metal concentrations for different
size fractions, which is important because smaller grain sizes
may dissolve more easily in stomachs of animals, making the
metal have greater bioavailability to animals. To determine the
usability of the XRF data from the bulk core scans and deter-
mine if grain size had a measureable effect on reported metal
concentrations, 47 samples from five cores were split into
four fractions (<0.063 millimeters, 0.063 to 0.250 millimeters,
0.250 to 2 millimeters, and greater than 2 millimeters) that
were analyzed by an XRF and compared to the average bulk
core XRF scans of these same intervals. Metal concentrations
tended to be larger in the smaller size fractions.

Twenty-three flood-deposit sediment samples were col-
lected after the December 2015 flood—15 from the Big River
flood plain (7 samples upstream and 8 samples downstream
from the Barite District), 7 samples along the flood plains
of Barite District tributaries (Mill Creek and Mineral Fork
Creek), and 1 sample from the Dry Creek flood plain that

represents a Big River tributary in Jefferson County with little
known mining within its watershed. Metal concentrations
reported by XRF in the 2015 flood-deposit sediments indicated
samples collected along the Big River had the largest lead and
zinc concentrations, whereas samples collected from Barite
District tributaries had the largest barium concentrations. The
mean lead concentration in flood samples collected along the
Big River was 1,746 mg/kg upstream from the Barite District
and 1,858 mg/kg downstream from the Barite District, and
the mean lead concentration in flood samples collected in
the Barite District tributaries was 235 mg/kg. The mean zinc
concentration in flood samples collected along the Big River
was 731 mg/kg upstream from the Barite District and 474 mg/
kg downstream from the Barite District, and the mean zinc
concentration in flood samples collected in the Barite District
tributaries was 423 mg/kg. Barium concentrations in flood
sediment samples collected along the Big River downstream
from the Barite District were larger overall than those in sam-
ples collected along the Big River upstream from the Barite
District. The mean barium concentration in flood samples col-
lected along the Big River was 438 mg/kg upstream from the
Barite District and 1,471 mg/kg downstream from the Barite
District, and the mean barium concentration in flood samples
collected in the Barite District tributaries was 6,504 mg/kg.
The sample from Dry Creek contained the smallest concen-
trations of barium (<700 mg/kg), lead (<60 mg/kg), and zinc
(<140 mg/kg) in the bulk or fine fraction, which was consis-
tent with the minimal mining in its watershed.

Large increases in barium concentrations and barium
to lead and zinc ratios in streambed and flood sediments at
Big River sites downstream from the Barite District indicate
an influx of barium into the Big River from tributaries in the
Barite District. Despite a known influx of Barite District sedi-
ments into the Big River, as evidenced by the large increase
in barium concentrations in sediment downstream from the
Barite District in the Big River, sediments from the Barite
District are only a small contributor of lead and zinc to the
Big River system which is evidenced by the smaller lead and
zinc concentrations in Barite District sediments (streambed,
flood-plain core, and flood) compared to Big River sediments
upstream from the Barite District, and smaller lead and zinc
concentrations in Big River sediments (streambed and flood)
downstream from the Barite District compared to Big River
sediments upstream from the Barite District.

References

Ball, S.H., 1916, The lead mines of Washington County v. 113:
Missouri, Mining and Scientific Press, p. 807-810.

Burford, J., 1978, Underground treasures, the story of mining
in Missouri, in Official Manual of the State of Missouri,
1977-1978: Jefferson City, Mo., p. 1-33.



Dake, C.L., 1930, The geology of the Potosi and Edgehill
quadrangles: Missouri Bureau of Geology and Mines, v. 23,
2d series, 233 p. with plates.

Duchrow, R.M., 1976, The effects of barite tailings pond dam
failure upon the water quality of Mill Creek and Big River,
Washington County, Missouri: Columbia, Mo., Missouri
Department of Conservation, D-J Project F-19-R.

Ekberg, C.J., Smith, C.R., Walters, W.D., Jr., and Lange,
F.W., 1981, A cultural, geographical, and historical study
of the Pine Ford Lake project area, Washington, Jefferson,
Franklin, and St. Francois Counties, Missouri: Illinois State
University, 115 p., accessed September 9, 2014, at http://
oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html
&identifier=ADA292365.

Helsel, D.R., and Hirsch, R.M., 2002, Statistical methods in
water resources: U.S. Geological Survey Techniques of
Water-Resources Investigations, book 4, chap. A3, 522 p.

Kramer, R.L., 1976, Effects of century old Missouri lead
mining operation upon the water quality, sediments, and
biota of Flat River Creek: Columbia, Mo., University of
Missouri-Rolla, unpublished M.S. thesis, 111 p.

Luoma, S.N., 1989, Can we determine the biological avail-
ability of sediment-bound trace elements?: Hydrobiologia,
v. 176, no. 1, p. 379-396. [Also available at https://doi.
org/10.1007/BF00026572.]

Lynch, J., 1996, Provisional elemental values for four new
geochemical soil and till reference materials, till-1, till-2,
till-3 and till-4: Geostandards Newsletter, v. 20, no. 2, p.
277-287. [Also available at https://doi.org/10.1111/j.1751-
908X.1996.tb00189.x.]

MacDonald, D.D., Ingersoll, C.G., and Berger, T.A., 2000,
Development and evaluation of consensus-based sediment
quality guidelines for freshwater ecosystems: Archives
of Environmental Contamination and Toxicology, v. 39,
no. 1, p. 20-31. [Also available at https://doi.org/10.1007/
$002440010075.]

Meneau, K.J., 1997, Big River watershed inventory and
assessment: Missouri Department of Conservation, 106 p.,
accessed January 26, 2017, at https://mdc.mo.gov/sites/
default/files/watersheds/big.pdf.

Missouri Department of Health and Senior Services, 2018,
2018 Missouri Fish Advisory—A guide to eating Missouri
Fish: accessed January 5, 2018, at http://health.mo.gov/
living/environment/fishadvisory/pdf/fishadvisory.pdf.

Missouri Department of Natural Resources, 2014, Missouri
lead mining history by county: accessed January 2016 at
http://dnr.mo.gov/env/hwp/sfund/lead-mo-history-more.
htm.

References 39

Mugel, D.N., 2017, Geology and mining history of the
Southeast Missouri Barite District and the Valles Mines,
Washington, Jefferson, and St. Francois Counties, Missouri:
U.S. Geological Survey Scientific Investigations Report
2016-5173, 61 p., accessed December 15, 2016, at https://
doi.org/10.3133/sir20165173.

Park, J.R., 2006, Missouri mining heritage guide, v. 1.3:
Miami, Fla., Stonerose Publishing Company, 279 p.

Pavlowsky, R.T., Owen, M.R., and Martin, D.J., 2010, Distri-
bution, geochemistry, and storage of mining sediment in the
channel and floodplain deposits of the Big River system in
St. Francois, Washington, and Jefferson Counties, Mis-
souri: Ozarks Environmental and Water Resources Institute,
Missouri State University, final report to the U.S. Fish and
Wildlife Service, 141 p.

Reed, J.J., 2009, Certification of three soil SRMs for inorganic
environmental measurements: National Institute of Stan-
dards and Technology, accessed January 2017 at https://
WWWw.nist.gov/programs-projects/certification-three-soil-
srms-inorganic-environmental-measurements.

Schmitt, C.J., and Finger, S.E., 1982, The dynamics of metals
from past and present mining activities in the Big and Black
River watersheds, southeastern Missouri: Columbia, Mo.,
U.S. Fish and Wildlife Service, Final report for the U.S.
Army Corps of Engineers, 153 p.

Schoolcraft, H.R., 1819, A view of the lead mines of Missouri,
including some observations on the mineralogy, geol-
ogy, geography, antiquities, soil, climate, population, and
productions of Missouri and Arkansaw, and other sections
of the western country: New York, Charles Wiley & Co.,
299 p.

Smith, B.J., and Schumacher, J.G., 1991, Hydrochemical and
sediment data for the Old Lead Belt, southeastern Mis-
souri, 1988—89: U.S. Geological Survey Open-File Report
91-211, 98 p.

Smith, B.J., and Schumacher, J.G., 1993, Surface-water and
sediment quality in the Old Lead Belt, southeastern Mis-
souri, 1988—89: U.S. Geological Survey Water-Resources
Investigations Report 93-4012, 92 p.

Smith, D.C., 2016, Occurrence, distribution, and volume of
metals-contaminated sediment of selected streams drain-
ing the Tri-State Mining District, Missouri, Oklahoma, and
Kansas, 2011-12: U.S. Geological Survey Scientific Investi-
gations Report 20165144, 86 p., accessed January 2017 at
https://doi.org/10.3133/sir20165144.


http://handle.dtic.mil/100.2/ADA292365
http://handle.dtic.mil/100.2/ADA292365
http://handle.dtic.mil/100.2/ADA292365
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA292365
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA292365
http://oai.dtic.mil/oai/oai?verb=getRecord&metadataPrefix=html&identifier=ADA292365
https://doi.org/10.1007/BF00026572
https://doi.org/10.1007/BF00026572
https://doi.org/10.1111/j.1751-908X.1996.tb00189.x
https://doi.org/10.1111/j.1751-908X.1996.tb00189.x
https://doi.org/10.1007/s002440010075
https://doi.org/10.1007/s002440010075
https://mdc.mo.gov/sites/default/files/watersheds/big.pdf
https://mdc.mo.gov/sites/default/files/watersheds/big.pdf
http://health.mo.gov/living/environment/fishadvisory/pdf/fishadvisory.pdf
http://health.mo.gov/living/environment/fishadvisory/pdf/fishadvisory.pdf
http://dnr.mo.gov/env/hwp/sfund/lead-mo-history-more.htm
http://dnr.mo.gov/env/hwp/sfund/lead-mo-history-more.htm
https://doi.org/10.3133/sir20165173
https://doi.org/10.3133/sir20165173
https://doi.org/10.3133/sir20165144

40 Distribution of Mining-Related Trace Elements in Streambed and Flood-Plain Sediment along the Middle Big River

Smith, D.C., and Wilson, J.L., 2018, Concentrations of major
and trace elements in streambed and floodplain sediment
along the middle Big River and tributaries in the Southeast
Missouri Barite District and in quality-assurance samples,
2012-15: U.S. Geological Survey data release, https://doi.
org/10.5066/P9OFYN3C.

Taggart, J.E., 2002, Analytical methods for chemical analysis
of geologic and other materials, U.S. Geological Survey:
U.S. Geological Survey Open-File Report 2002—223 [vari-
ously paged].

Tarr, W.A., 1919, The barite deposits of Missouri: Economic
Geology and the Bulletin of the Society of Economic
Geologists, v. 14, no. 1, p. 46-67.

U.S. Environmental Protection Agency [EPA], 2007, Method
6200—Field portable x-ray fluorescence spectrometry for
the determination of elemental concentrations in soil and
sediment: accessed January 2017 at https://www.epa.gov/
sites/production/files/2015-12/documents/6200.pdf.

U.S. Environmental Protection Agency [EPA], 2011,
Record of decision—Big River mine tailings super-
fund site, St. Francois County, Missouri, CERCLIS ID#
MOD981126899, Operable Unit-1: accessed December 29,
2016, at https://archive.epa.gov/region07/factsheets/web/
pdf/mo_rod big_rivers.pdf.

U.S. Environmental Protection Agency [EPA], 2016, Site

information for Southwest Jefferson County mining:
accessed December 29, 2016, at https://cumulis.epa.gov/
supercpad/cursites/csitinfo.cfm?id=0705443.

U.S. Geological Survey, 2015, National Water Information

System—USGS water data for the Nation: U.S. Geologi-
cal Survey, accessed December 5, 2016, at http://dx.doi.
org/10.5066/F7P55KJN.

Weigel, WM., 1977, Valle Mines washer design: Valles Mines,

Mo., accessed June 19, 2014, at http://www.vallesmines.
com/Downloads/Valles%20Mines%200re%20Washer.pdf.

Wharton, H.M., 1972, Barite ore potential of four tailings

ponds in the Washington County Barite District, Missouri:
Missouri Geological Survey and Water Resources Report of
Investigations No. 53, 91 p.

Wharton, H.M., 1975, Introduction to the Southeast Missouri

Lead District, in Guidebook to the geology and ore deposits
of selected mines in the Viburnum Trend, Missouri: Rolla,
Mo., Missouri Department of Natural Resources Report of
Investigations 58, 60 p.


https://www.epa.gov/sites/production/files/2015-12/documents/6200.pdf
https://www.epa.gov/sites/production/files/2015-12/documents/6200.pdf
https://archive.epa.gov/region07/factsheets/web/pdf/mo_rod_big_rivers.pdf
https://archive.epa.gov/region07/factsheets/web/pdf/mo_rod_big_rivers.pdf
https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0705443
https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0705443
http://dx.doi.org/10.5066/F7P55KJN
http://dx.doi.org/10.5066/F7P55KJN
http://www.vallesmines.com/Downloads/Valles Mines Ore Washer.pdf
http://www.vallesmines.com/Downloads/Valles Mines Ore Washer.pdf

Tables 6-9




iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

EYe— 76S 99 1°66— 8871 ST8 £6T— 99L 6S L=99 14 902679061C1€08¢ L79'9 20-V-O'TIN
'8 8St L6Y 1'09 L6l 99¢ £h— 6'6¢ 9¢ 1 14 C0EPLBO6TEIT08E -1 €0-¥d
981 6¢¢ 88¢ 6'06— 06L 96¢ 9'v6— 665 Ic 8¢ € 20062906601€08¢ 8-S €0-V-OTIN
8¢l 60T (74 6'6C— 879 L6LY 9'LT— 69 49 13 | € 112679061C1€08¢ €1-C1 20-V-O'TN
cocl— 160°C SLE ¥'05— 928 vov L'16— 9°6L Ly 1101 € ITLOTLO6TTL608E [1-01 20-9-DdN
8'LT— €69 yes £001— ¥00°S 1991 991— [4q! €91 I=SL°0 € TOTTTL06¥97608¢€ [-$L°0 00-9-DdN
88— 160C ¥95°1 yee— £66 60L I'el— €6L°L Ses8‘9 £ € 106¥8906005608¢ €T 10-V-DIN
L'T8— [4%3 8¢1 V- 801 LO1 - 6S el> L9 € LOEYLBO6TEIT08E L9 €0-¥d
TYS— (I[43 81 8T ITr vil - 9¢ €I> 91-C1 € 200¥L8061C9108¢ 91-T1 20-dd
6'SC— 850°1 SI8 0'col— 0y 6¢l 9CI— 8°L9 09 SL0—-S0 € 108€L806¥19108¢ SL'0-S°0 10-¥d
LS 0€8 L6 oS- I11°L SL3 6Ly S91 69¢ ¢ 4 ¥0L87906L80€08¢ v-€ S0-V-OTIN
ev— 066 6¥6 £ol— LOT9 £€0°S 91 1483 61¢ -0 [4 10L87906L80€08¢ 10 SO-V-O'TA
'8¢~ TTll 09L L'16— 680°¢ 240! Syi- 801 €6 L=99 4 902679061C1¢€08¢ L79'9 T0-V-O'TN
Syl 6LL 106 86 SOvy 806°C1 9l 06¢ 96¢ 1 4 20T679061C1£08¢ -1 20-V-OTN
0°0¢— 968 00L £68— $¥9°9 0L9°C (A% SCl 14! 9—¢ 4 SOLTS906T9¢€108¢ 9-§ S0-d-O'TN
691— 198 LTL T68— 009°C 966 L9— 011 €01 1 4 C0LT1S90679€108¢ 1 S0-g-0TIN
cel- 994 £CC 9'Ly— L8E 8¢C ery— 43 (44 Y1101 4 01L1S90629€108¢ v 11-01 S0-9-O TN
£e— SPI°T 906 S6L— 81¢ LEL 1°¢S— L9 LE 91-¢1 4 CIEYLBO6CEIT08E 91-ST €0-dd
0°CS— €eL (1134 9'v6— 9L1‘T 8LL £6C— 8¢l S6 8¢ I 20062906601€08¢ 8- €0-V-OTIN
¥'9¢ 9¢y 696 1'€8 900t 869°6 90— 101 001 el I 112629061C1¢€08¢ €1-C1 T0-V-O'TN
0°¢ IL8 868 €69 ILEY 900°6 I'¢ £y 9¢y o I 20T679061C1£08¢ 1 20-V-OTN
'6g— 16S 96¢ TL8— 101 0191 S STl 611 £€0-6C0 I 1056290665 1€08¢ €€0-ST°0 10-V-OTIN
$'89— L8E1 6L9 8¢l (44 SE6 099 €LS 148! 1101 I ITLOTLO6TTL608E [1-01 20-9-DdN
1'ov— P11l (475 0°L8— [43%% €6L°1 9'L— ‘0LT 0s¢ 1=SL°0 I T0TTTL06¥97608¢€ [-$L°0 00-9-DdN
06— T10°C S9S°1 [ 676 818 Le— "€6L L 01S°L £ I 1068906005608¢ €-C 10-V-DIN
¥ y0l— 681°1 YLE - [ K43 001> 96— 061 99 L9 1 LOEYLBO6TEIT08E L9 €0-¥d
I'vr— L9S1 100°1 6'05— 01¢ €0¢ 0T— I'L9 Ss 91-¢1 I CIEYLBO6CEIT08E 91-ST €0-dd
yee— SI8 18¢ 9°66— 661 9L1 88I— £¢€9 49 1 I C0EYLB806CE9108¢E -1 €0-4d
Ler— 916 88¢ 8°¢S— LSE 90¢ 8'67— £0L (44 91-C1 1 200¥L8061C9108¢ 91-C1 T0-dd
8'Ly— 0101 6€9 0°69— 1SS 18¢ 6'LT— 969 €S SLO-S0 I 108€L806¥19108¢€ SL'0-S°0 1094
=RITEIEII] =RITEIEII] aoualayl
N Eau._oﬂ.u 91 14X N Eau._oﬂ.u d {4X i Eau._oﬂ.u €1 44X w“w.“o___m _.”_N._“m B_w_“_:mu___ layuapi
6y/6w u1 ‘asauebuepy 6y/6w ui ‘wnueg 6x/6w up ‘pea a|dureg uresy sSIsn oldues

Distribution of M

42

[o1qeordde jou ‘eu ‘pauruii)op jou -- ‘uey) s > (AI0JeIOqR| ‘R (20UddsAIoON] AvI-X
‘TIX ‘A9AIng 1891301000 SN ‘SHSN ‘weIdo[ny| Jod weISiiu ‘3y/8w "()g— UBY) SSO[ 9IUIIPIP Judd1ad B 9JeIIPUI S[[90 POpeYS AIZ YIB( "¢ ULy} JOJeaI3 90UIdPIP JuddIad © 9Jed1pul S[[99 papeys AeI3 WSIT]

“Hun aaguaosalon|) Aes-x Aauaby uonoaloiy
[eauawuoliaug 'S’ pue Aiojeloqe| ayl Aq pazAjeue sajdwes 8109 uie|d-pooj4 JO SUOIIIBIY BZIS SNOLIBA Ul SJUBWA|S 9IBJ) PA}Ia|as JO SUOIRIIUBIUO0I Jo uosedwo) ‘g ajqel



43

Tables 6-9

8- 9z 18 [4 €r8 909 ve— 8¢S 5 eu e a3e1ane ¢ dnorn vu
I 6L8 91¢ 16— £78°1 6£0°1 9¢— €70°1 106 el 'u ogeroAe ¢ dnoin BU
- Ge8 L9L 65— £€8°¢ 100°€ 6— ¥91 0LT eu eu a3eroae ¢ dnoip eu
6€— 950°1 SOL ye— €€6°1 1T 91— 08L 1YL eu eu ageroae | dnoip eu
0¢— 0¢6 969 ev— €VET 9L6°1 61— 8¢9 G8¢ el 'u 0eI0AR [[BIOAQ Bu
€T 'U 'u €T 'U 'u €T eu eu eu jInsar A101eI0qQR[ URY} SSI] eu
SI X 2IoyM SI[NSAI JO JoqUUINN
L 'U 'U 9 'U 'U S eu eu e jinsar A10je10qQe] URY) 10)edId eu
SI X 2IoyM S)[NSAI JO JoquINN
Aewwng
Z9Juaiayip Z9Juaiayip Z9Juaiayip 199} ul dnoib Jaynuapi
e e e : 3 3 :
Juasiag qeq 44X Juasiag qeq 44X Juasiag qeq 44X “pdap az1s aus ‘_”“m_w____wm_
By/6w u1 ‘asauebuepy /6w u1 ‘wnueg fiy/6w u1 ‘peaq ajdweg urery sIsn

[o1qeorjdde jou ‘eu ‘pourunilop jou -- ‘uey) $SI| > ‘AI0JRIOQR] ‘R (2JUddsAION]) AvI-X
“TIX AoAIng 1801301000 'S ‘SOHSN ‘werdo[ry] 1od welSijru ‘3y/8W "()¢— UBY) SSI] OUAIPIP Judd1ad © 9JeIIPUI S[[90 PapeYSs AeI3 YIe( "¢ UL} JOJLaIS 9OUSIdIp Juddsad © 9JedIpul S[[09 papeys Aei3 y3I]

panunuo)—yun 89uadsalonyy Ael-x Aauaby uonasloiy
[eIUBWUOIIAUT "GN pue Aloleioqe| 8yl Aq pazAjeue sajdwes 8109 uie|d-pooj} j0 SUOIIIRIY BZIS SNOLIBA Ul SJUBWS|3 89L.1} PA1Ia|as JO SUONLRIIUBIUOD Jo uosLiedwo) ‘g ajqe]



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

SSLI 60 14! 0'L— S8¢ 6S¢ - el $9> L=9°9 14 90C679061C1£08¢ L-9'9 T0-V-OTIN
- 10 1> S1l1 49 86 - At S9> 1 14 C0EVLBO6TEIT08E -1 €0-94
- €0 1> V'6E— LET 661 €951 €8 89 8¢ € 20062906601€08¢ 8- €0-V-O'TIN
- €0 1> §9C— 8¢T [4:3! - 801 $9> 1 | € 112629061C1€08¢ €1-Cl T0-V-O'TN
- 'l 1> ST 89¢C 14%4 - L'LT S9> 11-01 € ITLOTLO6TTL608E 11-01 20-9-DdN
- 90 1> 60— yee (444 91l 87l SL I=6L°0 € 10TT1L06¥91608¢ 1-6L°0 00-d-DAN

6 LCl 14! 0'1¢ v8 L10°1 - 9¢ S9> € € 106¥78906005608¢ €-T 10-V-DdN

L961 10 Cl L'1-= 6¢ 8¢ - 29 S9> L=9 € LOEYLBO6TEIT08E L9 €0-94
- 10 1> 8°¢e— 9¢ 9¢ - VL $9> 91-C1 € 200¥L8061T9108¢ 91-T1 ¢0-d4
- ¥'0 1> 'l 6 €6 - a4t $9> SL0-S0 € 108€L806¥19108¢ SL'0-S°0 1044
- L0 1> 0°L9 0€ 019 - 8¢l S9> an? 4 $0L8T906L80£08¢ v-€ S0-V-O' TN
- 0l 1> 8- 879 819 - L'ST S9> -0 4 10L87906L80£08¢ -0 SO-V-OTIN
- Sl 1> L8 0SS ¥0S - 76l $9> L=99 [4 90C679061C1€08¢ L-9'9 T0-V-OTIN
- L0 1> 9v— oL 0€L LSOl 9T G8 1 4 20T6T9061T1£08¢ -1 T0-V-O' TN
- 80 1> G 6— I1€ y6¢ L101 8°CC 0L 9-¢ 4 SOLIS906T9€108¢ 9-S S0-d-DTIN
- €0 1> 96— 8C¢ 86¢C - el $9> (4! 4 C0LTS906C9€108¢ 1 S0-d-OTN
- S0 1> ol 911 vl T EL [ L 7' 11-01 4 0TLTS906C9¢€108¢ v I1-01 S0-9-OTIN

681 ¥'0 Sl S1l- 88 8L V'6ll €Ll 69 91-¢1 4 ClEPLBO6TEIT08E 91-ST £0-¥A

8Ll 60 6¢C V'Ce— 8SY 0ce - vee 9> 8¢ I 20062906601€08¢ 8-S €0-V-OTIN
- 90 1> I'e 10€ [§83 L¥01 ¥'ce L 13 | 1 112629061C1€08¢ €1-CT 20-V-O'TIN
- L0 1> £6— 798 818 - L0¢€ S9> 1 I 20T679061T1€08¢ -1 20-V-OTN

9061 ¥'0 L1 Vi- (444 yec - Lyl 9> €€'0=SC0 ! 1056790665 1€08¢ €€°0-5T0 10-V-O'TA

881 0l SC a3 894 ge¢ - §9C S9> 11-01 1 ITLOTLO6TTL608E 11-01 20-9-DdN

'8LI 60 91 £6— 80¢ 6¢ I'v1l 61 69 I=6L°0 I 10TT1L06¥91608¢ 1-6L°0 00-d-DAN

S'16 LCl 143 vyl 89L L88 - ve $9> € ! 106¥78906005608¢ €-T 10-V-0dN

Leol [40 €l 0'Sv— 0¢l 8 - L'vy S9> L=9 1 LOEYLBO6TEIT08E L9 €0-94

9881 S0 L1 99¢— Sl 6L - 6'C¢ $9> 91-61 I CIEPLBO6TEIT08E 91-ST £0-¥A
- 1o 1> Sv— SO1 001 - 9°1¢ $9> 4! ! C0EVLBO6CEIT08E [ R E

€661 €0 SC Sle— cl 68 - £'8¢C S9> 91—l 1 2007L8061T9108¢ 91-T1 ¢0-9d

Y6l ¥'0 LT £ 801 8L - L9l $9> SL0-S0 I 108€L806¥19108¢ SL'0-S°0 10-94

CRITEIETIT] CRITEIETIT] CRITEIEIT]
: u__ss_“._u qe Hx u__oea_“._u qe Hx u__ss_“._u qeq 14X ww_ua_h_u_ _Hﬂm ;_w_“___w___ 1aynuap!
6/6w u1 ‘wniwpes fy/6w u1 ‘ourz By/6w up ‘|9yoIN ajdweg urery sIsn ddues

Distribution of M

44

[o1qeoridde jou ‘eu ‘pourunilop jou -- ‘ueyy s > ‘AI0JRIOqR] ‘R (2JuddsAIon|) AvI-X
STIX SAoAIng 1801307000 ‘S ‘SOHSN ‘werdo[ry] 1od weiSijru ‘3y/8W "()¢— UBY) SSI] OUAIPIP Judd1ad © 9JeIIPUI S[[90 Papeys AeI3 YIe( "¢ UL} JOJLaIS 90UQIdIP Judd1ad © 9JedIpul S[[09 papeys Aei3 y3I]

panunuo)—yun 89uadsalonyy Ael-x Aauaby uonasloiy
[eIUBWUOIIAUT "GN pue Alojeioqe| 8yl Aq pazAjeue sajdwes 8109 uie|d-pooj} j0 SUOIIORIY BZIS SNOLIBA Ul SJUBWS|3 89L.} PA1Ia|as JO SUONLRIIUBIUOND Jo uosLiedwo) ‘g ajqe]



