UNITED STATES DEPARTMENT OF INTERIOR
U.S. GEOLOGICAL SURVEY

Source, Transport, and Partitioning of Metals between Water,

Colloids, and Bed Sediments of the Animas River, Colorado

by
S.E. Church', B.A. Kimball?, D.L. Fey',

D.A. Ferderer', T.J. Yager®, and R.B. Vaughn'

U.S. Geological Survey Open-File Report 97-151

1997

'U.S. Geological Survey, P.O. Box 25046, MS 973, Federal Center, Denver, CO 80225
?U.S. Geological Survey, 1745 West 1700 South, Salt Lake City, UT 84104
*U.S. Geological Survey, P.O. Box 25046, MS 415, Federal Center, Denver, CO 80225

This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey editorial
standards. Any use of trade, product, or firm names is for descriptive purposes only and does not imply
endorsement by the U.S. government.



Table of Contents

Executive Summary
Introduction
Summary of Acid-Mine Drainage Studies in Other Areas
Study Objectives
The Animas River Watershed
Previous Geochemical Work
Field Sampling
Water and Colloids
Stream Sediments
Results from Water and Colloid Data
Synoptic Sampling of Water and Colloids, October 1995
Aluminum
Cadmium
Copper
Iron
Manganese
Strontium
Zinc
Arsenic, Mercury, and Selenium
High-flow Sampling of Water and Colloids, Spring, 1996
Dissolved Versus Colloidal Transport
Manganese
Iron and Aluminum
Copper
Zinc

Comparison of Metal Loads During Low Flow and Snowmelt Runoff

Results from the Stream-Sediment Data

Mineral Creek Drainage Basin

Arsenic

Cobalt

Copper

Lead

Strontium

Zinc

Vanadium

Lead-isotopic Data
Cement Creek Drainage Basin

Arsenic

Cobait

Copper

Lead

Strontium

Zinc

Vanadium

Lead-isotopic data
Animas River Drainage Basin Upstream from Silverton

Arsenic

Cobalt

Copper

Lead

Strontium



Zinc
Vanadium
Lead-isotopic data

Animas River Drainage Basin: Silverton, Colorado to Aztec, New Mexico

Arsenic

Cobalt

Copper

Lead

Strontium

Zinc

Vanadium

Lead-isotopic data

Metal transport from the La Plata Mining District
Metals from the smelter sites south of Durango
Urban metal signatures

Selenium and mercury in bed sediments of the Animas River

Undiscovered Mineral Resources in the Silverton Area
Geochemical Signature of Colloidal Component in Water and Bed Sediments
Comparison of the 1995 and 1996 Bed-Sediment Data
Calculation of the Contribution to the Total Amount of Metal in Bed Sediments

from Various Sources

Differential Sorbtion of Copper and Zinc by Colloids
Summary and Conclusions

References
Appendix |.

Appendix II.
Appendix Il

Cited
Methods used to prepare regional sediment geochemical maps
Analytical Methods

. Site Identifications, Field Data, and Major lon Chemistry from Samples

from the Animas River Basin, 1995-96

Appendix IV. Metals in Water and Colloids from the Animas River Basin, 1995-96

Appendix V.
Appendix VI
Appendix VI

HCI-H,0, Data from Stream-Sediment Samples
. Total Digestion Data from Stream-Sediment Samples
I. Lead-isotopic Data from Selected Samples

List of Figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.
Figure 10.

Figure 11.
Figure 12.
Figure 13.

Figure 14.

Index map of southwest Colorado showing Animas River watershed

Map of Animas River watershed showing topography and mines and prospects
Geologic map of the Animas River watershed

Structural map of the Silverton caldera

Geochemical map of Animas River watershed showing distribution of calcium
Geochemical map of Animas River watershed showing distribution of copper
Geochemical map of Animas River watershed showing distribution of lead

Geochemical map of Animas River watershed showing distribution of zinc

Hydrograph of the Animas River below Silverton; Oct. 1, 1994 to Oct. 1, 1996

Map of Animas River watershed showing localities of water samples
collected in Oct., 1995

Map of Animas River watershed showing localities of sediment samples
collected in Oct., 1995

Dissolved and colloidal manganese concentrations from water samples,
Oct., 1995

Dissolved and colloidal zinc concentrations from water samples,
Oct., 1995

Dissolved and colloidal iron concentrations from water samples,
Oct., 1995

18
22
24

27



Figure 15.

Figure 16. Summary diagram of mass transfer of aluminum in mixing zones
downstream from Mineral and Cement Creeks
Figure 17. Summary diagram of mass transfer of iron in mixing zones
downstream from Mineral and Cement Creeks
Figure 18. Comparison of metal loads for aluminum, iron, zinc, cadmium, copper
and lead at low flow (Oct., 1995) and high flow (May-June, 1996)
Figure 19. Ribbon map showing copper dispersion in Animas River,
Cement Creek, and Minerai Creek
Figure 20. Ribbon map showing lead dispersion in Animas River,
Cement Creek, and Mineral Creek
Figure 21. Ribbon map showing zinc dispersion in Animas River,
Cement Creek, and Mineral Creek
Figure 22. Metal distribution profiles for Mineral Creek
Figure 23. Lead-isotope distribution profile for Mineral Creek
Figure 24. Metal distribution profiles for Cement Creek
Figure 25. Lead-isotope distribution profile for Cement Creek
Figure 26. Metal distribution profiles for Animas River upstream from Silverton
Figure 27. Lead-isotope distribution profile for Animas River upstream from Silverton
Figure 28. Metal distribution profiles for Animas River: Silverton, Colo. to Aztec, New Mexico
Figure 29. Lead-isotope distribution profile for Animas River: Silverton to Aztec
Figure 30. Distribution profiles for selenium and mercury, Animas River
Figure 31. Downstream variation of the iron, aluminum, and copper to zinc ratios in
colloids and bed sediments in the Animas River: Silverton to Aztec
Figure 32. Predicted sorbtion curves for metals by iron-hydroxides as a function of pH
Figure 33. Lead-isotopic model for dilution of metals derived from Animas River watershed
Figure 34. Normalized labile copper, lead, and zinc concentrations in bed sediments,
Animas River
Figure A-ll. Diagram showing process procedures for water and colloid samples
List of Tables
Table 1.  Water quality standards for metals, Colorado
Table2.  Lead-isotopic data from mineral deposits and mill sites, Silverton area
Table 3.  Semi-quantitative emission spectrographic data from heavy-mineral separates,
Cunningham Creek and Animas River upstream from Howardsville
Table 4.  Lead-isotope parameters for calculation of dilution of the metals in the

Dissolved and colloidal aluminum concentrations from water samples,
Oct., 1995

Animas River from Silverton

List of Tables in Appendices

Table A-ll.
Table A-lil.

Table A-IV.
Table A-V.1

Table A-V.2.

Replicate analytical results from NIST standard reference materials

Site identifications, field data, and major ion chemistry for water from the
Animas River and major tributaries, 1995-1996

Metals in water and colloids in the Animas River and tributaries, 1995-1996

Animas River watershed, Oct., 1995

Animas River watershed, Aug. and Oct., 1996

Table A-VI.1. Total digestion data from sediments and other samples, Animas River

watershed, Oct., 1995

Table A-V1.2. Total digestion data from sediments and other samples, Animas River

Table A-VII.

watershed, Aug. and Oct., 1996

Lead-isotopic data from sediments and other samples, Animas River
watershed, Oct., 1995

Partial digestion (2M HCI-1%H,0,) data from sediments and other samples,

Partial digestion (2M HCI-1%H,0,) data from sediments and other samples,

29
32
33
35
42
43
44
49
53
56
60
69
74
78
81
83
84
88

90

19
46

87

99

102
104

106
116
119
128
132



EXECUTIVE SUMMARY

® Reconnaissance geochemical data for water, colloid, and bed sediment samples, collected primarily
during low flow in 1995, provide a synoptic view of the sources, movement and partitioning of metals
in the Animas River watershed. The source of most of the iron, aluminum, copper, lead, zinc, arsenic,
and cadmium in the Animas River is in the Animas River drainage basin upstream from site A-72 at
Silverton, Colo.

@ In the Animas River watershed upstream from Silverton, Cement Creek has the lowest pH (3.89) at low
flow and carries most of its metal load in the aqueous phase. Mineral Creek has a pH of 6.35 at low flow
and carries most of its metal load in the colloidal phase. Most of the metals in the Animas River above
the confluence with Cement Creek reside in the colloidal component of the bed sediments. Downstream
from the Animas River-Cement Creek confluence in the mixing zone, most metals from the dissolved
load of Cement Creek are partitioned to the colloidal phase. Along upper Mineral Creek, and upstream
from the Animas River-Cement Creek confluence, colloids aggregate, settle, and become an integral
component of the bed sediments where they are stored until high-flow (snowmelt) runoff.

@ At site A-72 during low flow, dissolved zinc and aluminum concentrations exceed the acute aquatic-life
standard whereas the concentrations of the other metals do not exceed the chronic aquatic-life
standard. Dissolved manganese concentrations are just below the chronic aquatic-life standard.

@ Colloidal concentrations of copper, iron, zinc, and aluminum, if bioavailable upon ingestion as suggested
by recent research, could exceed one or both of the aquatic-life standards at site A-72. There is a
substantial loss of iron and aluminum colloids and their sorbed metal loads to the bed sediments in the
Animas Canyon reach between Silverton and Bakers Bridge during low flow.

@ More than 50 percent of the zinc in the bed sediments from Mineral Creek, 75 percent of the zinc in the
bed sediments from Cement Creek, and 50 percent of the zinc in the bed sediments above the Animas
River-Cement Creek confluence is in the form of sphalerite. Zinc concentrations in sphalerite from the
bed sediments of the Animas River above the confluence with Cement Creek are about 1,000 ppm, from
Cement Creek about 800 ppm, and from Mineral Creek about 400 ppm.

@ Three water and colloid samples collected at high flow during snowmelt runoff (high flow) indicate that
dissolved zinc concentrations far exceed the acute aquatic-life standard at site A-72 and are still twice
that level as far downstream as Bondad. Metals stored in the colloidal phase of the bed load are moved
downstream during high flow as is indicated by the high colloidal iron, aluminum, copper, lead, and zinc
concentrations. Any remedial action that removes acidic metal-bearing discharges into Mineral and
Cement Creeks and the upper Animas River or its tributaries will likely lessen the cumulative effect of
metal toxicity on aquatic life.

@ Lead-isotopic data from bed-sediment samples collected at low flow indicate that Mineral Creek contributes
five to 10 percent of the total mass of metals in the bed sediments, Cement Creek contributes up to 40
percent of the metals in the bed sediments, and the bed sediments upstream from the Animas River-
Cement Creek confluence contribute 50 to 60 percent of the metals at site A-72.

@ Lead-isotopic data from bed-sediment samples collected downstream from site A-72 document the dilution
of the metals derived from the Animas River Basin above Silverton by metal contributions from the
tributaries. At Durango 75 km downstream, about 80 percent of the metals in the colloidal component
of the bed sediments were derived from the Animas River watershed above Silverton whereas at Aztec,
New Mexico, 57 percent of the metals were derived from this upstream source.

@ No measurable contamination from the La Piata mining district at the headwaters of Junction Creek was
found in the Animas River.



@ Selenium concentrations in the bed sediments of the Animas River are elevated near the confluence of
Lightner Creek in Durango, Colo. These elevated concentrations are related directly to the outcrop
pattern of the Mancos Shale.

@ Modeling of the sediment transport using the lead-isotopic data and the normalized labile copper, lead,
and zinc data from bed sediments of the Animas River indicates some differential transport of the
colloidai phase of the bed sediments. The chemical data from the waters and colloids indicate sorption
of dissolved metals as a function of pH which changes with downstream distance where it is stored until
remobilized during high-flow events. This colloidal component of the bed sediments dominates the bed
sediment chemistry.

@ Aggregation and transport of the colloidal component to the bed sediments reduces pore space between
detritai grains in the bed, introduces toxic levels of metals into the food chain habitat for aquatic
invertebrates, and if bioavailable to fish when ingested as suggested by recent research, may be a major
cause of the deterioration of fish habitats in the stream bed.

@ From lead-isotopic data, we have identified five or more discrete mineralization styles in the Animas River
watershed above Silverton. Using these data, we can calculate the relative contribution of metals from
each of these mineralization styies and the mines that exploited them to Mineral and Cement Creeks
and the Animas River above its confluence with Cement Creek. The dominant lead-isotopic signature
in the bed sediments of both Cement Creek and the upper Animas River is from the vein-type ore
mineralization characteristic of the Eureka graben.

@ Lead-isotopic data from stream sediments from Browns Guich on the west side of the Mineral Creek
drainage matches the vein-type ore in the Eureka district. These data suggest that vein-type ore from
the Eureka district extends to the west of Cement Creek. The surface expression of this structure may
be obscured by the hydrothermal alteration associated with Red Mountain No. 3.



INTRODUCTION

The U.S. Geological Survey Abandoned Mine Lands Initiative (USGS-AML) is focused on the evaluation
of the effect of past mining practices on the water quality and the riparian and aquatic habitats of impacted
stream reaches downstream from historic mining districts located primarily on federal lands. This problem
is manifest in the eleven western states (i.e., west of 102°) where the majority of hardrock mines having past
production are located on federal lands. Ferderer (1996) has developed a prioritization ranking of watersheds
affected by historic mining activities on the basis of the number of past-producing metal mines per watershed.
Using this mine census data as a first filter on the density of past-producing hardrock mines, he found that
18 watersheds contain more than 300 hardrock mines having past production, 20 watersheds contain 201-300
past producing hardrock mines, and 74 watersheds contain 101-200 past producing hardrock mines. In areas
of temperate climate and moderate to heavy precipitation, the effect of rapid chemical and physical weathering
of sulfides exposed on mine waste dumps and drainage from mines has resulted in elevated metal
concentrations in the streams and bed sediments. The result of these processes is an unquantified impact
on the quality of the water and the aquatic and riparian habitats that may limit their recreational resource value.
One of the confounding factors in these studies is the determination of the component of metals derived from
the hydrothermally altered but unmined portions of these drainage basins (Runnells and others, 1992).
Several of these watersheds have been or are being actively studied to evaluate the effects of acid mine
drainage (AMD) and acid rock drainage (ARD) on the near surface environment. The Animas River
watershed in southwestern Colorado (fig. 1) contains a large number (>300) of past-producing metal mines
that have affected the watershed. Beginning in October 1997, the USGS began a collaborative study of these
impacts under the USGS-AML Initiative (Buxton and others, 1997).

The initial environmental characterization of the main tributary drainages in the Animas River watershed
upstream from Silverton began in 1991 under the auspices of the Colorado Dept. of Public Health and
Environment (J.R. Owen, written commun., 1997). These initial studies showed both seasonal and regional
variability in surface water chemistry, and noted that, upstream from Silverton, many streams are generally
acidic although pH is quite variable, depending on the geologic setting, precipitation, and amount of material
that mining has exposed. Rocks in many tributary streams are coated with aluminum- and iron-hydroxides
indicating the movement of metals under acidic conditions. Aquatic habitats in the Animas River above
Bakers Bridge are known to be impaired.

The present study was funded under a cooperative program between the U.S. Geological Survey, the
Bureau of Reclamation, the City of Durango, the Southern Ute Indian Tribe, and the Southwest Water
Conservation District in October 1995. The Animas River Stakeholders Group (ARSG), a group of local
concerned citizens in the basin from Silverton and Durango, the Colorado Dept. of Public Health and
Environment, and the U.S. Environmental Protection Agency (EPA) have cooperated in providing data,
consuitation, and advice on local conditions within the watershed. Sunnyside Gold allowed access to their
property to collect samples as did several property owners downstream from the Animas Canyon. The
Southern Ute Indian Tribe provided guided access to our sampling sites on the Southern Ute Indian
Reservation. This work was greatly enhanced by consultations with our colleagues on the project and
individual members of the ARSG. W.G. Wright was particularly helpful in arranging field access and assisting
S.E. Church in the field during October 1995.

Summary of Acid-Mine Drainage Studies in other Areas

Acidic metal-rich waters from mine drainage, waste rock, and mill tailings from inactive and abandoned
mines, and naturally acidic waters from hydrothermally altered areas often enter stream reaches in upland
watersheds and impact water quality. When these waters mix with less-acidic water and bed sediments from
unmineralized areas, the physical and chemical conditions change during downstream transport. Metals are
partitioned between water, colloids, and bed sediments through processes such as sorption, mineral
precipitation, photoreduction, and biological interaction. Through these processes, all or portions of the metals
are separated from water and are carried as suspended colloids or sediments, which ultimately settle to
become a part of the bed sediment or become entrapped by microbes (algae). Thus, these metals may
become available to aquatic organisms and larger forms of aquatic life in the food chain during transport
downstream.

Figure 1. Index map of southwestem Colorado showing the area of the Animas River watershed. The state
and county boundaries are from USGS (1989); watershed boundaries are from USGS (1982); and the
towns, railroads, and roads are from ESRI (1992).
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One of the most important geochemical processes as mine drainage waters mix with water downstream
is the dilution and neutralization of the acid, and subsequent formation of iron colloids (Runneils and Rampe,
1989, Kimball and others, 1995). The iron colloids precipitate in the water where they form larger aggregates
and settle from the water to the bed sediment, coating the rocks in the stream. Ochre-colored stream beds
are characteristic of many mine-affected streams as well as mineralized areas that have not been disturbed
by mining (Runnells and others, 1992). These iron colioids are solids with effective diameters from less than
one nanometer (10® meters) when they first precipitate to greater than a few microns (10° meters) after they
aggregate (Ranville and others, 1989; van Olphen, 1977). Hydrous iron-oxide colloids have extensive surface
areas that sorb and enhance the partitioning of toxic metals (Jenne, 1977; Morel and Gschwend, 1987,
Stumm and Morgan, 1996). The sub-micron particles have a strong tendency to aggregate which creates a
continuum of particle sizes from less than 0.001 micrometers (um) to greater than one pm (Buffle and
Leppard, 1995a; 1995b). These particles may be carried downstream as suspended colloidal particles. They
also may precipitate on or bind to the surfaces of rocks and sand grains in the stream bed where they form
a chemical sediment component of the bed sediments.

Study Objectives
The objectives of this study in the Animas River watershed are:

1) to identify the source areas of large metal ioads in the Animas River watershed,

2) to determine the extent and time frames of metal movement downstream in the Animas River basin,

3) to measure the dispersion of metals in the river sediments downstream from these major metal sources,

4) to determine the partitioning of metals among water, colloids, and bed sediments, and

5) to document the fractionation of the metals between the dissolved phase, a suspended colioidal phase,
and bed sediment and coatings.

THE ANIMAS RIVER WATERSHED

The Animas River drainage basin (fig. 1) has its headwaters in the mountainous terrain above Silverton,
Colo. and drains south into the San Juan River in northern New Mexico. Elevations range from more than
14,000 ft. at the headwaters to less than 6,000 ft. at the confluence with the San Juan River near Aztec, New
Mexico (fig. 2). The major population center in the basin is the city of Durango, Colo. The geology exposed
at the surface and underlying the basin is varied. Precambrian rocks crop out in the eastern part of the
drainage basin in the Animas Canyon area south of Silverton (fig. 3) forming the high rugged mountainous
area of the Animas Canyon. Paleozoic and Mesozoic sedimentary rocks crop out in the southern part of the
drainage basin. The headwaters of the Animas River watershed are underlain by the Tertiary igneous
intrusive and volcanic rocks that formed as a resuit of a late Tertiary age episode of andesitic to dacitic
volcanism followed by a later episode of ash-flows, lava flows and intrusions of dacitic to rhyolitic composition
(Lipman and others, 1976). During this later episode of volcanism, the Silverton caldera formed. Pervasive
and intense hydrothermai aiteration and mineralization events postdate the formation of the Silverton caldera
by several million years (Casadevall and Ohmoto, 1977). This area of the Animas River watershed above
Silverton has been extensively fractured, hydrothermally altered, and mineralized by Miocene hydrothermal
activity.

Gold deposits were first discovered in 1871 on Arrastra Creek above Silverton by following the
occurrence of placer gold upstream. Following the signing of a treaty with the Ute Indians in 1873, between
1,000 and 1,500 mining claims were staked in the Animas River watershed upstream from Silverton. Mining
activity spread rapidly throughout the area. The chimney deposits (mineralized breccia pipes, see fig. 4) at
the head of Mineral Creek were discovered in 1881. The railroad was brought up from Durango in 1882
providing cheap transportation to the smelters in Durango (Sioan and Skowronski, 1975). Mining continued
in the Animas River watershed at various levels of activity until 1991 when the Sunnyside Mine was closed.

Figure 2. Map of the Animas River watershed showing elevation and locations of mines and prospects in the
USGS MRDS, RASS, and PLUTO data bases (Ryder, 1994) and the USBM MAS data base (Babitzke
and others, 1982). The digital elevation model data are from USGS (1990), towns, railroads, and roads
are from ESRI (1992), and the hydrology data are from USGS (1989).

Figure 3. Geologic map of the Animas River watershed area (after Tweto, 1979) The digital geology is from
Green (1992); hydrology data are from USGS (1989); and the towns, railroads, and roads are from ESRI
(1992).









The extent of mining activity within various portions of the Animas River watershed can be estimated from
the distribution of mining claims and Minerals Availability System (MAS) records (Babitzke and others, 1982)
within the basin. In figure 2, plots of the geochemical data from the USGS mines data bases (Ryder, 1994)
are indicative of the density of mines and prospects in the Animas River drainage basin above Siiverton, Colo.
Mineral deposits in several major mining districts have recorded production. Deposits in the Red Mountain
district in the northwestern part of the Silverton caldera, the Eureka district in the Eureka graben within the
Silverton caldera, and the South Silverton district along the southern margin of the Silverton caldera east of
the town of Silverton (see fig. 4; Burbank and Luedke, 1968; Leedy, 1971; Casadevall and Ohmoto, 1977)
comprised the majority of the mineral production. There are also several porphyry molybdenum deposits
discovered by drilling in the Mineral Creek area (oral commun., Tom Casadevall, 1996). Some of the porphyry
molybdenum deposits are surrounded by large iron bogs at the surface. iron bogs are found elsewhere within
the basin associated with springs flowing from mineralized fractures, some of which have been studied
recently by W.G. Wright (written commun., 1996).

PREVIOUS GEOCHEMICAL WORK

Surface water quality studies in the Animas River drainage basin above Silverton were undertaken
beginning in 1991 under the auspices of the CDPHE (J.R. Owen, written commun., 1997). Many streams in
the region upstream from Silverton are acidic although the pH is quite variable and zinc is derived from
multiple sources within the basin. The iron and aluminum concentrations in these acidic waters is great
enough to exceed the solubility product of the various iron and aiuminum hydroxides (or aluminum
hydroxysulfates, W.G. Wright, written commun., 1997). Precipitation of the iron hydroxide occurs when the
pH of the waters is greater than 3.5 and precipitation of aluminum hydroxides occurs when the pH of the
waters is greater than 5.5 (Broshears and others, 1996). The rocks in many streams are coated with
aluminum- and iron-hydroxides and many of these stream reaches do not support aquatic life (J.R. Owen,
written commun., 1997).

Previous reconnaissance exploration stream-sediment geochemical sampling of the watershed had
been done in the mid-1970's under the National Uranium Resource Evaluation (NURE) program (Shannon,
1980; Warren and others, 1981). These data were used to evaluate the sources of metals in the small
tributary drainage basin (areas of 2-10 km? or more). These data were of adequate sample density and
analytical quality to characterize the geochemical landscape of the Animas River watershed. Geochemical
data from small tributary streams from the USGS National Geochemical Data Base (Hoffman and Buttieman,
1994) were used to prepare regional geochemical maps of the Animas River watershed following the
procedure outlined by Smith (1994). The details of the computational methods are in appendix I. The
preliminary geochemical maps were refined using some of the data presented in this report. Some data points
where eliminated from the original data set because the geochemical anomalies that could not be verified.
in addition, samples collected along the irrigation ditches were also eliminated because these samples were
contaminated by colloidal particles from the Animas River water being used for irrigation. Geochemical maps
of four elements, calcium, copper, lead, and zinc, (figs. 5-8, respectively) clearly show how the geology of the
Animas River watershed controls the geochemistry of the bed sediments in the Animas River. The map of
calcium shows that the volcanic rocks hosting the mineralization in the Silverton area are calcium poor,
indicating a lack of carbonate present in the basin. Carbonate species buffer the acid generated by
weathering of pyrite in hydrothermally aitered zones, mineral deposits, and waste rock piles exposed in the
headwaters of the basin. In contrast, streams draining the area underiain by Paleozoic sedimentary rocks (fig.
3) have high calcium concentrations and substantiai buffering capability as evidenced by the water chemistry
below Cascade Creek as discussed below.

Maps of copper, lead, and zinc show high elemental concentrations in stream sediments collected from
the Animas River watershed upstream from Silverton. These maps display the geochemical baseline when
the samples were collected in the mid-1970s. The value that geochemists refer to as the crustal abundance
value (CAV; Fortescue, 1992) in stream sediments is shown in gray on these three maps. Metal concentra-

Figure 4. Simplified structural map showing the belt of chimney deposits in the Red Mountain district, the
Eureka graben in the Eureka mining district, and the South Silverton mining district east of Silverton
Colorado (from Leedy, 1971). Stippled areas are outcrops of small rhyolite to quartz latite intrusives.
The large hachured mass at the bottom of the figure is the outcrop pattern of the Sultan Mountain quartz
monzonite piuton.
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tions exceed 20 times crustal abundance values in stream sediments above Silverton. Thus, these maps
include any effect that mining might have had on the stream reaches within the mining districts. These maps
do not give an indication of the premining background levels of metals in the bed-sediments prior to mining
in the vicinity of Silverton.

FIELD SAMPLING

In order to meet the objectives of the study outlined above, new samples were collected for water,
colloid, and bed-sediment chemistry in the larger tributaries of Cement and Mineral Creeks and the Animas
River to evaluate stream reaches where major sources of metal loading might be expected. This suite of
samples was also used to supplement and validate the previous geochemical data set. The initial stream
sediment and water sampling was conducted during the week of Oct. 16-20, 1995 during low-flow conditions.
Supplementary sampling of the stream sediments was done during the weeks of Aug. 25, 1996, and Oct. 24,
1996, to evaluate annual and seasonal variability. Additional supplementary water sampling was done during
snowmelt runoff the weeks of May 9, May 20, and June 20, 1996, to evaluate the dissolved and colloid metal
loads under high-flow conditions. A hydrograph showing the stream flow discharge for the period from July
1994 to Oct. 1996 is shown in figure 9. The periods during which water sampling were done are indicated on
the hydrograph.

Water and Colloids

The study in the Animas River basin involved the measurement of selected metals in water, colloids,
and bed-sediment samples from the mainstem of the river and from the major tributaries (fig.10). The
sampling included six sites near Silverton, Colorado, and fourteen sites downstream between Bakers Bridge
and Aztec, New Mexico. Stream flow discharge was measured at the time of sample collection, and samples
were collected by equal-width integration across the channel (Ward and Harr, 1990). Ultrafiltration was used
to separate the “dissolved” metals from the colloidal phase. Analytical procedures are in appendix Il and the
analytical results are in appendices llI-IV.

Figure 5. Geochemical map for calcium (Ca) of the Animas River watershed. Data from the National
Geochemical Data Base was supplemented by samples from the major tributary streams during the
1995 sampling to evaluate the contributions of metals from the major tributary drainages in the Animas
River watershed. Important tributary streams are labeled for reference; hydrology data are from USGS
(1989); and the towns, railroads, and roads are from ESRI (1992).

Figure 6. Geochemical map for copper (Cu) of the Animas River watershed. Data from the National
Geochemical Data Base (Hoffman and Buttleman, 1994) was supplemented by samples from the major
tributary streams during the 1995 sampling to evaluate the contributions of metals from the major
tributary drainages in the Animas River watershed. Important tributary streams are labeled for
reference; hydrology data are from USGS (1989); and the towns, railroads, and roads are from ESRI
(1992).

Figure 7. Geochemical map for lead (Pb) of the Animas River watershed. Data from the National
Geochemical Data Base (Hoffman and Buttlieman, 1994) was supplemented by samples from the major
tributary streams during the 1995 sampling to evaluate the contributions of metals from the major
tributary drainages in the Animas River watershed. [mportant tributary streams are labeled for
reference; hydrology data are from USGS (1989); and the towns, railroads, and roads are from ESRI
(1992).