45

Tables 6-9

9LI1 I €l [4 61¢ 60¢ - cl $9> eu 'u o3eroae  dnorp BU
€01 [4 Cl €l- 974 a4 6v1 Sl L9 'u eu a3e1eAe ¢ dnoip eu
681 I 4l S 68¢ 60 sT1 61 69 eu eu a3erdae g dnoxp eu
8LI [4 0¢ cl- SIe S0¢ 601 LT 99 'u BU ogeroae [ dnoip BU
L91 ! Sl L— 01¢ 01¢ LTI 1T L9 'u 'u o8eIoAL [[EIOAQ BU
0 BU 'U w BU 'U 0 eu ou ou J|nsa1 A10JBI0qE] URY) SSI| ou
ST X 9I0UM SNSAI JO JOQUINN
€1 'U 'U 8 'U 'U 8 ou ou ou J[nsa1 A10JBI0qE] URY) 191813 ou
ST X 9IoUMm $I[NSAI JO JOQUINN
Aewwng
2JUaIPIP 2JUaIPIP 2JUaIdPIP 139} ul dnoib Jaynuapi
e e e : L L e
Y qeq 44X Y qeq 44X Juasiag qeq 44X ‘pdap ozis aus h”"w_w____wm_
By/Bw u1 ‘winiwpes /6w ui ‘ouiz /6w u1 ‘[3)2IN a|dueg uresy sIsn

[o1qeorjdde jou ‘eu ‘pourunilop jou -- ‘uey) $SI| > ‘AI0JRIOQR] ‘R (2JUddsAION]) AvI-X
“TIX AoAIng 1801301000 'S ‘SOHSN ‘werdo[ry] 1od welSijru ‘3y/8W "()¢— UBY) SSI] OUAIPIP Judd1ad © 9JeIIPUI S[[90 PapeYSs AeI3 YIe( "¢ UL} JOJLaIS 9OUSIdIp Juddsad © 9JedIpul S[[09 papeys Aei3 y3I]

panunuo)—yun 89uadsalonyy Ael-x Aauaby uonasloiy
[eIUBWUOIIAUT "GN pue Aloleioqe| 8yl Aq pazAjeue sajdwes 8109 uie|d-pooj} j0 SUOIIIRIY BZIS SNOLIBA Ul SJUBWS|3 89L.1} PA1Ia|as JO SUONLRIIUBIUOD Jo uosLiedwo) ‘g ajqe]



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

- L 1> - 01 SE> - €L 09¢> L=99 14 907679061 T1£08¢ L-9'9 T0-V-O'TA
129 L €l - €L ge> - 9L 09¢> 4! 14 C0EVLBO6CEIT08E 1 €0-dd
- 9 1> - VL ge> - S 09> 8¢ € 20062906601€£08¢ 8- €0-V-O'TIN
- 8 1> - ¢l SE> - S 09¢> el € 112629061C1€08¢ €1-C1 20-V-OTN
- I 1> - I'L1 SE> - 4! 09¢> 1101 € ITLOTLO6TTL608E 11-01 20-9-D4N
- L 1> G'68 LSl 6¢ - 6'L 09> 1=SL°0 € TOTTTLO6V97608¢€ [-6L°0 00-9-OdN
- 6 1> Sv— €91 961 - 9°¢e 09> £ € 106¥8906005608¢ €7 10-V-DdN
- 9 1> - 6'¢ SE> - 4% 09¢> L=9 € LOEYLBO6CEIT08E L9 €044
665 9 I - 19 ge> - (4% 09> 91—l € 2007L8061T9108¢ 91-T1 ¢0-dd
- S 1> - 611 SE> - €6 09¢> SL0-S0 € 108€L806719108¢ SL'0-S°0 10-494
- 6 1> 9801 Sl [44 - €6 09¢> ¢ 4 ¥0L8C906L80£08¢ 7€ SO-V-OTIN
- 81 1> 989 1'Le SS - LTl 09> -0 4 10L87906L80€08¢ 1-0 SO-V-OTN
- 6 1> 668 6¢1 (014 - 101 09¢> L=99 4 907679061 C1€08¢ L-9'9 20-V-O'TA
- 14 1> €9 9°6¢ LS - €l 09¢> 4! 4 20C679061C1€08¢ -1 20-V-OTN
99¢ 4! 91 - €91 Se> - el 09> 9-¢ 4 SOLTS906T9¢€108¢ 9-¢ S0-g-DTIN
- 4! 1> €76 6°¢l 8¢ - €l 09¢> 1 4 C0LTS90679€108¢ -1 S0-9-0TN
- % 1> - VL SE> - 14 09¢> Y 11-01 4 0TLTS906C9€108¢ v 11-01° S0-d-DTIN
- 0l 1> - €l ge> - S'6 09> 91-C1 4 C1EPLBO6TEIT08E 91-ST £0-¥A
- 01 1> 811 Ly 87 - S 09> 8¢ I 20062906601€08¢ 8- €0-V-O'TIN
- L 1> G'8¢ 6'SC Ly - €6 09¢> 1 | I 112629061C1€08¢ €1-Cl T0-V-O'TN
- LT 1> 86T vve St - a4t 09> 1 1 20T6T9061T1£08¢ -1 T0-V-O' TN
- 6 1> 1'88 LL1 9 - 8 09> €€'0—5C0 I 1056790665 1£08¢ €€°0-ST°0 10-V-OTIN
659 6 81 - ol SE> - ol 09¢> I1-01 ! ITLOTLO6ITLO608E 11-01 20-9-D4N
- 6 1> 09§ 8'CC Iy - ! 09> 1-6L°0 1 TOTTTLO6V97608¢€ [-6L°0 00-9-OdN
- 8 1> e S91 091 - 1'8¢C 09> £ I 106¥8906005608¢ €7 10-V-DdN
- 14! 1> - a4t SE> - el 09¢> L=9 ! LOEYLBO6CEIT08E L-9 €044
- 4! 1> - €91 Se> - £l 09> 91-C1 1 ClEPLBO6TEIT08E 91-ST £0-¥A
- L 1> V'8 Ll w - 0l 09¢> 1 ! C0EVLBO6TEIT08E -1 €0-¥d
- 14! 1> Syl €1e 9¢ - el 09¢> 91-C1 ! C00¥L8O61TIT08E 91-C1 ¢0-d4
- 9 1> 8'8L ¥'8l (44 - 1ot 09> SL0-S0 1 108€L806%19108¢ SL°0-6°0 10-¥94
CRITEIEIT] CRITEIEIT] CRITEIEIT]
: u__ss_“._u qe Hx u__oea_“._u qe Hx u__ss_“._u qeq 14X ww_ua_h_u_ _Hﬂm ;_w_“___w___ 1aynuap!
By/Bw u1 ‘o1uasiy By/Bw uy ‘1addoy 6y/6w u1 ‘yjeqjon ajdweg urery sIsn ddues

Distribution of M

46

[o1qeoridde jou ‘eu ‘pourunilop jou -- ‘ueyy s > ‘AI0JRIOqR] ‘R (2JuddsAIon|) AvI-X
STIX SAoAIng 1801307000 ‘S ‘SOHSN ‘werdo[ry] 1od weiSijru ‘3y/8W "()¢— UBY) SSI] OUAIPIP Judd1ad © 9JeIIPUI S[[90 Papeys AeI3 YIe( "¢ UL} JOJLaIS 90UQIdIP Judd1ad © 9JedIpul S[[09 papeys Aei3 y3I]

panunuo)—yun 89uadsalonyy Ael-x Aauaby uonasloiy
[eIUBWUOIIAUT "GN pue Alojeioqe| 8yl Aq pazAjeue sajdwes 8109 uie|d-pooj} j0 SUOIIORIY BZIS SNOLIBA Ul SJUBWS|3 89L.} PA1Ia|as JO SUONLRIIUBIUOND Jo uosLiedwo) ‘g ajqe]



47

Tables 6-9

W g uey) 193eaI3 4w 7—0G70 ‘¢

W ()67 0—€90°0 ‘7 (W) s1oluI[IW £9()°( ULy} SSI[ ‘] :9zIs UreId Jursealoul Jo I1opIo ur pauyap sdnoid ozis urein),

29 L Cl - 6 S - L 09¢ ageroAe  dnoin
09 L I or 0¢ 15Y - 01 09¢C a3e1oae ¢ dnoin
LT 4! 4! 78 L1 44 - 01 09t a8eroae 7 dnoin
99 1 4! 9% 93 IS - €1 09¢ o3e1oae | dnoin
143 o1 1 LS LT Ly - 1 09¢ 98RI2AR [[BIDAQ
0 ’U 'U 4 ’U 'U 0 'U 'U 3INSa1 A10JBIOqR] URY) SSI[ ST X IYM S}NSAI JO JOqUINN
% ’U 'U al ’U 'U 0 ’U 'U 3INSa1 A10JBIOqE] URY) 191813 ST JYX 9I9UM S)NSAT JO JOQUINN
Aewwng
B>i/Bus 1 *auasiy B/6w u1 1addog By/6w ui ‘}jeqjon ajdweg ureln sosn ajdwes

[o1qeorjdde jou ‘eu ‘pourunilop jou -- ‘uey) $SI| > ‘AI0JRIOQR] ‘R (2JUddsAION]) AvI-X

“TIX AoAIng 1801301000 'S ‘SOHSN ‘werdo[ry] 1od welSijru ‘3y/8W "()¢— UBY) SSI] OUAIPIP Judd1ad © 9JeIIPUI S[[90 PapeYSs AeI3 YIe( "¢ UL} JOJLaIS 9OUSIdIp Juddsad © 9JedIpul S[[09 papeys Aei3 y3I]

panunuo)—yun 89uadsalonyy Ael-x Aauaby uonasloiy

[eIUBWUOIIAUT "GN pue Aloleioqe| 8yl Aq pazAjeue sajdwes 8109 uie|d-pooj} j0 SUOIIIRIY BZIS SNOLIBA Ul SJUBWS|3 89L.1} PA1Ia|as JO SUONLRIIUBIUOD Jo uosLiedwo) ‘g ajqe]



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

Distribution of M

48

L 9¢°0 791 €L9 70 0ST‘1 S0°0 200 LO°0 61°0 S(] At 770 660 >

S 610 £€CC 'L L0 091°S Sro 1o 0 S] SOl 7'l 811 61'C 05T 0>

L LSO 88¢C L'L8 60 0SL‘T 8C0 €00 S0 ¥v0 v6'1 781 €81 (4374 £90°0> £0-dIN

8 70 134! 6'SL €0 ¢9¢ £0°0 100> €00 80°0 81°0 8¢l Y0 19°0 o>

S 0 L3I 691 80 00C‘Y 71°0 60°0 81°0 10 80°1 11 7Sl 70T 05T 0>

S 850 8¢C LT I'1 06T°¢ §T0 L00 w0 £r'0 LL'T 6¢'1 w'C 1€¢ £90°0> 20-dIN

9 €0 091 0r¢ 80 098 90°0 10°0 90°0 ¥T0 610 9¢'1 LS0 60 (&2

14 770 L1T £89 8’1 00C‘Y 1o 80°0 61°0 £8°0 Ie'1 €l 60°C ¥T'C 05T 0>

9 790 18¢ L6 9C 080°¢ 9C°0 S0°0 o 60 S¢Sl LT €L'T e £90°0> 10-dN

el L6°0 1849 L1 L0 0618 70°0 60°0 £0°0 Gt 120 LT SLT 9Tl [

Sl YAl L6S 191 L0 0TL'S 90°0 60°0 £0°0 89°C ce0 3 Sy el 05T 0>

0cC 9'1 818 S6l I 095°C 91°0 cro cro 80 60 'y 1€l eeY £90°0> 10-AN

9 Al 6v¢ 00S°T vy LSS €00 200 70°0 vy 8L°0 10T 66'L 9L°0 (&2

€ 81°0 0S 69 I'6 (1474 70°0 100> €00 er'e 60 L1 989 60 05T 0>

14 0 60L 088°1 6°¢cl £0S LT°0 SO0 €0 91'C £C 9’1 €59 8T £90°0> S0-d4d

i LT0 9LT 98¢ €0 SSl £0°0 100> +0°0 L6'C SLO [6°1 86°C 9L°0 >

14 €0 1439 (I]2N1 01 6LE 60°0 100> 170 L6'C 7o'l €Ll LE9 761 05T 0>

S 150 66L 096°1 Lyl 708 170 SO0 Se0 L8 161 YL'1 S9°¢ LTE £90°0> 70-d4d

9 LT0 S91 86¢C 80 1.9 200 10°0 €00 170 9¢0 LE'T 6%°0 ¢so (&2

14 120 8TC 8¢9 I'c 080°C 90°0 ¥70°0 90°0 880 78°0 660 6’1 801 05T 0>

L LSO 1% 0LS‘T 69 00L°T €20 90°0 8¢0 €1 €L'1 €81 S'e £€Ce £90°0> €044

9 0 9¢¢C £€9¢C 60 8¢€¢ 200 10°0 200 60°0 9C0 171 ¢T0 870 o>

€ LT0 LSE 016 8¢ 008°T o 200 Sro 96°0 LT'1 40! ¢CtC IL°1 05T 0>

S 8170 0S 079°1 89 060°C o £0°0 70 LT1 89°1 9¢'1 vCe It £90°0> c0-d4d

9 81°0 8¢l 144! 90 161 100 100> 200 90°0 120 9¢'1l 610 9%°0 (&2

4 90°0 S9 orl L0 13014 €0°0 100> €00 61°0 L0 8¢€°0 170 80 05T 0>

S 90 44 L9S ¥'C 09¢€°1 170 €00 wo 60 10°C el LY'C 6T £90°0> 10-¥4
(€6)93d - (659)93d (82)93d (86%)93d - - - - - - - - - (we) o uny
(B/6w)  (6/6w)  (B3y/6w)  (Bo/Bw)  (B3y/Bw) (By/Bw)  (%Mm)  (%Mm)  (%M) (%M) (%Mm) (%M)  (%m) (%Mm) uonaely aNs
owasly  Auownuy auiz pes1  wnmwpe) wnueg wnuey] Jnyng wnipog wnisaubely wnisseljod U0l wNIgjR)  wWNUIWNY azig

[ueyy sso1 “> ‘orqeorjdde jou

‘YN oulz ‘uz ped] ‘qq ‘wnireq ‘eq (000 ‘SIoy1o pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 a[qeqoid paseq-snsuasuod ‘g ‘werdoqny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom Aq juadrad ‘om 19}
-QUII[[IW ‘Wil [9AQ] dnuea[d pIek [BNUAPISAI AOUITY UONI10IJ [BIUSWUOLAUY “S'[] Y} PAPIIOXI TRy} SIN[BA SAJBIIPUI JUOJ P[og "SIUAMISUOI 10J DHJ Y} PIPIIIXA JBY) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yIed]

"Z10Z 'UNossI|A 101sIq 81ieg 8yl Buluielp saleIngL) pue
Jany Big a|ppiw 8y} Wwouy pa1asj|09 JUSWIPaS-Paquealls J0 SUOIIRI) 8ZIS SNOLIBA JO sisAjeue Alojeloge| Aq pauiwialap S1USNIISU0D 39eJ) pue ofew 4o SUOIRIUSIUOY

‘L3lqeL



49

Tables 6-9

8L'L LS0 06€ 98y ST wy'e 110 10 910 90'1 80 81 16%€ 8’1 ueN

z 900 59 Shh €0 sl 100 100 100 900 00 8¢ 61°0 €0 wnwiruy

LT 91 0£0°1 00S°C Lyl 0LE'6  8TO €0 S0 AR €T 6L'S §'€T €€y wnwrxey

uonod}op
JO ] Judwnysut

Sk 2 % % Sk St % 6€ b 5% % % % Sy 3y} 2A0Qe SIsB)

6 $H0 [4:14 1'9L €0 88 00 €00 100 600 900 S9T  1€0 850 =

1 6L°0 433 €61 bl 029°L €10 €T0 %10 €'l £€9°0 S1'T €S VLT 05T 0>

i 80 an 81 'l 018v  LI'0 810 ¥TO 980 16°0 LT TS89 (3 €90°0> 10~ TIN

61 'l 979 L8T L0 097, 100 TTO 100>  ¥I0 00 6L'S  6£0 LEO o

6 L0 oSt K44 Tl 00L9 800 610 600 S1'T LEO VLT T8 6v'1 05T 0>

8 690 6Ly L81 Al 0€T'8  ¥1'0  1T0 T0 9¢'1 SL0 L1 an 81T €90°0> €0-TIN

8 6t°0 S6T 798 b0 0L9°C  ¥00 800  ¥00 920 L10 91 €90 8L°0 =

01 L0 LTk SL1 60 0L£6  ST'0  1T0  LIO €'l 1L°0 vz 6LT 95z 05T 0>

i £€8°0 8T €81 60 0SL'L €20 T0 S0 90 YT €SIt e €90°0> 20 TN

L 60 95T 8'€8 0 0SST €00 900 €00 70 €10 LET IS0 990 e

6 L0 8€ 861 I 0116 110 TTO0 €10 b0'1 950 161 65T €1'e 0ST0>

01 L0 1412 €61 I 029  TO 810  €£0 290 €'l 161 9T €r'e £€90°0> 10-TN

LT A 0£0°T 8Ty T 069°€ 100 €0 100 9L'0 500 89F Tl S€°0 o

9 LS0 185 8¢ T 076 ¥00  ¥TO  $00 1'C 120 €1 991 6L°0 05T 0>

S 90 95L 543 Te 0S6€ 800 <TI0 110 P11 950 6T'1 $€T 9¢'T €90°0>  INOSO-AN

01 €0 €7 4l €0 0L69  T00 10 200 b1°0 600 8L’ €0 910 >

¢ $0°0> 86 44 0 0v9‘T €00 200 €00 19°0 61°0 $§0  €0T 6L°0 0ST0>

3 60 8¥T 901 Al 0€19 910 910  9T0 €L°0 Y01 ¥6°0 611 £€0'T £€90°0> v0-AN
(€€) 93d - (666)93d (821)93d (861)93d - - - - - - - - - (ww)
(By/6w)  (6/6w)  (B3y/6w)  (Boy/Bw)  (B3y/Bw) (By/Bw)  (%Mm)  (%Mm)  (%mM) (%m) (%m) (%M)  (%m) (%m) uonoeyy ans
auasly  Auownyuy auiz pes]  wnwpe) wnueg wniueyj Jnyng wnipog wnisaubely wnisseljod  UOJ  WNIdjR)  WRUIWN|Y azIg ;

[ueyy sso1 “> ‘orqeorjdde jou
‘YN oulz ‘uz ped] ‘qq ‘wnireq ‘eq (000 ‘SIoy1o pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 a[qeqoid paseq-snsuasuod ‘g ‘werdoqny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom Aq juadrad ‘om 19}
-QUUII[[IW ‘Wil [9AQ] dnuea[d pIek [BNUAPISaI AOUITFY UONI10IJ [BIUSWUOLAUY “S'[] Y} PAPIIOXI TRy} SIN[BA SAJBIIPUI JUOJ P[og "SIUAMISU0I 10J DHJ Y} PIPIIIXA JBY]) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yIed]

panuiuo)—g10gZ ‘UNoSSI 1o1sIq 8ueg ayy bururesp sauenguy pue
Janly Big a|ppiw 8y} Wwouy pa1asj|0d JUSWIPas-paquealls J0 SUoiId.I) 82IS SNOLIBA Jo sisAjeue Alojeloge| Aq paulwlalap SJuUanIsu0d adel) pue Jolew Jo suoneuaduoy £ ajqer



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

Distribution of M

50

[ 9L°0 So¢ 8 VL 200> w6'C 9L > €l 6 14! 600 S0 [

4 €L0 €9L Sl 991 200 L6°S el > 0C ¢'8 9'C¢ €ro 60 05T 0>
96 80 056 (44 S'1e €00 L6 4! o> 9¢ ¢l 1'19 910 'l £90°0> €0-dIN
7'l 8°0 29¢ 9 ¥'S 20°0> L1'T S'6 > I 'S 296 90°0 S0 >
(74 99°0 ST6 Cl SOl 200 S % 9yl > 91 VL 9°C¢ 10 L0 0ST 0>
6 680 0SS°‘T L1 6'8C €00 LY'L vIcC ¢> LE 901 1°9¢ €ro I £90°0> C0-dIN
(e IL°0 SOy L 8 200 €L'C el o> Cl L9 LYl LO0 S0 >
9°¢ 9°0 0TI‘T Cl LI LO0 [4S 8¢C > 1C 70l Sve 10 60 05T 0>
7’6 80 01S°T L1 9'8C 60°0 9L e o> 9¢ 8¢l 8'LS €ro 'l €90°0> 10-dN
L1 LT'1 299 8 9 20°0> SL'E (%4 > 8¢C €9 €L 600 90 >
L'C vl P11 ¢l S80I 200 9¢°¢ 86T > (019 6L 6¢C €ro 80 0ST0>
6°S ST 000°T ¥C Sol 70°0 €0l '8¢ ¢> Sy STI vy 120 Sl £€90°0> 10-dIN
¥l 160 028°C 14 €8 ¥C0 €I'e I'6 o> 8 9v1 6'CC LO0 I'l (o4
S’ S0 0S6°1 14 6L LTO v'C 6'1¢S > 01 601 €6l SO0 80 05T 0>
19 6L°0 06€°C 6 70T €0 L6°S 88 o> 8¢ 1'8¢C 6’y 10 I €90°0> So0-dd
Sl 6L°0 01¥°C 14 ¥'L 0 v1'C 891 > Cl el 81 90°0 60 >
L'¢ S9°0 00€°€ 8 L'ST €0 ¢y 9'v¢ > 91 Clc he 80°0 'l 05T 0>
S'L 9L°0 0817 el €T 0 €89 9°69 > 143 6'1¢ 6'1S €ro 'l £90°0> v0-dd
'l €L’0 1€ S 'S 200> 6’1 I'el o> 11 S'L S A 00 7’0 (e
¥'C S0 0791 9 6'8 90°0 1LC S¢el > 6 80l 781 SO0 S0 05T 0>
L8 6°0 0LE'S Sl €8¢ €ro 'L vy o> 93 ¥'LT 68 910 'l £90°0> €0dd
1 90 0€e ¥ [4S 20°0> S6'1 6 > I1 99 ¥9°6 SO0 €0 >
L'E 7$°0 060°C 8 44! 80°0 90V Sol &> 0¢ Sel 66C 80°0 90 0ST 0>
L'L L0 ovL'E el ¥'LT cro 60°L S'ly ¢> 4% e S'LS cro I £€90°0> 0-dd
80 S0 1§43 14 6'S 200> LL'T 'S o> 6 9 STl 0°0> 70 (e
€1 0 Sv9 14 6'Y 200> 8’1l L'L > S 14 176 0°0> 0 05T 0>
L 18°0 00§y Cl N4 SO0 1S9 L61 o> Sy SCl 'es 1o 80 £90°0> 1044
B B B B B B B 6oL B B B B B ()
(Bwbu)  (Gwbw)  (ByBw)  (ByBw) (By/Bw) (ByBuw) (By/buw) aw_wm____, (Bybu) (Bwbu)  (Gwbu) (ByBuw) (ByBw)  (ByBuw)  uonoey au.____m____
wniqoly wnuapgAjoy asauebuep wniyy] wnueyue] wnipuj  wnijjen saddos wnisay) wniwolyy  jeqo) wnud) nwsig wniliag  azsg ;

[ueyy sso1 “> ‘orqeorjdde jou
‘YN oulz ‘uz ped] ‘qq ‘wnireq ‘eq (000 ‘S0 pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 2[qeqoid paseq-snsuasuod ‘g ‘werdoqny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom £q juadrad ‘om 19}
-QUUII[[IW ‘Wil [9AQ] dnuea[d pIek [BNUAPISAI AOUITY UONI10IJ [BIUSWUOIAUY S’ (] Y} PAPIIOXI TRy} SIN[BA SAJBIIPUI JUOJ P[Og "SIUAMISU0I 10J DHJ Y} PIPIIIXA JBY) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yred]

panuiuo)—g10g ‘UNoSSI 101sIq 81eg ayy bururesp sauenguy pue
Janly Big a|ppiw 8y} Wwouy pa1asj|0d JUSWIPasS-paquealls J0 SUoiId.I) 8ZIS SNOLIBA Jo sisAjeue Alojeloge| Aq paulwlalap SJUanIsU0d adel) pue Jolew Jo suoneuaauoy £ ajqer



51

Tables 6-9

76'¢ 680 Tyl 86 Syl 60°0 SS'y 6'CC - 9C S0l L'6T ['0 L0 UBIAl
80 g0 144! € e 200 LL'T 'S - S e LS 70°0 0 WINWIUTAL
96 €8¢ 0LE'S ¥C S'I¢e LTO €01 88 - €S 6'1¢ ['19 10 Sl WnwiIxej
uonodIP
JO W] JUSWN)SUL
Sy Sy Sy Sy Sy LT Sy Sy - Sy Sy Sy 1974 Sy 9} 2A0qe Sase)
[ [10°1 144! 14 e 200> 91'C 8¢l &> 8¢C 194 69 LO°0 70 e
9'¢ 0’1 LOL 91 6’81 €00 €69 8°¢TC > 8¢ 9'6 76¢ ST°0 1 0ST 0>
€9 660 1€8 L1 [y €00 ILL £se &> [474 L6 8 ST°0 1 £90°0> 70-"TIN
60 881 6€¢€ € (44 20°0> Y4 L91 &> €S 9'¢ 'L 80°0 S0 (e
€¢ 0°'T 0S8°‘T 8 4! 20°0> 60t 6'CI > 9¢ S'L TSt 1'0 90 0ST 0>
'S 90°L 0£6°C 11 £0¢ 200 S Sol &> 97 6 S0v 170 L0 £90°0> £0-TIN
8’1 80 60¢ 9 6'S 200> $'C 66 &> €C LY 44! LO0 70 e
S 1 060°1 14! Sol €00 8¢9 81T > 6¢ 6 7oy €10 80 0ST 0>
9L 660 0€0°T 81 L'8C €00 G¢'8 Sol &> 1374 11 '8¢ 91'0 (4! £90°0> C0-TIN
7'l 780 6CC S S 20°0> LET S'6 &> 0¢ S ['T1 cro 70 (e
Sy I €8 €l S91 200 LS £re &> LE 6 (%3 71°0 8°0 0ST 0>
19 8°0 080°T 91 9°¢T €00 6S'L S > 0S 1°0T1 s 91°0 1 £90°0> 10-TIN
80 £€6°¢C 11¢ 14 S$9 200> 11'C 6t &> LT €9 L LO0 S0 (e
L'l [ €L8 S 8L 200> €C'C €¢I &> Ll ¢ [ 90°0 7’0 0ST0>
[ 6L°0 01€¢T 9 49! 200> (a3 161 > (44 98 9°0¢ LO°0 S0 £€90°0> NOEC0-AIN
't 96°0 L6T 14 I'y 200> 10°C L1 &> Sl 'S IL°S 90°0 S0 (e
€1 970 LIS 9 9y 20°0> LI'T '8 > S e S6'L SO0 €0 0ST 0>
(7 8L°0 0L9°C 1T €T 20°0> LYY I'LT o> 8¢C 6 8’y cro 90 £90°0> 10-dIN
. . . . - . I . . . . . )
Oybw)  (Bybuw)  (Bybw) - (Bybu) (Bybu) (Bybw) (Bybw) Q- (GBybu) (Bybw)  (Gybu) (Bybw) (Eyfw) (Eybw) uomoey CIH
wniqoiy wnuapghjoy assuebuepy wniyy] wnueyue] wnipu]  wnijjen saddog wnisag) wniwoly)  jeqo) wnud) ymnwsig wmjhiag  azg :

[ueyy sso1 “> ‘orqeorjdde jou

‘YN oulz ‘uz pes] ‘qq ‘wnireq ‘eq (000 ‘SIoy10 pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 a[qeqoid paseq-snsuasuod ‘g ‘werdo[ny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom £q juddrad ‘om 19}
-QUUII[[IW ‘Wit [9AQ] dnuea[d pIek [BNUAPISAI AOUITY UONI10IJ [BIUSWUOLAUY “S'[] Y} PAPIIOXI JeY) SIN[BA SAJBIIPUI JUOJ P[Og "SIUAMISUOI 10J DHJ Y} PIPIIIXA JBY]) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yIed]

panuiuo)—g10gZ ‘UN0SSI 101sIq 81eg ayy bururesp sauenguy pue
Jany Big a|ppiw 8y} wouy pa1asj|09 JUSWIPaS-Paquealls J0 SUOIIRI) 8ZIS SNOLIBA JO sisAjeue Alojeloge| Aq paulwialap S1U8NIISU0D d9eJ) pue ofew 4o SUOIRIUSIUOY)

‘L3lqeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

Distribution of M

52

6'S e 'l 70 z0 9T 10> $8C €0 > 'l 961 002 €6 (o
801 o 91 'l €0 'S 10> €6 I > 9¢ Try 0Lz 91 0ST°0>
'L 8¢ v'T 80 70 T6 10> 966 Tl > 9 L'L9 08¢ ST €90°0>  €0-AN
£y 43 'l €0 10 81 1'0> ISt T0 > 8 6'L 0LI L'L [
96 0¢ 'l 0 To S 10> 6SL Tl > 8T 6LE ovc L€l 0STO>
91 It Tt L1 0 '8 10> L6 Il > Ly 9's (143 961  €90°0> 20-AN
Ls 62 'l T0 z0 LT 10> TSt €0 > €l 91 051 01 >
ol 13 91 0 €0 €s 10> 6L 80 > 3 6k 0T Lvl  0STO>
891 Sy €T 80 70 L8 10> 6L6 Tl > S L9y 0€€ 61T €90°0> 10-dN
6 8¢ v'e €0 To ' 10> vr1 80 > LT T91 00c LYl [
TL Ly €T 4 To Te 1'0> vsz €1 > 8T 8'9¢ 08¢ 661  0STO>
911 LL $T L0 70 L 10> 0z L'l > $'S '8¢ vy §seE €90°0> 10-aN
1'6 S1 Tl €1 10> T 10> 68 90 > ! 191 0ve S1 [
€8 01 60 €0 10 $T 10> 6 ST > A €91 01z 601  0STO>
961 w@ 4 L0 €0 19 10> 6L 9T > 9¢ L'y vy £ee €90°0> s0-dd
'8 91 'l $0 1'0> 4 10> gL €9l > €1 TL oz 9SI [
891 0z 'l 70 To Ts 1'0> gy €1 > $T 6'6€ o€y ¥'ST  0STO>
SLl ve €T L0 0 TL 1'0> 978 91 > I't 9¢ 009 S €90°0> v0-dd
9y @ Tl T0 10> 91 10> 691 €0 > 80 L01 081 86 [
L9 S1 I €0 10 9T 10> ST 10 1> ¢l 9'€C 0zt '€l 0STO0>
181 6€ €T 80 70 '8 10> $T6 Pl > Ly €Ly 00S PEE €900 €049
I't 61 I To 1'0> 91 10> 9¢r €0 > 80 T8 ov1 6L [
I'6 0z €l 4 4 't 1'0> 1'es L0 > €T 1'62 0€C 61 0STO>
$91 e €T 80 0 8 10> 68 €1 > Ty ¢S 0S¢ VLT €90°0> c0-ad
Sy €T 'l T0 10> €l 10> Lz 20 > 90 Ts o1z T8 [
¢y 8 90 10 10> L1 10> ST 10 1> 80 €zl 001 Ls 0ST'0>
651 0¢€ €T L0 €0 6L 10> 6L8 91 > 8¢ 91y 0€€ L'ST  €90°0> 10-4d
- - - - - - - - - - - - - (989)03d  (ww) o
(63/6w)  (By/6w)  (6/6w)  (6%/6w)  (Boy/Bw)  (6y/6w) (Bry/6w)  (63y/6w) (Boy/6w) (By/6w)  (6y/6w)  (B>y/6w)  (6y/6w)  (6/6w)  wonoey ous
wnupA  wnipeuep  wniuesn  udsbun]  wngjey] wnuoy] wnunjd] wnpuons  ulj JAAlIS  wnipueds wnipigny snioydsoyd  |9)IIN azIg

[ueyy sso1 “> ‘orqeorjdde jou

‘YN oulz ‘uz ped] ‘qq ‘wnireq ‘eq (000 ‘SIoy1o pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 a[qeqoid paseq-snsuasuod ‘g ‘werdoqny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom Aq juadrad ‘om 19}
-QUII[[IW ‘Wil [9AQ] dnuea[d pIek [BNUAPISAI AOUITY UONI10IJ [BIUSWUOLAUY “S'[] Y} PAPIIOXI TRy} SIN[BA SAJBIIPUI JUOJ P[og "SIUAMISUOI 10J DHJ Y} PIPIIIXA JBY) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yIed]

panuiuo)—g10g ‘UNoSSI 101sIq 81eg ayy bururesp sauenguy pue
Jany Big a|ppiw 8y} Wwouy pa1asj|09 JUSWIPaS-Paquealls J0 SUOIIRI) 8ZIS SNOLIBA JO sisAjeue Alojeloge| Aq pauiwialap S1USNIISU0D 39eJ) pue ofew 4o SUOIRIUSIUOY

‘L3lqeL



53

Tables 6-9

St'6 681¢ €91 ¥9°0 sT0 Ty - Isrovr - T €LT 18T 891 uBop
8T 8 90 10 10 Il - 9¢r  TO - 90 6T 001 LS wnwury
) LL ST 9'¢ ¥'0 T6 - 0c6 €91 - w9 L'L9 009 STy wnwIxey
uono91ap
JO Iy Juownysul
St St st st LE st - st v - st st st St 3} 2A0qE SI5E)
8C €€ 91 o o Sl o> €vl 4y > L0 8¢ 06¢ v'9 [
601 w8l 90 €0 9§ 10> 81T 61 > 6'€ £re 09y 181 0ST0>
€l w81 90 €0 69 10> T 81 > ey €Ty oLy TIT €900>  H0-IN
9°¢ € 9l €0 o> L1 10> Lee €1 1> 90 6T occ Tl e
8L e €l ¥'0 00 €€ 10> 8LE €1 > 1T 61 06€  §91 0$T0>
vel o€ ¥I $0 €0 € 10> we €1 > I'e 6'1€ 01§ ¥e €900>  €0-TN
14 6C L1 €0 1o (4 o> 6¢ €0 > ! 68 0s1 8 [
L0t w6l 90 €0 19 10> 91 €1 > s€ 6'€€ 06T 191 0ST0>
Sl Ly €T 9¢ 70 L8 10> 07 1 > s ¥0S ore g6l €900>  T0-IN
v'E 9 91 20 10 61 10> $8C €0 1> I 6L 0T 89 >
¥'6 Le 81 $0 €0 8y 10> LST ¥ 1> 3 €8¢ 09z 61 0ST0>
vel 144 ¢ Lo ¥'0 VL 10> £ TR > 144 4% oce  TT £€900>  10-TA
43 9 91 €0 1’0 Il 10> 06 S0 > 90 't 091 81 e
s 81 ! 81 o L1 o> 9¢8 L1 > ¢l 611 081 88 0ST°0>
16 0T 60 Te 00 s'€ 10> ss€ 9T 1> ¢ Tre 06T 891 £90°0> NOE0-AN
14 €€ vl 44 [0 91 10> e To 1> 90 % OLT 8 (e
(A3 € 80 10 o> 91 10> Lee S0 1> 80 €6 091 LS 0ST0>
i e Sl §0 20 L's 10> €91 €1 > 8T 1'9¢ 00S  1°0C £900>  v0-dN
- - - - - - - - - - - - - (@89)03d  (ww)
(By/Bu) - (Boy/Bu) - (B/Bu) - (BB - (By/Bw) - (By/Bw) - (By/Buw) - (By/Bw) - (By/bu) (By/Bu) - (By/Buw) - (By/Bw) - (By/bw) - (By/bw) - uopoey T

wnuyA  wnipeuep  wnueln  udjsbun]  wniey] wnuoy] wnuN|8] wnpuons Uil J8A[IS  wnipuedg wnipigny snioydsoyd  [)IIN azig

[ueyy sso1 “> ‘orqeorjdde jou
‘YN oulz ‘uz ped] ‘qq ‘wnireq ‘eq (000 ‘SIoy1o pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 a[qeqoid paseq-snsuasuod ‘g ‘werdoqny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom Aq juadrad ‘om 19}
-QUUII[[IW ‘Wil [9AQ] dnuea[d pIek [BNUAPISaI AOUITFY UONI10IJ [BIUSWUOLAUY “S'[] Y} PAPIIOXI TRy} SIN[BA SAJBIIPUI JUOJ P[og "SIUAMISU0I 10J DHJ Y} PIPIIIXA JBY]) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yIed]

panuiuo)—g10gZ ‘UNoSSI 1o1sIq 8ueg ayy bururesp sauenguy pue
Janly Big a|ppiw 8y} Wwouy pa1asj|0d JUSWIPas-paquealls J0 SUoiId.I) 82IS SNOLIBA Jo sisAjeue Alojeloge| Aq paulwlalap SJuUanIsu0d adel) pue Jolew Jo suoneuaduoy £ ajqer



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

Distribution of M

54

L8'6 el £8°61 UBIN

960 ¥T0 [4al] WNWIUIA

9T'1¢ 91°L ¥¥°89 WNWIXen

UO0T)09)p JO JTUI]
(S7 (S7 (S7 juauunnsur 9y} 9A0qe Sase))

10°¢ LT0 VI'TL >

424! 9¢0 87'6¢ 0ST°0>

9¢'6 9¢'0 ¥1°9¢ £90°0> 0~ TN
911l 910 £5C (%4

6911 810 ce0e 0SC°0>

8I1°LI 6€°0 107y £90°0> €0 TN

vl 670 8STY >

v6'1¢ 340 yses 0ST°0>

1181 &0 ey £90°0> C0IN

96°6 £€€0 €V 0¢ (%4
80T Y0 10°9% 05T 0>

SSyl (440 (4843 £€90°0> 10-TIN

86°¢ w0 98 (24

SL9 99°0 1701 080>

s &0 SIel £€90°0> INO€0-dN

9T'1¢ S0 €09 >

€L91 Y0 $89¢ 05T 0>

CLYC &0 €8°LS £90°0> 70-dN

10°L [340] 60°L1 (24

y1°¢C €0 ¥'89 05T 0>

809 €0 S6°61 £€90°0> €0-dN
VN VN VN (wiw)

uz/eq uz/qd qd/eq uonaeyy ‘_muu__:w::

oney az1g .

§S'C €50 181 >

9v°'CC 60 S8YC 05T 0>

(453 v0°'1 ceel £90°0> C0-dN

8¢S v6'1 LL'T >

geol I3 S1'9 05T 0>

9601 9r'¢ L1'E £90°0> 10-AN

69°C1 0 6L°8Y >

86°6 LTO £6°6¢ 0SC°0>

€I 1A €rel £90°0> 10-AN
91 91'L [4al] >

880 6C'1 890 08T 0>

IL°0 $9°C LTO0 £€90°0> S0-dd

960 e 9T°0 >

IL0 €I'e €€0 08T 0>

10°1 S¥'C 10 £90°0> ¥0-d44

L0V 181 §TT [

[4N) 8C 9Tt 08T 0>

¥8'S SOy vyl £€90°0> €044

el €01 6C'1 (e

Y0°S §SC 861 05T 0>

91'v €C¢ 6C'1 £90°0> 2044

8¢'1 Y01 el >
9 SI'e 88'C 05T 0>

LO9 €T T £€90°0> 1044
YN VN VN (ww)

uz/eq uz/qd qd/eq uonaeyy fequinu

oz1s aug
oney

[ueyy sso1 “> ‘orqeorjdde jou
‘YN oulz ‘uz ped] ‘qq ‘wnireq ‘eq (000 ‘S0 pue pjeuoqorjA) sasaypuaied ur ‘uonenuaduod s394 2[qeqoid paseq-snsuasuod ‘g ‘werdoqny] Jod weidiiw ‘Sy/Sw ‘eyep ou ‘-- usrom £q juadrad ‘om 19}
-QUUII[[IW ‘Wil [9AQ] dnuea[d pIek [BNUAPISAI AOUITY UONI10IJ [BIUSWUOIAUY S’ (] Y} PAPIIOXI TRy} SIN[BA SAJBIIPUI JUOJ P[Og "SIUAMISU0I 10J DHJ Y} PIPIIIXA JBY) SaN[BA )BIIPUI S[[29 PIpeys AeI3 yred]

panuiuo)—g10g ‘UNoSSI 101sIq 81eg ayy bururesp sauenguy pue
Janly Big a|ppiw 8y} Wwouy pa1asj|0d JUSWIPasS-paquealls J0 SUoiId.I) 8ZIS SNOLIBA Jo sisAjeue Alojeloge| Aq paulwlalap SJUanIsU0d adel) pue Jolew Jo suoneuaauoy £ ajqer



55

Tables 6-9

19 S9> 9L1 €1> Se> 09> > 17! 1> 9-¢ € 9-§ €044 £0-dd
YL §9> 61 143 Se> 09> 9¢ 97T > 9-¢ C 9-§ €044 €0-dd
€8 $9> 9t I Se> 09> (94 LST 4! 9-¢ [ 9-¢ €0 €044
9T $9> 0T €1> Se> 097> LT LTy 1> S a3erone ying 3a8 G- €0-dd €044
Y4 $9> 68> €1> Se> 09> SI 90¢ > S 14 R €0-dd
9C 9> Cll er> ge> 09> > 0cl [1> S € Sv €0-¥d €0-dd
9¢ S9> 0cI1 €1> Se> 09> 8¢ S91 1> S [4 SR £0-dd
6y $9> Sel 6¢ Se> 09> 9¢ LTI > S I S-v €0-dd €0-dd
3 $9> vl €1> Se> 092> 0T 61 1> € aZerdAe yng 3ae p-¢ €0-¥d €0-4d
L S9> L8Y |87 Se> 09> 61 S0¢ L1 ¢ 14 v-€ €0-dd £0-dd
Y4 $9> LET 1> Se> 09> 1> ol > € € v€ €044 €04
8¢ S9> 1§C €1> Se> 09> 144 LTl 1> ¢ [4 v€ €0-dd €0-dd
LS S9> SLT LT Se> 09> 0¢ 6Cl1 1> ¢ I v-€ €0-dd €044
8¢ $9> 087 €C se> 097> ST €1 1> €T aZerone yng 3ae ¢-7 €0-dd €0-¥d
LT S9> o€l €1> Se> 09> > 191 1> €< 14 €-T €044 €0-dd
9Y $9> LOE S1 9¢ 09> > LET 4! €< € €-T €0-¥d €0-dd
€L 69 9t (1% 9¢ 09> > 001> > € C €-T €0-¥d €04
16 IL €LS 49 Se> 09> > 1TC 4! €< I €-T €044 €044
€L 0L 6€S 143 Se> 097> (482 0T 1> 1 a3e1one yng 3ae 71 €0-9d €044
8¢ $9> L6 9T Se> 09> 1> 99¢ €1 1 14 [ R E €0-dd
19 S9> (399 LE 8¢ 09> > 4! €1 (! € AR £0-dd
101 LL 8LS Ly ge> 09> cl> 001> 11> 1 4 -1 €044 €0-dd
001 $9> 8¢ 49 47 09> > 9L1 > 1 I 1 €0-dd €0-dd
6L S9> YLS 6¢ Se> 09> Sl (483 1> 1-0 a5eroAe yng Sae -0 €0-¥d €0-dd
8% S9> 6LS 13 Se> 09> g1 SI¢ 1> -0 14 1-0 €0-¥d €044
98 §9> 0L 0S Se> 09> > (444 > -0 € 1-0 €0-dd €04
6L S9> 208 6S 6¢ 09> 1> 0S1 1> 1-0 [4 -0 €044 €0-4d
601 9> 619 19 8¢ 09> cl> 70¢C 11> -0 I 1-0 €0-¥d €0-dd
jjneuay ayaino4
By/Bw ur  By/Bw uy By/Bu ui By/bwuw  Gy/bwur  Byfwur  Gyfwur  By/bwur  B/bw u (in ,dnoib 13ynuapi Jaynuapi
‘auz ‘991N ‘asauebuepy ‘pea 19ddoy ‘Jjeqo)  ‘wniwpe) ‘wnueg ‘oasily  yidap ajdweg  azis uiesn ajdweg ajoyalog

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

"v10g ‘UNossI|A 101asIq 8uieg Aiunoq uoiBuiysepn ay Buiuresp
salieingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONIRLS 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBp SUCIRIUSIUOD JUBWA|S 89811 108|8S '8 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

6L $o> 100°T S Se> 09> LT €0¢ 1> 91-C1 I 91-ST €0-dd €04
0L §9> €98 T Se> 097> 91 L¥€ 1> SI¥1 ogesoAe yng 3 Iy €0-¥d €044
S $9> S€9 1C 8¢ 09> il 3¢ 1> SI—¥I v SI-v1 €0-¥d £0-¥d
o $o> €56 81 Lg 09> T 34! > ST—¥1 € SI-vT €0-¥d €04
29 $9> 0L8 43 Se> 09> T LST €1 SI—¥1 4 SI-¥1 €0-¥d €044
L9 (9 vL6 €S Se> 09> 94 79T 1> SI—¥I I SI-v1 €0-¥d £0-¥d
LE $9> 68T 0T se> 09T> (44 €8¢ 11> v1-€1 oZeI0AE ng SAae pI-€1 €0-¥d €044
0¢ $9> 61¢ LT Se> 09> SI ree 1> rI-€1 4 vI-€1 €0-dd €0-¥d
St $9> (457 cI> Se> 09> T 81 1> v1-¢€1 € PI-€1 €0-dd £0-¥d
S $9> €79 o3 Lg 09> > 001> > PI-€I 4 PI-€1 €0-dd €04
09 $9> 6€9 LE Se> 09> 8C orl 1> rI-¢€1 I YI-€1 €0-dd €0-¥d
€€ S9> €6€ 1T se> 09> €T 98¢ 1> €1l oFeroAe yng Sae ¢1-71 €0-¥d €044
LE $o> €LY SI b 09> SI L9T > €1-¢1 v €I-CT €0-¥d €04
8¢ $9> €Te 91 Se> 09> > LO1 4! €1-21 € €1-Cl €0-¥d €0-¥d
LS $9> 169 €€ Se> 09> T 9¢1 1> €12l 4 €I-Cl €0-¥d £0-¥d
8L $9> €L 0S Se> 09> ! 66¢ > €1-¢1 I €I-C1 €0-¥d €04
€€ §9> €8¢ €1> Se> 097> SI 16T 1> 8L ogesoae yng 3ae g-/ €0-dd €044
€€ $9> 6€T cI> Se> 09> il 0S¢ 1> 8L v 8-L €0-¥d £0-¥d
8¢ $9> LEE LT Se> 09> T S0T 1> 8L € 8-L €0-¥d €04
09 $9> 6€€ 8¢ Se> 09> T I 1> 8L 4 8-L €044 €044
SL $9> 68¢ 03 Se> 09> 37 9CC 1> 8L I 8-L €0-¥d £0-¥d
ST $9> 001 ¢l> se> 09> 91 L¥T 1> L9 oZeI0AE ng 8Ae /-9 €0-¥d €044
I€ $9> (43 €I> Se> 09> SI SI¢ 1> L9 14 L-9 €044 €044
8¢ $9> 8€1 cI> Se> 09> T LOT 1> L9 € L9 €0-¥d £0-¥d
99 $o> 413 8L Se> 09> 6C 691 1> L9 4 L79 €0-¥4 €04
8 $9> vLE 99 Se> 09> €l 001> 1> L9 I L9 €044 €044
€€ S9> 161 81 se> 09T> 9T vy 1> 9-¢ oFeroAe yng 3ae 9-¢ €0-¥d €0-¥d
Ly $o> ¥ST 61 Se> 09> T 88T 1> 9-¢ v 9-¢ €0-¥d €04
panuiuoj—ijyjneusy ayaino4
By/Bw ur  By/Bw uy By/Bu ui By/bwuw  Gy/fwur  Byfwur  Gyfwur  By/bwur  B/bw u (in ,dnoib 13ynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘pea 13ddoy ‘Jjeqog)  ‘wniwpe) ‘wnueg ‘oasily  yydap ajdweg  azis uiesn ajdweg ajoyalog

Distribution of M

56

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [erIuIPISAI
(VdA) Aouady uoro91old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoJorJA) UOHBIUIIUOI S109JJ 9[qeqoid oY) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panuiuo)—410g ‘UN0SSI 101s1g auieg Ajunoq uoibuiysepn syl Buluiesp
salleingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONILL) 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBP SUCIRIUSIUOD JUBWA|S 89LI1108|8S '8 d|qeL



57

Tables 6-9

161 $o> 19 9% s 09> > 34 4l 9-¢ I 9-¢ TO-d-DAN  T0-9-DAN
42l §9> 9LT 3% Se> 097> (45 S€9 1> S ogeroAe yng 8Ae G- C0-d-DAN  T0-9-DAN
91 0L ¥29 S 8¢ 09> T 1y > S € S¥ C0-d-DAN  T0-9-D4AN
161 $o> €76 9 6t S9T T 9Ty 91 S 4 S-¥ 20-g-DAN  T0-9-DAN
LET $9> $79 €S oF 09> LT €€ 1 S I S-¥ CO-d-DAN  T0-9-D4AN
691 9> 0T 6€ se> 09> > 609 > € a3eroAe Y[ng 3a€ $-¢ 70-d-DdN  T0-9-DdIN
681 $o> 801 s 4% 09> €l 779 1> ¢ v v-€ To-g-DAN  T0-9-DdN
S0T $9> Ly¥ 6% 8% 09> T 0TS > ¢ € v-€ C0-d-DAN  T0-d-D4AN
70¢ $9> 10L S ot 09> T L1t 61 ¢ 4 v-€ C0-d-DAN  T0-d-DAN
9TT 24! 929 0L 6L e ¥ST vLT 1> ¢ I v-€ To-g-DAN  T0-9-DAN
Y44 8 £09°1 18 8¢ 09> > ¥6S 1> €T ogesoae yng 8Ae ¢-7 C0-d-DAN  T0-9-DAN
61¢ (9 0€S 8¢ 6¢€ 09> T 16t Sl € € €7 0-9-DdN  T0-9-DdIN
874 So> 9¢$ 6S 8% 09> > Stb > €T 4 €T C0-g-DdN  20-d-DdN
0Tt $9> (447 4% St 09> T L¥€ > €T I €-7 T0-9-DdN  T0-9-DdIN
SLI €L €IC LE ot 09> > 8ht > 1 oFereAe yng 3ae -1 70-9-DdN  T0-9-DdIN
01¢ $o> 6€T 3% Se> 09> > 18¢C > 1 € -1 20-9-DAN  20-9-DdN
81C $9> §sT 0S Se> 09> T S0T 1> 1 4 T1 20-d-DAN  T0-d-D4AN
IS1 0L L1T LE LE 09> > 89T > 1 I 1 C0-d-DAN  20-d-D4AN
Wil §9> 89¢ 29 se> 09Z> TI> SLS 1> 1-0 oZe10AE ng 8AC -0 T0-d-DAN C0-d-DAN
091 $9> 716 ST 6€ 09> (44 65S 1> -0 14 1-0 20-9-DdN  20-9-DdN
6L1 $9> L90°T LTI s 09> T 68¢ > -0 € -0 20-4-DAN  20-9-D4AN
10T 69 €9L 101 St 09> > 8¢ > -0 4 1-0 20-d-DAN  T0-d-DJdN
091 (4 90€ St 34 09> > 433 1> -0 I 1-0 20-9-DdN  20-9-DdN
3404 |edaullpy
S S9> L29 61 8¢ 09> T S9¢ 1> 91-S1 oZeI0AE ng SAe 91-GT €0-¥d €044
e $9> L6S 61 Se> 09> LT 60€ 4! 91-G1 14 91-ST €0-dd €0-¥d
L $9> ceL cI> 6¢ 09> A LTI 4l 9161 € 91-ST €044 £0-¥d
8L 69 906 LE Se> 09> SI LET 1> 91-C1 4 91-ST €044 €04
panuiuoj—ijyjneusy ayaino4
By/Bw ur  By/Bw uy By/Bu ui By/bwuw  Gy/fwur  Byfwur  Gyfwur  By/bwur  B/bw u (in ,dnoib 13ynuapi Jaynuapi
‘auiz ‘9joIN  ‘asauebuepy ‘pea 13ddoy ‘Jjeqog)  ‘wniwpe) ‘wnueg ‘oasily  yidap ajdweg  azis uiesn ajdweg ajoyalog

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panuiuog—410g ‘UNOSSI 101s1g auieg Ajunoq uoibuiysepn syl Buluielp
salieingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONIRLS 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBp SUCIRIUSIUOD JUBWA|S 89811 108|8S '8 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