Figure 8. Geochemical map for zinc (Zn) of the Animas River watershed. Data from the National
Geochemical Data Base (Hoffman and Buttleman, 1994) was supplemented by samples from the major
tributary streams during the 1995 sampling to evaluate the contributions of metals from the major
tributary drainages in the Animas River watershed. Important tributary streams are labeled for
reference; hydrology data are from USGS (1989); and the towns, railroads, and roads are from ESRI
(1992).

Figure 9. Hydrograph of the Animas River showing stream flow discharge from data collected at the gaging
station below Silverton (A-72) between Oct. 1, 1994 to Oct. 1, 1996.
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Stream Sediments

Stream-sediment samples were collected from sites within selected stream reaches to characterize the
reach as well as to supplement previous sampling. At individual sites, 2 sample was composited along 50-100
feet of the stream from several localities on both sides of the stream below the active water line. This
composite sample was sieved through a minus-10-mesh stainless steel sieve (2 mmj into a plastic gold pan
and 1-2 kg sample of fine-grained sediment was transported to the laboratory. The sample was dried at room
temperature (about 20°C) and then sieved to collect the minus-100-mesh (minus-149-um) grain-size fraction.
This minus-100-mesh sample was used for all chemical and lead-isotopic work. Sample localities from
Mineral Creek, Cement Creek, and the Animas River are in figure 11. For further details on the sample
handling, see appendix | in Church and others (1993). Chemical procedures, analytical precision, and
reproducibility are discussed in appendix Il and the analytical resuits are in appendices V-VII.

Additional samples of overbank sediments, composed of fine-grained sand and silt sediments deposited
at high water, were collected in the same manner from the sides of the stream channel to evaluate the effect
of wetting and drying of these sediments on the availability of water-soluble metals. These samples were dry-
sieved in the field. Some water-soluble efflorescent salts and mill tailings were also collected from along the
stream reaches. These special samples are identified and briefly described in the data tables (appendices
V and VI).

RESULTS FROM THE WATER AND COLLOID DATA

Analytical data in this report provided the basis for interpretation of the loading, partitioning, and transport
of metals from source areas upstream from Silverton, Colo. to Aztec, New Mexico under low-flow conditions.
The synoptic sampling reported in this section took place at low flow in October, when bed sediments were
not being transported; thus, the focus of transport in this report is on the dissolved and colloidal loads. It is
important to realize that at high flow, during storms, or snowmelt runoff, there will be large amounts of metal
transported with movement of the bed sediments. On an annual basis, the amount of metals transported with
the bed sediments could greatly exceed the annual fluxes measured for the dissolved and colloidal loads.

Synoptic Sampling of Water and Colloids, October 1995

Site identifications, field measurements, and major ion chemistry of samples collected for water and
colloids are in appendix Ill. Results of chemical determinations for dissolved and colloidal metal
concentrations are in appendix IV. In both appendices, data are sorted in downstream order in for the Animas
River (mainstem) and tributaries (Mineral and Cement Creeks) to emphasize the changes downstream.
These analyses were compared to water-quality standards for aquatic life for Colorado given in table 1
(CDPHE, written commun., 1997).

Aluminum

In the headwater stream reaches upstream from Silverton, aluminum coatings (chalk-white precipitates)
seen on the rocks on the sides of the stream channel indicate that aluminum is partially removed from the
streams before entering the Animas Canyon. Concentrations of dissolved aluminum ranged from a high of
0.42 mg/L at site A-72, downstream from Silverton, to an average of 0.09 mg/L downstream from the Animas
Canyon. Thus, not all the aluminum was removed as coatings before entering the Animas River. The
dissolved aluminum concentrations in the Silverton area are in excess of the water quality standard for aquatic
life, but below this standard downstream from the Animas Canyon. However, much of the aluminum in the
Animas River downstream from Mineral Creek is colioidal (appendix IV). Recent work has noted that colloidal
aluminum may be toxic to fish whereas dissolved aluminum may not be (Witters and others, 1996). In fact,
Witters and others (1996) found that freshly formed aluminum-hydroxide precipitates may be most toxic to
trout. This would be the dominant form of aluminum in the waters within the Animas Canyon reach.

Figure 10. Map of the Animas River watershed showing localities for water and colloid samples collected in
Oct., 1995. The hydrology data are from USGS (1989); and the towns, railroads, and roads are from
ESRI (1992).

Figure 11. Map of the Animas River watershed showing localities for sediment samples collected from
Mineral Creek, Cement Creek, and the Animas River in Oct., 1995. The hydrology data are from USGS
(1989); and the towns, railroads, and roads are from ESRI (1992).
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Table 1. Water Quality Standards for Metals, Colorado

Metal Aquatic Life Standard' Agricultural?> Domestic 2
Acute Chronic Standard  Standard
Aluminum 750 87
Arsenic 360 150 100 50
Cagmium g | g oo oo s
Chromium™* g0-818lin(haraness); - 3.658) g(0818lin(hardness)} - 1.561) 100 50
Chromium*® 16 1" 100 50
Copper 1/2g(0-9422n(hardness)] - 0.7703) g(0.8%45linfhardness)] - 1.485) 200 1,000
Iron 1,000 (total recovery) 3004,
Lead /21 sstntarcnass) 21805 gt 41Tlntrarcness] & 167 100 50
Manganese 1,000 ’ 200 504
Mercury 2.4 0.1 2
Nickel 1/2g(0 76lin(harcness)] + 4.02) "1 /2g(0-76linthardness)] +1.06) 200 100
Selenium 20 5 20 50
Silver 1/2¢17Anmaraness)] - 652 1/2g/17ntarcnoss) - 5.09) 100
Trout = g!!-72in(ardness)] - 10.51)

Zin c e(0.8473(ln(hardness)] + 0.8604) e(0.8473[ln(hatdness)] +0.7614) 2’ 000 5' 000

! Metals for aquatic life standards are dissolved; concentrations are given in ug/L. Water hardness to be used
in equations are in mg/L expressed as calcium carbonate. Standards should not be exceed more than
once every three years.

? Metals are expressed as total recoverable metals unless otherwise stated; 4 is the dissolved form of the
metal.

Data from CDPHE (written commun., 1997)

Cadmium

Concentrations of cadmium were below the limit of detection (<0.001 mg/L) in most of the water
samples. Values downstream from Cement Creek and Mineral Creek were measurable where the pH was
lower. Cadmium concentrations were not elevated in water or colloids from sites downstream from Silverton
during low flow and, at these low concentrations, cadmium did not exceed any water-quality standards.

Copper

In samples from the upper Animas River, dissolved copper concentrations averaged 0.003 mg/L and
colloidal copper concentrations averaged 0.006 mg/L. These values are near the lower detection limit for
copper (<0.001 mg/L). The highest concentrations of dissolved copper were in Cement Creek and Mineral
Creek. Due to a pH of 6.35 and a substantial source of copper in its headwaters, Mineral Creek had the
highest concentration of colloidal copper at 0.055 mg/L. Cement Creek, on the other hand, had the highest
concentration of dissolved copper at 0.06 mg/L. Sites downstream from the Animas River-Cement Creek
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confluence and the Animas River-Mineral Creek confluence had the highest colloidal concentrations of copper
at 0.016 mg/L and 0.022 mg/L respectively. Downstream from the Animas Canyon at the KOA Campground
site (72.5 km), there was a relatively high colloidal copper concentration of 0.006 mg/L, but all the remaining
sites in the basin had concentrations less than 0.004 mg/L. Concentrations at the majority of sites were less
than the concentration in the field equipment blank (appendices Ill and 1V), so it is not possible to make
distinctions among them. One relatively high concentration of dissolved copper, 0.008 mg/L, was observed
at the 32™ Street Bridge in Durango. This must have been from some unidentified source near Durango. The
acute water-quality standard for dissolved copper was exceeded only in Cement Creek. However, colloidal
copper concentrations exceeded the water-quality standard for chronic toxicity at most other sites. It is not
clear what aquatic-life standards are applicable to the colloids, but these copper concentrations could cause
chronic toxicity if copper in the colioids were available to aquatic life.

fron

fron is the main component of the colloidai material that forms in the streams upstream from Siiverton.

Concentrations of colloidal iron were measured in all samples collected all the way downstream to Aztec.

The pattern was similar to that observed downstream from mining sources in the Arkansas Basin (Kimball and
others, 1995); both rivers show a large increase in the colloidal iron concentration immediately downstream
from the source and then a gradual decrease downstream. In the Animas River, the highest concentrations
of dissolved iron were 0.64 mg/L downstream from the confluence of Cement Creek and 0.68 mg/L
downstream from the confluence of Mineral Creek. Downstream from the Animas Canyon, only a few
dissolved iron concentrations were above the limit of detection (<0.001 mg/L), with the greatest concentration
at the KOA Campground site (0.012 mg/L) just downstream from the Animas Canyon.

There is an aquatic life standard for total recoverable iron of 1 mg/L. The colloidal concentrations
reported here from the sites downstream from Cement Creek and Mineral Creek exceed this water-quality
standard. Although iron does not cause acute toxicity, it does influence habitat and chronic toxicity because
of its deposition on the substrate of the stream bed and incorporation into the food chain. Witters and others
(1996) suggest that colloidal iron may be dissolved in fish guts releasing the sorbed metals.

Manganese

As observed in many other streams (Kimball and others, 1995), manganese in the Animas River resided
principally in the dissolved phase rather than the colloidal phase. The pattern of dissolved manganese was
very similar to the pattern of iron; the highest concentrations were downstream from the confluences of
Cement and Mineral Creeks, and then the concentrations decreased downstream. The highest tributary
concentration of dissolved manganese was from Cement Creek, with 1.3 mg/L. The dissolved concentrations
in the Silverton area were almost at the chronic water-quality standard for manganese; however, there is no
manganese standard for acute toxicity.

Strontium

Although strontium is not a toxic metal, it is useful to contrast its distribution pattern with other metals.
Almost all of the measured strontium was in solution rather than in the colloidal phase. Strontium
concentrations were high in the Animas River near Silverton, decreased downstream and then increased
again due to the high inflow concentrations downstream from the Animas Canyon. The highest tributary
concentration was in Cement Creek, at 2.6 mg/L, which may reflect the leaching of carbonate minerals
(calcite, CaCO,, and rhodochrosite, MNCQ ) present in the Eureka graben vein-type ore. Strontium will
substitute for manganese in the rhodochrosite structure. The pattern of concentration downstream differed
from that of the mining-related metals because there were substantial sources of strontium downstream from
the Cretaceous Picture Cliffs, Kirtland, and Fruitland Formations. The next highest inflow concentrations were
from Basin, Hermosa, and Lightner Creeks near Durango. Thus, the strontium data illustrate the pattern of
an element that does not originate from the headwaters near Silverton.

Zinc

Like manganese, zinc occurred principally in the dissolved phase. The highest dissolved concentrations
were near Silverton. Cement Creek had a dissolved zinc concentration of 1.3 mg/L, the highest of any
tributary, and the measured pH was 3.89. Unlike some other metals, the dissolved concentration of zinc at
Eureka (pH 7.06), upstream from Silverton, was high at 0.46 mg/L. Downstream from Siiverton, the
concentrations of zinc consistently decreased as pH increased from 6.62 to 7.87 in the Animas Canyon reach.
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Downstream from the Animas Canyon, the dissolved zinc concentration in the Animas River decreased
substantially from that upstream but did not decrease to levels that were comparable to the colloidal zinc
concentration until near Bondad Hill where the pH increased to about 8.6.

The concentrations of dissolved zinc exceeded water-quality standards for both chronic and acute
toxicity at each of the sites upstream from the Animas Canyon (fig. 10). Concentrations of colloidal zinc in
these reaches were below aquatic-life standards, but if sorbed zinc were released in the guts of fish as
suggested by the work of Witters and others (1996), colloidal zinc could contribute to chronic zinc toxicity.

Arsenic, Mercury, and Selenium

Samples were analyzed for arsenic, mercury, and selenium to evaluate the dissolved and colloidal loads.
None of the samples had concentrations of these metals above the detection limits. The detection limits were
1 microgram per liter (ug/L) for arsenic and selenium, and 0.1 pg/L for mercury. The lack of detection in water
and colloids emphasizes the tendency of these elements to be associated with the bed sediments.

High-flow Sampling of Water and Colloids, Spring, 1996

A second set of samples was collected during the snowmelt runoff period between May and June 1996
to compare the metal loads in water and colloids between low- and high-flow conditions (fig. 9). Results of
determinations from these samples are in appendices lll and IV. Only three sites were sampled during high
flow, so there only is an outline of spatial detail. The samples, however, permit some generalizations about
the loading of metals under two different flow regimes.

In the absence of acid-mine drainage, concentrations of dissolved metals generally decrease as flow
increases. At high flow from snowmelt runoff, one would expect water quality standards to be achieved.
Concentrations of some metals, however, did increase with higher flow, mostly the colloidal concentrations,
creating the opportunity to exceed toxicity levels for some organisms. Among the dissolved metals sampled,
zinc was the only metal that exceeded the acute toxicity standard. Zinc concentrations far exceeded the acute
toxicity standard at site A-72 below Silverton, and at the two downstream sites (Durango and Cedar Hill), it
was about twice the acute toxicity standard. Other metal concentrations either exceeded the chronic toxicity
standard or were very close to the standard. Concentrations of copper did not exceed the standard, but were
only a few micrograms per liter below the standard. During high flow, colloidal iron was greater than 1 mg/L,
the standard for "total recoverable” iron concentrations, at both downstream sites. The concentrations of
dissolved lead were below detection (<0.01 mg/L).

The samples collected at high flow contained some sand-sized particles that were screened out before
measuring the metal concentrations in the colloids. This indicates that there was some unquantified metal
transport associated with suspended particulate material (>62 um) at high flow associated with these particles.
Unfortunately, this component was not analyzed and has been discarded.

Dissolved Versus Colloidal Transport

Measured stream flow discharge was multiplied by concentrations and converted to units of kilograms
per day (kg/day) to evaluate the instantaneous synoptic metal load. There was a clear distinction between
metals transported in the dissoived load and those transported in the colloidal load. Both dissolved and
colloidal metals, however, had the same downstream profile of metal loading. The profile shows a sharp
increase contributed by the inflows of Cement and Mineral Creeks near Silverton and then a gradual decrease
during flow through the Animas Canyon and on downstream. The decrease, or attenuation, of the dissolved
load resulted either from an increase of the colloidal load, or in sorption of metals onto material in the bed
sediments. Attenuation of the colloidal load results from deposition of aggregated colloids to the stream bed
and incorporation into the bed sediments.

Figure 12. Dissolved and colloidal manganese in (A) the Animas River and (B) major tributaries.

Figure 13. Dissolved and colloidal zinc in (A) the Animas River and (B) major tributaries.

21



1 08

[eplofioD &
paA[ossi M

{ oz
{ ov

{ 09

1 oo
1 oz
1 o1

1 091

Aep 1ad sweibojy ul ‘peo| asauebuepy

22



1341y epLIOL]

321D urseg 31D Jaumysyy

3931 uopdunf

}92.1)) BSOWLIdH

391D [eIUIA]

221D JuIU)

[epIofIo) [
PIA[OSSIA W

0
ol
=2
oz 8
E
o
7]
o
o 9
B
m.
=
(=}
or @
5
g
[s)
Lo |
0S o
U]
]
09

oL

23



iver

R

1mas

the An

ing in

Zinc load

M Dissolved
B Colloidal

200

180

(=}
O

(=} (=} [=] [=] (=}
< o (=} ==} =

— — —

Kep Jod sureiSo[ry ul ‘peoy durz

24

20




ToAry vpHIol]

231D uiseg

}21) Jawy3ry )}a31) uonpdunf }331)) ESOULIdY] }931)) [BIdUIIA

231D JUdUIR)

[EPIOIOD 1
paAlossiq M

JIARY SeWuy 3} 0} SALILINQLI) Woaj Suipeo] duiz

ol

o (=} [=]
~ o N

=]
Kep Jad sweado[ny ul ‘peo] ourz

09

oL

25



Manganese

Manganese and zinc were transported mostly in the dissolved load of the Animas River (figs. 12A and
13A). The inflows from Cement and Mineral Creeks near Silverton were mostly as dissolved manganese and
zinc (figs. 12B and 13B). In the mixing zone downstream from each creek, there was no partitioning of the
dissolved metals to the colloidal phase, most likely because in the pH range between 6.5 and 7.5, and neither
manganese nor zinc tended to sorb to or form colloids in this pH range. Although there was no partitioning
to colloidal loads, both the dissolved loads of manganese and zinc decreased downstream indicating that
these two metais were lost to the bed sediments. In the bed sediments, zinc, in particular, could increase the
toxicity of sediments for aquatic organisms. In the Durango area, there was an increase in the dissolved
manganese load, but not in the dissolved zinc load. The manganese may have been from urban sources,
but more likely it is from sedimentary rocks that crop out in this section of the basins that are supplying detritus
to the drainage.

Iron and Aluminum

The profiles of colloidal loads of iron and aluminum were very similar (compare the data in figs. 14A and
15A), and the masses of colloidal iron and aiuminum were nearly the same. The inflow of both metals from
Cement Creek primarily was as a dissolved load, whereas the inflow from Mineral Creek was mostly as a
colloidal load (figs. 14B and 15B). This difference in the chemical form of the load was the result of the
different pH conditions in the two streams. In the mixing zone, downstream from the confluence with Cement
Creek, the dissolved iron and aluminum loads from Cement Creek were partitioned almost completely to
colloidal loads. This process occurred within tens of minutes as the water traveled 1 km from Cement Creek
to Mineral Creek. -

The contrast in the behavior of aluminum in Cement and Mineral Creeks illustrates the stronger
influence of pH on the mode of aluminum transport. In Cement Creek, at a pH of 3.89, dissolved aluminum
was 6.0 mg/L and colloidal aluminum was 0.1 mg/L. In Mineral Creek, at a pH of 6.35, dissolved aluminum
was 0.09 mg/L, and colloidal aluminum was 3.6 mg/L. At sites along the Animas River between Cement
Creek (24 km) and Dalton Ranch (81 km), most of the aluminum was colloidal, ranging from 1.72 mg/L (26
km) and 1.18 mg/L (24 km), to an average of 0.09 mg/L at sites beyond 81 km downstream. Downstream
from 81 km, both dissolved and colloidal loads of aluminum were low.

The mass transfer or partitioning of aluminum from dissolved to colloidal loads quantifies the process

influenced by differences in pH (fig. 16). Three sources of dissolved aluminum were represented: 10.4 kg/day
from the upper Animas River above the confluence with Cement Creek, 283 kg/day from Cement Creek, and
12 kg/day from Mineral Creek. Adding the inputs from the upper Animas River and from Cement Creek
should result in a dissclved aluminum load of 293 kg/day downstream from Cement Creek, but only 88 kg/day
were measured. Thus, 205 kg/day of dissolved aluminum were lost, while 240 kg/day of colloidal aluminum
was formed. This is a reasonable mass balance for the process of aluminum partitioning from the dissolved
to the colloidai phase.
In the mixing zone downstream from the confluence with Mineral Creek, there was a net loss of dissolved and
colloidal aluminum from the stream. The ioss of dissolved aluminum in that mixing zone was 89 kg/day, but
there also was a loss of 256 kg/day of colloidal aluminum. This indicates that there was not only a loss of
dissolved aluminum to form colloidal aluminum, but also a net loss of colloidal aluminum to the stream bed.
These data suggest that aluminum precipitation to form colloidal particles and their aggregation in the water
column is rapid; it occurred just downstream from Cement Creek. The time required for settiing or deposition
of the colloidal aggregates to the stream bed sediments is longer; it did not occur until the water traveled
downstream from Mineral Creek. This sequence is schematically illustrated in figure 16.

The same process occurs for iron and the mass of iron that is lost to the stream bed was very similar
to aluminum (fig. 17). The gain in colloidal iron downstream from Cement Creek was comparable to the loss
of dissolved load, and there was a net loss of colloidal iron downstream from Mineral Creek. This amount of
colloidal iron and aluminum would substantially affect the habitat of the stream bed by filling up pore space
normally occupied by benthic invertebrates.

Figure 14. Dissolved and colloidal iron in (A) the Animas River and (B) major tributaries.

Figure 15. Dissoived and colloidal aluminum in (A) the Animas River and (B) major tributaries.
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Copper

The dissolved copper concentration was below the limit of detection downstream from Cement Creek,
even though the concentration entering from Cement Creek was near 6 pg/L. Copper was completely
partitioned to the colloidal phase, probably as a result of sorption to colloids of iron and aluminum hydroxide,
causing the colloidal concentration to increase to 13 pg/L downstream from Cement Creek. Sorption of
copper continued downstream from Mineral Creek, and the colloidal concentration reached a maximum of
23 pg/L. The loss of colloidal copper load was about 5 kg/day downstream from Mineral Creek.

Zinc

Unlike aluminum and iron, only a small amount of zinc was partitioned from the dissolved to the colloidal

phase. Inthe Animas River downstream from Cement Creek, the dissolved zinc load was 184 kg/day, which
was greater than the sum of the individual sources of the upper Animas River and Cement Creek. This
increased load may indicate a contribution of zinc from some nonpoint sources, perhaps from dispersed
tailings in the alluvium.
In the Animas River downstream from Mineral Creek, the load of dissolved zinc was 98 kg/day, which
represented a net loss of 131 kg/day of dissolved zinc. This net ioss coincided with a gain of colicidal zinc
of only 6 kg/day, so most of the dissolved zinc was not partitioned to the colloidal phase. Instead, a
substantial loss of dissolved zinc to the stream bed occurred through sorption to the abundant aluminum and
iron colloids that had previously settled to the stream bed.

These calculations not only demonstrate the substantial masses involved in the geochemical processes
active in the streams, but also indicate the large quantity of colloidal material that becomes stored in the bed
sediments. Once the colloids are part of the bed sediments, they influence the bed-sediment chemistry and
affect the aquatic habitat. As described in the next section, much of the colloidal material is remobilized during
high-flow periods.

Comparison of Metal Loads During Low-Flow and High-Flow Conditions

The samples that were collected during snowmelt runoff in 1996 indicated substantial differences in the
transport of metals between low-flow and high-flow conditions. Ultrafiltration of the samples, as described in
appendix Il, provided the best possible measure of the dissolved and colloidal metal concentrations at both
stages of discharge. The principal differences in transport patterns between low and high flow were the
dominance of colloidal transport processes during high flow, and the greater mass of dissolved and colioidal
material transported during high flow.

Dominance of the colloidal load was evident with the transport of aluminum (fig. 18A). At low flow, the
colloidal load steadily decreased downstream from Silverton to the point where the dissolved load slightly
exceeded the colloidal load at Durango (fig. 15). In contrast, the colloidal load increased continuously
downstream during each of the three high-flow sampling trips. The colloidal load was about 10 times greater
than the dissolved load during high flow. Dissolved and colloidal iron showed the same general pattern as
aluminum (fig. 18B). In particular, the increase in the colloidal iron load from Silverton to Durango was very
large compared to the low flow. However, dissolved and colloidal zinc varied from the iron and aluminum
patterns because dissolved zinc transport was comparable to the colloidal transport at Silverton. Downstream
at Durango and Cedar Hill, colloidal zinc transport was dominant (fig. 18C).

Cadmium, copper, and lead had the same seasonal pattern as aluminum, iron, and zinc.
Concentrations of dissolved cadmium were near detection limits in all samples, but concentrations of colloidal
cadmium were measurable. During high flow, the colloidal load of cadmium at Durango was 4.3 and 5.6
kg/day for the first two high-flow sampling trips, compared to 0.3 kg/day at low flow (fig. 18D). Colloidal copper
loads increased even more between low and high flow, from 1.5 kg/day to greater than 133 kg/day during the
May 1996 period (fig. 18E). The increase in the colloidal lead load at Durango was comparable to copper,
from less than 3 kg/day to greater than 220 kg/day (fig. 18F). Thus, even though the loads of colloidal
cadmium, copper, and lead were small in comparison to loads of aluminum, iron and zinc, these loads
increased greatly during high flow and could have effects on toxicity if the metals entered the food chain or
became bioavailable in some way.

Figure 16. Summary of mass transfer of aluminum in mixing zones downstream from Cement and Mineral
Creeks.

Figure 17. Summary of mass transfer of iron in mixing zones downstream from Cement and Mineral Creeks.
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Upstream from

Cement Creek
Dissolved 10.4 kg/day
Colloidal 3.6 kg/ day

Cement Creek
Dissolved 283 kg/day

Colloidal 4.6 kg / day \

Downstream from Cement

L Creek
[ o . Calculated Sum
[0 L ) JISherse Dissolved 293 kg/day
S coftrge e Colloidal 8.2 kg/day
LLLLLLLED Observed
It Dissolved 88 kg/day
.................. Colloidal 249 kg,/day
. Dissolved loss 205 kg/day
Mineral Creek : . :
Dissolved 12 kg/day Colloidal gain 241 kg/day
Colloidal 503 kg / day

N/

Downstream from Mineral

Creek
Calculated Sum
oted Dissolved 100 kg/day
Aggregates Colloidal 744 kg / day

Observed
Dissolved 11 kg/day
Colloidal 488 kg / day

Dissolved loss 89 kg/day
Colloidal loss 256 kg / day
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Cement Creek
Dissolved 210 kg/day

Colloidal 114 kg/day \

.................
..................
.................
..................
.................
..................
.................
..................
.................

................. Dispersed

':':':':::':::::::::::::::::::::::: Aggregated
[l Colloids

..................
.................
.................
..................
.................

Mineral Creek
Dissolved 310 kg/day
Colloidal 482 kg/day

AN

Upstream from

Cement Creek
Dissolved < 0.1 kg/day
Colloidal 22.3 kg/day

Downstream from Cement

Creek

Sum

Dissolved 210 kg/day
Colloidal 136 kg/day

Observed
Dissolved 135 kg/day
Colloidal 242 kg/day

Dissolved loss 75 kg /day
Colloidal gain 106 kg/day

Downstream from Mineral

Aggregates
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Creek

Sum

Dissolved 445 kg/day
Colloidal 724 kg/day

Observed
Dissolved 192 kg/day
Colloidal 490 kg/day

Dissolved loss 253 kg/day
Colloidal loss 234 kg / day



Not only was the colloidal load the dominant phase for these six metals, but the mass of colloidal load
at high flow was much greater than at low flow. For example, at Durango, the colloidal zinc load was 15
kg/day during low flow, but 1,060, 1,450, and 114 kg/day were observed during the three high-flow sampling
periods. High-flow trends of colloidal aluminum and zinc loads were comparable. Thus, during high flow from
snowmelt runoff, the colloidal material that was deposited in the bed sediments during low flow was
resuspended and flushed downstream. This annual event has important implications for water use
downstream because water piped or stored from the Animas River during high flow will have a much greater
colloidal load than at low flow. Without filtration and removal from the water, these colloids would be
transported through any pumping system almost as if they were dissolved solutes.

RESULTS FROM STREAM-SEDIMENT DATA

In the following discussion, we focus on the geochemical results from the main tributaries using data
for seven elements: arsenic (As), cobalt (Co), copper (Cu), lead (Pb), strontium (Sr), vanadium (V), and zinc
(Zn). The concentrations of cobalt, strontium, and vanadium do not vary significantly in the rocks underlying
the Animas River watershed and reflect the rock geochemistry throughout the Animas River watershed,
whereas the other four metals are largely derived from the various mineral deposits or alteration zones within
the upper Animas River watershed upstream from Silverton. The enrichment of metals above crustal
abundance values (CAV) is not only environmentally significant, but is used in assessing areas where mineral
deposits might be present. In mineral exploration, areas characterized by metal concentrations three or more
times above the CAV are routinely evaluated. For the seven elements discussed below, the CAV is: As, 1.8
ppm; Co, 29 ppm; Cu, 68 ppm; Pb, 13 ppm; Sr, 384 ppm; V, 136 ppm; and Zn, 76 ppm (Fortescue, 1992).

Whereas we will use this enrichment concept in the discussion and evaluation of the metal distribution
profiles, the CAV for an element in any given area should not be assumed to represent the background in that
area. The geochemical background prior to mining must be determined by looking at premining sediments
within the watershed.