0Tt S9> 1444 1€ Se> 09> €1 G8¢ 1> 11-01 oferoaeyng A€ [[-0] CO0--DdN  CTO-9-DdN
10T $o> 960°C 79 4% 09> 8% 118 1> 11-01 v [1-01 20-9-DdN  T0-d-DJAN
Y44 $9> 506 6% 8¢ 09> T LTS 1> 11-01 € 11-01 2O-9-DAN  20-9-D4N
SsT $9> 8611 S ot 09> T 95¢ 1> 1101 4 [1-01 20-9-DAN  20-9-DdN
002 $o> €8 43 Se> 09> ST 844 > 1101 I [1-01 2TO-g-DdN  T0-d-DJAN
€01 89 ¥0€ LT Se> 09> T 799 4! 01-6 ogesoAe yng 3ae 01-6 C0-9-DdN  TO-9-DdN
9C1 $9> 9L6 (4% ot 09> T 8L 1> 01-6 v 01-6 T0-9-DdN  20-9-DAN
8TI $o> €81 cI> IS 09> 45 LOY €1 01-6 € 01-6 20-d-DdN  20-d-DdN
Tl $9> 0€€ 61 Se> 09> > 743 1> 01-6 4 01-6 20-d-DdN  T0-9-DdIN
86 $9> 08¢ L1 Se> 09> 0€ 09¢ 1> 01-6 I 01-6 T0-9-DdN  20-9-DdAN
86 $9> (412 SI se> 09Z> TI> €59 1> 6-8 oZeI0AE ng 8AC 6-8 T0-G-DAN T0-d-DAN
€6 YL 413 €I> Se> 09> €€ 8¢S 4! 6-8 4 6-8 TO-d-DAN  T0-d-D4AN
(4! $9> 89 €T St 09> T s 1> 6-8 € 6-8 T0-d-DAN  T0-9-DAN
€zl $o> €16 8¢ 6t 09> > 6€¢ €1 6-38 4 6-8 TO-d-DAN  T0-9-DAN
601 69 (494 L1 Se> 09> 4 Ly€ 1> 6-8 I 6-8 TO-d-DAN  T0-d-D4AN
S0l S9> 1447 8¢ Se> 09> T 9LS 1> 8L a5eroAe yng 3ae 8-/ 70-d-DdN  T0-9d-DdIN
9¢1 $9> TTST €8 b 09> T 0€L > 8L v 8-L T0-d-DAN  T0-9-DdN
(43 $9> Tss Ly Se> 09> T X54 €1 8L € 8-L CO-d-DAN  T0-9-D4AN
Sh1 $9> L69 0S 6¢ 09> T Is¢ 1> 8L 4 8-L T0-d-DAN  T0-9-DdN
vel $9> 66% 9% Se> 09> T 8T¢ 1> 8L I 8-L T0-g-DAN  T0-9-DAN
(44! §9> 60L 6€ Se> 097> TI> 6£9 1> L9 ogesoAe yng 8Ae /-9 T0-d-DAN  C0-9-D4AN
091 S8 0€L Ly Se> 09> T (048 1> L9 v L9 TO-G-DAN  T0-9-DAN
L1 $9> 18 8¢ Se> 09> > sty €1 L9 € L9 TO-G-DAN  T0-9-DAN
91 §9> 6CL S St 09> T Iieg Sl L9 4 L-9 TO-d-DAN  T0-d-D4AN
91 $9> 60S 0S 34 09> T ree 1> L9 I L9 TO-d-DAN  T0-9-DdN
Gel S9> €16 101 se> 09> > 99L 1> 9-¢ oZeI0AE ng 8A€ 9-G 70-d-DAN  T0-d-DJAN
961 $9> 96 €I> Se> 09> > 001> 1> 9-§ 4 9-¢ TO-d-DAN  T0-d-D4AN
34l $9> 849 6% Se> 09> T 00t Sl 9-¢ € 9-§ T0-d-DAN  T0-9-DdN
L81 YL b8 19 4% 09> T TLe 1> 9-¢ 4 9-¢ TO-g-DAN  T0-9-DAN
panuiuo)— >J04 |eJauljn
By/Bw ur  By/Bw uy By/Bu ui By/bwuw  Gy/bwur  Gyfwur  Gyfwur  By/bwur  B/bw u (in ,dnoib 1aynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘pea 19ddoy ‘Jjeqog)  ‘wniwpe) ‘wnueg ‘oasily  yidap ajdweg  azis uiesn ajdweg ajoyalog

Distribution of M

58

[e1ep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid oY) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panuiuog—410g ‘UN0SSI 101s1q 81ieg Ajunoq uoibuiysepn aya Buluiesp
salleingL Buoje sajoyaloq uiejd-poojs Woly sajdwes paals Jo SUONILLL 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBP SUCIRIUSIUOD JUBWA|S 89811 108|8S '8 d|qeL



59

Tables 6-9

1+C §9> 90S 9 Se> 09> Tl YTl 1> L9 € L9 SO-d"TN  SO-d-O'TN
Sig $o> Y6L €Il ot 09> T L89°C 1> L9 4 L9 S0-g-TN  S0-9-DTIN
00€ $9> €88 SII oF LT TI> LT SI L9 I L9 SO-9-TN  SO-d-D'TN
6CC §9> 6¢t €8 ot 09> il €L6'T 1> 9-¢ ogesoAe yng 8AE 9-G G0~ TN SO-d-DTIN
60¢ 9L 98% €8 Se> 09> > 058°T 1> 9-¢ v 9-¢ S0-d-TN  S0-9-DTIN
8% 7L 869 9L 6€ 097> TI> €€5°1 SI 9-¢ € 9-¢ SO-d-TN  SO-d-D'TN
62 0L 00L 121 Se> 097> > 0L9°C 91 9-¢ z 9-¢ SO-d-TN  SO-d-O'TIN
SeT $o> ceL 601 v 09> T €0€°T 91 9-¢ I 9-¢ S0-d-TN  S0-9-DTIN
602 $9> 61% 89 6€ 09T> €l LT9T > S ogeroAe yng SAE ¢4 SO--TIN SO-d-D'TIN
0€T §9> €8¢ 98 Se> 09> TI> 60€°1 1> S v S¥ SO-d-TAN  S0-d-D'TA
€TC $o> 6¥S (9 Se> 09> T 74Nl 1> S € S¥ S0-g-TN  S0-9-DTIN
6€C SL ¥279 43 (4% 097> TI> LT 1> S (4 S-¥ SO-4-TA  S0-d-D'TA
v $9> 159 S8 Se> 097> T 3.8 1> S I S¥ SO-d-TAN  S0-d-D'TN
LET S9> 00¥ 19 se> 09T> (483 00T°1 S1 €T oZe1oAe yng 8Ae ¢-7 S0-d-TN  SO-d-D'TIN
L1 §9> 95¢ 43 Se> 097> TI> 08 1> € 4 €-T S0-g-TN  S0-d-DTIN
SIT $9> 349 8¢ Se> 097> T 056 1> €< € €-7 S0-g-TN  S0-d-DTIN
79t $o> LTS 6 Se> 09> T 112°C 1> €T 4 €7 SO-g-TN  SO-9-DTA
192 I8 s 8 Se> 097> TI> 059 1> € I €-T S0-g-TN  S0-d-DTIN
S9T §9> 9Ts (9 (4% 09> il L 1> 1 ogesoAe yng 3ae 71 S0-d- TN S0-d-D'TA
9T $o> 979 s Se> 09> il 6vS 1> 1 v 1 S0-g-TN S0-9-OTIN
0LT §9> LOS 89 oF 097> TI> 65 SI 1 € T SOd-TN - SO-d-D'TN
86C §9> LTL €01 8¢ 09> > 966 1> 1 z T SOd"TIN - SO-d-O'TIN
96¢ $o> 69 L6 Ly 09> T 69% 1> 1 I 1 S0-g-TN  S0-9-DTIN
76T $9> 998 (4 Se> 09> 4l €6 > -0 ogeroAe yng 8ae -0 S0-4-TA  S0-4-D'TA
1414 $9> SLE Ly Se> 09> > vov 1> -0 v [0 S0-d-"TN  SO-d-O'TIN
L6T 0L 89S 98 Se> 09> > 61L > -0 € 1-0 SO-d-TN  SO-d-D'TIN
ss¢ §9> 6L9 Pl Se> 097> TI> S€6 81 1-0 z 1-0 SO-g-TN  SO-d-DTIN
TLE §9> 899 901 34 09> T 121°1 SI -0 I [-0 S0-d-"TN  SO-d-O'TIN
REETRNIIT
By/bw ur B/ u By/Bw u By/bwur  Bybwur  Byfwur  Gyfwuw  Bywur  G/bw uy M) ,dnoib 13uapi Jaynuapi
‘auiz ‘921N ‘asauebuepy ‘peal “1addo? ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘ouasiy  yidap ajdweg azis uleln ajdweg ajoyaiog

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panuiuog—410g ‘UNOSSI 101s1g auieg Ajunoq uoibuiysepn syl Buluielp
salieingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONIRLS 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBp SUCIRIUSIUOD JUBWA|S 89811 108|8S '8 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

€89 §9> 896 8¢ 34 097> 45 v8LL 1> -0 4 1-0 20-V-OTN  20-V-O'TN
L¥L $9> 900°1 0LE o 097> T $81°8 1> -0 I 1-0 20-V-OTAN  20-V-O'TA
REERNIT
80T $9> L98 S Se> 09T> 61 76$ > FII-11 ogemAeng  SAE HI[-1T SO-I-TN  SO--DTN
881 $9> 11¢e 44 Se> 097> TI> 69t 1> 11-01 ogesoAe yng 3ae 11-01 S0-d-TN  SO-d-D'TIN
S9T $o> 961 S Se> 09> 91 60% 1> Y1101 v v I1-01 SO-9-TN  SO-d-OTIN
LI §9> 6L1 (44 Se> 097> TI> 89T Tl Y1101 € v 11-01 SO-d-TN  SO-d-D'TIN
|84 (9 €T (44 Se> 097> TI> €T 1> Y1101 z v 11-01 SO-d-TN  SO-d-D'TIN
691 $o> 89¢ 9% Se> 09> T 99t 1> Y1101 I v I1-01 SO-9-TN  SO-9-OTIA
181 S9> L6T 19 Se> 09T> 1T 96€ > 01-6 ageroae yng Sae 01-6 SO-d-TN  SO-d-DTN
86T $9> 68> o Se> 097> 61 98t 1> 01-6 v 01-6 SO-d-TA  S0-d-D'TA
(4347 $o> 0¢€8 L¥1 It 09> > 65L T 01-6 € 01-6 SO-d-TN  SO-d-DTIA
00S §9> 6SL SST Se> 097> 6C 891°1 61 01-6 z 01-6 SO-4-TA  S0-4-D'TA
91¢ $9> 95Tl L1 8% 097> 8¢ €26 6T 01-6 I 01-6 SO-d-TA  S0-d-D'TA
99 S9> 96¢ ¢l> se> 09Z> 6€ 6LY 1> 6-8 oFeroAe yng 8AC 6-8 SO--TN  SO-d-D'TIN
ISy §9> 81+l 6Tl Se> 097> 91 0L0°T 1> 6-8 v 6-8 SO-d-TN  SO-d-D'TN
[43% $9> 8L0°C 6C1 Se> 097> TI> 1S0°T IC 6-8 € 68 SO-d"TN  SO-d-O'TIN
66% SL 00LT 6€1 Se> 09> il 886 9% 638 4 678 SO-d-TN  S0-9-OTIN
90 18 8L6°C SSI Se> 097> 1€ LET'T 1> 6-8 I 6-8 SO-d-TN  SO-d-O'TN
01¢ §9> 8C¢ 9 Se> 09> 91 €Tl 1> 8L ogesoae yng SAE 8-L S0-d-TN  SO-d-DTIN
Tt $o> €91 6C Se> 09> 1T 9¢$ 1> 8L v 8-L S0-g-TN  S0-9-DTIN
ST §9> ats 99 Se> 097> TI> v60°1 1> 8L € 8-L SO-d-TA  S0-d-D'TA
Ii¢g §9> 08L SIl a4 097> TI> 116C 1> 8L z 8-L SO-d-TA  S0-d-D'TA
6C¢ $o> €59 48! It S9T T 81T 91 8L I 8-L S0-g-TN  S0-9-DTIN
61¢ $9> ¥0€ 19 Se> 09T> > €L6'T Sl L9 ogeroAe yng SAE -9 G0-d- TN SO-d-D'TIN
1% $9> e 19 Se> 89T T SES°T > L9 4 L9 SO-d-"TN  SO-d-O'TIN
panunuod—yaai) (I
By/bw ur B/ u By/Bw u By/bwur  Bybwur  Byfwur  Gfwuwr  Bywur  G/bw uy M) ,dnoib 13uapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘peaq “1addo? ‘Jjeqo)  ‘wniwpe) ‘wnueg ‘ouasiy  yidap ajdweg azis uleln ajdweg ajoyaiog

Distribution of M

60

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [erIuIPISAI
(VdA) Aouady uoro91old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoJorJA) UOHBIUIIUOI S109JJ 9[qeqoid oY) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panuiuo)—410g ‘UN0SSI 101s1g auieg Ajunoq uoibuiysepn syl Buluiesp
salleingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONILL) 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBP SUCIRIUSIUOD JUBWA|S 89LI1108|8S '8 d|qeL



61

Tables 6-9

65¢ S9> 99% 6S se> 09Z> vl S8 1> L=9'9 14 L79°9 TO-V-OTN  TO-V-O'TA
8¢¢ $9> 61t €9 Se> 09> > 9L9 1> L=99 € L-9°9 TO-V-OTN  T0-V-O'TN
S S9> 09L €6 0F 09> (483 24N 1> L=9'9 4 L-9°9 TO-V-OTN  TO0-V-O'TA
€9t $9> 96$ 96 se> 09Z> 6€ 768 11> L=9'9 I L79°9 TO-V-OTN  TO-V-O'TIA
St §9> €8 68 Se> 097> L1 10S°T 1> Ts§ ogesoAe yng 8a€ 7'6-¢ T0-V-OTN  T0-V-O'TA
€S So> €09 201 Se> 09> €T 656°1 1> S a5eroAe yng Sae G- TO-V-OTN - C0-V-OTIN
99% IL TeL 901 Y 09T> €l €Y'l 11> TS 14 TS TO-V-OTN T0-V-O'TIA
It $9> 819 96 Se> 09> > 6¥1°1 1> TS € TS CO-V-OTN  T0-V-O'TN
18% S9> 8¢€L 86 Se> 09> (483 €751 4l TS 4 TS T0-V-OTN  T0-V-OTA
98¢ $9> 006 €Tl IS 09Z> TI> SN 1> TS I TS TO-V-OTN  TO0-V-OTIA
Slig $9> 618 891 or 09> T €91°6 1> ¢ ogesoAe yng 8Ae p-¢ TO-V-OTN - C0-V-O'TIN
9 S9> L 0ST se> 09> (483 vTr's 1> ¢ 14 v-€ T0-V-OTN  T0-V-O'TA
#0€ $9> LEL LST 137 09> TI> SETY 1> ¢ € v-€ TO-V-OTN  T0-V-O'TIAN
68T $9> L 991 34 09> T 00¥' 1> ¢ 4 v-€ TO-V-OTN T0-V-O'TIN
60€ S9> €L8 691 4% 09T> (483 ¥12°9 1> i I v-€ T0-V-OTN  20-V-O'TA
89¢ $9> LT6 S61 ¢ 09Z> 91 868°S 1> €T oZeI0AE ng 8AC ¢-7 T0-V-OTAN  T0-V-O'TN
8¢ $9> vLL (444 S 09> 81 L09°S 1> €T 4 €T T0-V-OTN  T0-V-O'TN
349 S9> SIL 114 197 09> (483 191°¢ 1> €T € €T T0-V-OTN  2T0-V-O'TIN
1€ SL 618 281 se> 09> TI> €LT9 1> €T 4 €T TO-V-OTN  20-V-O'TIN
43 §9> 898 8TT Se> 09> T 1L0°L 1> €T I €T T0-V-OTN  T0-V-O'TN
168 So> S¥6 (1147 €9 09> 1 888°11 ST 1 a5eroAe yng Sae T-1 CO-V-OTN C0-V-OTIN
8L9 $9> 208 86¢ [ 09> €€ 0TS°'L 1> 1 14 T1 20-V-OTN  20-V-O'TA
8L §9> (4% 16€ Se> 09> T 19L°6 1> 1 € T1C0V-OTAN  20-V-OTIN
0€L S8 106 96€ LS 09> (483 806°C1 1> 1 4 1 20-V-OTN  20-V-O'TA
818 S9> 868 9¢h Sy 09T> T 900°6 > 1 I 1 20-V-OTN  20-V-O'TIA
€9 $9> 905°1 9T Se> 09> (4 TI9's 6€ -0 ogesoAe yng 8ae -0 CO-V-OTN  C0-V-O'TIN
89 68 0L8 543 0S 09T> (483 T6L8 1> 1-0 14 [-0 20-V-OTN  20-V-O'TA
TL9 $9> 88 6T€ Sy 09T> TI> T6LL 1> 1-0 € [-0 20-V-OTN  20-V-O'TN
panunRuoy—38a.] NN
By/Bw ur  By/Bw uy By/Bu ui By/bwuw  Gy/fwur  Byfwur  Gyfwur  By/bwur  B/bw u (in ,dnoib 13ynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘pea 13ddoy ‘Jjeqog)  ‘wniwpe) ‘wnueg ‘oasily  yydap ajdweg  azis uiesn ajdweg ajoyalog

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panuiuog—410g ‘UNOSSI 101s1g auieg Ajunoq uoibuiysepn syl Buluielp
salieingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONIRLS 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBp SUCIRIUSIUOD JUBWA|S 89811 108|8S '8 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements

eve S9> 061 99 SE> 09¢> cl> 610 1> vI1—¢1 I PI-€1 CO-V-OTAN  T0-V-D'TA

ining

0S1 $9> €0C 8C Se> 09> 0¢€ 99%°¢ 1> €1-21 oferoaeyng  SAE €1-7 COV-OTAN  TO-V-O'TA
79 $9> €0T cI> ot 09> €l €L 1 €12l v €1-C1 T0-V-OTN  20-V-O'TA
81 $o> (144 s Se> 09> T L6LY > €1-¢1 € €1-C1 20-V-OTN  T0-V-O'TA
15T $9> S9¢ (4 Se> 09> T 66 1> €1-21 4 €1-C1 TO-V-OTN  T0-V-O'TN
I (9 695 001 Ly 09> T 869°6 1> €12l I €1-C1 20-V-OTN  20-V-O'TA
9Tt $9> 96¢ IS 8% 09T> ¥ €TV SI TI-11 ofemAeng  SA® 7I-[T C0-V-OTN  TO0-V-O'TA
80T $9> S9¢ 19 Se> 09> (44 €€0°¢ 1> 11-01 oferoaeyng  SA® [[-0] COV-OTAN  CTO-V-OTA
99 $9> 68> cI> Se> 09> 0T LEY 1> 101 v TI-01 TO-V-OTN  T0-V-O'TA
61 $9> L61 4% Se> 09> > LYLT > 101 € TI-0T TO-V-OTN  T0-V-O'TA
68T 0L 47 68 Se> 09> T vy 1> 7101 (4 TI-01 TO-V-OTN  T0-V-OTIN
8¢ €L 09S €1 s 09> T 965 1> 101 I TI-01 TO-V-OTN  T0-V-O'TA
SsT $9> |£3% 66 Se> 09> (44 6vTy 1> 01-6 oZeI0AE ng Sae 01-6 CO-V-OTN  C0-V-O'TIN
(4% $9> (44! €I> Se> 09> 61 €0¢ 1> 01-6 4 01-6 T0-V-OTN  T0-V-O'TA
¥91 $9> 81 6% 6¢ 09> T 126 1> 01-6 € 01-6 TO-V-OTN  20-V-O'TIN
L1T $9> 60 S8 ot 09> T 43 > 01-6 4 01-6 CO-V-OTN  20-V-O'TIN
79¢ $9> €8¢ 8S1 Se> 09> T LIL'T 1> 01-6 I 01-6 T0-V-OTN  T0-V-O'TA
€L S9> 0€T 8¥ Se> 09> LT vLL'T 1> 6—8 a5eroAe yng 3ae 6-8 TO-V-OTN  C0-V-DTIN
0TL $9> 8CI 6% Se> 09> 91 61Y 1> 68 v 6-8 TO-V-OTN  T0-V-O'TA
€0¢€ §9> 851 €€ Se> 09> T ¥SL 1> 6-8 € 6-8 TO-V-OTAN  T0-V-O'TIN
062 $9> 84T 08 Se> 09> €l 85T°C 1> 6-38 4 68 TO-V-OTN  T0-V-O'TA
343 $9> (1747 811 6¢ 09> 8¢ 856°C > 68 I 6-8 TO-V-OTN  T0-V-O'TA
0TI §9> 99T L1 Se> 097> 9T 268 1> 8L ogesoAe yng 8Aae 8-L TO-V-OTN  20-V-O'TIN
0S¥ $9> L9S L9 Se> LEE 81 768 1> 8L v 8-L TO-V-OTN  20-V-O'TA
e $o> 96¢ ST Se> 09> > 443 > 8L € 8-L TO-V-OTN  ZT0-V-O'TIA
91¥ $9> 019 89 8¢ 09> > S8 1> 8L 4 8-L CO-V-OTN  T0-V-O'TIN
€S $9> Tl 901 Se> 09> €l 698 1> 8L I 8-L TO-V-OTN  20-V-O'TA
Ts¢ $9> |83 89 se> 09Z> 61 TS0°1 1> L=9'9 oZeI0AE ng 8A€ /-99 Z0-V-OTN  T0-V-O'TIA
panuiRuoy—>383] NN
By/Bw ur  By/Bw uy By/Bu ui By/bwuw  Gy/fwur  Byfwur  Gyfwur  By/bwur  B/bw u (in ,dnoib 13ynuapi Jaynuapi
‘auiz ‘9joIN  ‘asauebuepy ‘pea 13ddoy ‘Jjeqog  ‘wniwpe) ‘wnueg ‘oasily  yidap ajdweg  azis uiesn ajdweg ajoyalog

Distribution of M

62

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [erIuIPISAI
(VdA) Aouady uoro91old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoJorJA) UOHBIUIIUOI S109JJ 9[qeqoid oY) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panuiuo)—410g ‘UN0SSI 101s1g auieg Ajunoq uoibuiysepn syl Buluiesp
salleingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONILL) 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBP SUCIRIUSIUOD JUBWA|S 89LI1108|8S '8 d|qeL



63

Tables 6-9

8¢S $9> 98 6€T 6€ 097> TI> 68 1> € € v€ SO-V-OTN  SO-V-O'TIN
019 $o> L6 69T 4% 09> T LS 1> ¢ 4 v-€ SO-V-OTN  SO-V-O'TIA
IS §9> 618 €T 6% 097> TI> 6¥L 1> € I v-€ SO-V-OTN  SO-V-OTIN
353 $9> 0L 92 Se> 097> €1 91t 1> € ogesoae yng 8A€ ¢-7 SO-V-OTN  SO-V-O'TIN
743 $9> 99L e 6¢€ 09> T OLT‘T > €T v €T SO-V-OTN  SO-V-OTIN
0S¢ €L 8L (443 (47 097> TI> €81°1 1> € € €T SOV-OTN  SO-V-OTIN
08 §9> 758 0g€ Se> 09> TI> 8IT1 1> € z €T SO-V-OTN  SO-V-O'TN
LEE $o> YL 69T St 09> > 180°T 1> €T I €T SO-V-OTN  SO-V-OTIN
443 §9> €89 81 Se> 097> SI £99°¢ 1> 1 ogeroAe yng SAe T-1 SO-V-OTN  SO-V-DTIN
413 §9> 9LS 1zl 6¢€ 097> €1 15€°C 1> 1 4 T SOV-OTA  SO-V-OTIN
0S¢ $o> 08L 681 Se> 09> T 01'¢ 1> 1 3 -1 SO-V-OTN  SO-V-O'TA
LLE 1L (43 20T Se> 097> TI> vT9'e 1> 1 z T SO-V-OTN  SO-V-OTIN
68¢ $9> ILL 681 8% 097> TI> 6LLE 81 1 I T SOV-OTA  SO-V-OTIN
GesS S9> 9T°1 vLT se> 09T> Sl 6€S°S 1> -0 oFeroAe yng 8Ae -0 SO-V-OTAN  SO-V-OTN
98t §9> LT9 Tic Se> 097> TI> 18%°¢ 1> 1-0 v I-0 SO-V-OTN  SO-V-O'TN
98¢ $9> €8 €6 [4S 097> TI> SSI°S 1> 1-0 € 10 SO-V-OTAN  SO-V-O'TA
819 $o> 6¥6 61¢ SS 09> T €€0°S 1> -0 4 [-0 SO-V-OTN  SO-V-O'TA
€29 €L €8 18C 34 097> TI> €€6°S 1> 1-0 I 1-0 SO-V-OTA  SO-V-O'TA
A881] [IIA
L6 S9> 01¢ 8% se> 09T> 09 885°C 1> SI—+1 ofemeae g A€ G[-pI CO-V-OTN  TO-V-O'TA
LET §9> TLe LS Sy 097> L1 T8 1> SIv1 4 SI-¥1 TO-V-OTN  T0-V-O'TN
IS1 §9> 6€T 8% Se> 09> Tl €18°C 1> SI¥1 € SI-¥I TO-V-OTN  T0-V-O'TN
v $o> 60S 09 S 09> > 12I's 4l SI—¥I1 4 SI-v1 TO-V-OTN  TO-V-O'TA
6€T §9> 1z L 0S 097> TI> 0sT'e 1> SI1 I SI-¥1 TO-V-OTN  T0-V-O'TN
Il $9> ¢ 9T Se> 09> (1] 8IL°C 1> v1—¢€I oferoaedng  SAE $I-€1 COV-OTN  TO-V-OTA
LET $o> 681 LT Se> 09> SI 6 > vI—€1 v YI-€1 TO-V-OTN  C0-V-O'TN
691 $9> 60€ (1} 6¥ 097> TI> 4349 1> vI—€1 € YI-€1 CO-V-OTAN  T0-V-O'TA
861 9L 08t (47 Se> 097> TI> £96°S 1> v1-¢€1 4 vI-€1 COV-OTAN  20-V-O'TA
panunuoj—jaai] N
By/bw ur BB u By/Bw u By/bwur  Bybwur  Bypbwu  Gfwuw  Byfwur  G/bw u M) ,dnoib 13uapi Jaynuapi
‘auiz ‘921N ‘asauebuepy ‘peal “1addo? ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘ouasiy  yidap ajdweg azis uleln ajdweg ajoyaiog

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panuiuog—410g ‘UNOSSI 101s1g auieg Ajunoq uoibuiysepn syl Buluielp
salieingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONIRLS 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBp SUCIRIUSIUOD JUBWA|S 89811 108|8S '8 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

"[RAIOYUT P)OR[AS WOIJ J[Nq

JO sueos [[e Jo 23e10AR ‘OFRIOAR Y[NQ SIOUIIW 7 URY) 10)BIT 4 (SINQUWI[IW g—OS7 0 ‘€ IRWI[IW (0SZ'0—£90°0 ‘T “TIRWI[[IW £90°() UBY) SSI[ ‘[ :9ZIS UreId SuIsealout jo 10pio ul pauyap sdnoid ozis-urein,