These seven metals are present in several different mineralogical sites in the rocks and mineralized
zones in the watershed. Metals sorbed onto the iron-hydroxides are weakly bound and are totally released
by the 2M HCI-1%H,0, digestion. Metals in the oxide and sulfide phases will be partially to completely
digested by the 2M HCI-1%H,0, leach procedure whereas metals in the silicate phases will not be removed
2M HCI-1%H,0, digestion (Church and others, 1987). Minor amounts of metals reside in carbonate phases.
Strontium, for example resides almost entirely in the silicate phase. Vanadium resides in the iron oxides
hematite and magnetite in volcanic and plutonic rocks. Cobalt resides in both silicate phases and in pyrite.
Copper, lead, and zinc reside in silicate phases, but are greatly enriched in mineral deposits as are arsenic
and antimony. We will focus our geochemical discussion primarily on the geochemical results from the 2M
HCI-1%H,0, digestion procedure because this digestion removes all of the metals present in iron-hydroxide
phases, inciuding the colloidal precipitates. We refer to the metals removed by this leach as the “labile” metal
component. Comparisons of the yields from the 2M HCI-1%H,0, digestion procedure relative to the data from
the total digestion are very useful because significant portions of some metals in the stream sediments may
be transported as detrital oxide and sulfide minerals. The primary sulfide minerals are: arsenopyrite (the
primary source of arsenic), which is not digested by the 2M HCI-1%H,0, leach procedure; pyrite (the primary
source of cobalt), which is not digested by the 2M HCI-1%H,0, leach procedure; chalcopyrite (the primary
source of copper), which is not digested by the 2M HCi-1%H,0, leach procedure; galena (one primary source
of lead), which is readily digested by the 2M HCI-1%H,0, leach procedure; sphalerite (the primary source of
zinc), which is partially digested by the 2M HCI-1%H,0O, leach procedure; and tetrahedrite (a source of copper,
lead, silver, arsenic, and antimony), which is not digested by the 2M HCI-1%H,0, leach procedure (S.E.
Church, unpubl. data). Thus, a comparison between the two data sets will provide some measure of the
distribution of the metals present in the different mineralogical phases present in the bed sediments. In
addition, vanadium in this environment is concentrated in magnetite and specular hematite, which are the
"heavy” iron-oxide minerals. Some vanadium associated with the weathering of magnetite or hematite can
be extracted by the 2M HCI-1%H,0, digestion procedure, but vanadium data from the total digestion will be
used as an indicator of placer accumulation of heavy minerals at the sites where bed-sediment samples were
collected.

Figure 18. Metal loads of aluminum (A), iron (B), zinc (C), cadmium (D), copper (E), and lead (F) at high and
low flow in the Animas River. Results are grouped by sampling trips; low-flow conditions, Oct. 1995, and
high-flow conditions, May 9-10, May 21-22, and June 18-19. Steam flow discharge is on figure 9.
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Placer accumulation occurs when the carrying capacity of the stream is high and the silicate detrital rock
fragments are carried away while leaving the heavy-mineral phases behind. Most of the heavy-mineral
phases have a density (specific gravity, sp. gr.) between 4.3 and 5.3 with the exception of galena (sp. gr. of
7.6) and gold (sp. gr. between 15-19); magnetite has a sp. gr. of 5.2. Thus, the monitoring of magnetite
distribution is an excellent measure of the placering process. Since we are interested in the supply of metals
to the streams rather than concentration of metals at a specific site in a stream reach by hydraulic processes,
the use of the vanadium concentration provides a measure of the distribution of magnetite and shows the
influence of the placering effect on the geochemical data set.

Bed-sediment samples collected from stream reaches for this study were analyzed for both the labile
and total metal content. The geochemical data are presented in two formats, a map format and a profile
format plotted against river distance, to aid in the interpretation of the metal dispersion or dilution patterns
downstream. Geochemical data showing the dispersion of copper, lead, and zinc from the main tributaries
and the Animas River are in a map format on figures 19-21. The metal concentrations for the intervals are
the same as those used in the regional geochemical maps (see figs. 6-8). A comparison of the
reconnaissance geochemical map for copper (fig. 6) with the “ribbon” map showing the dispersion of copper
(fig. 19) indicates that the concentration of copper in bed sediments exceeds 200 ppm for ali of the Animas
Canyon reach and for much of the lower Animas River south to Durango. In contrast, the copper
concentration in stream sediments from tributaries throughout the watershed in areas underlain by either the
Precambrian rocks that crop out in the Animas Canyon reach or the Paleozoic, Mesozoic, and Tertiary
sedimentary rocks (fig. 3) that crop out in the lower Animas River generally have concentrations in the 40 ppm
or less range (fig. 6). Clearly the source of copper in the bed sediments of the Animas River south of Silverton
is from the Animas River watershed upstream from Silverton. The lead (fig. 7 and fig. 20) and the zinc
“ribbon” maps (fig. 8 and fig. 21) show a pattern similar to that of copper, although the concentrations vary in
magnitude.

For ease of presentation, the geochemical and lead-isotopic data in the profiles are plotted against
downstream distances measured in kilometers (km) from the confluence of Mineral Creek with the Animas
River below Silverton, which was arbitrarily assigned a value of 25 km. The reaches of the Animas River
above and below Siiverton are plotted separately. The sample site on the Animas River below the confluence
(that is, site A-72 in the CDPHE data base at 26.25 km) is plotted as the most downstream point on all of the
geochemical and lead-isotopic plots of data from the main tributaries (figs. 22-27) and the most upstream
point on the plots of the data from the lower Animas River (figs. 28-29).

Sample types on these diagrams have been divided into five different categories: River (bed-sediment
samples from the main tributaries or the Animas River), Tribs (bed-sediment samples from small tributary
basins), Ovrbk seds (fine-grained sediment samples collected from bars or from the stream banks
representing sediment transported during high water that has been subjected to wetting and drying and are
a source of water-soluble salts), Other (largely samples of water-soluble efflorescent salts associated with the
overbank sediments collected), and Mill tails (fine-grained deposits of mill tailings within the flood plain).
Identification of specific sample types is in the data tables in the appendices and on individual figure captions.

Figure 19. Ribbon map showing the dispersion of copper in bed sediments in Mineral and Cement Creeks
and the Animas River. Data from the major tributary streams during the 1995 sampling to evaluate the
contributions of metais from the major tributary drainages in the Animas River watershed. Important
tributary streams are labeled for reference; hydrology data are from USGS (1989); and the towns,
railroads, and roads are from ESRI (1992).

Figure 20. Ribbon map showing the dispersion of lead in bed sediments in Mineral and Cement Creeks and
the Animas River. Data from the major tributary streams during the 1995 sampling to evaluate the
contributions of metals from the major tributary drainages in the Animas River watershed. Important
tributary streams are labeled for reference; hydrology data are from USGS (1989); and the towns,
railroads, and roads are from ESRI (1992).

Figure 21. Ribbon map showing the dispersion of zinc in bed sediments in Mineral and Cement Creeks and
the Animas River. Data from the major tributary streams during the 1995 sampling to evaluate the
contributions of metals from the major tributary drainages in the Animas River watershed. Important
tributary streams are labeled for reference; hydrology data are from USGS (1989); and the towns,
raifroads, and roads are from ESRI (1992).
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sample types is in the data tables in the appendices and on individual figure captions. Data from both the
total digestion data and the 2M HCI-1% H,O, data are plotted; these data will be referred to as the total metal
and the labile metal concentrations.

We also analyzed the labile component for the lead-isotopic composition of the samples to “fingerprint”
different sources of lead within the basin and to quantify the relative contributions of metals from the different
mining districts to the total mass of metal in the bed sediments. Lead-isotopes can be used as a tracer of the
fluvial processes because the unmineralized rocks and mineral deposits have differing lead-isotopic
signatures. Three of the four isotopes of lead increase with time because they are the daughter products of
the radioactive decay of uranium and thorium. For example, the amount of *®Pb has approximately doubled
over the age of the earth. Relative to 2*Pb, which has no radioactive parent, thé® PE* Pb value has
increased from about 9.35 at the time of the formation of our solar system to about 18.8 today. This change
has resulted from the decay of 2®U. Similar changes have occurred for the growth in ’Pb resuiting from the
decay of #°U, and ®® Pb resulting from the decay of®? Th, although the change in th& P8 Pb is now
insignificant for this particular application because of the short half-life of 2°U. The “fingerprinting” of the
different mineral deposit districts is possible because, at the time of the formation of the deposits, the lead
contained in the deposits was separated from the radioactive parents and the composition of the lead-isotopic
ratios was “frozen” into the deposits. In contrast, lead in the rocks within the Animas River watershed
continues to change with time in direct proportion to the ratio of the parent isotopes to ®Pb. Lead is abundant
in these mineral deposits. Lead from the deposits is readily removed by weathering and deposited in the bed
sediments by sorbtion to or precipitation with the iron-hydroxide precipitates. This lead is readily removed by
the 2M HCI-1%H,0, leach procedure (100%). In contrast, only a small portion of the silicate-bound lead in
unmineralized rock is released by weathering of the silicate minerals in the rocks that crop out in the basin.
About 20-25 percent of the “silicate-bound rock lead” is extracted by the 2M HCI-1%H,O, leach procedure.
This “rock-lead” signature will be more radiogenic than the composition one would obtain from the total
digestion as shown in earlier work (Gulson and others, 1992; Church and others, 1993). Therefore, the
abundant lead from the mineral deposits, which is often present at hundreds to thousands of ppm,
overwhelms the lead derived from weathering of silicate-bound lead from unmineralized rocks that crop out
within the Animas River watershed and provides a sensitive tracer to measure the contribution of metals from
mineralized areas within the basin.

Lead-isotopic data from galena in the deposits in the Silverton area are given in table 2. These limited
data suggest that lead-isotopic composition of galena from the vein-type ore from the Eureka graben (fig. 4)
varies over a smalf range (samples 1-3, table 2). The data from the two samples collected from the Eureka
Mill and the Sunnyside Mill and from float in Cement Creek are of less value because we do not know which
deposits they represent. The analysis from the Marcella Mine represents ore from a deposit associated with
the Sultan Stock (fig. 4). The analysis of the lead from the white precipitate from the Paradise portal on the
Gem claim on the Middle Fork of Mineral Creek indicates that this deposit differs from that of the vein-type
ore lead from the Eureka graben. The composition of lead from the iron-hydroxide precipitate from the
Koehler adit (appendix VII) also differs from the Eureka graben vein-type ore lead. The compositions of the
galena samples are plotted on the lead-isotope diagrams when the mineralization type is present within the
individual subbasin.

Mineral Creek Drainage Basin

Geochemical and lead-isotopic results from the bed sediments from Mineral Creek are summarized in
figures 22-23. At the headwaters of Mineral Creek, an iron-hydroxide precipitate sample from the Koehier adit
contains enriched concentrations of ore-related metals. This sample was totally digested by the 2M HCI-
1%H,0, leach demonstrating that metals deposited by precipitation from aqueous AMD solutions in the iron-
hydroxides phases are completely extracted by this acid leach solution. The Koehler adit drains into a small
collection basin from one of the chimney deposits (fig. 4), which are base-metal-rich breccia pipes associated
with porphyry-type mineral deposits (Cox, 1986). Direct discharge of sediments into the headwaters of Mineral
Creek from the collection basin below the Koehler adit is not certain. The data from the Koehler adit discharge
is used in this report to indicate that the chimney deposits are a source, rather than the only source of these
metals.

Arsenic

Arsenic concentration in the Koehler adit sample (4,400 ppm) is about 2,500 times CAV. The
concentration of arsenic in bed sediments of Mineral Creek downstream from the Koehler adit show a
continuous dilution of arsenic resulting from addition of sediments from the tributaries in the basin (fig. 22A).
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Table 2. Lead-isotopic data from mineral deposits and mill sites in the Silverton study area

Locality 2°pp/**Ph 27pb**Ph 25ph/2Ph

Sunnyside Mine'

DH-B1 ’ 18.285 15.556 37.919

74BRD-4 18.294 15.563 37.949

74BRD-3 18.367 15.562 37.959
Sunnyside Mill'

66DV-1 18.549 16.603 38.242

Eureka Mill Site?
95ABS105-GN 18.228 15.537 37.787

Kittimac Mill Site?
95ABS106 18.787 15.635 38.278

Galena in float, Cement Creek?®
95ABS120-GN 18.367 15.551 37.944

Paradise portal, Gem claim?
95ABSPD 18.781 15.581 38.142

Marcella Mine, Kendall Mountain'
46DV39 18.498 156.595 38.056

' Data from Doe and others (1979).
2 New data from this study.

Arsenic is diluted from about 130 times CAV on the upper part of Mineral Creek at Chattanooga to about 11
times CAV above the confluence with the Animas River below Silverton. A comparison of the yields for
arsenic in the 2M HCI-1%H,0, digestion versus the total digestion indicates that arsenic is consistently present
in the bed sediments at a concentration of 20-30 ppm higher in the total digestion on a sample-to-sample
basis (fig. 22B). This indicates that arsenic is present in both the iron-hydroxide phase as well as in a sulfide
phase, probably arsenopyrite. At the Chattanooga site, as much as 85-90 percent of the arsenic may have
come from the Koehler adit or from acid mine drainage directly from these chimney deposits. There is no
direct measure of the arsenic component that may have been derived from the altered area surrounding the
mineral deposits on Red Mountain.

Cobalt

Cobalt concentration is low in the sample from the Koehler adit, and the cobalt concentrations in the total
digestions of the bed sediments of Mineral Creek are only slightly elevated above the concentrations in the
tributaries (fig. 22C). The cobalt concentrations in the bed sediments of Mineral Creek are at or near CAV
(29 ppm)and range between 10 and 30 ppm. Cobalt concentrations show no regular increase or decrease
along the entire course of Mineral Creek. Comparison of the partial (labile) and total digestion data indicates
that some portion of the cobalt is probably being transported in the bed sediments in pyrite.

Copper

Copper concentrations are about three times CAV (210 ppm) at the Koehler adit, are elevated to 5.6
times CAV at Chattanooga, and rise to about 13 times CAV at Burro Bridge above the confluence of the
Middle Fork of Mineral Creek (fig. 22D). Below the Middle Fork of Mineral Creek to the confluence with the
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Animas River, the concentration of copper drops to 100-110 ppm (about 1.5 times CAV) indicating that there
are no substantive sources of copper to the bed sediments of Mineral Creek in these stream reaches. About
30-50 ppm of copper occurs in the sulfide phases, probably in chalcopyrite or a solid-solution component in
pyrite. The increase in the copper concentration at Burro Bridge is entirely in the labile phase. Copper
concentrations in bed sediments from the main tributaries to Mineral Creek are not supplying substantial
amounts of copper to the bed sediments in these stream reaches. The source of the copper in the upper
reaches of Mineral Creek has not been identified.

Lead

Lead concentrations at Koehler adit are 3,500 ppm (about 270 times CAV). Lead concentrations from
bed sediments in the headwaters of Mineral Creek at Chattanooga (about 70 times CAV) and at Mill Creek
(about 60 times CAV) indicate that the lead baseline is significantly elevated here (fig. 22E). Substantial
mineral production and milling were done in the Red Mountain district near Chattanooga beginning in 1882
(Sloan and Skowronski, 1975). The chimney deposits at the headwaters of Mineral Creek are a major source
of lead in the bed sediments of Mineral Creek. Lead concentrations from tributaries, including the Middle
Fork of Mineral Creek, are in the range of 90-140 ppm. Lead concentrations drop o 200-240 ppm (15-18
times CAV) in bed sediments in the reach between the South Fork of Mineral Creek and the confluence with
the Animas River below Silverton. Lead concentrations in the two digestions are essentially the same; small
differences between the measured concentrations are presumed to be due to sample heterogeneity.

Strontium

Strontium concentration data from the total digestion of the bed sediments shows that there is relatively
little strontium in the Koehler adit sample relative to that in the rocks being eroded within the basin. The
strontium profile for Mineral Creek is relatively flat and the strontium concentrations in bed sediments from
the tributaries brackets the concentration profile for bed sediments in Mineral Creek (fig. 22F). The average
strontium concentration (223 ppm) is below the CAV (384 ppm).

Zinc

Labile zinc in the sample from Koehler adit is 200 ppm or about 2.6 times CAV. Zinc concentrations in
the bed sediments differ substantially between the 2M HCI-1%H,0, digestion (fig. 22G) and the total digestion
(fig. 22H) suggesting that a substantial portion of the zinc in the bed sediments is transported in the sulfide
mineral sphalerite. Sphalerite accounts for as much as 85 percent of the zinc in the bed sediments from the
site at Chattanooga. Substantial sphalerite is also being added to this stream reach from Browns Guich. The
sphalerite component in the bed sediments of Mineral Creek drops to about 60 percent at Burro Bridge and
the zinc concentration in the iron-hydroxide phase is also increased as did the concentration of labile copper
at this site. Stream flow at the site above Burro Bridge was slow; the increase in metals associated with the
calloidal phase in the bed sediments may be the result of accumulation of colloidal components at this site.
Both sphalerite and labile zinc concentrations drop substantially between the Middle and South Forks of
Mineral Creek. Downstream of the confluence of the -South Fork, sphalerite and labile zinc concentrations
again increase dramatically as Mineral Creek enters the mining area west of Silverton.

Vanadium

The profile of vanadium concentrations from the total digestion (fig. 22H) is relatively flat along the
course of Mineral Creek averaging 110 ppm (CAV is 136 ppm), although the vanadium profile for Mineral
Creek shows more variation than that for Cement Creek or the upper Animas River upstream from Silverton.
Vanadium concentrations from tributaries are close to the values from the Mineral Creek samples and indicate
that the samples from these localities are not significantly biased by hydrologic concentration of heavy
minerals at any particular site. The site above the confluence of the South Fork of Mineral Creek does have
low concentrations of vanadium suggesting that this sample may be somewhat biased toward the iron-
hydroxide component rather than the heavy-mineral phases. We conclude that the elevated zinc
concentrations are the result of addition of sphalerite to the stream reaches rather than concentration of
heavy-mineral phases in a placer.

Lead-isotopic data

The lead-isotopic data (fig. 23A and B) from the Mineral Creek drainage indicate metals from several
different deposit types are being added to bed sediments from the mineral deposits in the basin. Since there
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are no published lead-isotopic data from the chimney deposits, the results from the Koehler adit will be used
as the signature of this deposit type. The lead-isotopic data available on galena from known mine sites or
stream reaches is shown in these diagrams. Note that the composition of lead in the bed sediment from
Chattanooga does not match well with the Koehler adit results for 2°Pb/”*Pb, and that it is even more enriched
in 28Pb relative to the vein-type ore deposits than lead-isotopic data from the Koehler adit. The lead-isotopic
data from Mill Creek and from the Middle and South Forks of Mineral Creek, all of which are on the west side
of the Mineral Creek drainage, have lead-isotopic values that are more radiogenic than the vein-type ore
signature whereas the bed-sediment sample from Browns Gulch matches the Eureka graben vein-type ore
signature. The composition of lead in the sample from Burro Bridge on Mineral Creek above the confluence
of the Middle Fork reflects the addition of vein-type ore lead from Browns Gulch. Between the confluence of
Middle and South Forks of Mineral Creek, the lead-isotopic data indicate that the influence of the Eureka
graben vein-type ore lead is being diluted by the addition of rock lead similar to that found in the tributaries
on the west side of the Mineral Creek drainage. The overbank sediment sample from the confluence of the
South Fork, however, matches the geochemical and lead-isotopic data from the upper reaches of Mineral
Creek and represents a fluvial high-water deposit that contains a larger component of ore and ore-related
metals from the upper part of the basin. The lead-isotopic composition in bed-sediments from Mineral Creek
at low flow is higher than that of the Eureka graben vein-type ore lead signature, indicating that a different
component of ore lead dominates the composition of lead in bed sediments from this drainage. This is not
the case for bed sediments from Cement Creek or the upper Animas River above Silverton as will be shown
below.

Figure 22. Metal distribution profiles (A-H) for Mineral Creek; metal concentrations for labile arsenic (As), total
arsenic, total cobalt (Co), labile copper (Cu), labile lead (Pb), total strontium(Sr), labile and total zinc (Zn;
pd--labile zinc from the partial digestion and td--total zinc) and total vanadium (V) are plotted against
river distance measured upstream from the confluence of Mineral Creek (at 25 km) with the Animas
River below Silverton, Colo. Data from four different sample types are plotted as indicated by the
explanation on the diagrams; no mill tailings were sampled on Mineral Creek. Sampie localities plotted
are, beginning at the headwaters: Mineral Creek—Chattanooga (13 km), Burro Bridge (16 km), Mineral
Creek above the confluence with the South Fork (19.6 km), Mineral Creek at the gaging station above
the confluence with the Animas River (24.5 km), and the tie point at site A-72 on figure 28; the tributary
samples—Mill Creek (13.75 km), Browns Guich (15.45 km), Middle Fork Mineral Creek (16.7 km), South
Fork Mineral Creek (2 samples, one in 1995, one in 1996; 20.45 km); and Other—the Koehler adit (10.1
km).

Figure 23. Lead-isotope distribution profiles for Mineral Creek plotted against river distance measured
upstream from the confluence of Mineral Creek (at 25 km) with the Animas River below Silverton, Colo.
Data from different sample types are plotted as indicated by the explanation on the diagrams; distances
are as noted in the explanation for figure 22. Lead-isotopic data from the Paradise portal on the Gem
claim on the Middle Fork of Mineral Creek and from the Eureka graben vein-type ore (table 2) are
plotted for comparison. The data from site A-72, the first site on the Animas River below the confluence,
are plotted on all the diagrams to provide a tie-point with the data on figure 29.
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Cement Creek Drainage Basin

The geochemical and lead-isotopic results from the bed-sediments from Cement Creek are
summarized in figures 24-25. Geochemical profiles of Cement Creek differ substantially from those of Mineral
Creek or the upper Animas River. Two samples labeled as “Other” are important in discerning the influence
of natural weathering and spring seepage processes from mining activities on metal concentrations in the bed
sediments. The sample upstream from the first bed-sediment sample of Cement Creek is from a ferricrete
deposit on the west-facing slope of Cement Creek. A ferricrete is any rock cemented by iron oxides.
Ferricretes may contain rounded or angular rock fragments cemented together by iron oxides that precipitate
from natural weathering of mineral deposits. The second “Other” sample is from an iron bog forming below
a spring on the west side of Cement Creek in the creek bed. Since this sample was collected from a small
terrace just above Cement Creek at the low-flow stage, the chemistry of the sample will be affected by bed
sediment material and water from Cement Creek entrapped during high-flow conditions. However, the very
different geochemistry of the iron-hydroxide precipitates clearly shows that most of the metals in the iron bog
are deposited from a different source.

Arsenic

Arsenic concentrations in bed sediments are elevated ranging from 23 to 43 times CAV (42-78 ppm)
and the profile (fig. 24A and B) of both the partial and the total digestion data indicate that the arsenic
concentration in the bed sediments increases significantly below the inflow at the Gladstone Mine and the
confluence below Tiger Gulch. This increase is due to a higher arsenic in the iron-hydroxide phases and may
represent accumulation of colloidal materials in the bed sediments. As we stated above, if the elevated
arsenic concentrations reflect the addition of the chimney-type deposits, the increased arsenic levels could
represent an unsampled source of metals coming from Prospect Gulch which drains the east side of Red
Mountain. Copper, lead, and zinc do not show a significant change over this stream reach. The sample from
Topeka Gulch, a small tributary drainage which has not been substantially affected by mining, contained
similar concentrations (46 ppm) of arsenic to those found in the bed sediments of Cement Creek, but much
less of it is in the labile phase (fig. 24B). In contrast, the arsenic concentration in the ferricrete sample was
less than 10 ppm and in the iron bog sample was 6.7 ppm. The arsenic concentration in the bed sediments
of Cement Creek at Memorial Park in Silverton is about twice that in either Mineral Creek or the upper Animas
River at site A-72 in Silverton.

Cobalt

Cobalt concentrations in the bed sediments of Cement Creek are low and relatively constant at about
13 ppm (fig. 24C). The range is from about 10-30 ppm, near the CAV and showing a similar range to the
other two major tributaries. Cobalt in the ferricrete sample is quite low, but in the iron bog sample is very
similar to that in the bed sediments. Cobalt in the bed sediment from Topeka Guich is higher than that in bed
sediments in Cement Creek.

Copper

Copper concentrations (fig. 24D) in the headwaters of Cement Creek are elevated to about six times
CAV (410 ppm). Copper concentrations in the ferricrete sample are also elevated (360 ppm) suggesting that
some component of the elevated copper concentrations in the headwaters of Cement Creek may represent
premining conditions. However, there are a few small mines in Ross Basin which were not sampled that may
contribute copper and other ore-related metals to this upper reach of Cement Creek. Over most reaches of
Cement Creek, the copper concentration is between 1-2 times CAV. The overbank sediment from just below
the confluence of the South Fork of Cement Creek contains 290 ppm copper indicating that this sediment was
transported from the uppermost reach of Cement Creek.

Lead

Lead concentrations (fig. 24E) range from 670 ppm (52 times CAV) at the headwaters to 320 ppm
(25 times CAV) at Memorial Park in Silverton. Lead concentrations in both the ferricrete and the iron bog
samples are much lower, in the 5§ ppm range. The concentration of lead in the bed sediments from Topeka
Gulch is about six times CAV, but substantially below that found in Cement Creek. Again, the lead
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concentration in the overbank sediment from below the confluence with the North and South Forks of Cement
Creek is much higher than that in the sample from Cement Creek at this location.

Strontium

Strontium concentrations in all samples except those from the ferricrete and the iron bog are relatively
constant, averaging 250 ppm and are lower than CAV (384 ppm). The profile is relatively flat (fig. 24F).
Strontium in solution behaves conservatively and is not sorbed or retained by the iron-hydroxide minerals;
thus, strontium concentrations in the ferricrete and spring seep samples (iron bogs) are very low.

Zinc

Labile zinc concentrations (fig. 24G) are relatively constant over the course of Cement Creek near
200 ppm (2.6 times CAV) except for the sample from the headwaters where the zinc concentrations are
slightly elevated (280 ppm or 3.7 times CAV). Contrasting the leach results from the bed sediments with the
total zinc concentration data (fig. 24H) shows that about 33 percent of the zinc in the bed-sediment sampie
from the headwaters is’labile whereas 67 percent is bound in more resistant sulfide mineral phase sphalerite.
Microscopic identification of mineral phases and emission-spectrographic analysis of the residue from the
leachate confirms that sphalerite, rather than tetrahedrite is present in the residual phase. The concentration
of sphalerite-bound zinc in bed sediments remains relatively constant downstream from the Gladstone Mine,
where it is 1,200 ppm, to Memorial Park in Silverton, where it is 1,000 ppm. The total zinc concentration in
bed sediments at the confluence of Cement Creek with-the upper Animas River is about 1,200 ppm or about
16 times the CAV.

Vanadium

Vanadium concentrations remain constant (averaging 143 ppm) throughout the course of Cement
Creek at concentrations near CAV (fig. 24H). The vanadium profile indicates that there are no samples from
Cement Creek that are biased by hydrologic concentration of either iron-hydroxide minerals or placering of
heavy minerals.

Figure 24. Metal distribution profiles (A-H) for Cement Creek; metal concentrations for labile arsenic (As),
total arsenic, total cobalt (Co), labile copper (Cu), labile lead (Pb), total strontium(Sr), labile and total
zinc (Zn; pd--labile zinc from partial digestion and td—total zinc) and total vanadium (V) are plotted
against river distance measured upstream from the confluence of Cement Creek (at 24 km) with the
Animas River below Silverton, Colo. Data from four different sample types are plotted as indicated
by the explanation on the diagrams; no mill tailings were sampled on Cement Creek. Sample
localities plotted are, beginning at the headwaters: Cement Creek—-Cement Creek above the Gold
King Mine (11.5 km), Cement Creek below the confluence of the North and South Fork confluence
and below the inflow of the Gladstone Mine (13 km), Cement Creek below the confluence with Tiger
Guich (15.25 km), Memorial Park below gaging station (22.7 km), and the tie point at site A-72 on
figure 28; the tributary sample—Topeka Guich (19 km); and Other is one sample of ferricrete (11 km)
and one sample from an iron bog fed by a spring (15.1 km).

Figure 25. Lead-isotope distribution profiles for Cement Creek plotted against river distance measured
upstream from the confluence of Cement Creek (at 24 km) with the Animas River below Silverton,
Colo. Data from four different sample types are plotted as indicated by the explanation on the
diagrams; no mill tailings were sampled on Cement Creek. Data from different sample types are
plotted as indicated by the explanation on the diagrams; distances are as noted in the explanation for
fig. 24. Lead-isotopic data from the vein-type ore from the Sunnyside Mine (table 2) are plotted for
comparison. The data from site A-72, the first site on the Animas River below the confluence, are
plotted on all the diagrams to provide a tie-point with the data on figure 29.
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Lead-isotopic data

Lead-isotopic data from the bed sediments, the overbank sediment, and the ferricrete and iron bog
samples closely match the lead-isotopic signature of the Eureka graben vein-type mineralization (figs. 25A
and B). The bed-sediment sample from Topeka Guich, which is largely unimpacted by mining activity, has
a composition that differs substantially from the rest of the samples from the Cement Creek drainage and may
reflect the contribution of lead from altered, unmined country rock. However, mass balance calculations show
that the total contribution of lead of this type to the bed sediment of Cement Creek is small and insignificant.
The lead-isotopic data indicated that the majority of the lead in the bed-sediments from Cement Creek below
the Gladstone mine matches that of the Eureka graben vein-type ore. Even though the lead-isotopic
compositions of the ferricrete and iron-bog samples match the lead-isotopic composition of the vein-type ore,
the lead concentrations in these samples are very low and thus, these sources add very little lead to the bed
sediments in Cement Creek.

Animas River Drainage Basin Upstream from Silverton

Geochemical and lead-isotopic data from bed sediments from the upper Animas River, that is the
segment of the Animas River above the confluence with Mineral Creek (25 km), are in figures 26 and 27. One
mill site, the Kittimac Mill (13.8 km), was sampled specifically because the mill is immediately adjacent to the
upper Animas River. This mill processed material from mines on the north side of Minnie Gulch (Sloan and
Skowronski, 1975). ’

Arsenic

Arsenic concentrations from the 2M HCI-1%H,0, digestion data indicate a uniform, albeit a gradually
decreasing concentration profile throughout the course of the upper Animas River (figs. 26A and B). The total
and the partial digestion data have very similar profiles. The maximum concentration of arsenic found was
about 100 ppm (about 55 times CAV) in the upper reach of the Animas River just above the Eureka townsite
(a2 1996 sample collection site). The arsenic concentration drops steadily along the course of the upper
Animas River to 35 ppm just above the confluence with Cement Creek. Arsenic concentrations in Cement
Creek and the upper Animas River at their confluence are essentially the same. Arsenic concentrations in
the bed sediments from Picayne Guich near the headwaters are higher than those in the bed sediments at
the confluence of Picayne Guich with the upper Animas River which suggests that the source of elevated
arsenic may be from this tributary. Elsewhere along the course of the upper Animas River, the concentration
of total and labile arsenic in the stream sediments from the tributaries samples are less than that in the bed
sediments of the upper Animas River. Arsenic concentrations in the overbank sediment collected near Eureka
are also higher than in the bed sediments at that point indicating transport from upstream during high flow.
The efflorescent salt samples collected from along the course of the upper Animas River, except for one
sample collected near Eureka, do not concentrate arsenic. The arsenic concentration in the composite
surface sample from the Kittimac Mill site is also low. We conclude that the Kittimac Mill site does not appear
to be a significant source of arsenic to the bed sediments of the Animas River.

Cobalt

The concentration of cobalt in bed sediments from the upper Animas River (averaging 18 ppm) and
its tributaries (averaging 20 ppm) show little variation about the CAV (fig. 26C). The profile is essentially flat
and comparable to that from both Mineral and Cement Creeks. The concentration of cobalt is elevated (50-
100 ppm) in three of the four water-soluble salt samples.

Copper

Copper concentrations in the bed sediments of the upper Animas River at Animas Forks are
comparable to those in Cement Creek and much of Mineral Creek (fig. 26D). However, just above the
confluence with Eureka Guich and below the Eureka Mill site, labile copper concentrations exceed 4,000 ppm
on the coatings of pebbles and reach almost 500 ppm (about seven times CAV) in bed sediments. The total
copper concentration in this sample collected from below the confluence with Eureka Gulch is 550 ppm (eight
times CAV) sample and more than 80 percent of the copper is labile. Copper concentrations are also elevated
in the sample from the Kittimac Mill site as well as in the sample taken below the braided section of the upper
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Animas River above Howardsville. Below Howardsville, the total copper concentration in bed sediments drops
to 270 ppm below the confluence with Cunningham Creek. Copper concentrations in bed sediments are
elevated in the section of the upper Animas River adjacent to the Mayflower Mill (between Boulder Gulch and
Arrastra Creek). Copper concentrations in stream sediments from the tributaries are below CAV in the upper
reaches of the upper Animas River, but are 2,200 ppm (32 times CAV) in Arrastra Creek, 50 percent of which
is labile, and 420 ppm in bed sediments at the confluence of Boulder Gulch, 70 percent of which is labile.
From the perspective of aquatic-life standards, it is important to note the high concentrations of copper are
present in the white efflorescent precipitates that form by evaporation. Rain storms wash these water-soluble
salts into the Animas River creating a spike of dissolved copper and other toxic metals that may exceed the
acute toxicity standard for copper for aquatic life.

Lead

The concentration profile (fig. 26E) of lead in bed sediments from the upper Animas River is
comparable to that of copper. High concentrations (1,600-2,000 ppm or more) characterize the braided
stream reaches below Eureka and below the Mayflower mill. The lead-isotopic data discussed below clearly
indicate that the source of the lead in this stretch of the upper Animas River is not from Arrastra Creek. With
the exception of the sample from Arrastra Creek, lead in stream sediments from the tributaries is substantially
lower in concentration than in the bed sediments of the Animas River ranging from about 160 ppm at Animas
Forks (12 times CAV) to 700 ppm in Eureka Guich (more than 50 times CAV). The concentration of lead in
stream sediments in Arrastra Creek is 4,000 ppm (more than 300 times CAV). The lead concentration in the
stream-sediment sample from lowermost Boulder Gulch is 1,200 ppm, far too high to be from an
unmineralized area. We suspect that the bed-sediment sample from Bouider Gulch has been contaminated
by material from the tailings ponds upstream from the sample site. Lead concentrations in the overbank
sediment from Eureka and from all of the efflorescent salt samples are substantially elevated above that in
the bed sediments of the upper Animas River samples. Again, a rain storm would send a spike of water-
soluble lead into the river and perhaps could exceed the acute aquatic-life standard for lead. The highest
concentration of iead (17,000 ppm) was found in the mill tailings at the Kittimac Mill site.

Strontium

Strontium concentrations (fig. 26F) are again relatively constant throughout the course of the upper
Animas River averaging 190 ppm if the site just below Cunningham Creek is excluded. There is a major
change in concentration of strontium in the bed sediments of the Animas River below the confluence with
Cunningham Creek which is consistent with the elevated strontium concentrations in the stream-sediment
samples from Cunningham Creek and Maggie Gulch. These elevated strontium concentrations reflect the
presence of the Leadville and Dyer limestones outcrops in the headwaters of these basins that are too smali
to show at the scale of the regional geologic map (see fig. 3). Strontium concentrations are highly variable
in the precipitates and vary directly with the calcium concentration. Strontium in the sample from the Kittimac
Mill site is very low as is the measured calcium concentration. These measurements verify the low acid-
buffering capacity of these mill tailings.

Zinc

The profile and the pattern of both labile and total zinc concentrations (figs. 26G-H) are comparable
to those of copper and lead. Total zinc concentrations range between 3,500-4,400 ppm in the reaches of the
upper Animas River adjacent to the Eureka and Mayflower mill sites. The overbank sediment and the bed
sediments from Cunningham and Arrastra Creeks have zinc concentrations that are higher than those from
adjacent segments of the upper Animas River whereas zinc concentrations from other tributaries are lower.
The distribution profiles for labile and total zinc concentrations parallel one another. Fifty to 65 percent of the
total zinc in bed sediments in the upper Animas River is labile; the remainder is present in the sulfide mineral
sphalerite. In contrast, 75-80 percent of the zinc from Cunningham and Arrastra Creeks is labile and 85
percent of the zinc in the Boulder Gulch sample is labile indicating a high fraction of the zinc is carried in the
iron-hydroxide phase. Zinc concentrations in three of the four precipitate samples range between 16,000 and
27,000 ppm (about 200-350 times CAV). The overbank sample contains a very high concentration of these
water-soluble zinc salts as shown by the comparison between the data from the total and the 2M HCI-1%H,0,
digestion. Zinc in the sample from the Kittimac Mill site is low (310 ppm or four times CAV).
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Mineral separates were made from the residue fraction of the leachate sample from sites (fig. 11)
collected from the Animas River just above Howardsville (95ABS108) and from Cunningham Creek
(95ABS109). The dominant sulfide mineral in the sample from Cunningham Creek was a ruby-red variety of
sphalerite. In contrast, the dominant sulfide mineral present in the Howardsville sample was the blackjack
variety of sphalerite; there were minor amounts of pyrite present. Magnetite and hematite were also present
in about equal abundance in sample 95ABS108. The bulk composition of these heavy-mineral concentrates
are given in table 3. An analysis of the magnetic fraction is also given. Note the increased concentration of
zinc in the nonmagnetic fractions and the concentration of vanadium in the magnetic fraction. The magnetic
fraction contains magnetite only whereas the nonmagnetic fraction from 95ABS108 contains some portion
of hematite.

Vanadium

Vanadium concentrations in bed sediments from both the tributaries (average 122 ppm) and the upper
Animas River (average 105 ppm) are essentially the same and form a flat profile indicating that the changes
in ore and ore-related metal concentrations are not the result of hydrologic concentration of heavy minerals
in placers (fig. 26H). The vanadium profile of all three main tributaries to the Animas River, that is Mineral
Creek, Cement Creek, and the upper Animas River above Silverton, indicate that the streams have an
essentially constant supply of vanadium from magnetite and hematite in the Tertiary volcanic rocks (fig. 3).

Table 3. Semi-quantitative emission spectrographic data from heavy-mineral separates', Cunningham Creek
and Animas River upstream from Howardsville

Sample? Fe Ti Ag As Ba Cd Co Cu Mn Mo Ni Pb Sb V Zn
wt.  wt
pct. pct. ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm

95ABS108-NM 3.0 0.7 15 <600 1500 50 20 200 1000 10 <10 50 <200 100 5000
95ABS109-Mag 20.0 05 <1 <500 <50 <560 50 10 600 <10 50 <20 <200 300 <500
95ABS108-NM 7.0 10 <1 <500 2000 <50 30 100 700 <10 10 30 <200 150 2000

'S.J. Sutley, analyst.
2 NM, nonmagnetic heavy mineral separated from sample following 2M HCI-H,0, digestion; Mag, magnetite
separated from sample following 2M HCI-1%H,0, digestion.

Lead-isotopic data

Lead-isotopic data (figs. 27A and B) show that the mineralization above Animas Forks differs from
the Eureka graben vein-type ore. Likewise, lead-isotopic data from stream sediments from Picayne Guich
reflect a different lead-isotopic signature from that of the Eureka graben vein-type ore. Samples from Eureka
Gulch and from the Animas River between Eureka and Howardsville reflect the Eureka graben vein-type ore
lead signature. The lead-isotopic composition of mill tailings from the Kittimac Mill site is more radiogenic and
reflects a third mineralization style in the upper Animas River subbasin. Since ore from the north side of
Minnie Gulch was processed at this mill, it is important to note that the lead-isotopic composition of the
stream sediments from Maggie Gulch also differs from that of the Eureka graben vein-type ore lead signature.
The lead-isotopic signature from both Cunningham and Arrastra Creeks also differs from the previous three
mineralization signatures. As the ore from the South Silverton district was more precious-metal rich, it is not
surprising to see that the lead-isotopic signatures differ between the Eureka graben vein-type ore lead of
which the Sunnyside mine is typical, and the ore from the South Silverton district. The lead-isotopic
composition of the bed sediments in the upper Animas River below the confluence of Cunningham Creek
changes slightly indicating the addition of this new lead component. The lead-isotopic composition of the
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sediments from Boulder Guich indicates that they also contain some of this more radiogenic component of
lead, the source of which cannot be determined at this time. Although there are several mineral districts in
the upper Animas River subbasin, each of which seem to have differing lead-isotopic signatures, the isotopic
composition of lead in the bed sediments of the upper Animas River is dominated by the Eureka graben vein-
type ore lead signature as shown by the resuits in figure 27. Contributions of lead and their associated metals
from the other centers of mineralization in the Animas River subbasin appear to be minor.

The isotopic composition of lead in the bed sediments of Cement Creek at the confluence with the
Animas River (24 km) is identical to that measured in bed sediments from the Animas River above the
confluence, so no calculation of the relative contributions to the total metal in the bed-sediments from Cement
Creek can be made from the lead-isotopic data. There are significant changes in the metal concentrations
in bed sediments of the upper Animas River between the site above the confluence of Cement Creek and site
A-72 below the confiuence with Mineral Creek. However, the sampling density does not allow a definitive
calculation of the relative amounts of material added to the bed sediments of the upper Animas River by
Cement and Mineral Creeks separately.

The isotopic composition of lead in the bed sediments of Mineral Creek is somewhat different from
that of the upper Animas River above the confluence with Cement Creek. These data will be used below to
calculate an upper limit for the percentage of material added to the bed sediments of the Animas River by
Mineral Creek.

Figure 26. Metal distribution profiles (A-H) for the upper Animas River above Silverton; metal concentrations
for labile arsenic (As), total arsenic, total cobalt (Co), labile copper (Cu), labile lead (Pb), total
strontium(Sr), labile and total zinc (Zn; pd—labile zinc from the partial digestion and td—total zinc) and
total vanadium (V) are plotted against river distance measured upstream from the confluence of
Mineral Creek (at 25 km) with the Animas River below Siiverton, Colo. Data from five different
sample types are plotted as indicated by the explanation on the diagrams. Sample localities plotted
are, beginning at the headwaters: upper Animas River (UAR) below Animas Forks (5.75 km), uAR
above Eureka (a sample collected in 1996; 10.1 km), uAR below Eureka (a sample collected in 1995;
11.35 km), uAR above Howardsville (15.8 km), uAR below the confluence with Cunningham Creek
(17.05 km), uAR above the trailer park (a sample collected in 1996; 22.5 km), uAR at bridge in
Silverton (23.7 km), and the tie point at site A-72 with the data on figure 28. The tributary samples
are from Picayne Guich (7.25 km), Eureka Guich (11.25 km), Maggie Gulch (14.2 km), Cunningham
Creek (17.05 km), Arrastra Creek (20 km), and Boulder Guich (20.9 km). Samples indicated as
“Other” are water-soluble precipitates collected from the stream bed above low-flow water and are
from the same sites as the overbank sediments. The mill tailings are from the Kittimac Mill site (13.8
km).

Figure 27. Lead-isotope distribution profiles for the upper Animas River plotted against river distance
measured upstream from the confluence of Mineral Creek (at 25 km) with the Animas River below
Silverton, Colo. Data from five different sample types are plotted as indicated by the explanation on
the diagrams; distances are as noted in the explanation for figure 26. Samples indicated as "Other”
are water-soluble precipitates collected from the stream bed above the low-flow water. The mill
tailings are from the Kittimac Mill site. Lead-isotopic data from the vein-type ore are plotted for
comparison (table 2). The data from site A-72, the first site on the Animas River below the
confluence, are plotted on all the diagrams to provide a tie-point with the data on figure 29.
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Animas River Drainage Basin: Silverton, Colorado to Aztec, New Mexico

The Animas Canyon reach, defined as that reach of the Animas River below Silverton to the KOA
Campground sample site below Bakers Bridge (at 72.5 km), and the lower Animas River have very different
geologic and resulting physiographic character. In the Canyon reach, the bedrock is Precambrian in age (fig.
3), very resistant to weathering, and supplies a small amount of sediment to the Animas River. The Animas
River is highly incised and flows rapidly through the Animas Canyon reach transporting the metals and
sediments with little addition to the bed sediments from the tributaries. In contrast, in the lower reaches, the
Animas River has formed a wide flood plain on glacial terraces, and it flows in wide, meandering courses
containing numerous oxbow lakes. In the lower Animas River reach, the bedrock consists of Paleozoic,
Mesozoic, and Tertiary sedimentary rocks that are much more readily weathered. The amount of sediment
added by individual tributaries varies greatly. In addition, the Animas River passes through the city of Durango
and picks up metal loads of possible anthropogenic origin. This contrast in the basic physiographic and
morphological features contribute differentially to the total mass of metals in the bed sediments of the Animas
River. ‘

Two overbank samples, one from Elk Park (34 km) and one from the KOA Campground below Bakers
Bridge (72.5 km), and a stream-sediment sample from Hermosa Creek (80 km) warrant special mention. The
two overbank samples, unlike those from the stream reaches above Silverton, do not have metal
concentrations elevated above those found in the Animas River at the point where they were collected. Thus,
these data, with the exception of zinc, plot on the metal profile curve for the bed sediments from the Animas
River and will not be discussed further in this section. The stream-sediment sample from Hermosa Creek
(95ABS135, "Other”) was collected from a 0.4 km section of Hermosa Creek that is used by an irrigation
company to transfer Animas River water from one irrigation canal to another. This sample, shown as the
“Other” sample in figure 28, matches the bed sediment profile of the Animas River quite well. A second
sample was collected later from Hermosa Creek at the gaging station (936ABS111) to provide geochemical
data for Hermosa Creek. Data from this stream prompted us to look more closely at the samples collected
in the earlier reconnaissance geochemical studies and to eliminate sediment samples that were affected by
metals present in the water from the irrigation canal as noted above. These sites do not represent the
geochemistry of the surrounding area and therefore were eliminated from the geochemical data base used
to develop the regional geochemical maps. However, they clearly represent a stream-sediment sample whose
geochemistry was greatly influenced by the precipitation of metals from the transported Animas River water.

Arsenic

Arsenic concentrations in bed sediments of the Animas River below Silverton drop from 20 ppm in
the leach (about 10 times CAV) to near the limit of detection at 4 ppm near Durango (fig. 28A). Comparison
of the leach data with the total digestion data (fig. 28B) indicates that the bed-sediment samples from the
Animas River contain 5-15 ppm arsenic in either sulfide or silicate phases. Total arsenic concentrations
increase immediately downstream in the Animas Canyon at Elk Park (34 km) and may reflect the addition of
material from Deadwood Gulch (26.5 km) and Deer Park Creek (28 km) which drain mineralized areas on
Sultan Mountain south of Silverton. Sediments from tributaries draining into the Animas Canyon reach contain
5-10 ppm arsenic whereas the-samples from the tributaries south of Durango contain 3-5 ppm. Total arsenic
concentrations increase from 5 to 7 ppm (three to four times CAV) below Durango (105 km) and may indicate
the addition of arsenic from sediments derived from the Mesozoic and Tertiary rocks being eroded in this
reach or from the abandoned copper smelter south of Durango.

Cobalt

Cobalt concentrations in the bed sediments of the Animas River below Silverton are nearly constant
at about 18 ppm (fig. 28C) except for one site at Weaselskin Bridge (at 122 km). Cobalt concentrations in
stream sediments from the tributaries range between 10-15 ppm and are generally somewhat less than that
of the bed sediments from the Animas River for most of its distance. Above the confluence of the Florida
River (136 km), the concentration of cobalt in the bed sediments of the Animas River and the stream
sediments from the tributaries drops to about 12 ppm.
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Copper

Copper concentrations in the leach digestion decrease uniformly through the Animas Canyon reach
from 250 ppm (3.7 times CAV) at Silverton to 58 ppm at Weaselskin Bridge (122 km; fig. 28D). Total copper
concentrations over this reach drop steadily from 330 ppm at Silverton to 200 ppm at the KOA Campground
site (72.5 km), to 120 ppm at Weaselskin Bridge (122 km). Below the confluence with the Florida River (136
km), this component virtually drops abruptly from about 70 ppm to about 20 ppm. This pattern is noted to a
lesser degree in the cobait profile, but is also very pronounced in the zinc and vanadium profiles. From above
the confluence of the Fiorida River southward (136 km), it would appear that all of the metals transported in
the heavy-mineral fraction have been effectively buried in the bed sediments and are removed from active
communication with the river water except during high-flow stages.

Lead

Lead concentrations in the bed sediments of the Animas River below Silverton drop from 1,200 ppm
(about 90 times CAV) to about 300 ppm in Durango (100 km; about 20-25 times CAV) and to 140 ppm (122
km; 10 times CAV) at Weaseiskin Bridge (fig. 28E). Below the confluence of the Florida River (136 km), the
lead concentration drops to about 30 ppm. However, at Aztec (172 km), the lead concentration rises to 64
ppm. Labile lead concentrations in stream sediments from the tributary samples are uniformly low, generally
less than 10 ppm, whereas the total lead concentration in stream sediments from the tributaries is closer to
20 ppm, suggesting that about 50 percent of the lead in the stream sediments from the tributaries is in the
silicate phases. However, the lead concentration in the bed sediments over much of the course of the Animas
River from Silverton to the confluence of the Florida River (136 km) is totally dominated by leachable lead
sorbed onto the iron-hydroxide phase. The rise in the lead concentration in the bed sediment sample from
Aztec is interpreted to be the result of accumulation of the iron-hydroxide phase in the sediments because the
total digestion data contain only 9 ppm of silicate-bound lead, but 64 ppm of Iabile lead.

Strontium

The profile of strontium reflects the geochemistry of bedrock geology of the drainage basin. Through
the Animas Canyon reach, there is no change in the strontium concentration in the bed sediments (fig. 28F).
Strontium concentrations in the tributaries draining Precambrian rocks (fig. 3) are lower than that in the bed
sediments of the Animas River and have only a minor dilution effect on strontium concentrations in the bed
sediments. Below the KOA Campground (72.5 km), strontium concentrations drop in response to sediment
being added by tributaries draining basins underlain by Paleozoic rocks. Between Durango and the
confluence of the Florida River (100-136 km), there is a dramatic increase in strontium in the bed sediments
reflecting sediments derived from the Upper Cretaceous Picture Cliffs, Kirtland, and Fruitland Formations, and
the lower Tertiary Animas Formation (fig. 3). The sample from Basin Creek (118 km) has a strontium
concentration of 420 ppm. South of the confluence with the Florida River, the strontium concentration in the
bed sediments of the Animas River again drops to 200 ppm at Aztec. The strontium data and the heavy-
mineral data from the copper, vanadium and zinc profiles all indicate that there is a substantial volume of
sediment added to the Animas River between Durango and the Colorado-New Mexico state line (140 km).

Zinc

Zinc concentrations in the 2M HCI-1%H,0, digestion are about 800 ppm at Silverton and increase
to 1,200 ppm in the bed sediment from the Animas River collected from the KOA Campground site (72.5 km)
at the base of the Animas Canyon reach (fig. 28G) indicating a substantial gain in labile zinc in the iron-
hydroxide phase in the Animas Canyon reach. This corresponds to a loss of dissolved zinc mass from the
water in this stream reach. Labile zinc in stream sediments from the tributaries, except for those from
Deadwood Guich and Deer Park Creek (26.5-28 km), have zinc concentrations of less than 100 ppm. Labile
zinc concentrations in the two overbank sediments are lower than in the bed sediments from the Animas
River. This is the reverse of what was seen in overbank sediments from reaches above Silverton where the
zinc concentration in overbank sediments was always elevated above the concentration in the bed sediment
collected at that site. Labile zinc concentrations drop substantially between the KOA Campground site (72.5
km) and the Trimble Bridge site (82 km), and then gradually increase to the Weaselskin Bridge site (122 km).
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Below the confluence of the Florida River (136 km), labile zinc concentrations drop from 1,100 ppm to 240
ppm but rise again to 290 ppm at Aztec (172 km).

Total zinc concentrations behave quite differently (fig. 28H). At the Animas River site below Silverton
(A-72) only 44 percent of the zinc is in the iron-hydroxide phase. Most of the zinc in the bed sediments is in
sphalerite. At Elk Park (34 km), the labile zinc concentration decreased to only 30 percent of the total zinc
present. Atthe KOA Campground site (72.5 km), labile zinc constitutes 75 percent of the total zinc in the bed
sediments. This pattern is relatively constant through the stretch between the KOA Campground and
Weaselskin Bridge (72.5-122 km). Below Weaselskin Bridge, the amount of sediment being added by the
tributaries increases dramatically and sphalerite virtually disappears as a heavy-mineral phase in the active
bed sediments of the Animas River. The difference between the total and the labiie zinc concentrations is
reduced to about 50-100 ppm. This difference is comparable to that which we see between the labile and the
total zinc concentrations in stream sediments from the tributaries where 5§0-100 ppm of zinc is silicate-bound.
Since the zinc concentration in the sediment from Basin Creek (118 km) is very low (38 ppm), the fact that
the labile zinc concentration increases from 230 to 290 ppm between the confluence of the Florida River (136
km) and Aztec (172 km).indicates that the zinc in the iron-hydroxide phase is settling out of the water column
and into the bed sediments over this reach of the Animas River.

Vanadium

Vanadium concentrations in the bed sediments of the Animas River Canyon reach (26.5-72.5 km; fig.
28H) have a relatively flat profile and reflect the concentrations in Mineral and Cement Creeks and the upper
Animas River above Silverton. Between the KOA Campground site below Bakers Bridge and Weaselskin
Bridge (72.5 - 122 km), there is a gradual increase in vanadium from about 150 to 180 ppm. This increase
cannot be attributed to the addition of vanadium in stream sediments being added by the tributaries. To the
contrary, the addition of sediments from the tributaries should lower the vanadium concentration in the bed
sediments of the Animas River (fig. 28H). We attribute the increase of vanadium and of total zinc
concentrations to the accumulation of the heavy minerals magnetite and sphalerite in the near-surface bed
sediments of the Animas River below the Animas Canyon reach. Between Weaselskin Bridge (122 km) and
the confluence of the Florida River (136 km), the vanadium concentration drops to about 100 ppm matching
that of the sediment from the Basin Creek tributary. Since the source of the sediments in Basin Creek is
sedimentary rocks, we assume that the vanadium is largely in the silicate minerals.

Lead-isotopic data

Lead-isotopic data from the Marcella Mine on Kendali Mountain closely matches that from the bed
sediments of Deadwood Gulch and Deer Park Creek (26.5 and 28 km respectively) and is slightly elevated
above that of the bed sediments of the Animas River below Silverton (figs. 29A and B). Throughout the rest
of the Precambrian section exposed in the Animas Canyon reach, lead from the stream sediments sampled
from tributaries draining the Precambrian rocks differs substantially from that in the bed sediments of the
Animas River in the Canyon reach. The gradual increase in lead-isotopic ratios indicates a small addition of
sediment derived from Precambrian rock to the bed sediment of the Animas River. Likewise, sediments
derived from erosion of Paleozoic and Mesozoic sedimentary rocks cropping out between the KOA
Campground site (72.5 km) and Durango (100 km) add sediment, which results in a gradual change in the
lead-isotopic ratios along the course of the Animas River. It is clear from these data, however, that the lead
concentration in the bed sediments of the Animas River is dominated by lead from above Siiverton that is
sorbed to the precipitated colloidal component in the bed sediments.
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Figure 28. Metal distribution profiles (A-H) for the Animas River below Silverton to Aztec, New Mexico; metal
concentrations for labile arsenic (As), total arsenic, total cobalt (Co), labile copper (Cu), labile lead
(Pb), total strontium(Sr), labile and total zinc (Zn; pd—labile zinc from the partial digestion and td—total
zinc) and total vanadium (V) plotted against river distance measured downstream from the confluence
of Mineral Creek (25 km) with the Animas River below Silverton, Colo. Data from four different
sample types are plotted as indicated by the explanation on the diagrams; no mill tailings were
sampled. Note that metal concentrations in stream sediments from tributary streams below the
confluence, but within the Sultan Stock where mines are still present (fig. 4) still have elevated metal
concentrations. Metal concentrations in tributary streams below 30 km that drain primarily the area
underlain by sedimentary rocks in the Animas watershed have metal concentrations at or below that
of crustal abundance values (CAV). Sample localities on the Animas River are indicated, plotted as
a function of distance: site A-72 below the confluence with Mineral Creek (26.25 km), Elk Park (34
km), the KOA Campground site below Bakers Bridge (72.5 km), below the Trimble Bridge below the
quarry (82.35 km), above the 32™ Street Bridge in Durango (100.75 km), at the Red Lion Inn above
the confluence with Lightner Creek (105 km), at the park above Colo. highway 550 (106.2 km), south
of Weaselskin Bridge (122 km), above the Bondad Bridge (135.5 km), at the Cedar Hill gaging station
(137.5 km), and above the bridge in Aztec, New Mexico (171.5 km). Sample localities of the
tributaries to the Animas River are indicated, plotted as a function of distance from north to south:
Deadwood Guich (26.5 kmy), Deer Park Creek (28 km), Sultan Creek below the Molas Mine (29.5 km),
Molas Creek above the confluence with the Animas River (32.75 km), Elk Creek (34.35 km), Lime
Creek upstream from U.S. 550 (55 km), Cascade Creek upstream from U.S. §50 (55.05 km),
Cascade Creek above the confluence with the Animas River (55.1 km), Grasshopper Creek (57.8
km), Hermosa Creek at the gaging station (80 km), Junction Creek 1.7 km west of town (102.4 km),
Lightner Creek (105.1 km), Basin Creek (117.75 km), and the Florida River (136 km). The “Other
samples are from the contaminated segment of Hermosa Creek (80 km) and from Junction Creek
(102.35 km) in the city limits of Durango.