Distribution of M

64

€10 91°0 - 61°0 00°0 - 6€0 - 10°0 20UuBpa2dXa Hd Jo Aouanbarg
- - - e - - - - - [9A9] Qﬂﬁwoﬁo [enuapIsal dH 2A0qe Suo1}d333ap JO IaquunN
€¢ 6¢ - 3Y 0 - 86 - [4 Ddd 2A0qe SuU0NI3I9P JO IdqunN
168 44! 8L6°C (01474 6L LEE ¥S¢C 806°C1 9% UOI}09)9p WINWIXBI
0S¢C 6¢ LT LTC 66 9 86 Sve 9% SUONd339p JO IaquuInyN
0S¢C 0S¢ 0S¢ 0S¢C 0S¢C 0S¢C 0s¢C 0S¢C 0S¢C pazAeue sojdures jo soqumny
Aewwng
-- -- - 00y -- -- - - -- [9A9] Qzﬁswﬁo Tenuapisal Vdq
65t 09'8% - 8zl 6v1 - 86t - €e  (0007) SO pue pleuoORN WOy (JHJ) UONENUIUOD §1091J3 A[qRqOL]
Y4 S9 c8 €1 93 09¢ 4! 001 1 [0A9] Suniodoy
6 $9> TEL L1T se> 097> €1 286 1> 7€ a3erone yng 8A8 p-¢ GO-V-OTN  SO-V-OTIN
0LS $9> €8L I1¢ Se> 09> €l 966 11> € 14 7€ SO-V-OTN  SO-V-O'TA
panunuo3—yaai] [IIIN
By/bw ur B/ u By/Bw u By/bwur  Bybwur  Byfwur  Gyfwur  Bywur  G/bw uy M) ,dnoib 13uapi Jaynuapi
‘auiz ‘9oIN  ‘esauebuepy  ‘peaq “1addo? ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘owasiy  ydap sjdweg  azis ulein ajdweg ajoyalog

[erep ou ‘-- ‘ueyy ss9 > ‘wreadoqny 1od weidiiw ‘38w 003 Y [oA9] dnued[do prek [erIuIPISAI
(VdA) Aouady uoro91old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoJorJA) UOHBIUIIUOI S109JJ 9[qeqoid oY) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panuiuo)—410g ‘UN0SSI 101s1g auieg Ajunoq uoibuiysepn syl Buluiesp
salleingL Buoje sajoyaloq uiejd-poojs woly sajdwes paals Jo SUONILL) 8ZIS SNOLIBA Ul 89U8ISI0N|) ARJ-X BUISN PauILLIBIBP SUCIRIUSIUOD JUBWA|S 89LI1108|8S '8 d|qeL



65

Tables 6-9

9¢€T G9> G8¢ IS1 Se> 09> > 0€L1 1> [enueN 700 «1-0 00-9-DdN 00-9-D4dN
8¢y §9> 061°1 0€S‘T S6 €LT > 001 €€ [enuej\ 88°0 «C1-6 €0-V-DAN €0-V-DdIN
(447 9> 001°T 0TH'1 Se> 09C> (482 0151 1> [enue]N £€9°0 «679 £0-V-DdN €0-V-DdIN
S74% §9> 01¢°1 (]840 8L 09> > 0€r'1 1> [enueN 90 «9°§ €0-V-DdIN €0-V-DdIN
9sY S9> OLT‘T 0€E‘T 69 09C> > 0Pl 17> [enueN 8¢°0 «S v €0-V-DdN €0-V-DdIN
6¢Y SL 001°1 ovI‘l 4] 09> <> 001 1> [enueN 620 «r€ €0-V-DdIN €0-V-D4dIN
(424 §9> 0v0°1 080°L 99 09> > 06T°1 11> [enuejN 1T°0 «£°C €0-V-OdIN €0-V-DdIN
SSY 9> 0S0°T 0v0°1 09 09C> > ov1‘l 17> [enueN €10 «C 1 €0-V-DdN €0-V-DdIN
8¢y S9> 968 876 0S 09C> (483 0LT‘T 1> [enueN 700 «I-0 €0-V-DdIN €0-V-DdIN
L96 8L (2981 OvE‘L 691 09> L1 908 11> [enue\ 0S'C 9EFT 10-V-DAN 10-V-D4dN
16S 9> (2 080y €6 09C> (482 €09 1> [enuejN SL'1 FT8T 10-V-DAN 10-V-D4dIN
9Ly S9> OLT‘T 08S°C €L 09> €l L¥8 1> [enueN STl S1-T1 10-V-D4N 10-V-D4dN
68¢ S9> 0TIl 0TH'l 6% 6¢ > 090°1 11> [enueN 88°0 «C1-6 10-V-DdN 10-V-DdIN
CLE S9> 0€0°1 091°1 St 09> > 0S1°1 1> [enueN £€9°0 679 10-V-D4N 10-V-D4IN
96¢ §9> 091°1 0TET 0S 09> 48 0LY'1 11> [enuey 90 «9°S 10-V-DdN 10-V-DdN
S9¢ 08 $86 0911 8 09C> > 081°1 17> [enueN 8¢°0 St 10-V-OIN 10-V-DdIN
9re G9> 198 00T IS 09> > 0rTl 1> [enueN 620 € 10-V-D4N 10-V-D4IN
LLE §9> 696 0€0°T Se> 09> €l 0Ts‘1 11> [enue\ 170 «£-C 10°V-DIN 10-V-D4dN
LS€E 9> 6LL 878 129 09C> (482 061°1 1> [enuejN €ro <1 10°V-DIN 10-V-D4dIN
CLE §9> 8C6 48] Se> 09> > 06T°1 1> [enueN 700 «170 10-V-DdN 10-V-D4dN
uie|d pooj} yJo4 |eJaulp
9Cl1 IL il 011 8% 09> > 1L9 1> [enueN 88°0 «C176 dd-dd dd-dg
I€1 0L 060°T 981 w 09> > ¥9 11> [enuej\ €9°0 «679 dA-d94 dJ-¥4
Il 9> or1‘l 981 8 09C> (482 865 1> [enue]N 90 «9-¢ d1-9d 4444
6v1 §9> 160°1 00¢ 8% 09> > G8¢ 1> [enueN 8¢0 S 4194 dd-dd
34! §9> 86 L61 S¢ 09> > 6¢S 11> [enueN 620 b€ 4194 dd-¥4
0¢I S9> €6 00¢ 8% 09> <> Icy 1> [enueN 1o «£-T 4194 d4-dg
6¥1 §9> 9zI‘1 ()74 Ly 09> > (434 11> [enuej\ €10 «C-1 dA-d9 dJ-¥4
0SI 69 201°1 0€C Ly 09> <> 80% 1> [enueN 700 «1-0 4194 d4-dg
utejd pooyy Janty big
By/Bw ui By/6w ui By/Buw ui By/bwur  Byfww  Gybww  Byfwuw  Hybwur  BH/bw u poylaw () 1aynuapi Jaynuapi
‘auiz ‘921N  ‘asauebuepy ‘peaq “19ddoy ‘Jjeqo)  ‘wniwipeq  ‘wnueg  ‘oluasly  uonaajjog ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

"¥10Z "UNOSSI|A 101Is1q 81ieg Alunog
uoiburysepn ayy buiuresp salieingu buoje $8109 urejd-pooj} wolj sajdwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUOLIIUSIUOD JUSWS|S-8981109]|9S "6 d]qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

cl 9> 1234 0L ge> 09> 1> 0¢L 11> 210D Sy Sy 10-9-DdN 10-9-DdN
PII S9> 533 €9 ge> 092> > €L 11> 210D (44 T¥ 10-9-0dN 10-9-DdN
I S9> 609 YL Se> 09> (45 169 > 910D 8¢ 8¢ 10-9-DdN 10-9-DdN
(44! S9> €IS S8 se> ¥0¢ > 109 11> 210D S'¢ §'€ 10-9-DdN 10-9-D4dN
PII S9> LL9 LL ce> 092> > 66L > 210D (43 € 10-9-DdN 10-9-D4dN
L11 S9> 11y L ge> 09> cl> L89 11> alIoD 8T 87 10-9-DdN 10-9-DdN
01 9> €9t S9 ge> 092> > 96L > 210D ¥'C ¥'C 10-4-0dIN 10-9-DdN
SCl S9> (V4% 9¢ ge> 09> cl> 19 > 210D [ TT 10-9-DdN 10-9-DdN
€Tl S9> (444 L se> 09> > 18L 1> 310D 81 8T 10-9-DdN 10-d-D4dN
LT1 S9> 61¢ S9 Se> 092> > SL9 11> 210D Sl ST 10-9-D4N 10-9-D4dN
IS 9> (443 €8 Se> 09> cl> 6L9 11> 210D Cl TT1 10-9-DdAN 10-9-DdN
SLT $9> 669 98 se> 092> > 659 11> 210D 80 80 10-d-DdN 10-9-D4dN
691 S9> (44 Or1 Se> 092> > 98L > 210D 0 $°0 10-9-D4N 10-9-D4dN
£0¢C S9> LIS 811 IS 09> cl> SOL 11> alIoD 20 70 10-9-DdAN 10-9-DdN
681 9> 708 001 8¢ 092> > €LS > [enuey 88°0 «C1-6 10-4-DdIN 10-9-DdN
414 §9> S98 0¢I Se> 09> > 959 1> [enuejN £€9°0 «679 10-9-DdN 10-9-D4N
761 S9> 0¢€8 0cI (014 09> > $69 1> [enuejN 90 «9-S 10-9-DdN 10-d-D4dN
(4! €L 8IL 101 8¢ 092> > 6vS 11> [enue 8¢°0 «S7¥ 10-9-0dN 10-9-D4dN
161 9> 198 8¢l or 09> cl> 1L 11> [enuejn 670 b€ 10-9-DAN 10-9-DdN
€LT S9> 16S €01 94 09> > Y9t > [enuejN 170 «£-C 10-9-DdN 10-g-DdN
S0¢ S9> 16L 8¢l ge> 09> cl> 1399 > [enuey e€ro «C-1 10-9-DdN 10-4-DdN
91 S9> 8L9 L6 ge> 09> cl> SLI 11> [enue]N 70°0 «1-0 T0-9-DAN 10-9-DdN
681 S9> sy 091 ge> 092> > 011°C > [enuey 88°0 «C1-6 00-d-DdIN 00-9-DdN
6¢€1 §9> 69¢ €6 Se> 09> > 09T°1 1> [enuejN £€9°0 «679 00-9-DdN 00-d-DdN
LTI S9> 08¢ 98 se> 09> > 0TEl 1> [enueiy 90 «9-§ 00-d-DdN 00-9-DdN
LTI €L 16¢ 08 ge> 092> > 0LY'1 11> [enue 8¢°0 «S7 00-9-DdN 00-d-DdN
or1 S9> 06€ SOT Se> 09T> > 0LET 1> [enueN 670 7€ 00-9-DdN 00-d-DdN
061 S9> 69 149! Se> 092> > 09%°1 > [enuejN 170 «£-C 00-9d-DdN 00-9-DdN
(1[4 §9> (439 0ST Se> 09> > 065°1 1> [enuejN €10 «C-1 00-d-DdN 00-d-DdN
panunuo)—uie|d pooj4 3104 [BIaUIIA
By/Bw ui By/Bw ul By/Bw ui Gy/bwuw  Byfww  Bybfww  Byfwuw  ByBwuw  Hy/bw u poyaw ) Jaynuapi 1aynuapi
‘oulz ‘101N  ‘osauebuepy ‘peaq ‘1addoy ‘Jjeqo)  ‘wniwpes)  ‘wnueg  ‘aluasly  uonasjjon yidap ajdwes a|dweg ajoyalog

Distribution of M

66

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



67

Tables 6-9

9¢¢ S9> 01%°1 3% SE> 09¢> 91 8IL L[> S0/ vl TP 10-9-DdN 10-9-D4N
49! S9> SOy 61 ge> 09> 1> €8¢ > 210) 8¢l 8'€l 10-d-DdN 10-d-D4dN
161 §9> 081°1 143 Se> 09C> 1> 889 11> 210D Sel S'El 10-9-DdN 10-4-D4N
L8C 901 0€T01 €9 SE> 09¢> I 091°1 > E200) el TEL 10-9-DdN 10-4-D4N
981 S9> 691 €1> Se> 09> 1> 819 91 910D 8'T1 8Tl 10-9-DdIN 10-9-DdN
S91 §9> 00S°C 69 Se> 09C> > ILL 11> 210D Sl $'TL 10-9-DdN 10-9-DdN
orl 9> 944 [44 SE> 09C> (45 €99 > 200 el TTL 10-9-DdN 10-d-D4dN
LET S9> SOL 43 Se> 09> 1> 9SL 1> 210D 811 811 10-9-DdIN 10-9-DdN
€1 S9> 098°1 9F Se> 09> L1 9¢8 1> 210D S1I ST 10-9-DdN 10-9-DdN
6 S9> 020°1 L ge> 09> 1> 199 > 200 [ TIT 10-9-DdN 10-d-D4dN
148! §9> L8 3Y Se> 09T> 1> €89 11> 210D 801 801 10-9-D4AN 10-4-D4N
0¢l1 S9> (8% 144 SE> 09¢> (45 S29 > E200) S0l S0l 10-9-DdN 10-4-D4N
Cll S9> S8 69 SE> Iee <> 919 1> 210D [t TOI 10-9-DdN 10-9-D4N
6 §9> S8 8¢ Se> 09C> > 9¢9 11> 210D 86 8'6 10-d-DdN 10-9-DdN
€01 S9> Lyl 474 Se> 09> 1> 009 11> 210D $6 $'6 10-9-DdN 10-4-04N
30T S9> 699 ¥9 LS 09> 1> 1S9 > 310D 76 T6 10-9-DdN 10-9-DdN
LOT S9> LL6 €9 Se> 09> 1> L09 1> 210D 88 8'8 10-9-DdN 10-9-DdN
801 S9> 2% 09 €S 09> 1> 9L9 > a10p ¢'8 $'8 10-9-DAN 10-d-D4dN
6¢1 §9> 789 IL Se> 09T> 1> L99 11> 210D 8 T8 10-9-DdN 10-4-D4N
I€1 S9> 08% 69 Se> 09> 1> 8CL 11> 210D 8L 8'L 10-9-DdN 10-9d-DdN
SOI1 S9> 991 YL 1974 09¢> <> 8EL 1> 910D L S'L 10-9-DdN 10-9-D4N
9t1 §9> 199 3Y Se> 09C> > 10L 11> 210D TL TL 10-9-DdN 10-9-DdN
001 S9> 66¢ |87 Se> 09> 1> w9 11> 210D 89 8'9 10-9-DdN 10-4-04N
811 S9> $9¢ 69 Se> 09> 1> L99 > 210D (Y $'9 10-9-DdN 10-9-DdN
0c1 S9> ILS L9 Se> 09> 1> €89 1> 210D 79 T9 10-9-DdN 10-9-DdN
[48! S9> 665 09 ge> 09> 1> 879 > 200 8¢ 8'S 10-9-DAN 10-d-D4dN
88 $9> 96¢S 6L SE> 09¢> > 59 11> alop S $'S 10-9-DAN 10-4-D4dN
001 S9> 9¢ S¢S Se> 09> 1> 0€L 11> 210D (43 TS 10-9-DdN 10-9d-DdN
148! S9> (3 94 Se> 09> 1> €09 11> 910D 8Y 8y 10-d-0dN 10-9-DdN
panunuoj—uie|d pooj y404 [BJBUIIA
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hfwur  GyBwur  Gy/buw u poyaw in 1aynuapi Jaynuapi
‘ouiz ‘91N  ‘esauebuely  ‘peaq 1addog ‘Jjeqo)  ‘wnjwpe) ‘wnueg  ‘ouasly  uopaajo) ydap sjdwes a|dweg ajoyaiog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

€L S9> L9€ 0T Se> 09> 4 769 1> 210D S8 $'8 T0-9-DdN 20-d-D4dN
€t §9> €LT 1> Se> 09> > 9¢¢ 11> 210D 8 T8 T0-9-DdN 20-g-DdN
SOt S9> 66¢ 61 Se> 09> > 68S > 10D 8L 8'L T0-d-DAN 20-g-DdN
€6 o> ¢8 ¢C ge> 09> 1> €29 1> 210D S'L S'L T0-d-DAN 20-9d-D4dN
911 9> L¥8 ov ge> 09> > 91¢ > £20) L TL T0-d-DAN 20-9-D4dN
CIl S9> 09%°T 9 Se> 09> cl> €8¢ 1> alop 89 89 70-d-DIN 20-9-DdN
LTT §9> 9Ty (014 Se> 09> 1> $69 11> 210D $9 $'9 T0-9-DdN 20-g-DdN
9¢l S9> £ve 1> Se> 09> > 8¢9 > 10D 9 9 T0-9-DdN 20-9-DdN
8¢C1 So> 14474 94 ge> 09> 1> 989 11> alo0) 8¢ 8'S T0-d-DAN 20-9d-D4dN
1€l §9> 626 66 Se> 09> > 9%9 11> 10D ¢¢ $'S 20-d-DAN 20-9-DdN
4! S9> 06€°1 191 Se> 09> > $96 > 10D s TS T0-g-DAN 20-g-DdN
6¢1 §9> (1141 93 Se> 09> 1> LLS 1> 10D 8y 8% C0-d-DdIN 20-d-DdN
€el S9> 0S¢ 74 Se> 09> > 6S [1> 10D 4 S¥ 20-d-DdN 20-9-DdN
91 S9> LEE St Se> 09> cl> LEL 1> £2(Y0) [ T C0-d-DAN 20-9-DdN
S9! §9> (43! 129 Se> 09> > 78S 1> 10D Le L€ T0-9-DdN 20-9-DdN
981 S9> ¢8 8¢ Se> 09> > €19 > 10D g'e $'€ T0-9-DdN 20-9-DdN
L91 S9> 96¢ 93 Se> 09> 4 629 11> a10) ¢ T€ T0-9-DdN 20-d-DdN
11¢ 06 90S [4% Se> 09> > €LS 1> 10D LT L'T 20-9-DdN 20-d-DdN
L1T o> c0¢ 0S (3% 09> cl> 209 1> £2Y0) 94 ST T0-g-DAN 20-9-D4dN
LYT L6 010t IST Se> 09> 1> L09 1> 210D [ TT T0-9-DdN 20-d-DdN
8LI 88 ¢8 143 0S 09> > 0¢y [1> 10D L1 LT 20-9-0dN 20-9-DdN
081 S9> 8LT 14 Se> 09> cl> 9ty 1> alop Sl ST 20-d-DdN 20-9-DdN
L91 §9> SLT 0¢ Se> 09> > 6Ly 11> 210D 1 T1 20-9-DdN 20-g-DdN
€el S9> S9¢ 74 Se> 09> > 81¢ > 10D 80 SL'0 T0-d-DdN 20-d-DdN
£Cl So> L3I cs ge> 09> 1> 659 > 910D S0 S0 T0-d-DAN 20-9d-D4dN
0LI §9> (114 8 Se> 09> > LS 11> 10D 0 T0 20-9-DdN 20-g-DdN
68¢ 1L 0LTT SCl ge> 09> cl> 09L 1> £2Y0) 49! TST 10-9-DdN 10-9-D4dN
0r¢ §9> 0LET LE Se> 09> 1> L18 1> 210D 8Vl 8¥1 10-9-DdN 10-9-04N
SY4 9> 0v0°1 0¢ ge> 09> > VIL > £20) Sl SPI 10-d-DdN [10-d-DdIN
panunuoj—uie|d poojs Y404 [BJBUIIA
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuwr  Gyfwuwr  Bfwur  GyBwur  Gy/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

Distribution of M

68

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI
(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panunRuo)—410z ‘1IN0SSI 101sIq 8iieg Alunoy
uoiburysepn ayy buiuresp sauieinguy buoje $8109 urejd-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUOILIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



69

Tables 6-9

01¢C So> ¢8 er> Sy 09> 1> 209 11> 210D 8¢ 8¢ €0-d-DAN €0-d-DdN
Lyl §9> Lyl 9¢ Se> 6LC 1> 6LS 1> 10D g¢ $'€ €0-d-DdN €0-d-DdIN
60T S9> L88 (0l% Se> 09> > 6LS > 10D (43 TE €0-g-DAN €0-d-DdIN
181 §9> 08¢ LE Se> 09> 1> LLS 1> 10D 8T 8'C €0-9-DdN €0-d-DdN
981 S9> CIL St Se> 09> 61 0LS [1> 10D ST $'T €0-d-DAN €0-d-DdIN
8LI S9> 68¢C 143 Se> 09> cl> 981 1> alop (4 TT €0-g-DAN €0-d-D4dN
€Sl §9> 10¢ LY Se> 09> 91 96S 1> 10D 8’1 8’1 €0-9-DdN €0-d-DdN
911 S9> 1€C €€ Se> 09> > LLY > 10D S| ST €0-9-DdN €0-d-DdIN
(43! S9> [4%4 (94 8Y 09> 1> 6¢€€ 1> 10D 1 T1 €0-9-DdN €0-d-DdN
L6 §9> 08¢ 4% Se> 09> 1> 029 11> 10D 80 8°0 €0-d-DdN €0-d-DdIN
SII S9> 889 9¢ Se> 09> > [45% > 10D S0 S0 £0-9-DdN €0-d-DdIN
PSI §9> 081°1 IS LS 09> > €8¢ 1> 210D (4] T0 €0-9-DdN €0-d-DdN
LEL 9> 1483 9 (44 09> > Iy > [enueN 880 «C1°6 €0-9-DAN €0-d-D4dN
0¢l S9> 43 [4 8¢ 09> cl> 8¢ 1> [enueN £9°0 «679 €0-d-DAN €0-d-D4dN
9Cl1 L9 oy 49 8¢ 09> 1> I1e 11> [enue]N 90 «9-§ €0-9-DdN €0-d-DdIN
9T1 §9> (Y44 123 Se> 09> > 09¢ 11> [enueN 8¢°0 «Sv €0-g-DAN €0-d-DdN
31 9> 6SS 8L Se> 09> 1> 8% > [enue]N 6C°0 «P€ €0-d-DAN €0-d-DdN
811 §9> 6S¢ 9% Se> 09> > 414 1> [enue 120 «£°C €0-9-DdN €0-d-DdN
801 o> 6T 143 LE 09> > 8¢CI 1> [enue €ro «C 1 €0-9-DAN €0-d-D4dN
8¢ §9> 99¢ [474 6F 09> 1> 9¢1 LT [enue]N 700 «I-0 €0-9-DdN €0-d-DdN
91¢ S9> ¢8 ¥C Se> 09> > 861 [1> 10D 801 801 20-9-DdIN 20-9-DdN
0L S9> S8 e1> Se> 09> 14! c6S 1> alop S0l S'0T 20-d-DdN 20-9-DdN
€LT §9> €99 99 Se> 09> > €99 1> 10D 701 TOI 20-9-DdIN 20-9-DdN
LET S9> 86C 1> Se> 09> > 6L9 > 10D 66 6'6 C0-d-DAN 20-d-DdN
611 S9> 061 1> Se> 09> 1> 90L 91 210D L6 L6 T0-9-0dN 20-9-DdN
LL §9> 798 1€ Se> 09> > 80L 11> 210D S'6 $'6 T0-d-DdN 20-9-DdN
I8 S9> S8 1> Se> 09> > 93 > 10D €6 €6 C0-9-OdN 20-g-DdN
001 8L S8 1> Se> 09> 1> 8¢ 1> 10D 1’6 1'6 20-9-DdIN 20-d-D4dN
86 S9> L0O6 1> Se> 09> > 60L [1> 10D 8’8 8’8 20-d-DdN 20-9-DdN
panunuoj—uie|d poojy Y104 [BJBUIIA
By/Bw ui By/Bw i By/Bw ul By/bwur  Byfww  Gybwuw  Byfww  Hybwur  BH/bw u poylaw il 1aynuapi Jaynuapi
‘oulz ‘901N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjon ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

961 S9> 8IS 9 8Y 09> 1> 109 1> 10D 8T 8'C ¥0-9-DdN 0-d-DdN
881 §9> 6¢L IS Se> 09> 1> L8S 11> 10D ¢ $'T $0-94-DdN Y0-d-DdN
051 o> 1443 LE ge> 09> cl> §29 1> £2Y0) [ TT $0-d-DAN 70-d-DdN
L91 §9> 9¢T 6¢ Se> 09> 1> 68S 1> 10D 81 8’1 $0-9d-DdN 0-d-DdN
86G1 9> 70T ov ge> 09> 14! L19 > £20) Sl ST v0-d-DAN 70-d-D4dN
8C1 S9> £9¢C (44 Se> 09> cl> 4% 1> alop [ TT $0-9-DAN 70-9d-DdN
(4! §9> 06€°1 9¢ Se> 09> > 8¢S 11> 210D 80 8°0 ¥0-d-DdN Y0-d-DdN
(4! S9> 026°1 (94 Se> 09> SI 98 > 10D S0 S0 v0-9-DdN Y0-d-DdN
LTT S9> S8L 9¢ Se> 09> 1> 00¥ > 210D (40 T0 v0-9-0dN Y0-d-DdN
86 §9> ¢8 1> Se> 09> > 089 11> 10D 7’6 v'6 €0-d-DdN €0-d-DdIN
96 S9> 19T 1> Se> 09> > 01L > 10D 6 T6 €0-d-DAN €0-d-DdIN
6 €01 ov8‘1 1> Se> 09> 1> 80L 1> 10D 06 6 £0-9-DdIN €0-d-DdN
8¢l S9> €Tt 1> Se> 09> > 669 [1> 10D 6'8 6’8 €0-9d-0dN €0-d-DdIN
6 S9> S8 e1> Se> 09> cl> 109 1> alop 88 88 €0-d-DIN €0-d-D4dN
66 §9> S8 1> Se> 09> > 934 1> 10D 9'8 9'8 €0-9-DdN €0-d-DdN
L6 S9> ¢8 1> €9 09> > 9¢9 > 10D 7’8 v'8 €0-d-DdN €0-d-DdIN
86 S9> S8 1T Se> 09> 4 €09 1> 10D 8 T8 €0-9-DdN €0-d-DdN
€el §9> 00t°C 19 Se> 09> > 708 11> 10D 8L 8'L €0-d-DdN €0-d-DdIN
001 S9> LLT 98 Se> 09> > €65 > 10D S'L S'L €0-9-DAN €0-d-DdIN
SOl o> ¢8 er> 129 09> 1> S99 11> 210D L TL €0-d-DAN €0-d-D4dN
16 LL ¢8 1> Se> 09> > SLS [1> 10D 89 89 €0-d-DdN €0-d-DdIN
8¢l S9> S9 143 Se> 09> cl> 129 1> alop 9 $'9 €0-d-DIN €0-d-D4dN
651 §9> 001°1 8¢ Se> 09> 1> 19 11> 10D 79 T9 €0-9-DdN €0-d-DdN
9¢l S9> 8S1 LT Se> 09> > 16S > 10D 8¢ 8'S €0-9-DdN €0-d-DdIN
8¢l So> EL1 93 ge> 09> 1> 433 11> alo0) ¢S $'S €0-g-DAN €0-d-D4dN
€el §9> 891 43 Se> 09> > L6S 11> 210D 4 TS €0-9-DdN €0-d-DdN
891 S9> 0LTT LL Se> 09> > 909 > 10D 8 8 €0-9-DdN €0-d-DdIN
1€l §9> €9¢ (014 Se> 09> 1> §9¢ 1> 10D Sy S¥ €0-9d-DdN €0-d-DdN
vl S9> 968 19 Se> 09> > 68S [1> 10D (44 Tt €0-9-0dN €0-d-DdIN
panunuoj—uie|d poojs Y104 [BJBUIIA
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuwr  Gfwuwr  Bfwur  GyBwur  G/bw u poyjaw ) 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