Figure 29. Profile plots of the lead-isotopic signatures of acid-soluble metals from sediments from the
tributaries draining into the Animas River below the confluence with Mineral Creek (25 km) with the
upper Animas River at Silverton Colo. and from sediments from the main course of the Animas River.
Data from four different sample types are plotted as indicated by the explanation on the diagrams;
distances are as noted in the explanation for figure 28. No mill tailings were sampled. Lead-isotopic
data from Deadwood gulch and Dear Park Creek match closely the lead-isotopic signature from the
Marcella Mine in the Sultan Stock. Note that the lead-isotopic compositions from tributaries draining
the Precambrian rocks have a highly radiogenic *Pb/”*Pb value relative to that from tributaries
draining Paleozoic and Mesozoic sedimentary rocks. The two “Other” samples are from the
contaminated segment of Hermosa Creek (80 km) and from Junction Creek in the city limits of
Durango. Note that the lead-isotopic signature from this Hermosa Creek sample matches that of the
area above Silverton. The lead-isotopic data indicate that most of the lead in the bed sediments of
the Animas River was dérived from the area above Silverton, Colo. - -
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Metal Transport from the La Plata Mining District o

Eckel and others (1949) describe the geclogy, mines, and production from the La Plata mining district
near the headwaters of Junction Creek and the La Plata River. The La Plata deposit is a porphyry copper
deposit associated with the intrusion of a syenite porphyry. Eckef and others (1949) report p(oductlon of 2,336
tons of copper ore yielding about 224,000 pounds of copper and about 4,500 ounces of silver from a small
open-pit from the Copper Hill Mine in the La Plata River watershed. Minor amounts of gold were_produced
with byproduct copper and silver from the Bay City Mine. Small amounts of both gold and silver were
produced from precious-metal veins primarily from the Cumberland Mine, the Doyle Group, thg Durango Girl
Mine, the Eagle Pass Mine, the Gold King Mine, the Incas Mine, the Jumbo-Morovoratz Mine, the Lucky
Discovery Mine, the Mason Mine and the Neglected Mine. The May Day and the Idaho Mines produced the
bulk of the precious metals from the district, reporting total production of about 123,000 ounces of gold and
1,140 ounces of silver between 1903 and 1943. These two mines also reported minor byproduct lead and
copper. Both cinnabar and native mercury are reported from the precious-metal veins. Of the mines listed
above having recorded production, only the Durango Girl Mine and the Neglected Mine are in the headwaters
of Junction Creek.

In the National Geochemical data base (Hoffman and Buttleman, 1994), six stream-sediment samples
were collected from along Junction Creek downstream from the La Plata mining district and two new stream-
sediment samples were collected in this study near Durango. None of the stream-sediment samples
contained elevated concentrations of copper, lead, or zinc (figs. 6-8) except for sample 95ABD138 which was
collected in Durango, inside the city limits. We see no evidence of the transport of metals to the Animas River
from the La Plata mining district via Junction Creek.

Metals from the Smelter Sites South of Durango

The U.S. EPA conducted a preliminary site assessment of the copper smelter site located on the west
bank of the Animas River about 1 km south of the confluence with Lightner Creek. Slag from the copper
smelter is exposed on the west bank of the Animas River (U.S. EPA, 1996a). Analyses of the slag shows high
concentrations of copper, lead, zinc, arsenic, manganese and iron were present. Analyses of bed sediments
from the Animas River did not indicate that the slag pile was a source of metals to the Animas River (U.S.
EPA, 1996b). No remedial action was recommended by the U.S. EPA (1996a). However, this site cannot
be ruled out as the source for the small increase in arsenic concentrations found in the bed sediment data (fig.
Z?A and B) south of Durango. This small change may not be significant given the larger upstream sources
of metals.

The EPA conducted a preliminary site assessment of buried slag from a lead smelter located on the
west bank of the Animas River about 0.2 km south of the confluence with Lightner Creek. Slag from the lead
smelter is exposed in the west cut bank of the Animas River (U.S. EPA, 1996¢). Analyses of bed-sediment
samples from the Animas River show that there are elevated zinc (28,500 ppm) and cadmium (498 ppm)
concentrations at the cut bank site that reflect erosion of slag material from the cut bank, but both upstream
and downstream, the metal concentrations were not elevated (U.S. EPA, 1996d). No remedial action was
recommended by the U.S. EPA (1996c).

Urban Metal Signatures

Two samples, one from Junction Creek collected in Durango, and one from the Animas River at the
park above the 32™ Street Bridge, show some urban metal contamination signatures. These urban metal
sources contribute small amounts of metal contamination relative to the metal in the bed-sediments from the
area above Silverton.

in the river-sediment sample from the park above 32" Street Bridge (95ABS137), there are elevated
concentrations of zinc and copper (fig. 28H). Elevated dissolved copper concentrations were also noted at
this site. The absence of tin in the bed sediments would suggest that this is not likely from particulate brass
contamination. The source of this urban metal signature is unknown.

The increased metal signature in Junction Creek is evident when comparing the data from sample
95ABS138 (collected one block west of U.S. 550 in Durango) with the data from sample 95ABS139 (collected
from Junction Creek where it crosses a farm 1.7 km upstream and outside the city limits of Durango; sample
collected with permission of the property owner). The sample from Junction Creek collected in the city limits
of Durango (95ABS138) contains elevated concentrations of arsenic, chromium, copper, mercury, nickel, lead,
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vanadium, and zinc, ali metals used in our industrial society. Furthermore, the lead-isotopic compositions in
the two samples from Junction Creek differ, probably reflecting lead added to the environment by the
combustion of gasoline. These urban metal sources contribute only small amounts of metals to the Animas
River.

Selenium and Mercury in Bed Sediments of the Animas River

Selenium concentrations in bed sediments from Mineral and Cement Creeks, the Animas River, and
their respective tributaries are presented in figure 30A. Although the diagram contains many data points, the
most important feature of the plot is the small variation in the data set as a whole. Selenium is isochemical
with sulfur and substitutes for sulfur in the sulfide minerals. It is not surprising that the sediments derived from
the area above Silverton contain 1-2 ppm selenium and that the bed sediments of the Animas Canyon reach
contain about 1 ppm selenium. The crustal abundance value for selenium is 0.5 ppm (Fortescue, 1992). With
the influx of sediment from tributaries draining the Paleozoic and Mesozoic rocks below the KOA Campground
site (72.5 km), selenium concentrations in the bed sediments drop to CAV. In Durango, selenium
concentrations in bed sediments again rise to about 1 ppm in response to sediments derived locally from the
Mancos Shale which crops out just above Lightner Creek (105 km). Sediments from Lightner Creek are
characterized by a large component of Mancos Shale and contain 2.7 ppm selenium. Below the confluence
with the Florida River (136 km), the selenium concentration drops again to 0.4 ppm reflecting the large
component of sediments supplied by tributaries draining areas underlain by Tertiary rocks (fig. 3).

Mercury concentrations at several sites above Silverton (fig. 30B) are significantly elevated above the
crustal abundance value (0.09 ppm; Fortescue, 1992). Five of the sites above Silverton contain elevated
mercury concentrations, above 0.3 ppm (about three times CAV). All of these sites, except the Kittimac Miil
site, are from the headwaters of the respective drainages where early mining activities took place. We cannot
distinguish from these data and published geochemical data on the mineral deposits whether these elevated
mercury concentrations are related genetically to the epithermal vein mineralization or to early gold recovery
practices by individual miners. However, below Silverton, the only sample that contained elevated
concentrations of mercury is the sample from Junction Creek in the city of Durango (102 km) which we
interpret as urban contamination. Mercury concentrations in bed sediments of the Animas River below
Silverton are generally at or below CAV.

Undiscovered Mineral Resources in the Silverton Area

The lead-isotopic and chemical data from stream sediments from Mineral and Cement Creeks and
their tributaries suggest that the mineralized structures in the Eureka Graben (fig. 4) may extend west of the
Gladstone Mine near the confluence of North and South Forks of Cement Creek into the headwaters of Burro
Gulch in the Mineral Creek drainage. The lead-isotopic signature of the vein-type ore found in the Sunnyside
Mine is present in the sediments of Browns Guich (fig. 23). The surface expressions of these veins in
Prospect Guich may have been overprinted by the later intrusion and alteration associated with the chimney
deposits of the Red Mountain district. Exploration for concealed extensions of the vein-type ore may be
warranted in the westem portion of upper Cement Creek between Prospect Guich and Minnesota Guich west
to the headwaters of Browns Guich where mineralization having the Eureka graben vein-type ore lead-isotopic
signature is exposed.

Geochemical Signature of Colloid Component in Waters and Bed Sediments

The colloidal component dominates the leachable chemistry component of the bed sediments.
Aggregated colloidal material is deposited during the low-flow cycle like a blanket on the stream bed and adds
a substantial amount of metal to the bed sediments (fig. 18). The mass transfer of metals, as shown by the
loss of dissolved and colloidat loads, is an indication that the bed sediments are gaining metals. The constant
concentration ratios of iron to zinc in the colloids and in the 2M HCI-H,O, digestions of the bed sediments are

Figure 30. Metal distribution profiles for selenium (Se) and mercury (Hg) for the Animas River below Silverton
to Aztec, New Mexico plotted against river distance measured downstream from the confluence of
Mineral Creek (25 km) with the upper Animas River below Silverton, Colo. The limit of detection for
selenium was 0.02 ppm and for mercury was 0.02 ppm.
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ameasure of the intimate mixing between colloids and bed sediments downstream from Silverton. Upstream
from Silverton and downstream from Cement Creek, the ratios did not agree. Downstream from Mineral
Creek, however, after colloids had settled from the Animas River and zinc had sorbed to them, the ratios
agreed very well. In fact, the iron to zinc ratios were comparable for a 100-km reach of the Animas River (fig.
31A). The close agreement in the iron to zinc ratio indicates that the iron hydroxide component digested from
the bed sediments was essentially the same as the colloidal material. Some part of the colloidal material that
settled to the stream bed had become part of the bed sediment coatings.

A similar correspondence of concentration ratios between colloids and bed sediments occurred for
the ratios of aluminum (fig. 31B) and copper (fig. 31C) with respect to zinc, although the agreement is not as
striking. The amount of aluminum deposition from water to bed sediments downstream from the confluence
of Mineral Creek was about 260 kg/day. This amount of deposition had a substantial influence on the
chemistry of the iron hydroxide fraction of the bed sediments, and thus the metal ratios in the colloids and the
bed sediments varied together.

Comparison of the 1995 and the 1996 Bed-Sediment Data

Comparisons of the yields from samples collected at the same sites in both 1995 and 1996 indicates
that the metals associated with the iron-hydroxide phases, that is copper, lead, and zinc in particular, are
enriched in the 1996 data set from 10-50 percent over what these same sites were in 1995. This indicates
that the hydrograph affects the amount of colloidal component that accumulates at any given site during the
year. The snowpack in 1996 was low and the resulting low-volume spring runoff may not have completely
flushed the streams of cumulated colloidal components (fig. 9). Whereas the general form of the metal
profiles from year-to-year are the same, it would be difficult to use the sediment samples as a monitoring tool
to evaluate the effects of remediation because of the variability caused by this flushing process (see appendix
V). Water chemistry probably provides a better monitoring tool because it provides an instanteous measure
of metals in the stream whereas the sediment sample provides a variable, annual integrated measure of the
metals in the streams.

Calculation of the Contribution to the Total Amount of Metal in Bed Sediments from

Various Sources

The partitioning of copper, lead, and zinc between the water, colloidal and bed sediments as a
function of pH is very evident from the combined water, colloid, and bed-sediment data in this report. In
Cement Creek at Memorial Park, where the pH at low flow was 3.89, copper concentrations were high in the
dissolved phase and labile copper in the bed sediments upstream from Memorial Park was in the range of
50-80 ppm (fig. 24D). In the upper Animas River above Silverton, where the pH at low flow was 6.82, copper
concentration in the water were low whereas labile copper concentrations in the bed sediments were in the
range of 300-500 ppm (fig. 26D). Smith and others (1992) demonstrated that the partitioning of metals in
acidic, iron-rich waters followed a predictable path that could be modeled using sorbtion partitioning data and
the iron hydroxide content of these waters (fig. 32A and B). As the colloidal content of the water decreases,
the pH at which metals are sorbed by the colloids increases. We interpret the data from our study to indicate
that copper is partitioned to the bed sediments through the sorption of copper to the colloids as a function of
increasing pH. The aggregation and settling of the colloidal phase to the bed sediments results in a
partitioning of the metal load from the dissolved and suspended colloids to storage in a static blanket of
colloidal material in the bed sediments.

Dissolved and colloidal lead concentrations in the waters of Mineral and Cement Creeks and the
upper Animas River are all less than the limit of detection indicating that lead is partitioned into the colloidal
phase at low pH and precipitated to the bed sediments as soon as it reaches the streams. The dramatic
differences in the lead concentrations in the bed sediments between Cement Creek (a gradual decrease from

Figure 31. Downstream variation of the iron to zinc weight ratio (A) in colloids and bed sediments of the
Animas River and tributaries (low flow, Oct. 1995), (B) downstream variation of the aluminum to zinc
weight ratio in colloids and bed sediments of the Animas River and tributaries (low flow, Oct. 1995),
and (C) downstream variation of the copper to zinc weight ratio in colloids and bed sediments of the
Animas River and tributaries (low flow, Oct. 1995).
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600 to 300 ppm; fig. 24E), the upper Animas River (generally greater than 1,000 ppm; fig. 26E), and Mineral
Creek (1,000 ppm at the headwaters decreasing to about 200 ppm at the confluence, fig. 22E) demonstrates
how lead in bed sediments responds over a short distance to the changes in the sources of lead as was
shown previously in the study of acidic streams at Mount Emmons near Crested Butte, Colo. (Guison and
‘others, 1992). This concept is particularly dramatic in the changes in the lead-isotopic compositions seen in
bed sediments from the profile of Mineral Creek (fig. 23A and B).

Zinc concentrations in Cement Creek, where pH at low flow was 3.89, were 1,338 ppb, and zinc in
the bed sediments is about 200 ppm above Memorial Park (fig. 24G). In the upper Animas River above
Silverton, where the pH at low flow was 6.62, the dissolved zinc concentration was 319 ppb and zinc in the
bed sediments was in the range of 3,500-1,000 ppm (fig. 26G) indicating that much of the dissolved zinc has
been partitioned to the colloidal phase in the bed sediments as described above. This process also continues
through the Animas Canyon reach (fig. 13A). An understanding of this dynamic process of partitioning metals
between the dissolved, colloidal, and bed sediment compartments is necessary to evaluate the process of
metal transport over the hydrograph in the Animas River watershed (fig. 9) and their impact on water quality.

The geochemical profiles showing the dispersion and dilution of metals in the bed sediments of the
Animas River below Silverton are convincing evidence that the source of these ore metals in the Animas River
watershed is above Silverton. A very important question that should be addressed is:

Can we isolate the contributions of the three major tributaries, Mineral and Cement Creeks
and the upper Animas River, to determine which tributary provides what portion of the metals
in the bed sediments?

There are two basic approaches to this fundamental question: mass balance calculations like those outlined
in equation 1 and lead-isotope calculations as outlined in equation 2. We will use a combination of these two
approaches to arrive at an estimate of the sediment added by Mineral and Cement Creeks to the total mass
of the bed sediment in the Animas River below Silverton.
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The mass balance or mixing calculations are straight forward. The total concentration of any given
metal in the bed sediments is defined by:

T(Me)as = X(Me)yc + Y(Me)cc + Z(Me)yar (1)

where: T(Me),g is the total concentration (ppm) of the metal Me in the bed sediments of the
Animas River below Silverton (site A-72),

Xis the fraction of the total metal concentration contributed by bed sediments from Mineral
Creek,

(Me)uc is the concentration of the metal Me in the bed sediments from Mineral Creek
above the confluence,

Y is the fraction of the total metal concentration contributed by bed sediments from Cement
Creek,

(Me)c is the concentration of the metal Me in the bed sediments from Cement Creek
above the confluence,

Z is the fraction of the total metal concentration contributed by bed sediments from the upper
Animas River above the confluence with Cement Creek, and

(Me)ar is the concentration of the metal Me in the bed sediments from the upper Animas
River above the confluence.

The solution to this equation requires either an independent determination of one of the variables X, Y, or

Z, or a series of equations which can be solved simultaneously. The critical question in this approach to ask
is:

What metal concentrations have sufficient variation and provide mathematical leverage in
this calculation?

Since there is no significant variation in the geology of the subbasins, there is no significant variation in any
of the lithophile element concentrations that can be used to derive percentages of materials added to the
Animas River by either Mineral or Cement Creeks. Labile copper and zinc are actively precipitated from
solution immediately below the confluence of Mineral and Cement Creeks, so the concentrations of these
metals in the bed sediments are highly variable and cannot be used in the calculations. Labile lead
concentrations, however, are stable as lead is present in both the colloidal phase and bed sediments in all
three drainages.

Lead-isotopic data provide a powerful tool in evaluating the relative contributions of various sources
to the bed-sediment concentrations of various metals. As the primary focus of this study was to evaluate the
transport and partitioning of metals between the water column and the bed sediments from the Silverton area
downstream, it is essential that we have a measure of the amount of metal added to the bed sediments by
tributaries along the course of the Animas River. The measurement of the mass of sediment added by
individual tributaries is possible using the lead-isotope ratios. The lead-isotope ratios are a function of mass
rather than a function of concentration, aliowing us to calculate the relative mass of lead added by individual
tributaries that causes changes in the lead-isotopic ratios. These percentages are calculated using the
following equation:
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where: PC is the percent of the metal derived from the contaminant source,

R is the “Pb/Pb value determined in stream sediments in tributaries draining a
specific geologic terrain,

R; s the **Pb/*Pb value determined in the contaminated bed sediment of the Animas
River today at a distance downstream from the source of the contaminant, and

R; s the *®Pb/”*Pb value determined at the source of the contaminant.

Similar calculations can be made using the *Pb/”*Pb. Generally, there is not sufficient analytical resolution
to make accurate calculations using the 2’Pb/**Pb value unless the source rocks are more than two billion
years old because of the short half-life of the parent isotope for ?’Pb, 2°U.

The amount of sediment added to the Animas River by Cement Creek cannot be determined using
the lead-isotopic data because there is no lead-isotopic difference between the lead-isotopic composition in
the labile phase of the bed sediments of Cement Creek and that in the Animas River. There is, however, a
difference between the lead in the labile phase of the bed sediments of Mineral Creek and the Animas River.
Since there is virtually no change in the isotopic composition of labile lead of the Animas River between site
95ABS113 above the confluence of Cement Creek and site A-72 below the confluence of Mineral Creek, it
foliows that the amount of labile lead added by Mineral Creek is small. We used equation 2 to determine the

value of X in equation 1. The lead-isotope calculation indicates that about 3 percent of the total mass of the
labile lead in the bed sediments at site A-72 was derived from Mineral Creek. This number is subject to
significant measurement error due to the very smali difference in the lead-isotopic values measured in the
sediments of the Animas River. Given these analytical limits, we can use the lead-isotopic data to assign an
upper limit on the contribution of metals from the bed sediments of Mineral Creek of less than 10 percent of
the total labile lead in the Animas River at site A-72. In reality, the number may be closer to 5 percent.

The chemical data can then be used to estimate the contribution of Cement Creek to the Animas
River from equation 1. As was shown earlier, both zinc and copper are being actively precipitated from the
water below both the confluence of Cement and Mineral Creeks with the Animas River. Thus, the kinetics
of the settling process and the variability that this introduces into the sampling precludes the use of either the
copper or zinc data from the 2M HCI-1%H,0, digestion in such a calculation. Only the zinc in the sphalerite
component of the sediments is a stable chemical variable in this mixing zone. Unfortunately, there is little
variance in the zinc data. The zinc in sphalerite from the Animas River is 1,200 ppm, from Cement Creek is
1,000 ppm, ard in the Animas River below Silverton at site A-72 is also 1,000 ppm. There is, however,
significant leverage in the lead concentration data which, when combined with the determination of the limits
of the sediment contribution from Mineral Creek using the lead-isotopic data, can be used to make a mass
balance caiculation. The lead concentrations are as follows: (Pb)y.g = 1,900 ppm, (Pb)cc = 370 ppm, (Pb)yc
=270, and (Pb),s = 1,200.- Solving equation 1 and using 5 and 10 percent for the contribution of metals from
- the bed sediments from Mineral Creek based on the lead data from equation 2, we estimate that Cement
Creek contributes about 35 to 40 percent of the total metals in the bed sediments of the Animas River below
Silverton at site A-72. The copper data in the insoluble phase give a similar value although the copper data
are subject to a much larger fundamental sampling error because the insoluble copper is contained largely
in a heavy-mineral phase. If the chemical data had been based on a 50-g sample, the copper data would be
more robust.

The lead-isotopic data can aiso be used to caiculate the contributions of metals to the labile phase
of the bed sediments for the Animas River below Silverton. We will use the lead-isotopic data from site A-72

below Silverton as the composition of the contaminant, Rc. Below Silverton, the composition of the lead
supplied by the tributaries is different for the areas underlain by Precambrian, Paleozoic and Mesozoic, and

Tertiary rocks. The areas are shown by the model for this calculation in figure 33A; values used for Rg and
R, are given in table 4. The results expressed in percent of the mass of the contaminant present PC at the
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point along the river course at Ry, are presented in figure 33B and in table 4. Through the Animas Canyon
reach, there is little dilution due to the highly resistant nature of the Precambrian rocks to erosion. Major
changes in the total mass of metal in the bed sediments of the Animas River take place downstream as
stream sediments derived from the areas underlain by Paleozoic, Mesozoic, and Tertiary rocks are added by
tributaries draining different sized basins and carrying differing bed sediment materials. Hermosa Creek and
the Florida River are major sediment contributors to the bed sediments of the Animas River as indicated by
the steep changes in the data in figure 33B. Furthermore, the gradient changes (fig. 33C) which reduces the
carrying capacity of the Animas River causing sediment to be deposited in the stream bed.

Tabie 4. Lead-isotope parameters for calcutation of dilution of the metals in the Animas River from Silverton'

Locality ) Distance (km) Rg R, PC
Silverton (A-72) 26.26 100
KOA Campground 72.55 20.35 18.487 96
Trimble Bridge 82.35 19.25 18.510 88
Durango, 32™ Street Bridge 100.8 19.25 18540 84
Durango, Red Lion {nn 105.0 19.25 18.559 82
Above Lightner Creek 106.2 19.20 18.592 78
Weaselskin Bridge 122 19.20 18.586 77
Above Bondad 135.5 19.20 18.637 71
Cedar Hill 139.5 19.20 18.684 65
Aztec, NM 171.5 19.00 18.661 57

'R is the value at A-72 below Silverton (18.407); the columns give the values used for Rg and Ry in the
model (fig. 33). PC is the percent of the contaminant at each site calculated from equation 2.

Differential Sorbtion of Copper and Zinc by Colloids

Evidence of the sorbtion of copper and zinc to the colloids and the impact of this process on metal
transport can be seen by normalizing the labile concentrations of copper, lead, and zinc in the bed sediments
of the Animas River to those values measured for these metals at site A-72 below Silverton. The
normalization procedure eliminates to problem of estimating dilution and transport losses of colicidal material
as it moves downstream. Because lead is least likely to be affected by any process other than dilution (see
fig. 32) and because we can measure the dilution effect as shown above using the lead-isotopic data (fig. 33
and table 4), gains in the total mass of copper and zinc by the colloids as a function of downstream distance
can be demonstrated using these normalized data (fig. 34). The normalized lead data show the dilution curve
of the colloidal component in the Animas River bed sediments caused by addition of materials by the
tributaries draining the Animas River watershed downstream from Silverton. The copper curve plots slightly
above the lead curve (fig. 34). Since there are no significant sources for copper other than the dissolved and
suspended colloidal copper load described earlier, these gains in copper can be attributed to the aggregation
and seftiing of the suspended colloidal material in the Animas Canyon reach. A much more dramatic change
can be seen in the normalized zinc concentration data (fig. 34). Normalized zinc concentrations increase 50
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percent below the Animas Canyon reach following an abrupt change in stream gradient (fig. 33C). When the
dilution of the colloidal component is considered by examining the normalized lead data, the copper gain is
about 30 percent and the zinc gain is almost 300 percent! Similar changes in the normalized zinc
concentrations also were seen below Dumago where the stream gradient is low. We interpret these data to
show the aggregation and settling of the colloidal component and its associated zinc loads to the bed
sediments where they are stored until high-flow runoff.

Animas Watershed Study

~ Animas River, Silverton Co to Aztec NM
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Figure 33. Lead-isotopic model for the Animas River from below Silverton (site A-72) to Aztec, New Mexico.
The horizontal gray lines (A) indicate the lead-isotopic compositions used to model the contribution
of sediments from the area underiain by Precambrian, Paleozoic and Mesozoic, and Tertiary rocks
to the bed sediments of the Animas River. Solid squares indicate the measured lead-isotopic
composition of bed sediments in the Animas River whereas the solid triangles indicate the lead-
isotopic composition of stream sediments in the tributaries. The mathematical details of the model
calculated from equation (1) are given in table 4. Figure B is a depiction of the percentage of the
labile lead in each sample that can be attributed to lead from the Animas River using the data from
site A-72 as the composition of the metal contaminant. About 80 percent of the lead in the bed
sediments of the Animas River at Durango can be attributed to the area of the Animas River
watershed above Silverton. Compare the dilution of the lead-isotopic signature to the change in river
gradient plotted in figure C.
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Figure 34. Plot of normalized labile concentrations of copper, lead, and zinc in bed sediments from the
Animas River.

SUMMARY AND CONCLUSIONS

The water, colloid, and bed sediment data presented in this report demonstrate that the source of iron,
aluminum, copper, lead, zinc, arsenic, and cadmium in the Animas River watershed is from the drainage basin
upstream from site A-72 at Silverton. Partitioning of the metals between the dissolved, suspended colloidal,
and bed sediment phases is dependent upon the source of the metals, the pH of the water, and the flow rate
of the streams. Cement Creek has the lowest pH at low flow and carries most of its metal load in the
dissolved phase. Mineral Creek carries most of its metal load in the colloidal phase whereas most of the
metals in the upper Animas River (above the confluence with Cement Creek) resides in the colloidal
component of the bed sediments. Downstream from the confluence of Cement Creek in the mixing zone,
most of the metals transported in the dissolved metal load of Cement Creek are partitioned to the colloidal
phase. Along the stream courses of upper Mineral Creek and the Animas River upstream from the confluence
of Cement Creek, colloids aggregate, settle, and become an integral component of the bed sediments where
they are stored until high-flow (snowmelt) runoff.
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At low flow, dissolved zinc and aluminum concentrations exceed the acute aquatic-life standard at
site A-72 whereas the concentrations of the other metals do not exceed the chronic aquatic-life standard.
Dissolved manganese concentrations are just below the chronic aquatic-life standard. However, colloidal
concentrations of copper, iron, zinc, and aluminum, if bicavailable as suggested by recent research, could
exceed one or both of these aquatic-life standards at site A-72. There is a substantial loss of iron and
aluminum colloids and their sorbed metal loads to the bed sediments in the Animas Canyon reach between
Silverton and Bakers Bridge. More than 50 percent of the zinc in the bed sediments from Mineral Creek, more
than 75 percent of the zinc in the bed sediments from Cement Creek, and more than 50 percent of the zinc
in the bed sediments of the Animas River above the confluence with Cement Creek is in the form of
sphalerite. Zinc concentrations in sphalerite from the bed sediments of the Animas River above the
confluence with Cement Creek are about 1,000 ppm, from Cement Creek are about 800 ppm, and from
Mineral Creek are about 400 ppm.

Three water and colloid samples collected at high flow during snowmelt runoff indicate that dissolved
zinc concentrations far exceed the acute aquatic-life standard at site A-72 and are still twice that level as far
downstream as Bondad. Metals stored in the colloidal phase or component of the bed load are flushed
downstream in the water column during high flow as is indicated by the high colloidal iron, aluminum, and
sorbed copper, lead, and zinc concentrations. Any remedial action that removes acidic metal-bearing
discharges into Mineral and Cement Creeks and the upper Animas River or its tributaries should lessen the
cumulative effect of potential metal toxicity on aquatic life.

At low flow, the lead-isotopic data indicate that Mineral Creek contributes 5 to 10 percent of the total
mass of metals in the bed sediments at site A-72. Using mass balance calculations, the metals contributed
from Cement Creek make up less than 40 percent of the metals in the bed sediments at site A-72. Fifty to
60 percent of the metals at site A-72 are derived from the Animas River upstream from the confluence with
Cement Creek. Below site A-72, the lead-isotopic data are used to document the dilution of the metals
derived from the Animas River Basin above Silverton by metal contributions from the tributaries. At Durango
75 km downstream, about 80 percent of the metals in the colloidal component of the bed sediments were
derived from the Animas River watershed above Silverton whereas at Aztec, 57 percent of the metals were
derived from this upstream source. No measurable contamination was found from the La Plata mining district
at the headwaters of Junction Creek.

Sediment transport, as suggested by the lead-isotopic data and the normalized copper, lead, and zinc
data from bed sediments from the Animas River indicate some differential transport of the colloidal phase of
the bed sediments. The chemical data from the waters and colloids indicate sorption of dissolved metals as
a function of pH which changes with downstream distance. This colloidal component of the bed sediments
dominates the bed sediment chemistry. Loss of the colloidal component to the bed sediments reduces pore
space between detrital grains in the bed, introduces toxic levels of metals into the food chain habitat for

" aquatic invertebrates, and, if bioavailable as suggested by recent research, may cause chronic toxicity to fish.

From the lead-isotopic data, we have identified five or more discrete mineralization events in the
Silverton caldera. However, the dominant lead-isotopic signature in the bed sediments of both Cement Creek
and the upper Animas River is from the vein-type ore mineralization in the Eureka district. Lead-isotopic data
from stream sediments from Browns Gulch on the west side of the Mineral Creek drainage indicates that vein-
type ore in the Eureka district extends to the west of Cement Creek. Exploration for concealed, undiscovered
vein-type ore between Prospect and Minnesota Guiches could lead to the discovery of new ore reserves. The
surface expression of this structure may be obscured by the hydrothermal alteration associated with Red
Mountain No. 3.
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APPENDIX I--METHODS USED TO PREPARE REGIONAL SEDIMENT
GEOCHEMICAL MAPS

Data were retrieved from the National Uranium Resource Evaluation (NURE) data base (Hoffman and
Buttleman, 1994) covering a rectangular area of southwestern Colorado between 37°00' and 38° 30' north
latitude and 107° 00" and 109° 00" west longitude. The evaluation boundary extended outside of the watershed
area to eliminate "edge effects" in the grid and contour generation. The total number of sample sites in the
bounding area is 4,057, 444 of which are in the Animas River watershed. The NURE samples generally were
collected along tributary drainage systems (Shannon, 1980; Warren and others, 1981).

The ASCII data files for copper, lead, zinc, and calcium concentrations were evaluated and formatted for
grid and contour generation in EarthVision, a software package developed by Dynamic Graphics, Inc
(ERDAS). Each chemical constituent was processed separately to evaluate the relative quality of the data
and to compare with individual point coverages subsequently generated in ARC/INFO. The intervals
generated for the contoured grid surface reflect multiples of the CAV (Fortescue, 1992). The multiples chosen
for analysis and display are 1, 3, 5, 10, and 20 times crustal abundance values (CAV; figs. 5-8). The
procedure in EarthVision involved a few basic steps:

1) defining raster input headers;

2) registering and transforming geographic coordinates;

3) creating a 2-D minimum-tension grid with 1,000 meter grid spacing;

4) visualizing and generating contour intervals based on crustal abundance values (CAV);

5) processing grid files in ERDAS including: flipping, resampling (100m), and converting the data into a

vector format; ' ‘

6) exporting grid files to ARC/INFO for vector processing.

The contoured surfaces were transferred to the vector-base ARC/INFO software package to allow overlay and
integration with other spatial themes in the Animas River watershed. ARC/INFO processing steps included:

1) generating NURE point locations and linking attribute information;

2) clipping point and contour coverages with the Animas River watershed boundary;

3) conversion and smoothing of contours vectorized in ERDAS;

4) editing coverages and creating a relational data base

5) overlay analysis and map generation.

In addition to the tributary NURE information, sediment samples from major river drainages were collected
by USGS personnel in the 1995-96 field season. These samples supplement the regional geochemical
analysis of the NURE samples and provide current site-specific information along the Animas River. These
data were processed in ARC/INFO using the procedures described above. The Animas River and its major
tributaries were extracted from a hydrology layer and buffered (1000 meters) to create a polygon for shading
based upon copper, lead, and zinc concentrations. This polygon or "ribbon” was segmented based on the
concentration multiples (1,3,5,10, and 20) of CAV. The "ribbons" of concentration are shown in figures 19-21.
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APPENDIX II--ANALYTICAL METHODS

Stream Sediments

The fine grained (minus-100 mesh, or minus-150-micron) fraction of the stream sediments was analyzed
by inductively coupled plasma atomic emission spectroscopy (ICP-AES) utilizing both a total digestion
procedure and a partial-digestion leach procedure (2M HCI-1%H,0,) on separate splits of each sample. The
total decomposition procedure utilizes a combination of hydrochiloric, nitric, perchioric and hydrofiuoric acids,
and is effective in dissolving most minerals, including silicates, oxides, and sulfides. Some resistant or
refractory minerals such as zircon, chromite and selected tin oxide minerals are only partially attacked with
this procedure (Crock and others, 1983; Briggs, 1996). Previous investigations using a variety of materiais
support the completeness of this digestion (Church, 1981; Church and others, 1987; Wilson and others,
1994). The partial-digestion leach procedure used involves an extraction performed on the samples using
a solution of warm 2M HCI- 1%H20 (appendix 1l of Church and others, 1993). This leaching solution
dissolves hydrous amorphous iron- and manganese-oxide minerals, as well as some crystalline iron- and
manganese-oxides. The procedure we used differed slightly from that described. We used a 2-g sample in
15 mL of reagent. The samples were placed in 90 mL Teflon FEP jars, sealed, and placed in the waterbath
at 50° C for three hours to ensure complete removal of the iron- and manganese-oxide coatings from the
sediment grains.

Selenium was determined using hydride generation-atomic absorbtion spectrophotometry (Hg-AAS), as
was arsenic for those samples whose ICP-AES values were less than 20 ppm. Samples were digested using
a combination of nitric, hydrochloric, perchloric, sulfuric and hydrofiuoric acids in open teflon vessels
(Hageman and Welsch 1996), resulting in total dissolution. The arsenic and selenium in the solutions were
reduced to the +3 and +4 states respectively, using a potassium iodide-ascorbic acid solution, after which the
respective hydrides were generated by the addition of and mixing with sodium borohydride. The gaseous
hydrides were introduced into a heated quartz tube in the optical path of an atomic absorbtion
spectrophotometer and analyzed.

Mercury was determined using a cold vapor-atomic absorbtion spectrophotometric method (CV-AAS).
Samples were digested using concentrated nitric acid, with the addition of sodium dichromate (O'Leary and
others, 1996). The solutions were then introduced into a continuous flow manifold and mixed with air and a
sodium chloride-hydroxylamine hydrochloride-sulfuric acid solution. The mercury +2 was then reduced to
elemental mercury using stannous chioride, and the vapor introduced into the optical path of an atomic
absorbtion spectrophotometer and analyzed.

Samples were randomized and submitted to the laboratory as blind samples. Analytical precision and
accuracy of the methods (quality control) were assessed by analyzing blind standard reference materials
(SRMs) and a replicate sample (a split of a sample, submitted as two separate sampies) with each analytical
set. These data are given in table A-ll for the SRM samples in the data tables in appendices V and VI for
replicate analyses of blind duplicate samples. The SRMs were NIST-2704, NIST-2709, NIST-2710, and NiST-
2711, available from the National Institute of Standards and Technoiogy (NIST, 1993a, 1993b, 1993c and
1993d). The results for the total-digestion ICP-AES, and for arsenic, selenium and mercury compare
favorably with previous work (Church and others, 1993, 1994, and 1995), and with the published NIST values.

The lead-isotopic data on the sediment samples were measured using the 2M HCI-1%H,0, digestion
solution following the procedure described in appendix IV of Church and others (1993). The lead was
separated from solution in the HBr medium and the lead-isotopic ratios determined on a 68° sector, 12-inch
radius, solid-source, thermal ionization NBS mass spectrometer. Anaiytical precision, based upon replicate
analyses of NIST SRM materials is better than 0.1% per mass unit for the reported lead-isotopic ratios. The
analytical results are reported in appendix V.

Water and Colloids

Legally and in many standard methods, a dissolved-metal concentration is defined as the concentration
that passes through a 0.45-micrometers (um) filter (Horowitz and others, 1996a). Hydrous iron oxides can
be on the order of 0.001 ym when they initially form in stream water. However, such small particles rapidly
aggregate, forming a continuous size range from 0.001 ym to greater than 1 pm (Stumm and Morgan, 1996).
Thus, for iron-rich streams affected by mine drainage, 0.45 um is neither an effective nor a natural break for
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the distinction of dissolved and particulate concentrations. These artifacts confound the sampling procedure
and skew the data introducing sampling errors that make it difficult to make a meaningful geochemical
interpretation (Shiller and Taylor, 1996; Horowitz and others, 1996b). Many standard methods of water
sampling protocol rely on filtration to obtain "dissolved" concentrations. The accepted standard protocol for
many regulatory statutes relies on filtration of water samples at an arbitrary breaking point of 0.45 ym.
Horowitz and others (1996a) described numerous problems that result from filtration with standard 0.45-um
filters. A recent study in the upper Arkansas River basin demonstrated that iron colloids can be separated
from river water and analyzed for their metal content using ultrafiltration (Kimball and others, 1995). The
methods developed in that study have been foliowed here with only a slight change in the approach to
separate and analyze the colloidal metal concentrations. In this study tangential-flow ultrafiltration through
a membrane with an effective pore size less than 0.001 um was used to differentiate between dissolved and
particulate metal fractions (Hemandez and Stallard, 1988; Moran and Moore, 1989; Kimball and others, 1995).

The procedure to distinguish concentrations of metals in water from concentrations in colloidal particles
is summarized in figure A-ll. The integrated sample was screened to remove sand, gravel, and debris.
However, there was very little material greater than 62 yum. Almost the entire load of the Animas River was
dissolved and collocidal. A split of the screened sample allowed the determination of a “total recoverable metal
concentration.” The rest of the sample was used for ultrafiltration to determine two metal concentrations, the
“dissolved” concentration in the filtrate less than 0.001 ym, and the “colloidal” concentration from the
concentrated colloids in water. Tangential-flow filtration keeps solid material in suspension rather than forcing
it against a filter membrane. This allows water to be removed by osmotic pressure across a filter membrane
without “packing” the suspended solids.onto a filter membrane, which would change the membrane pore size.

Indirect measurement of metal concentrations in colloids was made by calculating the difference between
the metal concentrations in an unfiltered, acidified sample (a total recoverable concentration) and the
ultrafiltrate sample. The indirect measurement was reliable for iron, manganese, and zinc at each of the sites,
but the direct measurement was necessary for cadmium, copper, and lead because of their lower
concentrations.

Dissolved and total recoverable metai concentrations were determined by inductively coupled
plasma-atomic emission spectrometry (ICP-AES; Briggs, 1996). Anions were analyzed in the 0.45-um filtered,
unacidified samples by ion chromatography. Alkalinity was measured by Gran titration of an unfiltered
0.45-um filtered sample.

The low levels encountered for cadmium, copper, nickel, and lead indicate that either graphite furnace
atomic adsorption or ICP Mass Spectrometry should be used for better quantification. The ICP-AES did not
allow detection of lead at low levels because the lead concentrations were below the limit of detection.

97



86

‘sajdwes piojjoo pue Jajem J0j sasnpadosd Buissacosd Bumoys wesbeiqg “j|-v ainbi4

SUONEIUIIU0D
[e1sW [epIojj0d
JojJ sisdjeue DI

A

Suolje1juUadUd BTN SUOIE1JUadU0D
[e19W 3|GrISA0I3) wn G0 /M uonen|i |e19W PIA]OSSIp
2101 10J siskjeue 4DJ JojJ sisdjeue 4|
181 wn 60 /m uonen|ig © | EONH /s paijIpioy suotue Jo siskjeue £ONH /@ payIpidy
Ol 10] payjipioeun)

T X X ¥

EONH /M payipoy wn E:_oo.OVogm:_:a:_D
100°0< 2)eNUadU0)

5 X X

nds pamayun SPI0]|0D JO UOIRIIUSDUOD pue UoneN|jen|n

7

ysaw uojAu wn
09 y3noiy) paussidsg

A

£i1Anonpuod pue
‘Hd ‘arnjesadwia) jo
siskjeue lojdwies |4




66

"sayjuesed Ui sanjeA payuaduou (pge6l) 1SIN ,
‘sayjuesed ui senjeA paijiueouou ((9g661) LSIN ¢
"sayjueled ui sanjeA paijiuaduou (qee6t) LSIN ;
"sayjuesed ui senjeA paijuaouou (ege6t) LSIN ,

gz. 0L 9V L0 600 ¥L'L SO'L SbZ 682 88¢ €59  ,LLZZ-WHS
0ogL 16 174 92’0 600 0¢F'lL OL'L 0S¢ 06°¢ 00'€ 099 L122-44-96
0.9 OLL £ G20 600 OLL O00L 0€¢ 082 062 029 LL/2-44-96
059 001 € 920 600 OLL O00F 022 082 062 OL9 LLl2g-44-96
0.9 ¥6 v ¥20 800 02} 00} 0€2 00€ OL'E OV9  L1/2-4H-96
102 929 S 820 L0 VL'l S80 LL'z 8€€ St vr'9  OLLZ-WHS
089 089 €€ 920 L0 OFF 880 002 09€ Ot Or9 0LL2-44-96
896 LIl +0 ¥€0 900 9Lk ISL €02 OSE O06F 0S5L  ,60L2-WHS
0.8 22 2> 280 100 02t OSt 8L G€ 002 2. 60L2-44-96
0L6 12 z> le'0 200 02t OSL 61 G€ 002 €72 60.2-d44-96
088 €2 2> 20 100 OVL OVE 6+ G€ 061 2L 60L2-44-96
4% €2 -- 9¥'0 0L'0 SSO0 02+ 002 LIy 092 LL'9 ,¥0L2-NHS
ooV 8l 2> 00 OL0O 80 02t 6+ ¥ 0.2 09 $0l2-44-96
ocy 22 2> €80 LL'0 ¥90 02t 0¢ <2 0L2 29 P0l2-44-96
06 - €2 2> 920 0L0 650 02t 61 ¥ 0.2 8S +0.2-44-96
wddeg wddsy wdd by %11l % d %eN %DBWN % M %91 %ed %IV "ON LSIN

S|ELISje 90USI9}9Y PIEPUE]S WOI} EJep 90Ua19)a pue uolsabip jejo] “|i-v 8|qel



00}

(9'1) 8g9 - (o»)  (s1) 14y ()  (o1) (69) 21t -- -- LL2-WNYS
Z> 099 82 8¢ Ll oLt 8y 2l 2L 8¢ oL> 2 LE22-44-96
Z> 029 Se or Gl - 86 85 4! .9 L€ oL> ¢ LL22-44-96
z> 029 92 8¢ 4! L6 8b 2z 19 L€ oL> 2 L122-44-96
z> 0.9 G2 Ge St 00t 8P gL 29 8¢ oL> 2 L122-44-96

(61) ooLoL - (ve)  (ve) osez (6g) (o1) (28) 812 -- - 0L22-NYS
Sl 00001 8¢ e 8P 0092 9f LL G5 02 12 2 01.22-44-96
- 8€S - (e2) (r1)  ove oL  PEL (e +vo -- - 60.2-INHS
Z> 05S €5 ve Sl 62 oblL 9l e 2> 0L> ¥  60/2-44-96
z> obs ¥S €2 9l 2e ocl ol rA z> oL> € 60.2-44-96
Z> 0€s 1S ve Sl o€ 0zl Gl A4 z2> oL> b 60.2-44-96
- GSS (09) (62) (s1) 66 Sl vl () «g¢ - - v0/2-WNHS
Z> 085 L Ie A 88 051 gl 65 € oL > 2 ¥022-44-96
z> 08S (514 9g Gl 66 05t gl 2L £ 0L > 2 $022-44-96
2> 095 1914 8c 4t /8 ovl 9l S5 € oL > 2 v0.22-44-96

wdd oy wdd upy wdd 17 wdd e wdd ey wdd ny wdd 19 wdd 09 wdd 8) wdd po wdd 1ig wdd ag "'ON LSIN

("u09) speusieyy eousiajay plepuels WoJj elep 8ousiayel pue uonsabip jejo] |-y 8|ge]



101

ose (22) (sg) 918 o9¢€l Sbe (6) 2911 902 - -- LLZ2-NYS
0S€E 2 62 6. ' ! 0s2 01 002l 6} 82 Gl L122-44-96
ove 2 92 9. gl ove 6 0€6 02 0t 02 L122-44-96
0€e r se 9/ el o€z 6 066 02 62 6! b122-44-96
08¢ € 92 6. gl ove 6 000L 02 12 el L122-44-96
2s69  (e1) (€2) 99, ¢s¢€l - (29) 2€SS £l - - 01/2-WHS
0002 2 22 2L 2 0ee 6 006y 1 22 €1 0122-44-96
90t  (9'1) 8l 2Ll 80! ez (@1) 681 88 - - 60/2-NHS
66 2 8l oLt O} 022 21 9l S8 8l L1 60/2-44-96
00} ! 02 oLt O} 0€2 2 Al €8 A gl 6022-44-96
001 A 81 Otk Ot 0ge Ll 4t S8 Ll 91 60.2-44-96
gey  (8°2) -- S6 () (og1) (1) 191 4% - - ¥0/2-NYS
ogy 2 €2 06 Ll oct 4} ovl A 2€ P v0/2-44-96
ovv 2 G2 16 2 oyl 2 oS! A 2¢ 14! ¥0/2-44-96
ocy 2 €2 g8 L ocl L ov! e S¢ At ¥0.2-44-96
wdd uz wdd gA wdd A wdd A wddyl wddig wdd og wdd g4 wdd N wdd pN wdd gN ‘ON 1SIN

('1u09) sjeusle 8oUBISjOY PIEPUELS WO} BlEp 90UaI9jel pue uonsabip ejol |-y 8|qel



201

vL 01 £ €T 6€E L's8 $'s 08 789 b 810156 HLNOW ¥N ME3¥D YaANLHOIT S0l
69 sl 90 oy 00 vLS 0'S €18 e T 810156 NYVd LV NI NOLLONNE 201
SL wl Al I'e L9 96$ <9 L 00 98 LI0IS6 0SS AMH YN MI94D VSOWYEH 08
ov 4 60 Le TL Tee o s 1z 020156 HLNOW YN MFTYD AAVOSYD IS
Ty 88l 90 e TS LeL SL S€9  S6E LS SI0IS6 HLNOW YN MIFID TYYENIN ST
9vT  US 60 o €9 0€Ll oy 68€  0SO'l 61 S10156 HLNOW dN NEHYD LNAWHD +Z
oyl agng  dpuoly) wnpos  wmsauSey wnpped  dwal  gd puoy  yosig aLva NOLLAIOSad A.L1S 1sia
satIvINqL],
0 o1l 89l 1'ST 611 £69 01 9¢'8  8€S  IvE  8101S6 DAIZV LV YIAIN SYWINV  ZLI
79 66 991 1'2e 00 Tyl 0Ll 658 €IS 1¥E 810156 TTIH ¥vaaD UN ¥FAIN SYWINV  8€1
€9 0zl 06l 61z 10 18 $TI 868  SSS  IvE  6101S6 T1IH GYANOE YN YA SYNINY  9€1
L 921 €61 %IT £ S6L SL LT8 €SS I¥E 610156 OAIYd NINSTISVAM LY YIAR SYWINY 221
£6 £zl €61 96! z0 6vL 0Z1  vI'S TS OpE 810156 ODNVING M9 YFATI SYIWINV 901
$6 €2 961 96l zo 0€8 021 pI'S  TSS  LIE 610156 ODNVINA LV YA SYWINV  S01
$6 r£4 1oz Loz €01 06L $ZT1 €KL 9SS €8T  LIOISG DAY LS PUZE LY YIAR SYININY 101
8’8 901 RS 1’8 zoL 0El  pEL €Sk L€ LI0IS6 NOLTVA LV YIAIY SYINV 18
SL 66 S0 1T I'v 99y oL L8L  TOE  TET  L10IS6 dINVD VO LV AT SYWINY €L
76 €€l v0 Ve 'y €98 0 8¥L b€ 191 0701$6 NATID AAYOSYD M19 YTAIN SYNINY 2§
v'6 8v1 S0 Ve 6€ 79 0 669 9S€  0SI  0201S6 NEZAD FAVOSYD 8V YIAR SYINV 0§
o110z 90 92 9¢ L'39 SL 99  €S¢ 911 910156 NOLYIATS M8 4FALI SYWINY 92
9€l  szz $0 0t 61 v'E6 0s L vev 98 910186 NATIO LNFWED MT8 YIAIY SYININY 2
Vi <6 $0 €T Le 0€s L 99 €SS9 S101S6 NOLYFATIS LV YA SYWINY  +T
Sy £ £0 0l 1T 76T 00 90L 981 L 910156 VNZINE LV ¥FAIY SYWINY 11
vlls  agyng  spuoly) wnipos  wnmissuSey wnppe)  dwa  Hd puo)  ysig aLva NOLLdINOSHEd ALIS 1sia
sewiuy
MOJ] MOT |

[r3o11] Jod sweSi[[iw Ul 238 SUOILIIUIDUOD [[B ‘SNIdja) $9218ap ul ‘a1metadwa) ‘dwa ], ‘snioja)) s9a18ap
GZ 18 191wuad Jod suswaigolonu u ‘K)Anonpuo)) ‘puo)) (puodas Jad 193) o1qnd ur 9F1eydsIp ‘YosI(T SIFNAWIO]IN U ‘QoURISIP WEINSUMOP ‘1 SIA]
'96-G661 ‘SenrIngLy Jofew pue JIARY Sewiuy Joj ANsIuays uot Jolew pue ‘ejep pay ‘suonedyiiuapl alg--11 xipuaddy




€01

Le 0§ 90 Al Sl 0'€C 0SSl 66L 0ZE  OL8 819096 TTHH YVAED YN YA SYWINY €1
8¢ v 99 ol Ls 00y OVl 08L LLZT  OII'l 819096 ODNVUNA LV YHAIM SYWINY  S0I
TE vs 99 I'8 Ly 09¢ Wi v8S 619096 NOLYIATS M8 UHAIY SVWINY 9T
wljls  Aigng  spuoy) wnipos  umssuSey wnped  dusy,  HA puod  yasig aLva NOILAIYDSHA ALIS 1sia
sewiuy
jjouny 91eq
L1 4 (A4 081 0El  E6L  S91  OLVT TTS096 TUH YVALD AN HHAL SYWINY  8€1
' 0€ 61 0z 58 L Lkl 0T6'T  TTS096 ODNVINA LY YAAIY SYWINV  S01
A4 ov €0 60 Tl 091 9 ov'L  SII OL9'1 125096 NOLYFATIS M8 YTAIY SVWINY 9T
©yIs  algng  spuopy) wmpos  umssuSely wnpr)  dwsl  pd puod  yosig alva NOILJIIDSAA ALIS 1sia
sewuy
jjouny] 9[ppiA €
(¥4 £t v'e 05T € ¥8L 90T 0861 015096 TTH YVaED UN YAAIY SYININY 8¢l
0z 8¢ 8T v'e 0€ 0€T SL 08L 6L1 0STT 015096 ODNVINA 1V YFAIM SYWINY  SOI
9 19 0 60 < 00z Le 80°L bLI 106 605096 NOLYFATIS M8 YA SYWINY 92
IS Algng  spuopy) wnpos  wnisouSey winped  dumy  pd puod  yasig aLva NOLLJI14DSEA LIS 1sia
. sewjuy
Jjouny Apreg ¢
$'s L 8's Tie L's 128 08 &8 19t L 610156 HLNOW YN ¥IAIN VAI4OTd 9€l
TS $69 0l g6bi TIS 'l '8 €€ 0091 0 610156 HLNOW YN M3JUD NISYE 811
s Aying  opuop) wmpos  wnauley umpp)  dusy  pd puod  yasig aLva NOILJI¥DSAA A LIS Lsia

sapeINqIlL,

Mol MO |

(-1013] 3od swieaBijjiw v 9Je SUOIEIUAIUOD [je snid]a)) s32139p ul ‘aunjeiadwi) ‘dwiag, tsniofp) saa1dap
G ¢ J212uIuad Jad sudwajsossiw uy ‘K)iananpuo)) ‘puoy) Lpuoass 1ad 193] 21qno ul ‘931eydsip ‘oS (SI1910WOIY Ul ‘adue)sIp weansumop ‘LSIdl

'06-6661 ‘sarieIngl Jofew pue JoARy sewuy Joj Ansiwayd uoi jofew pue ‘ejep ppaij ‘suoneanuaps ais--[11 xipuaddy



¥01

0000 1100 1000 8LSO €500 1000 2000 €00 2000 0000 i200 €900 201
1200 611'0 1000 80L0 1000 ZEL0  LTO ZTO00 SO0 0000 0000 ¥81°0 9600 08
200 y2e€0 1000 090C 1200  S0CT0 e¥'e FITT SSO0 €000 1000 #8S'¢ 9800 ST

8¢L’t 1000 0TS0 1000 S9T1 T L9Y'y 2000 €900 0000 8600 6109 T
ONZ aNZ O¥S ays odd adad ONIW dNW D34 dad Dnd dnd 200 aad o a1 Lsia

seueiIngil |,
9000 1000  8L1°0 6000 9200 600 7000 2000 2000 Lv0OO 7800 TLI
0100 9000 $000 ¥6¥'0 1000 6000 T200 010 2000 7000 LSOO €600 8¢l
£i00 L10'0 0000 0tO'l 8000 9200 010 2000 0000 S000 0S00 L600 9¢l
Si00 6C00 11000 8890 0000 OIOO 9000 €SO0 OI0 $000 2000 6200 6L00 2T
1100 6200 0100 SO¥0 €000 8000 TOI'0 €10 2000 2000 6200 S80°0 901
9100 2800 9790 1000 8000 LIYO SI'0 000 2000 1000 0900 L600 SOl
1100 €900 9000 LISO 0100 0L00 LI'0O €000 2000 8000 1000 £900 0800 101
9000 7600 0200 LL8O $200 8900 910 2000 2000 8110 8800 I8
S€0°0 ySI'0 000 8980 €200 €200 LZI'0 950 CTI0O0 9000 €000 0000 ¥SE0 0010 gL
o0 LYE0 7000 €160 9100 Lve'0 €Ll LL90 TTO0 9000 €000 ocCLt 0¥00 9T
6000 1L8°0 €000 8L80 LILO SV 1v9°0 9100 0000 9Li't  LIVO 144
120°0 61€°0 T000 LI®O 00 0000 Hi0 9000 9000 0000 €200 9900  $¢
2100 19%°0 2000 2L8°0 2000 9120 S00 1000 €100 9000 0000 1000 6S00 6£00 I
ONZ ANZ OiS ays Ddd agd ONW dNW Ddd dad Dnd and oao aao v ai1v  isid
\ sewuy
MO MO |