Distribution of M

10

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI
(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panunRuo)—410z ‘1IN0SSI 101sIq 8iieg Alunoy
uoiburysepn ayy buiuresp sauieinguy buoje $8109 urejd-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUOILIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



n

Tables 6-9

8¢ 99 €5¢ 9 LE 09> 1> 001> > [enue]N €10 «C-1S0-d-DAN SO0-d-DdIN
¥SI 99 90¢ 8¢ 8¢ 09> > 001> 11> [enue 700 «I70 $0-9-DAN SO-d-DdIN
€Sl 9> S8 1> 8¢ 09> > 68 > 10D L'11 LT $0-9-DdN Y0-d-DdN
8S1 LTI 089°S 6S Se> 09> 1> SL 1> 10D SIl ST v0-d-DAN 0-d-DdN
051 9> ¢8 61 0s 09> > 9¢¢S > £20) [ TI Y0-d-DdN 70-d-D4dN
Y1 S9> L09 Se Se> 09> cl> c6S 1> alop 80l 80T +0-d-DdN 70-9d-DdN
LTI §9> 69¢ 6¢ Se> 09> > ws 1> 10D S0l $'01 +0-d-DdIN 0-d-DdN
601 9L 699 8¢ Se> 09> > 08S > 10D oI TOL $0-9-OdN Y0-d-DdN
811 S9> 9L1 4 Se> 09> 4 S6S > 210D 86 8'6 ¥0-d-DdN Y0-d-DdN
601 §9> ¢8 81 Se> 09> 1> I€s 11> 10D S'6 $'6 $0-d-DdN Y0-d-DdN
801 S9> S8 1> Se> 09> > 1443 > 10D 6 T6 Y0-d-DAN 0-d-DdN
(44 §9> £6¢ 1> Se> 09> 1> €S 1> 10D 88 8’8 $0-d-DdN 0-d-DdN
LET S9> 949 I¢ €S 09> > IS¢ [1> 10D ¢8 $'8 $0-d-DdN Y0-d-DdN
6Cl1 S9> 081 e1> Se> 09> cl> 8LS 91 alop 8 T8 $0-d-DAN 70-9d-DdN
€t §9> 68S 1T Se> 09> > S9¢ 11> 210D 8L 8'L $0-d-DdN 0-d-DdN
Syl S9> 696 6¢ Se> 09> > 629 > 10D S'L S'L v0-9-DdN Y0-d-DdN
Syl S9> StL 4% Se> 09> 1> 98¢ > 210D L TL v0-9-0dN Y0-d-DdN
6¢1 §9> 0Tl 8¢ Se> 09> > 6SS 11> 10D 89 89 $0-d-DdN Y0-d-DdN
9¢1 S9> 861 8¢ Se> 09> > s > 10D $9 $'9 v0-9-DdN 0-d-DdN
L91 §9> L9T ¥T 8¢ 09> 1> 1S 1> 10D 79 T9 v0-9-0dN 0-d-DdN
(4! S9> 997 Y4 Se> 09> > vCs [1> 10D 8¢ 8'S $0-d-DdN Y0-d-DdN
651 S9> 96¢C (44 Se> 09> cl> c6S 1> alop Y $'S Y0-d-DIN 70-9d-DdN
(4! §9> 916 6¢ Se> 09> > 6SS 11> 210D [4S TS v0-9-DdN 0-d-DdN
9L1 S9> 681 0¢ Se> 09> > 1cs > 10D 8t 8 v0-d-DdN Y0-d-DdN
€51 S9> 1€L i Se> 09> 1> 919 > 210D Sy S¥ $0-9d-DdN Y0-d-DdN
161 §9> LS I¢ Se> 09> > Y6y 11> 210D (44 TY v0-9-0dN Y0-d-DdN
LLT S9> ¥0S 93 Se> 09> > 909 > 10D 8¢ 8¢ v0-d-DdN 0-d-DdN
4! §9> 6¢1 (014 Se> 09> 1> SLS 1> 10D g€ $'€ $0-9d-DdN 0-d-DdN
SSl S9> £v6 LE Se> 09> > 01s [1> 10D (43 T€ 10-d-0dN Y0-d-DdN
panunuoj—uie|d poojy Y104 [BJBUIIA
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuw  Gfwuwr  Bfwur  GyBwur  G/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘901N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjon ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

SII S9> 6¢ 0¢ Se> 09> > 9¢¢ [1> 10D S'L $'L S0-d-DAN SO-d-OdN
10¢ €8 09t°¢ S9 Se> 09> cl> 819 (44 £2(Y0) L TL S0-d-DAN S0-d-DdN
191 §9> SL 94 Se> 09> > LT9 0T 210D 89 8'9 S0-d-DdN SO-d-OdN
961 S9> 001°1 St LY 09> 4! ¥€9 > 10D $9 $'9 S0-9-DAN SO-d-OdN
€91 S9> 091°1 94 Se> 09> 1> ILS 11> 10D 79 T9 S0-d-DAN SO0-d-DdIN
14%4 §9> 6Ly St Se> 09> > L99 11> 10D 8¢ 8¢ S0-d-DAN SO-d-DdIN
681 S9> 88¢ LE Se> 09> > 699 > 10D SES $'S S0-g-DAN SO-d-OdN
161 §9> 1% I¢ Se> 09> 1> 16S 1> 10D s TS S0-d-DAN SO0-d-DdIN
0¢C c8 (48 1> Se> 09> > 19 Sl 10D 8 8% S0-d-DAN SO-d-OdN
61 S9> 00€°T (44 Se> 09> Sl L9 1> alop Sy St S0-d-DAN SO-d-DdN
€Ic §9> €9¢ 43 Se> 09> 61 80L 11> 210D (44 Tt S0-9-DdN SO0-d-DdIN
¥81 S9> £€9 Y4 Se> 09> > 059 0C 10D 8¢ 8¢ S0-d-DdN SO-d-OdN
661 S9> 65y 4% Se> 09> 1> 979 11> 10D S'e $'¢ S0-d-DAN SO0-d-DdIN
€0¢ §9> §9¢ 93 Se> 09> > 959 11> 210D (43 7€ S0-9-DdN SO-d-OdN
6CC S9> 8% 0S Se> 09> > LyL > 10D 8T 8T S0-9-DAN SO-d-OdN
161 §9> 6vy LT Se> 09> 1> $99 1> 10D ST ST S0-d-DAN SO0-d-DdIN
0¢€C S9> 129 6¢ Se> 09> Sl 209 [1> 10D (4 TT SO0-d-DdN SO-d-OdN
0¢¢ S9> SIS LS 29 09> cl> 196 1> alop 81 81T S0-d-DIN S0-d-DdN
91 §9> 011°1 9 LY 09> 1> LS 11> 210D Sl ST S0-d-DAN SO0-d-DdIN
[4q! 9> £€rs 61 ge> 09> > 182 L1 £2Y0) 1l T1 S0-9-DAN S0-d-DdIN
PSI S9> 86T 1> Se> 09> 1> 944 > 210D 80 8'0 S0-9-DdN SO0-d-DdIN
9¢1 9> 6LS 974 S 09> 1> 10S > 210D 0} S0 S0-d-DAN S0-d-D4dIN
€91 S9> 9¢S 19 Se> 09> > 0¢ > 10D 4 T0 SO-d-DAN SO-d-OdN
G81 L9 10¢ 93 Se> 09> 1> 8¢ > [enue]N 880 «C1-6 S0-d-DdIN SO-d-OdN
6L1 §9> (454 [4% Se> 09> > 69T 11> [enuejN €9°0 «679 S0-d-DAN S0-d-D4IN
181 S9> i4li4 144 Se> 09> cl> 0¢ el [enueN 90 «9-S S0-d-DAN SO-d-DdN
€91 §9> €LT St Se> 09> 1> 44 11> [enue]N 8¢0 «Sv SO-d-DAN SO0-d-DdIN
ILT §9> 08¢ €S % 09> > €T 11> [enueN 620 7€ S0-g-DAN S0-d-DdIN
691 9> 0LE 174 (0] 09> > LLT > [enueN 170 «£-T S0-g-DAN SO0-d-DdIN
panunuoj—uie|d pooj 3104 [eJBUIA
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hfwur  GyBwur  Gy/buw u poyaw in 1aynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘peaq “1addo?) ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasly  uonaajjon dap ajdwes ajdweg ajoyalog

Distribution of M

72

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



3

Tables 6-9

S8 S9> L9 8 LE 09> cl> 14¥4 1> [enueN 90 «9-S 1044 1044
¥6 §9> SIL 09 8% 09> 1> 781 11> [enue]N 8¢0 «STF 1044 10-94d
I8 o> 669 49 144 09> > 961 1> [enue 670 7€ 1044 10-44
I8 9> 099 ¥S Se> 09> 1> LST 11> [enueN 170 «£-T 10794 1044
101 §9> 89 ¥9 Se> 09> > 4| 1> [enuey €10 «C1 1044 1044
€6 S9> 899 9¢ 9 09> > 001> 11> [enueN 700 «1-0 10-4d 1044
(3404 |eJauly Jo Ateingu) uiejd poojy y@a4) yneuay ayaino4
SLI S9> 891 1> Se> 09> > 699 > 10D Syl SPI S0-d-DJAN SO-d-OdN
881 So> ¢8 0¢ ge> 09> 1> LLS > 910D £vl YT S0-d-DAN S0-d-DdIN
€LT §9> ¢8 1> Se> 09> 1> ¢8¢ 11> 10D I'vl I'v1 S0-4-D4AN SO-d-OdN
YLI S9> S8 1> Se> 09> > 88Y > 10D 8¢l 8€l SO-d-DdN SO-d-OdN
1474 §9> S8 [44 Se> 09> @ 6LS 1> 10D S€l S'€l SO-d-DAN SO0-d-DdIN
1474 S9> 6L1 Y4 Se> 09> > LS [1> 10D el TEl S0-9-DdIN SO-d-OdN
494 S9> S8 143 87 09> 91 1844 1> alop 8Tl 8TI SO-d-DdN S0-d-DdN
6£C §9> S8 8¢ Se> 09> > Ies 11> 210D ¢l $'TI S0-d-DdIN SO0-d-DdIN
LST S9> 091 8Y Se> 09> 91 9%9 1C 10D (44| TTL SO-9-DdN SO-d-OdN
L81 So> ¢8 81 87 09> 1> LES > 910D 811 811 SO-d-DAN S0-d-DdIN
IL1 §9> 4! 9¢ Se> 09> > 60¥ 11> 10D SN ST S0-9-DdN SO-d-DdIN
STe S9> 089°S 43 Se> 09> 91 S€6 > 10D [} TIT SO-9-DdN SO-d-OdN
S1C §9> 06 0¢ Se> 09> LT S19 1> 210D 801 801 S0-9-DdIN SO0-d-DdIN
Il S9> 0S¢T 1> Se> 09> > 939 [1> 10D S0l $'01 S0-d-DdIN SO-d-OdN
ol S9> 09t e1> Se> 09> cl> 0SS 1> alop 0ol T0T SO-d-DdN SO-d-DdN
ILT §9> 98% I¢ Se> 09> > 059 11> 210D 86 8'6 S0-d-DdN SO-d-OdN
9¢1 S9> ¢8 1> Se> 09> > 80S > 10D S'6 $'6 S0-d-DdN SO-d-OdN
101 S9> S1¢ [44 Se> 09> 1> 14594 > 210D 6 T6 SO-d-DAN SO0-d-DdIN
6Cl1 §9> P1¢ ¥C Se> 09> > vLS 11> 210D 8’8 8’8 S0-d-DAN SO-d-DdIN
wi S9> 18¢ ¥C Se> 09> > 19¢ > 10D S8 $'8 S0-9-DdN SO-d-OdN
o€l §9> 88% 1> Se> 09> 1> €96 1> 10D 78 T8 S0-9-DdN SO0-d-DdIN
vl S9> 245 1> Se> 09> > 159 [1> 10D 8L 8L S0-d-DAN SO-d-OdN
panunuoj—uie|d poojy Y104 [BJBUIIA
By/Bw ui By/Bw i By/Bw ul By/bwur  Byfww  Gybwuw  Byfww  Hybwur  BH/bw u poylaw il 1aynuapi Jaynuapi
‘oulz ‘901N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjon ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

ST> S9> S8 €1> Se> 09> LT €9T 11> 910D (4% Ty C0-¥d 044
143 §9> SSL €1> Se> 09C> 1474 (187 11> 210D 8¢ 8'¢ T0-dd 044
LS S9> 19¢ €1> Se> 09> 1> S6¢ 11> 210D g¢ §'¢€ T0-dd 04
31 S9> 9ty Ie Se> 09> ST 9¢ > 310D S AR E 094
€9 S9> €Cs 9¢ Se> 09> 4! LY 1> 210D 8T 8'C T0-¥d 044
68 88 01L 43 ge> 09> 1> 81 > a10p g $'T T0-ud 20-d4
SL §9> 919 3S ge> 09T> 1> (343 11> 10D (4 TT T0-¥d 0494
S8 S9> 865 6¢ Se> 09> 1> 86¢ 11> 210D 81 81 20-dd 04
06 S9> LyS 6¢ SE> 09> 1> [443 1> V) ST ST zo-¥d c0-dd
9L §9> 00¢ 43 Se> 09C> > 11c 11> 210D 4! A {RE 044
L8 S9> 199 IS Se> 09> 1> 00¢ 11> 210D 80 8°0 C0-dd 04
S6 S9> 61L Ly Se> 09> ST 99% > 210D S0 $'0 T0-¥d 094
001 $9> 178 ¥9 SE> 09¢> (45 8L1 I1> S0 0 T0 7044 20-dd
ST> vl ¢8 er> ge> 09> 0¢ Yoy > 200 (UY S 10-9d 10-44
66 §9> PLI 9 Se> 09T> 1> 8¢ 11> 210D 9 9% 10-¥d 10-44
011 S9> 184S 144 SE> 09¢> (45 90§ > E200) (474 T 10744 10-d4
S11 S9> L68 €9 Se> 09> 1> 331 11> 910D 8¢ 8'¢ 10-¥d 10-¥94
011 §9> €28 8L Se> 09C> > 8t 11> 210D S¢ $'€ 10-¥d 10-¥4
€Tl S9> LLL 0L Se> 09> 1> 16¢ 11> 210D (43 ¢ 1044 10-d4
L11 S9> 6LL 9s Se> 09T> 0¢ S29 11> 910D 8T 8'C 10-¥d 10-¥44
811 S9> €SL 9 Se> 09> 1> 001> 1> 210D §c §'T 1044 1044
1€l S9> 16 YL ge> 09> 1> 6LE > 200 [ TT 10794 10-44
€el §9> 66 9 Se> 09T> 1> TLE 11> 210D 31 81 10-¥d 10-44
611 §9> 0€1°l LL Se> 09> 1> 16¢ 11> 210D Sl ST 10-dd 10-d4
601 So> L6L LS ge> 09> 1> LOY > 910D 1l T1 10794 10-44
8L §9> 619 53 Se> 09C> > LY 1T 210D 80 80 10-¥d 10-¥4
€6 S9> 1L 9¢ Se> 09> g1 LSY 11> 210D 0] $°0 1044 10-d4
611 0L 098 09 LE 09> 1> LT 11> [enueN 880 <16 1044 10-¥44
88 0L ovL 49 Iy 09> > 9s¢T [1> [enueN €9°0 «679 1044 10-d94
panunuo)—(xi04 [eJaullAl Jo Areinqgui) uiejd pooj} 38aig neusay ayaino4
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuwr  Gyfwuwr  Bfwur  GyBwur  Gy/bw u poyjaw il 1aynuapi Jaynuapi
‘auiz ‘21N ‘esauefuely  ‘peaq 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyaiog

Distribution of M

14

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



15

Tables 6-9

s> 9> 81 el> SE> 09¢> 61 8¢ 1> 210D 8¢l 8'€l T0-dd c0-dd
144 §9> §st €1> Se> 09T> 31 €8¢C 11> 210D Sl S'El T0-¥d 044
s> 9> 61 el> SE> 09C> SC 8¢ > 210p el TEL T0-¥d 2044
S¢> S9> S8 143 Se> 09> 9t vLT 11> 910D 8'C1 8Tl T0-¥d 044
ST> $9> S8 el> SE> 09¢> (45 €LI I1> 210p) gcl $'TI 044 20-dd
ST> S9> ¢8 er> ge> 09> 144 SI¢ > a10p (4! TTI T0-¥d 20-d4
LE §9> S8 €1> Se> 09T> (04 8¢ 11> 210D 811 811 20-¥d 044
ST¢> §9> S8 €1> Se> 09> (43 (V7% Sl 210D S1I ST T0-¥d 04
S>> S9> S8 el> SE> 09¢> (117 081 1> 210D [t T 20-dd c0-dd
[43 §9> S8 €1> Se> 09C> 53 6L1 11> 210D 801 801 20-dd 044
ST> S9> S8 €1> Se> 09> 1> 001> 11> 210D S0 S01 T0-¥d 04
S¢> S9> st €1> Se> 09> ST ¥91 11> 910D o1 01 20-¥d 044
§3 S9> S8 €1> Se> 09> 0¢ 0cc 1> 210D 86 8'6 C0-dd 044
ST> S9> ¢8 er> ge> 09> €@ SLT > a10p S'6 $'6 C0-dd 20-d4
S¢ §9> S8 €1> Se> 09T> 1> 19¢ 11> 210D 6 T6 T0-¥d 044
6¢ S9> S8 €1> Se> 09> 91 $33 11> 210D 88 8'8 T0-dd 044
8¢ S9> 94! €1> Se> 09> 8¢ 98¢ 1> 210D S8 $'8 T0-dd 094
ST §9> 0LT €1> Se> 09C> 0t 001> 11> 210D 8 T8 T0-¥d 044
LE S9> 0¢ €1> Se> 09> LE L9¢ 11> 210D 8L 8'L T0-dd 04
§T> o> 081 er> SE> 09¢> > 001> > 210D SL $'L T0-¥d c0-dd
ST> 8L S8 el> SE> 09¢> 91 (444 I> S0 L TL 7044 20-dd
ST> S9> 9¢l er> ge> 09> €C IS¢ > 200 89 89 70-¥d 20-d4
13 §9> (474 €1> Se> 09T> (43 (454 11> 210D $9 $'9 T0-dd 044
8% S9> 981 el> SE> 09¢> (45 vLT > E200) 79 79 7044 20-dd
ST> S9> €0C €1> Se> 09> 31 60% 11> 910D 8¢ 8'¢ T0-¥d 094
gT> 9> ¢8 er> ge> 09¢> 81 1443 1> 20 Y $'S z0-¥d 20-dd
6¢ S9> S8 €1> Se> 09> €€ 8t 61 210D (43 TS T0-dd 0-¥4
[43 S9> S8 €1> Se> 09> 1> €9C 4! 910D 8Y 8% C0-dd 044
ST> $9> [4y4 el> SE> 09¢> 9¢ ()27 I1> 210p) SY Sv 20-dd 20-dd
panunuo)—(3i04 [eJaullAl Jo Ateinqgui) uiejd pooj} 38aig yneusay ayoaino4
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuwr  Gfwuwr  Bfwur  GyBwur  G/bw u poyjaw ) 1aynuapi Jaynuapi
‘auiz ‘21N ‘esauefuely  ‘peaq 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyaiog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

9 I8 ¥8¢ 8¢ Se> 09> 1> LET 11> 210D 81 8’1 €0-dd €04
L9 §9> ELY €C Se> 09C> > 81¢ 11> 210D Sl ST €0-dd €044
68 S9> 09¢ 9¢ Se> 09> 1> 901 11> 210D [ T1 €0-¥d €0-dd
3L S9> SL 1474 Se> 09> 1> SLY 1> 210D 80 8'0 €0-¥d €04
9L S9> LLY 6¢ Se> 09> 1> 09¢ 1> 210D 0] §'0 €0-dd €0-4d
S8 S9> 4% 123 ge> 09> Ic 001> > a10p 0 T0 €094 £0-dd
LL €L 1€9 53 8¢ 09T> 1> 09¢ 11> [enueN 880 <16 €0-¥d €0-dd
€6 §9> 979 8% Se> 09> > 8¢ > [enue\ €9°0 «6°9 €0-dd €04
LL S9> 009 1474 St 09> 1> ¥91 11> [enueN 90 «9-S €0-¥d £0-dd
€8 §9> 1433 St Se> 09T> > 161 1> [enueN 8€0 «S v €0-dd €04
6L S9> (44 (34 Se> 09> > TLI > [enuejy 620 «r€ €044 €04
18 S9> 899 9F Se> 09> 1> 781 11> [enueN 170 «£°T €0-¥d €044
98 §9> ¥19 93 144 09¢> (45 ¥0¢ €l [enue €ro «C-1 €0-¥d £0-d4d
8 S9> 019 43 187 09> 1> €61 > [enueN ¥0°0 «I-0 €0-¥d £0-dd
ST §9> 181 €1> Se> 09T> (34 61S 11> 210D 9'81 981 20-dd 044
[44 S9> (<14 LT SE> 09¢> 0¢ 96¢ > E200) ¥'81 v'81 C0-¥d 20-dd
[43 S9> LLT €1> Se> 09> Ie 90¢ 11> 910D 81 81 20-¥d 044
LE §9> 19¢ €1> Se> 09C> ST 1404 11> 210D 8'L1 §'LT 2044 044
ST> S9> 96¢ €1> Se> 09> 61 143 11> 210D SLI S'LT T0-¥d 04
43 S9> S6¢ 6¢ Se> 09T> €C (1143 > 210D TLl TLL 2044 094
S¢ L 8§34 61 Se> 09> 1> 9t¢ 1> 210D 891 891 20-¥d 044
€S S9> €LE 14 ge> 09> Ic 1y > 200 91 S9T T0-dd 20-d4
ST §9> S8 €1> Se> 09T> L 896 11> 210D 91 T91 20-dd 044
or §9> (404 €1> Se> 09> 1> 88¢ 11> 210D 8°¢1 8'S1 20-¥d 04
6¢ S9> €LE €1> Se> 09> 144 Sve > 210D 9 S'ST T0-¥d 094
6v §9> 534 €1> Se> 09C> L1 91¢ 11> 210D 43! TST 2044 044
6S S9> LYY €1> Se> 09> I¢ (133 11> 210D 81 8¥1 C0-dd 0-¥4
IS S9> 88C €1> Se> 09> 1> 611 > 210D Syl SP1 T0-dd 094
8¢ $9> ¥6¢ el> SE> 09¢> 9¢ Y44 I1> 210p) vl Trl T0-¥d 20-dd
panunuo)—(xi04 [eJaullAl Jo Areinqgui) uiejd pooj} 38aig neusay ayaino4
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuwr  Gyfwuwr  Bfwur  GyBwur  Gy/bw u poyjaw il 1aynuapi Jaynuapi
‘auiz ‘21N ‘esauefuely  ‘peaq 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyaiog

Distribution of M

16

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



17

Tables 6-9

SL S9> 69 9¢ Se> 09> 91 994 [1> 10D ¢Sl $'ST €0-dd €04
143 S9> 681 e1> St 09> (43 4974 11> £2(Y0) [} TST €044 £0-d4d
SL §9> 08 (44 Se> 09> > €ee 11> 210D Y1 8¥I €0-dd €04
8L S9> 866 93 Se> 09> > 2349 > 10D Syl SPI €044 €044
9¢ S9> 88L 1> Se> 09> 94 6S€ 1> 10D Tyl THl €0-dd €0-dd
143 §9> €I¢ 1> Se> 09> €C 994 11> 10D 8¢l 8 €l £0-¥d €04
9¢ S9> 0S¢T 1C Se> 09> (@ 60¢ > 10D Sel SEl €0-Ud €044
144 §9> 16¢ 9T Se> 09> Ic 98¢C 1> 210D el TEl €0-dd €0-dd
ST> S9> 90L 1> Se> 09> 61 06C [1> 10D 8'CI 8Tl £0-¥d €04
s> S9> S8 e1> Se> 09> (43 €81 1> alop STl STI €044 £0-d4d
8 §9> 68¢ LE Se> 09> 61 98¢ 11> 10D el TTl €0-dd €0-dd
€€ S9> €T 1> Se> 09> 91 S6¢ > 10D 8L 8L £0-¥d €044
ST S9> LT 1> Se> 09> LT €ve 11> 10D S'L S'L €0-¥d €0-dd
6¢ §9> 949 1> Se> 09> > 1474 11> 210D L TL €0dd €04
s> S9> S8 1> Se> 09> 81 Y44 > 10D 89 89 €0-¥d €044
4 S9> S8 1> Se> 09> LT 1§74 1> 10D S9 $'9 €044 €0-dd
ST> S9> I€1 1> Se> 09> > 9LT [1> 10D 79 79 €0-dd €04
1€ S9> 1391 e1> Se> 09> LE 8S 1> alop 8¢ 86 €0-¥d £0-d4d
8¢ §9> 6LC 1> Se> 09> €C 9T¢ 11> 210D S $'S €0-¥d €0-dd
0¢ S9> 44! 8¢ Se> 09> 61 L6€ > 10D 4 TS €044 €044
ST S9> S8 1> Se> 09> (4% 20$ > 210D 8t 8y €0-dd €04
ST> §9> ¢8 1> Se> 09> > €9¢ 11> 10D 4 S¥ €044 €04
LT o> 144! > ge> 09> LT L8V 1> £2Y0) (44 T €0-¥d €0-dd
[4% §9> 20¢ 1> Se> 09> LT we 1> 210D 8¢ 8¢ €0-dd €0-dd
ST> S9> ¢8 1> Se> 09> 0¢ Il [1> 10D SN $'€ €0dd €04
s> S9> S8 e1> Se> 09> cl> 001> 1> £2(Y0) [ TE €04 £0-d4d
9¢ §9> €8¢ 1> Se> 09> 0¢ 9L1 11> 210D 8T 8T €044 €04
8¢ S9> 9¢¢ 6¢ Se> 09> > 8¢ > 10D ST $'T €0-¥d €044
6¢ S9> S19 8¢ Se> 09> 4 6L1 11> a10) [ TT €0¥d €0-dd
panunuo)—(x404 [e4aully Jo Areinqgui) uiejd poojy 3aalg }neuay ayaino4
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hfwur  GyBwur  Gy/buw u poyaw in 1aynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘peaq “1addo?) ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasly  uonaajjon dap ajdwes ajdweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