[191] Jod sweiSo101UE UL SUOHIBIIUAIUOD [[B ‘UONIIIP
JO 1utl] Mo[aq sem ajduies oY) S2ILIIPU IN[EA OU IO YUB]Q Y ‘OUIZ ‘NZ ‘WINNUONS “YS ‘Ped| ‘dd ‘esourSurwl ‘NJA ‘U0l ‘T ‘([eplo]jod
pue paAjossip Yim) 19ddod ‘0D ‘wnjwped [epIo[[0d ‘DD (WNIWPED PIAJOSSIP ‘D ‘WRUIUWIN(E [EPIO[j0d ‘DTV ‘WIUNWN[E PAA[OSSIP ‘qTV]
'96-G661 ‘SI1IBINGL) PUR JIATY SBWIUY 9Y) UI SPIO[JOd pue Idjem Ul S[BRN--A] Xipuaddy




601

0500 8100 9200 020 6£00 0IE0 820 0100 £L000 6870 €€0°0 8¢l
oo SLO0  0SY'0 8000 6900 THO0 9£0 v00'0  LOOO pLYO 1600 SOI
SLOO €500  06£0 SL00  S600 SLO 66000 90000 LOOO £€50 TSO0 9T
ONZ aNZ DJ¥S Q¥S Dd8d daad DONW ONW D31 axd DdnD dand  Jad  adad IV a1y isua
sewiuy
pounyj e ¢
9L1'0 9100 pE00  OPI'0  9£0°0 820 8100 oIl €200 €000 1000 €600 TSO0  8Cl
£0T0 6100 SPO'0 0610  SPOO S0E0  S000  Of'} ¥Z00 €000 1000 L3¥'0 0F00 SOl
0020 0910 6100 OKI'0  £FO0 (810 0ETO 091 6£0°0 €000 1000 61S0  £V00 9T
ONZ ANZ DdS a¥S DJ8d ddd ONW ONW D31 Qa4 DdNd and  DAd  add OV a1v  Isia
seujuy
Jjouny dPPIN €
9070 SI00  1¥00  00T0 8t0°0 T6T0 L00O 091 8200 000 10070 €210 SE00  8gl
w610 0£00  TYO0 0810 OFOO 6970 SO0 0§} STO0  TOO0 1000 €590 0z00 SOl
9L20 0I€0 L£00 0810 SE00 6610 OvE0 0£T 100 €000 1000 L9L0 TW0 9T
ONZ ANZ D4S QyS DJdd add ONW AONW D21 dad DND dnd Ddd  add IV aiv  Asia
sewiny
Jouny Apeg g
9000 vIO0  S8ST 60000 0200 6000 2TO #00°0 661'0 €800  9¢I
r100 1990 1000 1000 0100 100 €000 1000 T000 vI00  PIE0 811
0000 8560 1$00 2000 1100 60C¢ TIO0 TO00 €000 P00 T91'0 SOl
ONZ ANZ D¥S a¥S D8d dadd ONW dNW D3d @3ad DNd and D4d daad OV a1V Isid
saue)nqQu g
MO MO |

{101 19d swiesSoIour uf SUCHEIIUIIUOD [[E 1U011291aP
JO 1ty Mo[aq sta ajduies ay) SojEaIpuU AN|BA OU 1O Jut|q V 20IZ NZ ‘UIRUONS “dS ‘pual ‘gd ‘osaueduew ‘NN ‘uols ‘g ‘(jepiofjod

pue paa[ossip 4im) 1addos ‘D fwniwipes JepIojod ‘DD ‘WNIUIPLd PIAJOSSIP Q@D ‘winuiwnje [ep1ojjod OV ‘ununuwmnie paafossip ‘a1vl
‘06-$661 'SPLIRINGLI} PUC JSANRY] SBUIfUY SYj Ul SPIOJ[0d put JajeM Ul S[ERN--A] xipuaddy




901

foq uo
00S 00059 000} 008¢ T AN Gl Oy 201 g¢ 2§ ¢ liis '@ pues auy Mmoleq yaald Juswed 91154dvS6
009 0009.L 00¥¥y 00021 0061 Sy OV L0l Ly 05 g 1iis ' pues auy yono exsdot GlLisgvse
1[0} 4 0000SL  00Si 0S50S ueay
'0]0D ‘UOHBAYIS “Yied (¥1189vY56)
(010) 4 00005} 0002 001G oLce 0¥ 6¢ 201 Z 6% It }is g pUES aul feUOWaN Y88l Juswe LdAsSgvs6
'0]0D 'UOHBAlIS YHjied
0[0) 4 0000SIL 000} 000S 0.¢C o¥ 6¢ .01 ¢ 6¥ /¢t His ’® pues aul [eLOWAA YaaiD Juawa) ¥11SEYS6
N9819 jJuswian
uone)s Buibed
002 00062 000S 00S9 0L¢ee 6Z 6¢ 101 ey 8 L¢ Jis @ puesauy QYA Je JeAlY sewluy £11889vs6
002 00092 000S 002. 06'0C 0 8¢ 101 lc 6V g ljis 'g pues auy Y981) Jepjnog 2l 1s8ve6
00%S 0000iE 0002¢  000v8 0Z Lt 201 82 6¥ L€ s9jqqad pajeod joel) eljselly g111Sdvs6
002 00012 00l¢ 000¥ 0002 0c g L0 82 6% /Lt Jiis ® pues auy jealD eljselly ViLISHYS6
000% 0000/ 000ty  0008L 8G 6¢€ L0} 8S 6 /¢ s8|qqad pajeod uoness buibed g011S8vS6
00¢ 000s2 00eY 0059 SS'LL 86 6¢ 201 85 6% /¢ Jis ' pues auy e IeARy sewuy teddn Yol 1S8ve6
00¢ 0009} 0029 006S S0'21 le € L0l 0 06 /¢ Jiis 'g pues auy ¥9810 weybuuuny 60LS8VYS6
ols |l
SliIASpIEMOH 8Aoge
00V 00062 002s 002. 08'Sl L 6¢€ L0} € 0G ¢ Jiis %@ pues auy JeARy sewuy Jeddn 801 SHYS6
002 00061 009S 009Y 0cvL LL ¥E 201 Sl 1§ L€ Jjis 'g pues auy yoino ei6beN 201S8ve6
1[0} 4 00061 00¢ 002 08¢t I ¥¢ 201 0¢ 1§ /8 sBuyjre} a)is || oewiiny 901SdvS6
009S 000061 0000ZL (00000F O0O'LL Gb €€ 101 8y 29 It SpIo]j0d 1oAYy sewuy Jaddn S01LSgvS6
00¢ 000.¢ 000¥1 0011 v €€ 201 6 2G L€  @leydaid ayym laNy sewiuy 1addn arolLsgvse
002 00061 0006 0!8 P €€ 0L  6€ TS L€ aysose( oAy sewuy seddn  O¥0LSEAVYSE
00¢ 000.2 006¢ 00¢8 qe'Ll ¥y €€ L0) 6¢ 26 L€ liis '@ pues auy leAy sewuy 1eddn Y01S8vYS6
00¢ oaove 009¢ 00S. T A S ¢€ 101 VAN AR Jiis '3 pues auy J8ai) eyaing £0LSgvs6
00¢ 00092 009S 0002 TV gL €¢ 20} (428 4 IA Jiis '3 pues auy yojno sukeodiy 201sdvse
' O[NY) UoWEBUUID MOJaq ,
002 00051 008¢ ,00vL SL'S ¥ g€ L0} g2 9§ It liis '@ pues auy JoAly sewluy seddn 101SgVvS6
, ‘0100 ‘UOHBAJIS Wl weansdn 1oAYy sewiuy
wdd wdd wdd  wdd wy 2998 iy Bag oas uiy Bag adA| "ON
M o4 BD v aouejsig apnyBuo] apne s|dweg Ayjeoo sjdwieg o|dweg

[(6/6r) widd ‘uoljjiu sad sped uj usalb suofejuasU0))
G661 100 ‘pausislem 1oAY sewluy ay) Woly psjdwes says wols ejep CO’H % L-10H NZ) uonsabip jeled jo siqel “|"A xipuaddy



L01

UOMOA|IS Ul uonels

ooe 000¥¢ 00S2 0049 Se've Zc o¥ L0} clL 8y L€ Jiis @ pues auy Buibeb o2 [esou 0c1sS8vs6

ooy 000V oozl 001G Sy’ oc Ll g€v L0l Ol 6 Lt pas jueqianc  3iD [eldulip dJo4 YInos 62158vYS6
Boq uoJdl mojaq

0o 0009} 000¥% 009 05°0C Z ¢v L0} 9 6¥% L€ JiIS g pues auy D Jetsulip Hio4 yinog 82158VSs6
, : )04

1010)4 000.¢ 00G1 006V 0961 0} ¢¥ L0} 6l 6% .t Jis g pues 8uy G SA0OQE )93l [eldUIN 221s8vYG6

39819 [elouiy
Y404 o|PPIN ‘wieo

00c > ooooe 008 0000cC¢ SS9V - QS sy L0} €€ 06 L€ ayseqhjod weyo ‘jepod ssipesed am-s8vse
sul Jouuog aaoge
00¢ 0000% 0091 00s¢e 09l lZ vy L01 ev 05 L€ His ' pues aul MO [eJaUiN 3104 oppiA 9Z2158vG6
ebpug oung
00¢ 0008¢ oole 0042 009} le €¥ L0} S 1S . lils '» pues auy BA0qE X831] |etsuiy 62C1S8vs6
(00} 000.4¢€ 0c8 00ve S¥'S) ¥Z ev L0} S¢ |G l¢E jlis '® pues auy yono sumolg ¥2158vs6
oov 00015 000¢ oost ooel S¢ €v L0} e 29 L€ ilis g pues auy 981 JelauiN €2158vYs6
oog 000ze 000S 008¥ SL'¢L 9l ¥¥ L0} NAA A lis g pues auy 3931 N 2z1savse
ooee 0000€lL 000} 00.¢ oL'ol ¢y ¢y L0} ey €6 LT spiojjoo  afeujelp Jpe J8|ya0) 12158vYS6
J}oau1) jesauly
NI o)
juswa) Jo $xio4 g pue
004 0009y 0041 0002 ol ol 8} 6¢€ L0} Zc €6 L€ pas JUBQIBAC N JO 9JUaN|U0D Mol g021S8vYS6
MEE o)
Juaway jo $y104 g pue
00S 000¥S ooyl 00lg pocl g8l 6¢ 101 éc €6 L€ jis@ puesauy N jo sousn|juod mojeg v021S8vs6
y moyuy Bury] ploo
ocy ooocy oovl 0088 oSt v 8¢ 10} S €S L€ Jis'g puesauy  SA0qe }8al) Juswad 811s8vS6
00¢ 00009y  00S 009¢ oi'sl Sl O¥ L0) GE 26 L€ Jis 3 pues auy ¥931Q Juswa) ‘Boq uoy| 11188vYS6
wdd wdd wdd wdd wy oag uyy Baqg 998 uyy BaQg edA} ‘ON
)Y a4 eD v sauejsiq apnjibuo apne ajdweg AyjeosoT aidwes s|dweg

(u09) G661 O ‘PaysiajeMm JaARy SeW Uy ay) wol pajdwes sa)is woij ejlep CO°H % 1-1OH W) uoysebip felued jo ejqe | *|°A xipusddy



801

oz 0026 00065 o0oge se'2ol €€ ¢S 201 8l LI g Wis ' pues suy  ued je ¥991 uogounp 8e158vsS6
00¢ 000L} 000S 0s¥ye ueajy
obueinQ ‘ebpug 19948 ,,Z¢ (2e158VS6)
oLe 000¢!t 002S 009¢ S.'001 £ ¢S L0} 1 81 /¢ Jlis '@ pues auy OA0E 1oAY sewliuy 2dds49vse
obueing ‘eBpug 19818 ,,2¢
062 00001 008Y 00¢€e S.'001 € 2§ L0} 1 81 /¢ Jl!s '® pues auy aAoqe JOAR seWiuy 2£188vs6
Airenb mojaq
pue ebpug sjquii |
ove 000¥!1 006¢ 008¢ gees 6 0S5 L0l 8 ¢€¢ /¢ Jlis '® pues auy 9A0qe JaAlY sewluy 9c1sdavse
0SS SN
11984 00041 000, 00t£9 0008 6 05§ 20} 2S v2 /l¢ Jjis 9 puEsS 98Uy  SAOQE X981D BSOWI8H geLsgves
Jany
SBUWIUY UM [JUOD enoqe
0021 000€C 00.9 0016 09°/S 82 9% L0l ¢y v¢ LE pues Yool leddoyssesn 09-59Vvs6
JOAIY SBWUY YIMm Juod
09¢ 00l 00.6 0082 0l'GS Zc 9y L0l .S Gt /€ pues  8A0Qe )81 8pedse)d 00-58vse6
00¢ 001LS 000¥L 0002 G0'GS ey 8y 101 G¢ 6¢ L€ Jiis '3 pues auy (GG 9A0GE Y1) apedsed ¥c1S8vs6
00¢ 00v¥ 0019 00le 00°'6S Z Sv L0l .S ¢ /¢ Jjis @ pues auy (QGS SN Ade }8al1D awiq £e198vs6
1oAY sewliuy Ypm
029 00.8 00¢€e 1[0} 7 qebe ¢ 6¢ L0} 6l eV /¢ pues  [Juod aAoqe }881D }IF 03-s9Vvs6
JanY seuwliuy yim
09¢ 00¢6 000€t 000¢ Gl2¢ 0¥ 6¢ L0 L ¥y LE pues |Juod aAoqe %831D SejoN ON-S9VSse
aully sejo
08¢ 00.9 000ZL 008¢ 0562 ¢e Oy L0 6b S¥ /¢ Ji1s @ pues suy Mojaq )8a1D ueyng 2£1s8avs6
002 000l2 00.¢ 008¢ 00'ge o 6¢ L0l e oF ¢ pues 3831 Yled 19e( 2998388vs6
(1] %4 00092 00.¢ 0ozy 06°9¢ ZL 0y L0l € Ly It pues yo|ng poompeag 19SS8VvS6
UOUAA|IS Mo|aqg abpuq
002 0002¢ 002¢ 00d¥y 0 0¥ L0t € Ly LS Pas JuediaAo  peOJjiEl Je JaAY SeWiuy g1€159vs6
. UouaA|Ig Mojaq o6puq (Z.v)
ove 0002¢ 0062 0085 YA T4 0 Oo¥ L0l € Ly L¢ IS '@ pues aulj peodjiel je JaAly sewjuy vielsgavse
‘0]0D ‘UOLBA|IS MOJaq JOAIY SelliuY
wdd wdd wdd wdd ‘wy 299g uly Bsq 92es uy BaqQ adA} 'ON
)Y 94 BD [\ aauejsiq apnybuon apnjje] sjdweg Ayjeoo sidwes s|dweg

(u09) G661 WO ‘PaysIaem 1aAR] Sewluy sy} woy pajdwes says woy ejep CO°H %L-10H NZ) uonsaBbip jepied jo siqe “L'A xipuaddy



601

L> L> L> L> pues zib jueiq pjaid 001s9vs6
0z > 0c (174 0Z > pues zjb jue|q pield ooLsgvess
sjuelg

. afipug s1ayeg mojaq punoibdwe)

00g¢ 000.1  000¥% 00.L¢ 0s'cL € 8y L0l 8l ¢ LE ‘PasueqisA0  YOM JB JoAY Sewiuy a6¥1savs6
abpug siaxeg mojaq punoifidwe)

1[0} 4 000z 008y 0009 0s'¢CL € 8v 101 8l LC IE Jiis p pues auy YOM 1B JaAy sewiuy Y6 1Savse
‘0j0D ‘obBueinQ ‘0SS SN 9A0qe ajis uonels dwngd

0s¢e 000€} 0009} 009¢ 02'90} €5 25 01 8y Gl Lt 1lis g pues auy Hog e Jand sewiuy 8¥158vs6
02IX3\| MON 28)zy ‘abpug

oLy 00S. goozL 008¢ 0S'LLL 69 65 L0l v 6% 9¢€ 1jis '@ pues aujj 8A0qE JBARY seluluy Ly1savse
*0{09 ‘uonels buibeb |iH

oic 00¢9 0oo¥Z 00.¢ 0G'/€L 82 ¢S L0} L2 g Jis '@ pues aul  1ePaJ Je JaAly sewiuy 9¥1Sdve6
abpug pepuog

oye 00¥9 00091 008¢ 0g'GEL le ¢S 20} S € Lt Jis g pues auy aA0QE JaAR] sewliuy S¥1S4ave6
abpuq giLe ‘P 00

1144 0049 goaci aoivy 00'9¢t ¥ 2§ 101 gc € L€ 1iis 'g pues suy J0 YUOU 18ARY eplioj4 r¥1S8vSe6
. abipug unjsiaseapp

062 0ogL 000G. oolLe 00cct 9 €S 01 S 6 Lt Jis @ pues aul {0 Ynos IaApR] sewliuy ey1LsSavse

0Gs SN

029 00091  0OOO¥ 00¢6 SLLLL 8b 2S 0L LLLL LE J}is ' pues aul  Jo }sam Hjdal) uiseq Zy1savse

ove 0101074 M1 [0]0 VA 3 008t 00'60} 8 €6 01 6 9l L€ MIS '@ pues auy UOIT pay ‘1eAR] sewiuy Ly 1S8YS6
JBATY SBWIUY YIM 82usnjjuod

06¢ 0009F 000€9 |, 00OcC oL'sol ¥l €6 201 9 91 /¢ Jisg puesauy  aAaoqe v_wmho%oczm_._ orlsdavse
oBueinqg

0cc oole ooacl 0oal ov'zaL 25 25 Lol ¥ 8l .t Jis @ pues auy  Jo]samasld uogounp 6€1589YS6

wdd wdd wdd wdd ‘wy o9ag uy Bag 29s uly Bag adA) ‘ON
M a4 BD v aoue)siq apnyBuo apnje a|dwes Ayeoo sjdwes ajdwesg

(u092) G661 100 ‘PaysIajem JaARy sewluy oy} woiy pajduwies sas woly elep CO°H %L-10H NZ) uonsabip [efred jo ajqe] *L'A xipuaddy



0TI

(144 14 ] 0S £> 0C> c> oLt 0S S 08 > 0061 08> 002 g02159ve6
8 S 8 0c €> 0C> c> 0. oz > €> o0oc 0091 06 00s2 Y0ZlLsSave6
(0] L oc oy ¢c> 0l 1 Ll oc € 06 00S1L oy > 00G¢ 81154gvs6
9> 9> 9 oL> 9> 0t> €> ol og > 9> 00c > 002 002> 006 211589vSe6
09 9> L 0c 9> (0¢> €> 00! 0S 9> 002> 0002 00Z > . 000¢ 9L15dvs6
09 14 (114 oy £> 02> c> ocl 0¢ €> 0l > 001} 00!} oogl GL158vs6
09 9> 8 ol 9> (0¢> €> =7 oy 9> 002> 000C 002> 00¢c ueajy
09 9> 6 ot 9> 0¢> €> 08 (414 Q> 00Cc> 0002 002> 00¢e 1ddsgvse
09 9> L ol 9> (0¢> g€> 0l (04 9> 002 > 0002 00C > 00¢cC 11S49vs6
, NEE o RUELIE:2g)
082 € 1] ov yA 8 c oci oc ol o> oovt O¥ 00.¢ €£11549Vvs6
062 € 0e oy 02 o0c l (0] ()] 8 oy > 00ElL  Ob> 008¢ 2L184ave6
006 Ob €6 o¥y OF oz 8 o0o¢ oZ > oL 00¢ 000¥1L 00L 000¢€S g111589vs6
066 € oL 014 ] ()] 20> 00! ] 0c ov > 000l OF 0061 viilsavee
ootL 02 09 09y 6 oe > 0¢c oLl o0z > € > 00¢ 0002t 0021 000.¢ g2011S9vS6
09l 14 1] 0¢ Z 8> 1 001 0l 9 ool 005l 09 006¢ Y01 158vS6
6S € ol 1% 4 c> 8> 80> 0oFl 8 > <> oy > 00LL 0S oole 601S8VvS6
oce € 0c 144 9 8 c ocl 174 0¢c 0L 008l 09 009¢ 801S8vS6
Sy c> 0c 8% > 8> 1 0G1 8 > oy > 008L 0S 00¢€¢ 201S8vs6
0cL 9> 9> oL> 9> 08 c€> 0oF og > 09 00> 009 00¢ > 00¢ > 901S4dve6
000¥ OF oLt 005l 0/ o¢ 0S 061 oc > o€ (10} 4 0008F 009 0000S S01Sgve6
0S. £> 6 9> 172 oc > ¢> 6 0S oy 0L > 00¢ 001 ooge arolsgvee
089 c> £> YA £> 0Z > c> 0ol 0¢ (0% 08> 009 08 > 009 ov01SHvYS6e
09t S (314 Ly oL 8> € oLL 114 L or > (01011 A1) 4 0oLy v+01S9ve6
09¢ 14 0 1°34 oL oL 4 oL (1] 14 0S 00SL OF > [9]0) 4% €01S9vs6
1944 ] ()] 44 Z> l> l 091 1S Z oy > ooyl OF 002¢ 201S9ve6
6 ¥ 6 €S c> 8> € 184 0¢ c> oy > 00SL  Obv > oove 101S8YG6
'0]0D ‘UOHBA|IS WoJj Wealisdn JaAly sewiuy
wdd  wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd  wdd wdd 'ON
no 1D 0D ®0  pD f2] eg egd sy By L d eN BIN a|dwesg

(3u02) G661 100 ‘PaUSIalEM JaARY Sewiuy ay) woly pajdwes says woly erep CO’H %L-I0H INZ) uorsabip jeied Jo sjqe] “|'A xipuaddy



IT1

14 4 € oL 60> V> o> 061l > 60> 019 084 0¢ 0091 6£1S49VS6
(012 ] 9 0¢ 60> ¢V¢> Vo oclt V> 60> o¢ 008 00l 00%9 8£158vs6
o8 14 L €c 4 > ¥0 o8 S € 0. G06 qe 00¢e uesiy
16 14 L ye c > ¥o 88 ] € 08 096 0ot 41) 24 ¢ddsgves
08 € L ¥4 4 > ¥'o £8 14 € 09 0S8 oy 0022 2€1849ve6
001 4 8 ge 60> $> G0 Z6 9 A 06 ootLlL 0¢ 00Ze 9c1S8vs6
ovi € \e 8c 14 > l oclh 8 2 0sS 06.L oy 0062 ge1savs6
0¢ 6 0] FAS 2> 6> 60> 01 6> Z> 029 0021 ov > 00ctY 09-58V66
8 S yA 02 60> ¥F> . ¥0> 001} ¥> 60> 001 096 o¢ 00¢€ 00-58vs6
S € 8 2 60> ¥v»> S0 (1148 > 60> 06 0oLt ot 000¢ y£15dvs6
G € 14 lc 60> V> vo 0} v> 60> 00l 0oLt 0C 00tlL £e15dve6
0L ot 1€ 2 60> ¥> l 00l ] 60> 001 0L (114 0041 03-549Vvs6
L S 9 0 60> ¢V¢¥> S0 ocl S 60> 06 ovL 09 00S9 ON-SgVvs6
(114 € ¥ il 60> ¥> Vo (1] 4" 8 c 002 oozt 0S 00LS 2e1s8aves
061 l /] e € > 80 oLt 6 € oy 00t 0¢ ooyl 29SS4dvs6
002 Z 0cC 1 {4 Z > 60 (1] " ol Z oy 0oLl 0cC 00cl 1g8s8ve6
oLe L 1] o 14 9 80 001 0t 9 0¢ 002l 174 000¢ gielsgvse
0se Z 114 1€ c ¥> l G8 0c q 0S ooel o¢ 0081 vieisavee
'0]09) ‘UOHBA|IS MO|8q JaAy Sewiuy
ol 14 62 €€ 60> 1 60 0L (114 60> 09 00Lt o¢ (0154} 0€1LS8vYSs6
16 £> 6 0Z £€> 02> > o9l 0S £> 08 ooblL 00l 009l 62159VvS6
0¢c £ 0L 0o Z> 8> 80> 08 8 > > 00l oogl 09 0002 8215dvSs6
14 £> 113 114 £> 02> c> 1] 0¢ £> 08 > oozt 08 > oovlL 2213849vYS6
9> 9> 9> oc 9> 0¢> 114 €> og > 9> 002> 0001 002> 00C> OM-88Vvs6
ol £> 6 114 £> 02> > 09 0Z> £> 0L> 00LL 0L > o0oct oz1sgve6
0ce € 0c oy €> 02> c> 0SlL 26 - £> 0L> 00.L 06 ooyl gz1Ls4gve6
0c £> 9 0c £> 0C> c> 0slL 0c g£> 08 00s1L 0oL olL8 $2158vs6
1) 45 9> 8 oc 9> 0> €> 002 oLe 9> 002> 0002 00> 0001l £21L88vs6
0sS Z oL 014 € L> l oLt 0oc c> or > 0081 06 0061 2eLsavee
ole 113 9> oz 9> 0¢> €> oce 0[0] 44 6 00> 0005k 00C> 0001 121sgve6
sl [elauly
wdd wdd wdd wdd wdd wdd wdd  wdd wdd wdd wdd wdd  wdd wdd 'ON
no 10 00 o) PO g g eg sy By 1R d EN B sjdweg

(1u02) G661 0O 'PaYSISJEM JaAR] SEWIUY BY) Loy pajdues sayis woly elep CO™H %L-|OH INZ) uonseBip [efed Jo siqeL *| A xipuaddy



(49!