8t S9> 799 ST Se> 09> 1> LLY 1> 210D 0] $'0 S0-dd S0-dd
ge S9> 969 81 ge> 09> 1> ¥9¢ Sl 210) 0 T0 S0-dd S0-dd
S9 S9> 185 8¢ Se> 09C> 1> S1¢ 11> [enueN 880 <16 S0-¥d S0-dd
€9 §9> 019 6¢ Se> 09> > €LT > [enue €9°0 «6°9 S0-dd S0-dd
¥S S9> 8TL 8¢ Se> 09> 1> (3%4 11> [enueN 90 «9-§ §0-dd S0-¥d
Ly S9> 449 8¢ Se> 09T> > 9¢ 1> [enueN 8¢€0 «STF S0-dd S0-dd
Ly S9> SIS 6l Se> 09> > (34! > [enuej 620 «r€ §0-dd S0-¥dd
0S S9> 1S 6¢ Se> 09T> 1> 148! 11> [enueN 170 «£°T S0-¥d S0-dd
Ly §9> 08¢S 1T Se> 09> > LO1 [1> [enueN €10 «C 1 S0-¥d S0-dd
IL S9> I8¢ 91 9¢ 09> 1> 901 > [enue ¥0°0 «I-0 S0-¥d S0-dd
4 §9> S8 €1> Se> 09T> L1 (43 11> 210D 8¢ 8'S $0-dd 70-d4
€9 §9> 6€¢ 143 Se> 09> 1> 854 11> 210D S $'S 044 7044
6¢ S9> S8 €1> Se> 09> ST 89¢ 11> 210D 4 TS v0-dd Y094
LY §9> €L1 €1> Se> 09C> I¢ LYT 11> 210D 8Y 8y $0-dd 70-d4
¥01 S9> €LL (49 LS 09> 1> 80t 1C 210D 4 S¥ ¥0-dd 704
LOT S9> €L 39 Se> 09> ST 1489 11> 910D (4% TY $0-dd 70-d4
16 18 169 ¥S Se> 09> 61 LL9 1> 210D 8¢ 8¢ ¥0-dd 70-d4
08 S9> L99 cs ge> 09> 1> [43% > a10p e $'€ v0-ud ¥0-d4
<01 §9> 6€8 IL LS 09T> 1> SIS 11> 210D (43 R L 70-d4
SoT1 S9> 001°1 ¥S 09 09> 1> cob 0¢ 210D 8'C 8'CT ¥0-dd 7044
98 S9> 185 94 Se> 09> L1 0¢ 144 910D N4 §'T v0-dd 70-d4
38 §9> 198 0L St 09> > 0€s 11> 210D (44 TT $0-4d 70-d4
101 9> 99 [44 Se> 09C> (45 6¥S > 200 8’1 8T v0-¥d 0-dd
€8 S9> €18 0S Se> 09> 1> (4% > 210D Sl ST v0-dd Y0-dd
901 S9> 989 8S Se> 09> Sl 00S 1> 210D 4! T $0-¥4 ¥0-d4
001 S9> 18 L ge> 09> 1> 6¢€¢ > 200 80 80 v0-¥d y0-d4
66 §9> 338 Ly ge> 09T> 31 6% 11> 10D S0 $'0 v0-dd Y0-dd
0c1 S9> 060°1 L9 Se> 09> 1> €6C 11> 210D 0 T0 ¥0-dd 7044
[49 S9> 869 31 Se> 09> 144 G8¢ 11> 910D 8°¢1 8T €0-¥d €04
panunuo)—(x404 [e4aullyl Jo Areinqgui) uiejd poojy 3aalg }neuay ayaino4
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hfwur  GyBwur  Gy/buw u poyaw in 1aynuapi Jaynuapi
‘ouiz ‘91N  ‘esauebuely  ‘peaq 1addog ‘Jjeqo)  ‘wnjwpe) ‘wnueg  ‘ouasly  uopaajo) ydap sjdwes a|dweg ajoyaiog

Distribution of M

18

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



1

Tables 6-9

S6C S9> 001°T 0¢l YL 09> 91 0€€’1 > a10p S0 S0 10-9-TN 10-d-DTIN
81¢ §9> 108 801 Se> 09T> 1> 156 11> 210D 0 T0 10-9-TN 10-4-OTIN
0LC @ 89 €6 Se> 09> > 099 11> [enueN 880 «C1-6 10-9-TA 10-d-DTIN
1LT 9> 61L L6 Se> 09> 1> 6 > [enue]N £9°0 «6°9 10-9- TN 10-9-DTIN
09¢ S9> 0CL 901 8¢ 09C> 1> 0TIl 11> [enueN 90 «9-S 10-9-TIN 10-g-D TN
09¢ IL 68L 101 6¢ 09C> 1> 011°1 > [enuejN 8¢0 «Sv 10-9-TIN 10-d-DTIN
we S9> STL 96 Se> 09> 1> 0€I‘1 91 [enueN 670 <€ 10-9-TIN 10-4-0TIN
LTC $9> 9%9 6 SE> 09¢> (45 068 1> [enueN 1T0 «£-C 10-9-TIN 10-4-DTN
£Ce S9> LY9 L8 ge> 09> 1> 696 > [enueN €ro «C1 10-9-TIN 10-d-DTIN
4% IL 9SL 96 8¢ 09T> 1> 66L 11> [enueN ¥0°0 «1-0 10-9-TIN 10-4-OTIN
utejd pooyy 8213 [l
LL 34! 81¢ ot Se> 09> 1> rel > 210D ¥'9 v'9 S0-dd S0-¥d
143 S9> LY |84 Se> 09> 1> €el 1> 210D 9 79 S0-¥d S0-4d
ST> S9> ¢8 er> ge> 09> 1> LTI > a10p 8¢ 8'S S0-¥d S0-dd
ST §9> S8 €1> Se> 09T> 99 984 11> 210D S $'S 044 S0-¥d
89 §9> 99¢ 144 Se> 09> 1€ 8CL 11> 210D (43 R S0-dd
49 S9> 8§44 €1> Se> 09> €¢ €0S > 210D 8t 8'Y $0-dd S0-¥d
53 §9> (489 8¢ Se> 09C> > 353 11> 210D 4 S¥ S0-dd S0-dd
ST> S9> $9¢ €1> Se> 09> 1> 001> 11> 210D Ty Tr S0-¥d S0-dd
9¢ §9> TLI €1> Se> 09> €C 60% > 210D 8¢ 8¢ $0-dd S0-¥d
6S S9> S8 €1> Se> 09> 1> 1443 1> 210D S¢ §'€ s0-dd S0-4d
0S S9> 1381 er> ge> 09> 0¢ (82474 > 200 [ 7€ S0-dd S0-dd
€L §9> CLS 0S Se> 09T> S1 €LY 1> 10D 8T 8T $0-dd S0-¥d
€¢ §9> Sty LE Se> 09> L1 065 11> 210D §c $'T s0-d4 S0-dd
69 S9> 81¢ 143 Se> 09> 1> 801 > 210D (4 TT S0-dd S0-¥d
9 §9> 9¢S 43 Se> 09C> > (487 11> 210D 81 8’1 S0-¥d S0-dd
9 S9> 861 I¢ Se> 09> 1> (454 11> 210D Sl ST 044 S0-dd
99 S9> S09 3¢ Se> 09> 4! LSY > 210D 4! TT S0-dd S0-¥d
[49 S9> LIL (44 Se> 09> 1> 0S¥ 1> 210D 80 8°0 S0-dd S0-dd
panunuo)—(3404 [eJaullAl Jo Aleinqgui) uiejd pooj} 38aig neusay ayaino4
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuw  Gfwuwr  Bfwur  GyBwur  G/bw u poyjaw il 1aynuapi Jaynuapi
‘auiz ‘21N ‘esauefuely  ‘peaq 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjon ydap ajdwes a|dweg ajoyaiog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

8¢ 9> L19 09 ge> 09> > 018 > £20) [ TT 09 TN 20-9-D TN
(44 S9> 99¢ 6S Se> 09> €C €C8 1> £2(Y0) 81 81 209~ TN 20-9-O TN
8¢C §9> 2L IS Se> 09> 1> 69¢ 11> 210D Sl ST 209 TN 20-g-OTN
e 9> LOL S9 ge> 09> > CIL 1> £2Y0) 1l T1 209 TN c0-9-O TN
9LT 9> 126 ¥9 Se> 09> 1> €LY 9T 210D 80 8°0 C0-d-TN 0-g4-O0TN
(44 §9> 19§ 6 Se> 09> > 666 1> 10D S0 $'0 209~ TN 0-g-OTN
0¢C o> 8¥S 9¢ ge> 09> cl> we 1> £20) 0 70 209 TN c0-9-D TN
SIS o> 8¢ S6 ge> 09> ¥ (84 1> 210D 8L 8L 10-d-TN 10-9-DTIN
6¥S S9> 0l 08 Se> 09> Sl 65y [1> 10D S'L S'L 10-9-TN 10-4-DTIN
LIS S9> 99 6 Se> 09> 144 88S 1> £2Y0) L TL 109 TN 10-9-DTIN
0TL §9> LEL 06 Se> 09> 81 €S 1> 10D 89 89 10-9-TN 10-9-OTIN
we S9> S19 6 Se> 09> 91 179 Y4 10D $9 $'9 10-9-TN 10-g-DTN
Ly 9> ¢8¢ 6S Se> 09> 1T 14744 > 10D 79 79 10-9-TIN 10-d-OTIN
90S §9> L9¢ 69 Se> 09> ¥C vL9 1> 10D 8¢ 8¢ 109~ TN 10-g-DTN
S9¢ S9> 8Ly 8L Se> 09> (@ 6S > 10D SES $'S 10-9-TN 10-9-DTIN
CL9 §9> 06t IT1 Se> 09> 1> 01S 1> 10D s TS 109 TN 10-9-OTIN
959 S9> 80S IL Se> 09> 0¢ 959 99 10D 8 8 10-9-TN 10-d-DTN
61S S9> 96S 8L Se> 09> cI> ILS 1> alop Sy St 109~ TN 10-9-DTIN
I8¢ §9> 9§ 78 Se> 09> S1 768 ¥T 210D (44 Tt 109 TN 10-9-DTIN
LLE S9> LOS LL Se> 09> > 0L0°1 > 10D 8¢ 8¢ 10-9-TN 10-g-DTN
09¢C So> (4% 43 ge> 09> L1 091°1 > 910D e S¢ 109 TN 10-4-OTIN
¥6C §9> 1494 €S 0S 09> 81 0S6 11> 210D (43 ¢ 109 TN 10-d-DTN
S6¢ S9> 78t SL Se> 09> > 9%9 > 10D 8T 8T 10-9-TN 10-9-DTIN
15T §9> S08 €9 Se> 09> 1> €T8 1> 10D ST ST 10-9- TN 10-94-OTIN
8LT S9> 60S 16 Se> 09> > 6LL [1> 10D (4 TT 10-9- TN 10-d-DTN
1¥C S9> 16¥ L9 Se> 09> 0T g9 14 alop 81 8T 109~ TN 10-9-DTIN
0S¢C §9> 099 LL Se> 09> 1> 188 11> 10D Sl ST 109~ TN 10-9-OTIN
8¢ S9> LSS 16 Se> 09> 91 98 > 10D 1 T1 10-9-TIN 10-g-DTN
1433 So> LYL 701 ge> 09> 1> 918 > 910D 80 80 10-d-TN 10-9-DTIN
panunuog—ute|d pooj}3aai I
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hyfwur  GyBwur  Gy/bw u poyaw in 1aynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘peaq “1addo?) ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasly  uonaajjon ydap ajdwes ajdweg ajoyalog

Distribution of M

80

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI
(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panunRuo)—410z ‘1IN0SSI 101sIq 8iieg Alunoy
uoiburysepn ayy buiuresp sauieinguy buoje $8109 urejd-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUOILIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



81

Tables 6-9

[48% S9> sSL 0s SE> 09¢> (45 ¥8S L[> S0/ [ 7€ 109 TN Y0-4-DTIN
06¢ S9> [45% cs ge> 09> 1> 969 > 210) 8T 8T v0-d-TN 70-d-D TN
16¢ §9> 1S 143 Se> 09C> 1> s9 11> 210D ST $'T Y0-a- TN Y0-d-DTN
01¢ S9> 143% [4Y SE> 09¢> (45 899 > E200) (4 TT Y0-a-TIN Y0-4-DTIN
91¢ S9> 10 19 Se> 09> L1 1443 11> 910D 81 8’1 v0-d-TIN 70-4-D' TN
661 §9> (47474 9F Se> 09C> > 909 11> 210D Sl ST v0-a-TN ¥0-d-D' TN
S0¢ 9> 0% €S SE> 09C> (45 019 > 200 'l T1 v0-g-TIN Y0-d-D TN
681 S9> ely 49 Se> 09> 1> 659 > 310D 80 8'0 v0-d-TIN Y0-d-DTN
891 S9> 609 0L Se> 09> 1> 868 1> 210D 0] $'0 v0-a-TN ¥0-d-D' TN
0LT S9> 9T¢ 49 LS 09> 1> 189 > 200 0 T0 Y0-d-TIN 70-d-DTIN
6S¢ S9> €29 99 8¢ 09C> > 989 11> [enueN 880 <16 €0-9-TN €0-d-DTN
§Tc §9> YLS 69 Se> 09> > €€9 > [enue €9°0 «6°9 €0-9-TN €0-d-DTIN
(V44 S9> SIS 08 (34 09> 1> 689 11> [enueN 90 «9-S €0-9-TIN €0-d-DTN
€T S9> 909 0L Se> 09T> 1> 69 1> [enueN 8€0 «S ¥ €0-a-TIN €0-d-OTIN
(344 S9> ILS 1L 6¢ 09> > L09 > [enuej 620 7€ €0-9- TN €0-9-DTIN
Y44 S9> (439 $9 8¢ 09T> 1> 099 11> [enueN 170 «£-C €0-9- TN €0-d-DTN
SIc §9> 399 89 Se> 09> > 8ov [1> [enueN €10 «C 1 €0-d-TN €0-9-DTIN
LTC S9> 14 69 3% 09> 1> §79 > [enue ¥0°0 «1-0 €0-g-TIN €0-9d-OTIN
86 §9> 081 IL Se> 994 1> 6LY 11> 210D LS L'S 209" TN 20-g-OTN
06L S9> 06¢ Ly Se> 09> 1> €TT 8¢ 210D S §'S T0-d- TN 20-d-D' TN
6LS S9> YLy 08 Se> 09> 31 1793 11> 910D s TS T0-9- TN 0-g-0TN
8¥L §9> (01474 48! Se> 09C> > 609 0¢ 210D 8Y 8y 0-d- TN 20-9-D' TN
798 101 96L Sl SE> 09C> (45 499 > 200 Sv Sv T0-d- TN 20-d-DTN
LT6 S9> 086 €31 3Y 09> 1> S99 > 310D (44 Ty C0-g-IN 0-g4-OTN
vL8 S9> LE9 IS1 Se> 09> 91 8¢9 1> 210D 8¢ 8'¢ T0-d- TN 20-9-D' TN
€86 S9> 609 16 ge> 09> 1> 865 > 200 e $'€ T0-g- TN 20-d-DTN
€65 S8 L6S 98 Se> 09T> 4! €eL 1> 310D e TE T0-g-IN 20-g-OTN
99¢ S9> S€9 S6 St 09> L1 68L 11> 210D 8'C 8'C T0-d- TN 20-d-D' TN
6Ly S9> LOL €L Se> 09> 1> 18L 1T 210D Y4 $'T T0-9- TN 0-g-0TN
panunuod—uield poojy ¥aa.9 [l
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hfwur  GyBwur  Gy/buw u poyaw in 1aynuapi Jaynuapi
‘ouiz ‘91N  ‘esauebuely  ‘peaq 1addog ‘Jjeqo)  ‘wnjwpe) ‘wnueg  ‘ouasly  uopaajo) ydap sjdwes a|dweg ajoyaiog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

1444 S9> €S 98 Se> 09> 1> 01€'1 11> 10D 8'C 8T S0-d-TN SO-d-OTN
1€C §9> £33 ¥9 Se> 09> > 00T°1 11> 210D ¢ ST S0d-IN SO-d-OTN
95T S9> L€ 143 Se> 09> > 001°1 €C 10D (4 TT S0-d-TIN SO-g-OTN
LLT §9> 98¢ 8L Se> 09> 1> S18 1> 210D 81 8T S0-d-TN SO-d-OTN
9LT S9> L9 L9 LS 09> > €9L [1> 10D Sl ST S0-d-TN SO-d-OTN
1944 S9> LIS 0L Se> 09> L1 99 1> alop [ TT S0-g-TN SO-d-OTN
[4%4 §9> 0l 9¢ Se> 09> 1> 8SL 11> 210D 80 80 SO-d-TN SO-d-OTN
60¢ S9> YLS L9 Se> 09> > 8P > 10D S0 $'0 S0-d-TN SO-d-OTN
933 S9> 06S 76 Se> 09> 61 0€9°1 11> 10D [40) T0 SO-d-TIN SO-d-OTN
I1¢ S9> 98¢ 8 Se> 09> > 89¢ 1> [enue 880 «C1-6 S0-d-TA SO-d-OTN
80¢ S9> 09¢ 86 8¢ 09> > 98L 11> [enueN £€9°0 «679 S0-g-TIN SO-d-OTN
66T §9> yes 68 (0] 09T 1> ¥S6 > [enue]N 90 «9-S S0-d-TIN SO-d-OTN
1483 §9> 01§ 78 Se> 09> > 896 ¥1 [enuejN 8¢°0 «Sv S0-g-TIN S0-d-DTN
96¢C S9> 139 78 LY 09> cl> 0ST‘T 91 [enueN 6C0 € S0-g- TN SO-d-OTN
10€ §9> w9 601 Se> 09> 1> 0LE' 11> [enue]N 170 «£°C SO-9-TN SO-d-OTN
8¢ 69 9 I1I ge> 09> > 018°1 Sl [enue e€ro «C1 S0-9-TN SO-d-OTN
(343 9> 009 PIl Se> 09> 1> 00T > [enue]N 700 «1-0 S0-g-TIN SO-d-OTN
LSy §9> 6L9 Iy Se> 09> 81 001> 11> 10D YL v'L v0-9- TN Y0-d-DTN
89¢ S9> 0€T‘1 YL Se> 09> IC (41 > 10D 89 89 v0-d-TN YO-d-OTN
61§ §9> 0CL €9 Se> 09> I¢ 98¢ 1> 10D S9 $'9 $0-9-TN Y0-d-OTIN
8t S9> ¢8 1> Se> 09> 0¢ 001> [1> 10D 9 79 v0-d-TIN Y0-d-DTN
16¢ S9> £Cs 6S Se> 09> cl> 0cc 1> alop 8¢ 8'S Y0-d-TN 70-9d-0TIN
LTT §9> ¢8 1> Se> 09> I¢ 6L1 11> 210D S $'S v0-d- TN Y0-d-OTIN
8P S9> 69% €€ Se> 09> @ 0¢ €C 10D 4 TS Y0-d-TIN YO-d-DTN
89¢ S9> 0LT1 66 Se> 09> 1> SLT > 210D 8t 8 v0-d-TN Y0-d-OTIN
I1L §9> 0S0°1 LOT Se> 09> LT LY9 11> 10D 4 ¥ $0-d- TN Y0-d-DTN
659 S9> SLL $01 Se> 09> > vL9 6¢ 10D (44 T v0-d-TIN YO-d-OTN
€8¢ §9> 0S¢ 6L Se> 09> 1> 09¢ 1> 10D 8¢ 8¢ ¥0-9-TN Y0-d-OTIN
09 S9> 89¢ 19 Se> 09> 91 0¥9 [1> 10D SN $'€ v0-d-TN Y0-d-DTN
panunuod—uiejd poo} 38819 |l
By/Bw ul By/Bw i By/Bw ui By/bwur  Byfww  Bybwuw  Byfww  Hybwur  BH/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

Distribution of M

82

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



83

Tables 6-9

8¢ 9> 0SS LT1 Se> 09> 1> 006°1 > [enuelN 6C°0 7€ 10-V-DTIN 10-V-OTN
98¢ S9> 6¥S PEl LE 09> > 0S1°C 1> [enue 120 «£°C 10°V-O'TA 10-V-O1N
18¢ o> 961y 6¢€1 (117 09> cl> 09C‘C 1> [enue €ro «C 1T T0-V-OTN 10-V-O'TN
S0¢ 0L 6¢S 0l 4% 09> 1> 0S1°C > [enue]N 700 «I-0 T0-V-O'TA 10-V-OTN
80¢ S9> L98 99 Se> 09> 61 6S [1> 10D Tl TI S0~ TN SO-d-OTN
811 S9> 1391 6C Se> 09> cl> 99 1> alop 80l 80T SO-d- TN SO-d-OTN
8S1 §9> €9¢ 0¢ Se> 09> > 60¢ 11> 210D S0l $01 SO-d-TIN SO-d-OTN
68¢C S9> L1T YL Se> 09> > 1€9 > 10D oI 0l SO-9-TN SO-d-OTN
SI¢ S9> S8 76 Se> 09> 6€ 8¢S 1> 10D 86 8'6 S0-d-TN SO-d-OTN
€0¢ §9> ¢8 8L Se> 09> 1> 933 11> 10D S'6 $'6 SO-d-1N SO-d-OTN
s> S9> 0CL 1> Se> 09> > 0LT > 10D 6 T6 SO-d-TIN SO-g-OTN
s> S9> S8 1> Se> 09> [4S (994 11> 210D 8'8 8'8 S0-d-TN SO-d-OTN
sT> S9> ¢8 1> Se> 09> ¥S 61L [1> 10D ¢8 $'8 S0-d- TN SO-d-OTN
ol S9> 8IL e1> Se> 09> cl> 124 1> alop 8 T8 S0-9-TN SO-d-O TN
L91 §9> 68S 6¢ Se> 09> 94 IL8 1> 10D 8L 8L SO-d-TN SO-d-OTN
LTT S9> €0¢ YL Se> 09> > 0L6°1 > 10D S'L S'L S0-g-TN SO-d-OTN
LET So> 61 8L ge> 09> 1> 0Pl > 910D L TL So-d-TIN SO0-d-OTIN
(474 §9> 9¢¢ 8Y Se> 09> > 0€1°C 11> 10D 89 89 S0-d-TN SO-d-OTN
8¢ S9> 18%% 8L Se> 09> > 08€C €C 10D $9 $'9 S0-g-TN SO-g-OTN
891 §9> Pl LS Se> 09> > 0Tl 1> 210D 79 T9 SO0-9- TN SO-d-OTN
¥CT S9> 333 69 Se> 09> > 006°1 [1> 10D 8¢ 8'S S0-d- TN SO-d-OTN
0€¢ S9> S6¢C 06 0¢ 09> L1 0L1°C 1> alop Y $'S S0-g-TN SO-d-OTN
[4%4 §9> 689 68 Se> 09> 4! 098°1 11> 210D [4S TS So-d- TN SO-d-OTN
€81 S9> ILy 89 Se> 09> > 059°1 > 10D 8t 8 S0-d-TN SO-d-OTN
6CC So> LLT 09 LY 09> 1> 0LS‘T > 910D S 4 St SO0-d-TN SO0-d-OTIN
SIC §9> 01¢S LL Se> 09> S1 0€9°1 11> 210D (44 Tt SO-d- TN SO-d-OTN
1Ce S9> LOY 8 Se> 09> > 01+°1 > 10D 8¢ 8¢ S0-d-TN SO-g-OTN
e §9> 0¢¢ 49 Se> 09> ST 0S9°1 1> 10D g€ $'¢ S0-d- TN SO-d-OTN
9¢T S9> €8¢ 99 Se> 09> 1T 0veE’l [1> 10D (43 7€ SO TN SO-d-OTN
panunuod—uiejd poo} 38819 |l
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuw  Gfwuwr  Bfwur  GyBwur  G/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘901N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjon ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

$86 S9> 088 S8y 8 09> 1> 001°CI €S 10D S ST 20-V-OTIN 20-V-OTIN
0101 §9> 060°T ¥8v 0L 09> > 00T°CI 11> 210D 1 T 20V-OTA 20-V-OTN
LSE S9> SIS 74! Se> 09> (94 0€6°¢ (94 10D 80 80 C0-V-OTIN 20-V-OTN
108 §9> 0LY'1 (443 Se> 09> 1> 0TE'L 1> 10D S0 $'0 T0-V-O'TA 20-V-OTIN
SvL S9> 0€S°C ILT Se> 09> > 065°S 9 10D 0 T0 T0-V-OIN 20-V-O'TN
799 S9> 998 LOE 14 09> cl> 090°8 1> [enueN 880 «Z1°6 T0"V-OTN C0-V-O'TN
96S §9> £98 09¢ St 09> 1> 0L8°9 11> [enue]N £9°0 «679 T0"V-OTA 20-V-OTN
0€9 §9> §S6 €67 [4% 09> > 00L‘L 1> [enueN 90 «9-S T0-V-OTIN 20-V-DTIN
6¥S 9> 768 LT 6¢ 09> 1> 00L°S > [enue]N 8¢0 «S¥ T0-V-OTA 20-V-OTN
0SS S9> 028 9¢C 6¢ 09> > 01L'S 1> [enue 620 € TOV-OTN 20-V-OTN
LSS YL €68 Ivc LY 09> > 06L°S 1> [enue 170 «£T T0-V-OIN C0-V-O'TN
609 08 8L6 144 [49 09> 1> 0€T°9 > [enue]N €10 «C 1 T0V-OTA 20-V-OTN
L19 9> 0S0°T @ It 09> > 0€6°S > [enueN ¥0°0 «1-0 TO0-V-OTN C0-V-O'TN
Ive S9> €L L6 Se> 09> 0T ove'1 1> £2(Y0) 8¢ 8¢ 10°V-O TN 10-V-O'TN
06C §9> 949 68 Se> 09> 1> 0€0°1 11> 210D g¢ S’ 10V-OTA 10-V-OTN
SI¢ S9> 88L 66 Se> 09> > 090°1 > 10D (43 T 10-V-OTN 10-V-OTN
1LT So> I8 Or1 LY 09> 1> LT8 > 2] 8C 8T 10-V-OTIN 10-V-O'TN
0¥¢ §9> 16S LOT Se> 09> > 029°1 11> 10D ¢ ST 10V-OTA 10-V-OTN
19C o> 98" 0cl ge> 09> cl> 0S6°T 1> £2Y0) [ TT 10-V-OIN 10-V-O'TN
(0143 §9> 011°C 681 Se> 09> 1> 0ST'¢ 1> 210D 81 81 10-V-O'TA 10-V-OTN
65T S9> LST LST Se> 09> 91 0€0°C [1> 10D Sl ST 10-V-OTN 10-V-DTIN
6v¢ S9> 89¢ SOl Se> 09> cl> 0L6°T 1> alop [ TT 10-V-OTN 10-V-O'TN
66 §9> €91 1> Se> 09> 09 007 11> 210D 80 80 10-V-OTA 10-V-OTN
143 S9> ¢8 1> Se> 09> 194 0vsS > 10D S0 S0 10-V-OTN 10-V-OTN
€81 S9> S8 94 Se> 09> 1> 0€€9 > 10D [40) T0 10-V-OTN 10-V-OTN
IS¢ S9> 99¢ 76 Se> 09> €l 090°1 1> [enue 880 «C1-6 10-V-O'TN 10-V-O1N
61T S9> 8hv 801 Se> 09> > 09%°1 ST [enueN £€9°0 «679 10-V-OTIN 10-V-OTN
6¢£C §9> P81 811 Se> 09> 1> 0t9°1 > [enue]N 90 «9-§ 10-V-O'TA 10-V-OTN
Sr44 9> 9¢s el ge> 09> > OvL‘T > [enueN 8¢€0 «S¥ 10-V-OTN [0-V-OTN
panunuod—uiejd poo} 38819 |l
By/Bw ul By/Bw i By/Bw ui By/bwur  Byfww  Bybwuw  Byfww  Hybwur  BH/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

Distribution of M

84

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI
(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panunRuo)—410z ‘1IN0SSI 101sIq 8iieg Alunoy
uoiburysepn ayy buiuresp sauieinguy buoje $8109 urejd-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUOILIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



85

Tables 6-9

08 9> S8 1> Se> 09> St 01¥C 11> 10D [ T T0-V-OTN 20-V-OTIN
¥LT §9> 90¢ St 49 09> 0¢ 00T°1 1> 10D 811 811 20-V-O'TA 20-V-OTN
161 o> 14%4 19 ge> 09> 81 091°¢ 1> £2Y0) SIl SIT 20-V-O'IN C0-V-O'TN
y1C §9> 0St LY Se> 09> 143 016°C [44 210D [} T 20-V-O'TA 20-V-OTN
091 S9> 6v¢ 19 Se> 09> 0¢ 0SLC [1> 10D 801 801 C0-V-OT 20-V-O'TN
€l S9> S6¢C Y Se> 09> 61 09T°C 1> alop S0l S0T 20-V-O'IIN C0-V-OTN
0¥C §9> 155% 99 Se> 09> 91 060 11> 210D o1 T0I 20-V-O'TN 20-V-OTN
SLT S9> 9Sy 88 Se> 09> 1T 010t > 10D 86 8'6 C0-V-OTN 20-V-OTN
0T So> Ie SOl ge> 09> 91 0Ss‘¢ > 910D g6 $'6 T0-V-OTIN 20-V-O'TN
ILT §9> Y49 01 Se> 09> 8¢ 081°S 11> 210D 6 T6 0V-OTAN 20-V-OTN
6CC S9> 1cs I8 Se> 09> LT 06€°¢ > 10D 8’8 8'8 T0-V-OTIN 20-V-OTN
¥0S §9> S8 1> Se> 09> (4% TL8 1> 10D S8 $'8 T0-V-O'IA 20-V-OTIN
SEPI S9> ¢8 49 Se> 09> > 090°1 [1> 10D 8 78 T0-V-OIN 20-V-O'TN
€L S9> CLL e1> Se> 09> 81 S0S 1> £2(Y0) 8L 8L T0V-OTIN C0-V-O'TN
SoT1 §9> L8T 1> Se> 09> LE 6L9 11> 210D S'L $'L T0V-OTA 20-V-OTIN
181 S9> 8¢¢ Y4 Se> 09> €C 16S > 10D L TL T0-V-OIN 20-V-OTN
10¢ S9> 8% ¥S Se> 09> 1T vL6 > 210D 69 6'9 T0-V-O'TA 20-V-OTN
€0t §9> 209 8 Se> 09> LT 0€1°l 11> 10D 99 99 20-V-O'TA 20-V-OTN
1S 747 S9> €8 68 Se> 09> LT 0051 > 10D s TS T0-V-OIN 20-V-OTN
$89 §9> 0SL ¥6 Se> 09> 1> 0LLT 1> 210D 8ty 8'Y C0-V-O'TA 20-V-OTIN
6Ly S9> (€)% €8 Se> 09> 143 058°1 [1> 10D 4 Sv 20-V-OTN 20-V-OTN
90t S9> L6S o€l Se> 09> 144 0ST'C 1> £2(Y0) [ T C0-V-OIN C0-V-OTN
0LE §9> (419 181 Se> 09> > 008°¢ 11> 210D 8¢ 8¢ T0-V-OTA 20-V-OTN
¥8¢C S9> 6SL LST 6F 09> > 0019 > 10D g'e $'€ T0-V-OTN 20-V-O'TN
16T S9> 88L 991 Se> 09> 1> 06S°S > 210D (43 TE W0V-OIN 20-V-OTN
6C¢ §9> 668 8S1 Se> 09> > 097 11> 10D 8T 8T T0"V-O'TA 20-V-OTN
6LC S9> €LL LST Se> 09> > 0vL9 > 10D ST $'T T0-V-OTN 20-V-OTN
961 §9> 011°l 69T Se> 09> €C 06%°9 1> 210D [ TT W0V-OIN 20-V-OTIN
89 S9> L98 IS¢ Se> 09> 81 00%°01 [1> 10D 8’1 8T 20-V-OTN 20-V-OTN
panunuod—uiejd poo} 38819 |l
By/Bw ul By/Bw i By/Bw ui By/bwur  Byfww  Bybwuw  Byfww  Hybwur  BH/bw u poyjaw ) 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

98 S9> S8 I¢ Se> 09> €€ 9% > 210D 89 8'9 €0-V-O'TA €0-V-OTN
0LI §9> ¢8 (44 Se> 09> 61 L09 11> 210D $9 $'9 €0-V-OTA €0-V-OT1N
574! S9> S8 1> Se> 09> 144 1433 > 10D 9 79 €0-V-OIN €0-V-OTN
¥6C §9> 079°¢ ¥T LS 09> 0¢ 89¢ 1> 10D 8'C 8'S €0-V-O'TA €0-V-OTIN
€1¢ S9> (45 1> Se> 09> 8¢ 799 [1> 10D SES §'S €0-V-OTN €0-V-OT1N
L6 S9> 80¢S e1> Se> 09> 9T (499 1> alop [ TS €0-V-OIN €0-V-OTIN
061 §9> LOT €€ Se> 09> S1 99 11> 210D 8 8 €0-V-OTA €0-V-OTN
SIc S9> 999 1> Se> 09> > 9Ly > 10D 4 S¥ €0-V-OTIN €0-V-OT1N
L9¢ S9> 09t 9 Se> 09> 1T 0LT‘T 1> 10D (44 TY €0-V-O'IA €0-V-OTIN
¥Cs §9> 089 Y01 Se> 09> 0¢ 089°1 11> 10D 8¢ 8¢ €0-V-OTA €0-V-OT1N
90S S9> LE9 I8 L9 09> 61 0951 > 10D ge $'€ €0-V-OTIN €0-V-OTN
LTY §9> 865 16 Se> 09> 1> 009°1 1> 210D [ TE €0V-OIN €0-V-OTIN
L9y S9> 1€8 811 Se> 09> 6¢ 0Tl [1> 10D 8'¢C 8T £0-V-OTN €0-V-OT1N
Siy S9> 9Ly 961 Se> 09> 61 ovLT 1> £2(Y0) 4 ST €0V-OTIN €0-V-OTIN
Ses S9> LY9 944 €8 09> > 091°L 1> 10D [ TT €0V-OIN €0-V-OTIN
LS S9> £69 1483 Se> 09> @ 06€°L > 10D 81 8T €0-V-OTIN €0-V-O1N
6¢C So> [49% L6 ge> 09> 1> 0L1C > 2] Sl ST €0-V-OTIN £0-V-O'TIN
€01 §9> 9T 1> Se> 09> 8Y 008°1 11> 10D 1 T €0V-OTN €0-V-OT1N
81¢ S9> €IL 88 Se> 09> > 01+°1 > 10D 80 80 £0-V-OTN €0-V-OTN
S6 S9> SSy 1> Se> 09> [4S ¥09 1> 10D S0 $'0 €0-V-O'TA €0-V-OTIN
L68 S9> 08L°1 ¥0¢€ Se> 09> > 0LT9 (94 10D 0 70 €0-V-OTN €0-V-OT1N
s> S9> S8 e1> Se> 09> I8 0v0°1 1> alop 8Vl 81 20-V-OTIN C0-V-O'TN
6S §9> ¢8 €€ Se> 09> 9 0181 1> 10D Syl S¥1 20-V-O'TA 20-V-OTIN
80¢C 9> 19% LL ge> 09> LE 026t 1> £2Y0) oyl THI T0-V-OTIN C0-V-O'TN
0cI S9> 24 143 Se> 09> LT 050t 1> 10D 8¢l 8¢l COV-OTIN 20-V-OTIN
8yl §9> 90¥ I¢ Se> 09> LT 0zl'e 11> 10D gel S€1 20V-O'TA 20-V-OTN
SY S9> S8 1> Se> 09> S9 086°¢ > 10D el TEL TO-V-OTN 20-V-OTN
ILT §9> S0¢ 94 Se> 09> 1> 019% 1> 210D 8Tl 8Tl T0-V-O'TN 20-V-OTIN
00T S9> 8I¢ 6¢ Se> 09> €€ 08€‘€ [1> 10D ¢Cl $'TI TO-V-OTIN 20-V-OTN
panunuod—uiejd poo} 38819 |l
By/Bw ul By/Bw i By/Bw ui By/bwur  Byfww  Bybwuw  Byfww  Hybwur  BH/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

Distribution of M

86

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI

(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]
panuiuo)—y10g ‘INOSSI ‘10L3sIq anieg Aluno)

uoibuiysepn ays Buiuielp sariengui Buoje sa109 uiejd-pooj} wouy sajdwes (paAaisun) yng ur 8duadsalon|y Ael-x Buisn pauiw.alap SUOI}LIIUBIUOD JUBWS|S-8ILI1108]8S  '6 d]qeL



87

Tables 6-9

759 9> 0L8 L6T 99 09> 1> 0T6°S > [enue]N 170 «£°C $O-V-O'TA ¥0-V-DTIN
€L9 S9> YL 80¢ IS 09> 484 089°S 1> [enue €10 «C 1 $0-V-OTA 0-V-OTIN
88¢ o> LLS (344 (44 09> cl> 08¢t 1> [enue ¥0°0 «1-0 $0-V-O' TN 70-V-O'TN
99 §9> $0¢€ 1> Se> 09> 8¢ LOS 1> 10D ¥'Sl v'SI€0-V-OTIN €0-V-OTIN
Il S9> L89 49 Se> 09> 9¢ 080°1 [1> 10D I'S1 I'ST €0-V-O'TN €0-V-OT1N
8LI S9> 0€0°T 9L Se> 09> cl> ovET 1> alop 8Vl 8T €0-V-OTIN €0-V-OTIN
781 §9> 026 LY Se> 09> 6¢ 09T°1 11> 210D 4 SPI €0-V-OTA €0-V-OTN
10T 9> 00S°1 I8 ge> 09> > 09¢°1 1> £2Y0) oyl THI €0-V-O'TIN €0-V-OTN
994 S9> OvL'l 99 Se> 09> 1> 00T°1 > 210D 8¢l 8¢l €0-V-O'TN €0-V-OTIN
LTI §9> £86 €S Se> 09> > 0S0°1 11> 10D gel SEl €0-V-OTA €0-V-OT1N
IS¢ S9> 00L°T 19 0¢I 09> > 060°1 > 10D el TEL €0-V-OTIN €0-V-OTN
YL §9> 99¢ 1> Se> 09> 09 011°1 1> 210D 8Tl 8Tl €0-V-O'TN €0-V-OTIN
61¢C S9> 0St'1 65 Se> 09> > LTL [1> 10D ¢Cl $TI €0-V-O TN €0-V-OT1N
SII S9> 86¢C e1> Se> 09> @ (1139 1> £2(Y0) [aq! T €0-V-OIN €0-V-OTIN
TLI §9> ¢8 €€ Se> 09> LT 68 11> 210D 811 811 €0-V-O'TA €0-V-OTN
0¢T S9> 961 4% Se> 09> 143 L99 > 10D SN SIT €0-V-OTN €0-V-O1N
1T S9> 88¢C €L Se> 09> 1> 0Ty ¥T 210D [} TI €0-V-OTA €0-V-OTIN
18¢ §9> L8E 6¢ Se> 09> 43 €€9 11> 10D 801 801 €0-V-O'TN €0-V-OT1N
61¢C S9> YLS 6¢ Se> 09> 9¢ 68L > 10D S0l S0l €0-V-OTN €0-V-OTN
vLE §9> (4% €L Se> 09> 81 0TI‘1 1> 210D 701 TOI €0-V-OTIN €0-V-OTIN
10€ S9> 09 L Se> 09> 0¢ 156 [1> 10D 86 86 €0-V-OTA €0-V-OT1N
91¢ S9> oy 78 Se> 09> 8¢ L89 1> £2(Y0) 6 $'6 €0-V-OTN €0-V-OTIN
78 §9> ¢8 1> Se> 09> 6S LLL 11> 10D 6 T6 €0-V-O'TA €0-V-OTIN
CLI S9> $C¢8 €€ Se> 09> 143 818 > 10D 8’8 8'8 €0-V-OTIN €0-V-OT1N
933 S9> ¥6S 1L Se> 09> 1> 143 > 210D S8 $'8 €0-V-O'IA €0-V-OTIN
s> §9> LET 1> Se> 09> €L 0€9 11> 10D 8 T8 €0V-OTA €0-V-OT1N
9t S9> S8 I¢ Se> 09> LE 69¢ > 10D 8L 8L €0-V-OTIN €0-V-OTN
38 §9> S8 1> Se> 09> 1> 001> 1> 10D S'L S'L €0-V-OTIN €0-V-OTN
v61 S9> ¢8 8Y Se> 09> 6¢ €LE [1> 10D L TL €0V-OTN €0-V-OT1N
panunuod—uiejd poo} 38819 |l
By/6w ui By/6w ui By/6uw uy By/bwur  By/fwuwr  Gyfwuwr  Bfwur  GyBwur  Gy/bw u poyjaw il 1aynuapi Jaynuapi
‘oulz ‘991N ‘asauebuepy ‘pea 1addog ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasily  uonaajjo) ydap ajdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



iver

t along the Middle B

Sedimen

Streambed and Flood-Plai

-Related Trace Elements i

ining

90S S9> 020°1 01 Se> 09> Sl 0ST°1 [1> 10D 8¢ 8¢ S0-V-OTN SO-V-DTN
60S S9> 081 ¢Sl Se> 09> cl> SCL 1> £2(Y0) e $'¢ SOV-OTIN SO-V-O'1TN
9¢ §9> 869 L6€ Se> 09> 1> 0L0°1 11> 210D (43 7€ SOV-OIN SO-V-DTIN
6C¢ S9> 0€9 09¢ Se> 09> 4! L86 > 10D 8'C 8T SO-V-OTN SO-V-DTN
I8¢ 9> 00L ¥LT Se> 09> 1> €68 11> 10D 94 $'T SO-V-OTIN SO-V-OTIN
06C §9> SLL 8S1 Se> 09> > 0LET 1> 10D (4 TT SOV-OIN SO-V-OTIN
61¢ S9> 659 S91 Se> 09> > 066°¢ > 10D 81 8T S0-V-OTIN SO-V-DTIN
SI¢ §9> L9L 191 Se> 09> 1> 081% 1> 10D Sl ST S0-V-OTN SO-V-OTIN
we 9> €29 87l ge> 09> I 0€8°C > £20) 1l T1 SO-V-OTN SO-V-O'TN
s S9> Iv6 LLT Se> 09> @ 018°S 1> £2Y0) 80 80 SOV-OTA SO-V-O'TN
CLS S9> 0SL1 €LT Se> 09> > 08%°S 1> 10D S0 $'0 SO-V-OTA SO-V-OTIN
CIS S9> 001°1 CLT Se> 09> > 0€€’S > 10D 0 T0 SO-V-OTN SO-V-DTIN
96T 9> [82% 8¢ Se> 09> 61 090°T 1> 10D 8¢ 8¢ ¥0-V-O'TA 0-V-DTIN
8LE §9> 9¢¢ IL Se> 09> > 00S°1 1> 10D g¢ S’ $O-V-OTA ¥0-V-OTIN
¥CS o> L19 0cl ge> 09> 61 ove'l 1> £20) e 7€ $0-V-OIN 70-V-O'TN
Tss §9> €3L 911 Se> 09> 1> 00€‘1 1> 210D 8T 8T ¥0-V-O'TA Y0-V-DTIN
€LY S9> 00L SOt Se> 09> 61 011 [1> 10D ST $'T v0-V-OTN 0-V-OTIN
29§ S9> 09 €Sl Se> 09> cI> 09¢€°1 1> alop (4 TT $0-V-OIN 70-V-O'TA
€5¢ §9> 206 19¢ Se> 09> S1 011 11> 210D 8’1 8’1 ¥0-V-O'TA ¥0-V-DTIN
[4\i% 9> 00€°1 IS¢C €S 09> > 0TH'c 1> £2Y0) Sl ST ¥0-V-OTA 70-V-O'TN
€LS S9> £68 86¢ LYy 09> 1> 00%°9 > 210D 1 T1 ¥0-V-OTN Y0-V-DTIN
€L §9> 01C°1 [X43 Se> 09> > 00T°L 11> 210D 80 80 ¥0-V-O'TA 0-V-OTIN
9CL S9> 011°1 I1e Se> 09> > 0959 > 10D S0 S0 v0-V-OTIN ¥0-V-OTN
629 §9> 0L9°C 00¢€ Se> 09> 1> 09€°S 6¢ 210D 0 T0 Y0-V-O'TA ¥0-V-DTN
9%9 §9> ILL 80¢ 4% 09> > 091°9 11> [enuejN 88°0 «C1-6 ¥0-V-OTIN 0-V-DTIN
ILS S9> 6SL 8¢ Se> 09> cl> 079°s 1> [enueN £9°0 «679 $0-V-O TN 70-V-O'TN
9L9 8L LES S0¢ 99 09> 1> 0T€9 11> [enue]N 9%°0 «9°S ¥0-V-OTA ¥0-V-DTIN
129 §9> 9¢8 16T [4S SLT > 0€8°S 11> [enueN 8¢°0 «S ¥0-V-OTIN 0-V-DTIN
G8¢ IL $08 €9¢ Se> 09> > 0TEY 81 [enue]N 6C°0 7€ $O-V-OTA ¥0-V-DTIN
panunuog—ute|d pooj}3aai I
By/6w ui By/Bw ui By/6w ui By/bwur  Byfwuw  Byfuwwuw  Hyfwur  GyBwur  Gy/bw u poyaw in 1aynuapi Jaynuapi
‘auiz ‘991N ‘asauebuepy ‘peaq “1addo?) ‘Jjeqo)  ‘wniwpe) ‘wnueg  ‘oluasly  uonaajjon ydap ajdwes ajdweg ajoyalog

Distribution of M

[o1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sjoudp ©,, ‘werdoqny 1od werdiiw By/Fw 900J Y 1oA9] dnued[o prek [eruIPISAI
(VdA) Aouady uorod)old [BIUSWUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA S9IBIIPUI 1U0) pjog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ [qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[90 Papeys Aein)]

panunRuo)—410z ‘1IN0SSI 101sIq 8iieg Alunoy
uoiburysepn ayy buiuresp sauieinguy buoje $8109 urejd-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUOILIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



89

Tables 6-9

11°0 90°0 - €10 000 - 1€°0 - 100 20uBpaddXa Jd Jo Aouanbarg
-- - -- 1T - -- -- -- -- [9A9] dnuea[d pIeA [BIUIPISAL Y 9A0QE SUOIO)IP JO JOqUINN]
LL St BU 16 1 U 81T BU L DHd 9A0QE SUOIIdAP JO IdqUINN
SeEv'l (34! 00Z°01 OvE'L 691 997 18 001°¢T 9 UONI9)3p WNIXEA
¥S9 194 €69 19¢ €Cl 8 81¢ 089 oY SUOI93}9p JO ToquinN
€69 €69 €69 €69 €69 €69 €69 €69 €69 pozAjeue sojduwes jo soquinn
Aewwng
-- -- -- 00t -- -- -- -- -- [9A9] dnues[d prek [enuapisar yda
. . . (6002)
(397 98t - 8C1 61 - 86y - 0¢e SIOY10 PUB PRUOCOIN WOl) (D) UONBNUIIUOD S1031]d A[qRqOI]
94 S9 S8 €1 99 09T 4! 00T T [0A9] Sunodoy
B/6w u 6/6w uy By/6w u By/bwur  Byfwuw  Gyfwuw  Gyfwuw  Gybwur  Gy/bw u poyaw in Jaynuapi laynuapi
‘ourz ‘991N ‘asauebue ‘peaq 1addog ‘Jjeqo)  ‘wnjwpe) ‘wnueg  ‘ouasly  uopaajo) ydap sjdwes a|dweg ajoyalog

[s1qeordde jou ‘eu ‘eyep ou ‘-- cuey ssof > oydwes ayy Jo sayour ur yydap e sajoudp ¢, ‘werdoqny 1od werdiiw By/Fw 900J Y [oAd] dnued[o prek [eruIPISAI
(VdA) Aouady uorod1old [BIUSWIUOIIAUL "S'() Y} PAPIIIXA B} SaN[BA SOIBIIPUI 1U0) plog (00T ‘SIOYI0 pue p[euoorjA) UOHBIUIIUOI S109JJ 9[qeqoid o) papadoxa Jey) SIN[BA 9JeIIPUI S[[30 Papeys Aein)]

panunuo)—410zZ ‘1IN0SSI 101sIq 81ieg Alunoy
uoiburysepn ayy Buiuresp saueingu buoje $8109 ure|d-pooj} wolj sajduwes (paasisun) yng ul 8ousasalon)y Ael-x Buisn pauIwialap SUONLIIUSIUOD JUBWS|S-8981109]|9S "6 d|qeL



For more information about this publication, contact
Director, USGS Central Midwest Water Science Center
1400 Independence Road

Rolla, MO 65401

(573) 308-3667

For additional information visit https://mo.water.usgs.gov

Publishing support provided by the
Rolla Publishing Service Center


https://mo.water.usgs.gov




Smith and Schumacher—Distribution of Mining-Related Trace Elements in Streambed and Flood-Plain Sediment along the Middle Big River—SIR 2018-5103

ISSN 2328-0328 (online)

https://doi.org/10.3133/sir20185103


https://doi.org/10.3133/sir20185103

	Contents
	Figures
	Figure 1. Map showing approximate extent of mined areas in the Big River watershed and locations of U.S. Geological Survey streamgage stations and streambed-sediment sample locations along the Big River, Missouri, 2012
	Figure 2. Photograph showing stacked sieves in preparation of mechanical sieving process 
	Figure 3. Process for splitting and sieving streambed-sediment and flood-plain sediment samples
	Figure 4. Map showing location of flood-plain core transects along tributaries draining the Barite District and nearby Big River, Missouri, 2014
	Figure 5. Map showing location of samples collected from the middle and lower Big River watershed of sediment deposited by the December 2015 flood, Missouri, 2016
	Figure 6. Examples of fine-grained sediments deposited by the December 2015 flood in the Big River watershed
	Figure 7. Plots showing comparison of concentrations of barium, lead, and zinc in laboratory subsamples and concentrations reported by the x-ray fluorescence analysis in original samples
	Figure 8. Graphs showing average concentrations of selected metals in streambed-sediment samples from the middle reach of the Big River and tributaries draining the Barite District
	Figure 9. Graphs showing concentrations and mass ratios of selected constituents in the less than 0.063-millimeter size fraction of streambed-sediment samples collected by the U.S. Geological Survey during 1988–2012 and the U.S. Fish and Wildlife Service 
	Figure 10. Images showing flood-plain core location along streams draining the Barite District, Missouri, 2014
	Figure 11. Graphs showing concentrations of barium, lead, and zinc determined by x-ray fluorescence from selected flood-plain bulk core and selected size-fraction samples, Missouri, 2014.
	Figure 12. Graphs showing concentrations of barium, lead, and zinc determined by x-ray fluorescence in bulk cores collected from two locations on the Mineral Fork Creek flood plain and one shallow core on the Big River flood plain near transect MFC-A, Bar
	Figure 13. Graphs showing concentrations of barium, lead, and zinc determined by x-ray fluorescence in bulk cores collected from two locations on the Mill Creek flood plain.
	Figure 14. Graphs showing concentration of barium, lead, and zinc and location of bulk samples collected from sediment deposited by the December 2015 flood in the middle and lower Big River watershed, Missouri, 2016.
	Figure 15. Graphs showing ratios of selected elements in deposited sediments from A–B, the December 2015 flood and C–F, streambed-sediment samples
	Figure 16. Graphs showing ratios of selected elements in deposited sediments from A–B, the December 2015 flood and C–E, streambed-sediment samples (

	Tables
	Table 1. Location of streambed-sediment samples, flood-plain sediment samples, and sediment deposited on the flood plain during the December 2015 flood and underlying soils, and flood-plain cores collected from the middle Big River and its tributaries and
	Table 2. Relative percent difference between original and split replicate streambed-sediment samples analyzed by the laboratory.
	Table 3. Results of analyses of standard reference materials by the U.S. Environmental Protection Agency x-ray fluorescence unit.
	Table 4. Results of analyses of standard reference materials by the x-ray fluorescence unit.
	Table 5. Concentrations of major and trace elements in quality assurance blank samples processed through sample splitting and sieve equipment. 
	Table 6. Comparison of concentrations of selected trace elements in various size fractions of flood-plain core samples analyzed by the laboratory and U.S. Environmental Protection Agency x-ray fluorescence unit.
	Table 7. Concentrations of major and trace constituents determined by laboratory analysis of various size fractions of streambed-sediment collected from the middle Big River and tributaries draining the Barite District, Missouri, 2012.
	Table 8. Select trace element concentrations determined using x-ray fluorescence in various size fractions of sieved samples from flood-plain boreholes along tributaries draining the Washington County Barite District, Missouri, 2014. 
	Table 9. Select trace-element concentrations determined using x-ray fluorescence in bulk samples from flood-plain cores along tributaries draining the Washington County Barite District, Missouri, 2014.


	Conversion Factors
	Abbreviations
	Abstract
	Introduction
	Mining History
	Previous Studies
	Description of Study Area
	Purpose and Scope

	Methods
	Streambed Sediment
	Flood-Plain Sediment
	December 2015 Flood Deposits
	Quality Assurance and Quality Control
	Replicate and Split Replicate Samples
	Check Standards
	Blanks
	Laboratory Confirmation Samples


	Distribution of Mining-Related Trace Elements in Streambed and Flood-Plain Sediment
	Streambed Sediments
	Flood-Plain Sediments
	December 2015 Flood Deposits

	Summary and Conclusions
	References
	Tables 6–9