€0> £€0> ¢€0> 90> €0> Z> 20> ¢o> Z> €0> L> L> L> L> 00158vS6
60> 60> 60> <> 60> V> ¥o> vo> > 60> 0Z> 02> 0Z> 0z > 001889vS6
syue|q
oLt € 6 2 c > G0 Okt 8 4 0L oogct 0¢C 00¢c g6¥1S8ve6
oGl S 0z 1% € V> 80 0Z) ol Z 0oL o00CL O¢ 00.2 v6v1Save6
Z6 L4 8 Lz [4 > S0 oel 9 Z 0L ooZzk 09 oove 81S9vG6
9z c L ¢ 60> V> 90 08l ¥> 60> 0Z> 06§ 00l 00} Ly158VYS6
0c I L oL 60> > 90 o0i2 P> 60> 02> 0vs 08 ooyl 91 SHYS6
0c l L 0L 60> v> 90 06!} V> 60> 0Z> 00§ 08 00s! G¥158ve6
6 Z 9 0 60> v> 90 06¢ > 60 > 0Z> 095 06 oost Pr1Savse
86 L ] 0c G > ¥yo0 olz V> 60> 0Z> 0¢l 0ol 000¢ €¥158vS6
ol € ol 04 60> > 60 002 > 60> 0> 0l¢ 09, 00¥S Zrlsaves
€8 G 8 9z Z > S0 0Ll 4 Z 0L 0oLk 09 0082 L¥1eavse
0c 9 8 0 60> V> ¥o o¢cl > 60> 0c> 0s8 0ot ooovt 0v1S8ve6
wdd  wdd wdd wdd wdd wdd wdd  wdd wdd wdd wdd wdd wdd wdd "ON
no 10 0D 8  PD g °g eg sy By I d eN B s|dwes

(u09) GE6 1 100 ‘PaYsISIEM JoAY Ssewiuy sy} wolj pajdwes sajs woyj ejep CO°H % L-1I0H WZ) uolsabip fenied jo sjqe] ‘|'A xipuaddy



€It

02L 01 0c 9> 09 8> 00s¢ L4 €> 0oLt L oe 8021S8vs6
ooc 14 0c 9> 0s L> ov9 €> £> 099 8 ol v0Z1LSavs6
08c 1] 0c €> 113 > 14°) 14 4 ooye L 0c 81158vGs6
09 9> 0c ot > ol 0c > ot > 9> 9> ot > oL > ot > L11S9VS6
0oc 9> 0c ot > 0s oc > 00S 9> 9> 0cs 0t > oL > ol 1s8avse
o8 ol 0c 9 > 0zi. L> 2L €> €> 0.8 9> 0c 51158vS6
00c 9> oc ot > oy 0c> Gie 9> 9> 0€s ot > oL > ueapy
00¢ 9> o€ 0l > oy 0c > V]3> 9> 9> )4 ol > 0l > 1ddsavse
00c g> 0¢ 0} > oy 0c > 0ce 9> 9> 0cs 01> o1 > yi1S8avee
Myosl Juswa)
0002 ol 0l €> oy y> 0061 9 ol 0096 ol 114 €i1savs6
oove ol ot €> 14°] V> 0ov1 6 oc 00061 414 0c ciisavse
0009} 0clL oee otL 06e 8> 000¢€l 1 or - 00081 0cc 06 g111s8vs6
00s! ol ol €> oy ¥> oosty € 1924 004S o} 0z Yi11s8YS6
0048 oLl oLl 0L 0S¥y 8> 008¢ oy 8 000ct 00¢c oce 8011S4vS6
0.6 ol 0c €> 1 > 0001t 14 g 009y 0} 0c v011S8vs6
0ls o} ol €> or > 00s L4 4 ooct ol 0c 601S8vS6
004} ol ol €> A4 ¥> oote 9 6 0086 ol 0c 801S8vs6
08} 0c 0l €> 14 ¥> 08l S 4 oovi 6 0¢ 101S8vs6
00} 9> 9> oL > ol 0> 0oos! 9> oee 0c o) > ol > 90158vYS6
00042 ove orl 96 06S 1] oo¥L 09 ot} 0006t 0Lt 06S S01s8vs6
00002 € €> 9> oy 1] 0089 €> 0¢ 00004 < 9> 9> arolsavse
029 14 £> 9> 0¢c 0¢ 000t £> 0c 000tL¥ 9> 9> or01savs6
009¢ ot 0c €> ov > 006} ol A 000¢t 0c 0¢ Y01S8vS6
008¢ ot ot €> IS ¥> 0eL 6 14 oooct ol 0€ €0ls8vse
V14 ol o0c - €> 6S ¥> 01 8 L4 00y 6 0c 201savs6
0se 0c 0z €> ol v> 042 14 c> ooce 0l oy 101s8YS6

"0]00 ‘UOUBA|IS WOy Wealsdn JsARY Sewiuy

wdd wdd wdd  wdd wdd wdd wdd wdd wdd wdd wdd wdd ‘ON
uz A N ulL 18 qs qd IN O Un n e sjdweg

(1U09) G661 100 'PaYSIslem Jany sewiuy 8y} woy pajduwes says woj ejlep CO°H % -1OH INZ) uonsabip [ened Jo ejqe] *|'A Xipusddy



VIl

60> ove c> L 6£158vSs6

0z 9 14 Z> Ly Z> 9 4
14 ot oL Z> 061 Z> 0z ] 60> 081 14 8 8e1savs6
059 6 6 Z> az £ 082 S Z 0582 6 oL uealy
089 6 6 4 2 € 062 S Z 000¢ 6 oL z2dasavse
029 8 8 z> T4 Z> 0.2 4 Z 0022 8 oL LE1LSAYSE
00S oL oL 4 ¢ Z> (144 4 € 00€Z 8 0z 9e1SavS6
00/l 0z 01 Z> 091 Z> 062 6 60> 00zZ¢ L 0z Ge1Lsavse
¥9 0¢ 0z > oL > oL 9 Z>  0b9 0z o 09-S8YS6
€€ 6 6 z> 0z Z> 9 L 60> 005 4 oL 00-s8vYS6
A4 oL 8 Z> 12 Z> 9 8 60> 09¥ € 0z ye1S8vs6
0z oL 8 z> 6€ Z> 8 £ 60> 0gs 4 oL ££1LSavSs6
oglL 8 L Z> oL Z> 6 8¢ 60> 08 (] 0l 03-s9vSs6
69 L 6 Z> 0z Z> 0z L 60> 0LL 4 8 OW-S8VYS6
16 8 L Z> 62 Z> 0.9 4 l 08S S oL zeLsavss
08/ g 6 Z> Yk Z> 0001 € € 002S 9 ol 2gssavss
0z.L oL 6 z> 9z 4 oL € 4 009% S oL 19SSavS6
0z8 8 (] Z> oz Z> 0oct £ 14 0029 8 oL a1£1savse
06. oL 0L z> Le z> 0021 4 12 002S L 0z viELSavSe
*0]09 ‘UOHBA|IS MOjaq JaNY Sewiuy
ozy 0z oL z> I Z> 0zz S 60> 00¥1L € 0z 0£158vYSs6
00l 8 oL 9> 0¢ 8> 09t €> €> 0€s 9> oL 62158YS6
002 oL 0l €> (1] 7> 06 L Z> 095 9 0z 8z158v56
ozl 6 0L 9> 0z 8> 00z £> €> 0oLl 9> ot 1Z158vs6
9> 0z 08 oL> £ 0z > o¢ 9> 9> ol > oL > ol > aM-savse
8/ 9 8 9> 0z L> ozl £> €> 0g8 9> 6 9z1s8avs6
089 0z oL 9> 0S L> 0g9 14 €> 0022 9> 0z 6Z1s8vs6
(1] S oL 9> o L> 0zl £> €> 08¢ 9> 6 ¥2158avs6
oge 9 ol oL> o€ 0z > 0001 9> 9> 0.9 oL> ol £21S8vs6
009 oL L €> Ll v > 0£6 r4 L 0091 8 0z zz1savse
002 9> o¢ oL> 0L 0z > 00S¢€ 9> 9> 002 oL > oL 121S8vS6
yoau) [elauiin
wdd wdd wdd wdd  wdd wdd wdd wdd wdd wdd wdd wdd "ON
uz A A uL is as ad IN oN UN n el a|dweg

(u02) G661 O ‘Paysisiem Jony sewiuy sy} woyy pejdwes says wouy ejlep CO°H %L-1OH NZ) uossebip jenred jo sjqe "|'A xipuaddy



ST1

€0> €0> €0> 90 €0> L0> 90> o €0> 90> 90 > 90> 001S8vS6
60> 60> 60> c> 60> Z> Z> 60> 60> c> Z> c> 001S8VvS6
syue|g
099 6 1]3 € 114 Z> 0.5 14 Z 0062 L 114 g6v1s8vs6
ooc! ol ot 2>  9¢ > 06 6 € oove 8 (174 v6¥1S8vS6
0¢c8 ol 114 [4 99 Z> ozce L 4 00ze 6 14 8v1savse
062 8 L Z> L Z> ¥9 14 60> 00tL ¥ 113 Ly1S8ve6
ove L S Z> 0Ll c> 8c 14 60> 00t1 € 9 o9r1Savse
0ec L S Z> 6 > e 14 60> 00t1L € 9 Sy1Savee
8z 8 9 Z> 2 Z> 8 14 60> 0vs € 6 yyiLSavse
00L1 8 8 Z> 0gC z> ovlL 8 2 0[0) 474 14 8 £v1savse
24 6 0 - Z> 00 z> 0} 14 60> ol9 14 S v 1savse
06. ol ol Z> €L Z> 09C L l ooce 6 0e Ly1Save6
8S ol ol S oyl > 0C 0c 4 osl S L or1Savs6
wdd wdd wdd  wdd wdd wdd wdd wdd wdd wdd wdd wdd "ON
uz A A uL s as ad IN on un n el sjdweg

(u00) G661 19O ‘PaYSISlEM Joa SeuNuy oy} woy pajduies says woy elep COPH %L-1OH INZ) uolsaBip jenied jo ajqe "|'A Xipuaddy



911

Z'IA Xipuadde Ui uaalb seneoo| ejdwes

9> ve 174 0Z8 ¢l 00.e oLy oooct 0005 (0]0] 84 le1-88Vv-56
9> 9c 174 086 0. 0062 (01234 000¢c} 00}. 00cy €1 1-58v-96
9> 1> [4°} (014 6€ 00¢¢e ozv 008¢ 00S6¥  000C L11-S9v-96
el ye €6 0001 LS 00S2 (474 4 00082 008Yy 0000} Zl1-s8v-96
114 9'6 oy 0021 6¢ 0022 00¢ 0060¢ 00ge 10144 gs21-98v-96
gl 28 6¢ 00ZL 8¢ poge 0.2 0008C 000¢ (0[] 4] VSZL-S8v-96
9l A e 0001 6¢ 0022 0.¢ 0000¢ 00S2 0009 ViclL-S8v-66
Gl g8 GE 0¢Z8 Le 006Gl 8074 00062 0002 0009 801 1-S8V-96
6l 1l 6t oocl o€ 00le 092 00G6¢€ 0062 0092 Y0L1-S8Vv-96
'0]0D .:ot®>=w MOJBQ JOARY Sewiuy
€C 1> 144 00L1L .S 00zl 0.2 0090% 00s2 000z} 601-S8Vv-96
69 l > 69 00L1L A4 0091 ove (4[0[0) 24 00c¢e 00g9 £01-S8Vv-96
e } > 0g > [0]0] 9 234 00L1L 06¢ 008L¥ 00S1 001G 201-S8v-96
oslL 9 og > 0001 Ge ooyl 09¢ 0050V 00t 009Y L01-S8Vv-96
Nos1D |elouly
0e L2 A 00zl 154 ooie 09¢ 00248 oovi ooz Pg0oL-S8v-96
8l 0?¢ 86 00cl L€ 00l 0s¢ 00199 1[0) 41 00}y 801-S8v-96
g6 6L V6 oocl JA] ooiLe 06¢ 00€95 00/} 110] 44 ¥01-S9Vv-96
)98l Juswad
Ll 11 (1] 0021 (37 00S¢ 02 000¢€2 0095 00v9 201-S8Vv-96
0l ) o) 0oct A7 009¢ 0s¢e 0ooze 006¢ 0029 Y01 1-S8VY-G6
gl 9l (01 0021 0¢ 0ove 0l2 W[¢[0}ord 0065 0029 G0L-S8Vv-96
8¢ 1'8 0g > 0oLl o€ 000¢€ 062 00061 00.€ 00.6 901-S9v-96
.o_oO .:oto>__w woJyy Ewm.:wa: JOAIY seuuy
wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd
sy By 1L d eN BN A od €D v "ON plald

[(6/6r) wdd ‘uoijjiw 1ed sped uj uanib suopesjuasuon]
09661 190 pue ‘Bny ‘paysielem Jealy sewjuy oy} wouy pajdwes says woyy eyep CO*H % 1-10H W) uonsebip jenued jo ajge] Z'A Xipuaddy



LT1

1] el 16 9v 9g Qc c¢ 9> 90> oGl LE1-38VY-56
1'6 cl 68 L'y ¥'9 1 44 oc 9> 90 > 0sl €11-98v-96
8¢ 'S €S [ &4 el 1> 9> 90> 0oL LLL-S9v-96
06 (114 oge 8 4 6l 6¢€ 02 9> el oclL Z2L1-59v-96
9 L 081 (4> c6 74 144 L2 90> ozi gscL-s8av-96
LA 14’ }ord [ 8'6 lZ gt 1’8 ¥.0 00l VGZL-S8V-96
gl vi 01574 8¢ ] 8¢ £e 9> €80 c6 Vigl-Sav-G6
'S Zl ole ve Zl 14 6'S 29 98'0 6. g0L1-sav-96
cL L 08¢ [ 4 Sl 14 09 ol [y 16 YOl 1-S8Vv-96
"0[0D ‘UOMBAIIS MOJaq JaAIY SBWIUY
L't ol 0ge 6L 6l €e L'l 9> .80 $9 601-S9Vv-96
oy Gl gl L' Sl 0¢ L > 9> g0> 29 €01L-S8Vv-96
¢ VA 96 i 8’9 8l L > 9> 90> ¥§ 204-S9v-96
6'¢ '8 0€2 2's 29 12 1> 9> 90> LS LOL-S8VY-96
Noai) [elouIpN
V'S 29 o 9t 8¢ cl L > €9 90> ¥S P80 L-S8Vv-96
€6 8'G or [ l'e 1t L > 8L 80> €S 801-S8VY-96
8'G '8 €8 o €9 8l lL> 9> 90> 6v ¥01l-S9v-96
NoslD Juswan
Zl gl ore g'S 6’6 €€ 86 ol vl oyl 201-S8VY-96
ZL Gl 0Ll gt 8’8 214 ¥'e 9> A ozL v0l1-S9v-G6
(41 8l ove 19 4 g rA £8 :: gl oel G01-S9V-96
Zl (B4 o¥S L'S ol .S 14 09 8'G 16 901-s9v-96
: 0[0D ‘uUoHaA|IS oy weansdn JeAy sewiuy
wdd wdd wdd wdd widd wdd wdd wdd wdd widd
1 e no 10 0D 2D PD g9 °g eq "ON piald

(3u02) 9661 100 pue Bny ‘paysislem JaAY sewiuy sy} woy pajdwes sa)is woyy ejep COH %L-10H INZ) uonsabip jenued jo sjqe ) Z'A xipusddy



811

008 Z8 (34 1 82 €> olLe 1A 4 gl 0022 LE1-S8v-56
08, 8'6 Ll L G¢ €> 00¢ s 8’1 0082 £11-58v-96
8l Vi 6L c> 0S1 £> 9’6 ce L > oie LLi-58Y-96
10) 74 \Z €l Z> 414 €> o¥s Zl 6¢ 00SV cl1i-88v-96
0gs el r4% 12 oc ¢ > 0021 L2 29 008t g521-8gv-96
0s8 ol 43 Z> (X €> 00¢l 8'¢ 6y 004V VGZl-Sgv-96
01 4¢] 1 Zl Z> 6¢C €> - oozt e Sy 00SY Yigl-Sav-66
006 4’ 1’6 c> 174 €> oogtL St 99 0049 801 1-s9Vv-96
00t1L ol cl Z> (4 £> 0011 9t 0’8 19[0) 73 VY01 1-S8Vv-96
‘0]0D ‘UCHBA|IS MOJaq I9AIY SEWIUY
o9v 0z 0l Z> 214 £> 9] 24 9¢ Ll 00zl 601-S89Vv-96
(1] %4 Zl 06 c> €2 € > 16 29 1> obd €01-99v-96
ocL 8’9 ¥'6 Z> 6l £> 092 0l gl 09 Z20L-58v-96
062 29 06 > 61 €> 0€6 €€ 1> 0eL 101L-S8Vv-96
Naaln |elauiy
ocl ¢ oc L2 1 €> ove g8l 1> ob¥y P80L-S8Y-96
(1] 9} 0¢ 61 Z> 14 €> 02¢ vl 1> YA 4 801-S9Vv-96
002 vy Ll 0¢ 144 €> 0148 02 1> 028 ¥01-89Vv-96
39910 Wawan
006¢ () Zl ¢> e €> oode LS 0’6 00001 101-89v-96
096 98 14" Z> 8¢ £> 0001 6'¢ vy 000 VOL1-89v-G6
0081 66 cl Z> 4 €'¢ 0092 6'¢ 08 00001 S01-S9v-96
009¢ ge el c> [44 €> 0145] 8'8 69 0066 901-S9v-96
'0]0D ‘UCHIAA|IS W0l Wealjsdn IaAp] seunuy
wdd widd wdd wdd wdd widd wdd wdd wdd wdd
uz A N yl IS qas ad IN O U "ON PIold

(u02) 9661 100 PuE "Bny ‘paysiajem JeAry sewluy ay} wolj pajduwes sayis wolj eyep CO*H %L-IDH WZ) uonsabip |ented jo ajge | Z'A xipusddy



611

moypuy Bury pioo

4 8’9 850 Sl 0S'LL ¢y 8¢ /01 $SG €9 LT Misp puessuy anoge jeald uawe)d  g11sgvee
6€°0 FA% 1o gl 0L'Si Gl o L0l Gt 26 LE 1is g puessuy 39819 EmEmOm.mon uolj  211S8YS6
- 0q uodl
Zc 28 4 ] 9 oA }! GlL OF L0l GE 2G . 1S g puesaul mojag yeald Juswe)  9118dvs6
9¢ g8 S¥0 9'g 0061 Sy O¥ /0L ¥ 0G L€ s ® puessauy yoino eyedoy  611S9vS6
6l 4! Zro 9g (v1 1SaVSE) UBSN
"010D ‘UCHBAJIS Ul Yied (F1158vS6)
6 14 [A A1) 9¢g 0,22 O 6¢ /0L 2 6F /g Mis'g puesauy |elOWsle ysald juswe)d 1d4AQsgvse
' *0[00 ‘UCUSAIS Ul Yed
6l 14’ 15 4] gg 0,22 OV 62 /01 ¢ 6V /g MNis'gpuesauy [edoWws\je yeeld uswe)d  y11SdYS6
NoauD jusway
uope)s Buibeb
T4 rA°} Gl0 LS 0.°¢c 62 6¢ 0} ¢CF 8y LT Mis B puesauy QM e lony sewiuy  €119dVS6
rAA oS 180 A 0602 0 8¢ /0L g 6v /g MNisp puesauy yealD lepinog  ZL1SAVYS6
(A4 6t 190 rAL 0002 02 .¢ /0l 8C 6% /E Mis'g pueseuy 3881 eljsely Y11 1S8vS6
uopels Buibeh
ve g L'l 1'9 1WAk 8G G€ /0l 8S 6 /¢ lis%® puesauy Je JoAy sewuy Jeddn  vOL1SEVYS6
r A4 8/ 9/.'0 £l Go'/L l€ 6¢ /01 0 06 Lt Mis'g puesoauy Neel1D weybuiuund  601SAVYS6
alis jjiw
O[|INSPIEMOH 98U} anoqe
£ ] 180 9¢g 08'Gl ¥l G€ L0} €F 06 LE IS puesauy Jenry sewuy 1eddn g0 1LSEYSE
¥4 S'G .0 69 0Z'vi Ll ¥€ 201 Gl 1G /C 1iis® puesauy . yojno aibbey  201S9VS6
'l 6l $0°0 9¢ 08'tl \Z2 b€ 201 0F 19 /¢ sBuijie} s |IIN oewmn  901S8VS6
6¢C (] 290 69 SeLl ¥y €€ /0l 6¢ 25 Lt Misg puessuy Jony sewyuy Jeddn  yH01SEYSE
97¢ V9 2.0 vl SZ'Ll ¥S €€ L0L Lb ¢S LE NIs°g puessaul - YeoiD Boing  €0lSave6
97¢ 6'G 190 ¥'9 ¢!l gl €€ L0l 2Z¥ ¥S /g 1S’ pues sulj yoino sukeald  Zo1Sgvs6
Yo[ne) uoweuuln) mojeq
o¢ S'¢ 950 89 GlL'S .y €€ /0l G2 GG /€ s @ puesauy JoAy sewyuy Jaddn 101S8vYS6

'0j0D ‘UCUBAjIS Wolj weassdn JoAy sewiuy

‘10d ‘M 10d ‘M 1od ‘M 1od 'Mm wy 998 uy Boeg oes uy BeQ odA) "ON
)Y a4 eD v aouejsiqg apnybuon apnjen o|duweg Ayjeoo] ojdweg o|dweg

[(6/6H) wdd ‘uoljjiwu sod sped 10 ('jod ) Juaased ybiam uj usnb suopejuasuo))]
G661 190 ‘PoysIalem 1oAY Sewuy ay) twolj pajdwes sa)is wod) ejep uonsabip jejo) jo ajqel |'JA Xipuaddy



071

1oAY SBUWIUY YIMm

9l by gl V'S 17 A oy 62 0L L ¥b LE pues  °juod eAoqe yeal] Se|O|N  OIN-SaVvs6
QUIN Selo
Ll (2 Ll 99 05'6¢C €€ Oy L0l 6% Sb LE WIS '@ puesauy mojaq yesId ueyng  ZglsSavese
0¢c S8 0.0 9s 00'8C 9% 6¢€ /0L L€ 9¥ /L€ pues 98I Hled J8sq  2dSSaVYS6
6l Ll 9.0 6'S 0592 ¢l Oy 201 € /¥ Ig pues yoino poompesq  LgSS49vS6
. uopaA|is mojaq abpuq
0¢ 09 AN 86 0 Ob Z0l €2 .v /g -pesiueqiano peoljies 1B IsAY sewiuy glglSavse
UOLIBAjIS Mmojaq abpuq
0¢c €S 650 29 1 TA T4 0 Ov L0l €T Iy Lt Ws’g puesauy peoljjel je 1oAY sewliuy YiglSavs6
_ ‘0|00 ‘UOUBA|IS MOjaq JaARY SEWIUY
UOLIBAIIS U] Uofjels
0c | 9.0 89 sSve Zc Oy L0L Zl 8¥ g Mis’g pues suy Buibeb ¥ea1Q leJoulN  0€1SAVS6
(x4 ¥9 9¢'0 VL sv'oc L €V L0l Ol 6% L 'POSHUBQISAD  X98iJ [BISUIN Y104 ylnog  621SHYSE
N Boq uoa mofsq
0¢ Zs 'l 99 05'0C Z t¥ L0l 9 6% /g liswpuesauy Hoal] [eIoUIA N0 Yinog  8Z1SHVYSE
404
14 cs 9¢'0 89 09’61 01 €v L01L 61 6F LE Mis'® puesasuly yinog saoqe ¥eeli) eisuly  [Z21SEYGE
aujw Jauuog snoqe
A4 £q €e0 14°] 0.9l LT vy 0L €Y 0G LE WIS puessuy HealD |elsuiN Y104 S|pPIN 921 SEVYSE
abpug ouing
Zc 9/ o¥'o €l 00’9l lE €y L0 G 1S g Mis'gpuesauy aAoqe jeal) [eJoUIN GCLSEVYSE
1'e 6'S 620 cl Sy'Gl ¥C ¥ 101 SZ LS L€ s’ puesauy yoino sumolg  $2188vse6
£c Vi .20 69 ooel SC ¢¥ L0} V¥E 2§ Lg 1S ’'® puesauy josuD jelsullN  €Z1S8Y66
LC g9 180 8. SL'El 91 v¥ L0L 12 S L 1lis'® puesauy de8I] [N 221S8Vs6
3ael) |elsully
38910 Juswa) JO SHI04 S
6¢ SS9 ¥e'0 89 0l'ol 8l 6¢ L0l ¢Z €S L€ 'Pes)UeqisA0 pue N jo sousnjuoo moleg  90Z1SdVS6
981D JUaWAY JO SHIO4 S
¥e 1’8 290 89 oo'cl 8l 6€ L0l 2T €S LE 1Is’g puesauy pue N jo sdousnjuoo moeg  YOCISEYSE
1od ‘M 1od ‘M 1od ‘M 10d "M wy 2985 uy Baq o9s uy Baq adA} 'ON
)Y a4 BD v aouelsiq apnhybuo apnjen sjdweg Kyjeoo sjdwesg ojdwes

('1u092) GB6 L PO ‘PaYSISIEM ISARY Sewuy U} wol pajdwes says woJj ejep uonsabip [e1o] Jo sjqe] °|A xipuaddy



171

'0j09 ‘uogels BHuibed

Sl g'e A4 09 0S¢l 82 2G 0L L1 € /€ Wis'g puesauy (i Jepe je JoA sewiuy  9y|SgYS6
abpug pepuog

Ll ¢e 9’} 29 09'GEL 1€ 25 0L G € /T lis® puesauy aAoqe JoAR sewilyY Gy SEVYSE
abpig gLg ‘P 0D

1A’ Ve 'l 'S 00'9¢!l ¥y 26 L0} 92 € LT lis'g puessuy JO You JoAl eplol4  ¥yLSHVYS6
abplig upjsjesespp

el 6'S c8 8y oozel 9 €5 L0l G 6 LE lIs®puessuy JO UInos JaARy seuiuy £y 1S9VYS6

Vi Sy 19 4 £6 SLlLL 8% 2G 201 Ll Ll LE WIS'@Ppuesauy  peosjolsam ‘yeasp uiseg  ZyisSavse

9l 99 [ 6’y 00°'s0l 8 €5 /0L 6 9l /€ Wis®puesauy uujuor] pay ‘JeAy sewiuy  LyLSEVYS6
. JOARY SBUWIUY YIM "JU0d

o 8¢ 8'G 'S oL'sol ¥l €6 20l 9 9l /g sy puesauy anoge YoauD Jeulybl  0pLSAYSE
offuein( jo 1som

vl 23 4 €l 14 o¥2ot 25 ¢S /0L ¥ 8l /g Mis'g puesauy unf /'L J@eld uogount  6LlSgYS6

Sl gt 09 S'q Gecol €¢ ¢S /0L 81 Ll LE Misg puesauy Jed je yeelo uogounr  8ELSEYSE

L'l 0L [ R4 (2c1s9vse) uesy

oBueing ‘abpugieess  (L£1S9vS6)

ol 0. Ll 8’y SL 00t € ¢5 /0L | 8l LE Hisgpueseuy puCE OAOQE JISARY sewlly 2dasgvse
oBueinq ‘obpug 19948

Ll V'L [ 6% g.'00} € 26 0L | 8l L€ )is %@ puesauy puCC BAOQE JOAR sewiuy  /£1SgVYS6
Auenb mojeq pue abpug

9l 28 (A" €S Ge'Z8 6 06 L0} 8 € Lt sy puesauy a|quij JoNY sewluy  9€1Sgvse

g8’ 8¢ 8¢ 8'G 0008 6 0G L0l 2§ ¥ L lisgpuesauy QGG SN AGeNiD esoulsy  GelSgvse
JOAIY SBWIIUY YUM "Ju0D

6l 9 0?¢ v9 08°LS 8C 9¥ L0l ¥ ¥t L€ pues anoqge ye81) Jeddoyssesn  DO-SEYS6
JOARY Sewiuy yum

Ll gt vl LS 0L'6S c¢c 9y L0l LS SE /LT pues °Juod anoge jeaI) apedse)d  DD-SgVS6

8L 0s 8l 'S G0'SS ey 8y Z0lL GE 6€ Lt lis'g puesauy QGG SN dAoge 31D spedsed  yelSgvee

6’} oY 280 ] 00°'GS ¢ Sy L0V LS £y LT Nis@ puesauy (GG SN oAoge yseiDpawl]  ££1SgVYS6
’ JOARY sewliuy yum

Vi vy .80 1A 14108 4% £ 6t L0} 6l ¢ LT pues 'Juod anoqe eaid X3 03-58vs6

‘10d ‘M 1od M Jod ‘MM d M wy 29g iy Bag oes uy Baq adA) "ON
M a4 BD \"4 aouelsi( apnjifuo apnye a|dweg Ayeoo sdweg s|dweg

('u09) 6E61 100 'paysiaiem JoAy sewuy sy} woly pajdwes says Wwody ejep uonsabip ejo} jo ajqel L'IA Xpuaddy



(44!

100> €00 900°0 $0°0 pues Zib sueiq pleld  001SEVS6
o> 200 9000 €00 pues zjb Nueldpleld  001S8YS6
sjue|g

obpug siayeg mojeq punosb

' 'S el 'S € 8F L01 8l LZ I¢ 'pesueqianc -dwed YOM ‘1oAY sewuy g6viSavse
abpug siayeg molaq punoib

g8l 69 el 09 0s'cL € 8 /0L 81 /T /g Mis'mpuesauy -dwed yO) JeAy sewily VY6vlSavSe
i ‘0j09 ‘oBueing
‘0SS SN aAoqge a)is uojels

9l 0L 0¢ 8y 0290l €5 2S Z0L 8F GL L& Wsw@puesouy dwnd yogie oAy sewiy  8yLSIYSE
02IXa\| MaN '09jzy

9l 8¢ el G's 0S'LLL 65 65 L0l Ly 6 9¢ Mis'g puesauy ‘abpuq snoge Jony sewiuy  /yLSEAVSE

1od M 1od M 10d ‘™M ‘12d ‘™M wy oa8g uN Beg oeg uly BaQ adA} "ON
M a4 eD \"4 aauejsi( apmiBuo apnjje a|dwesg Ayeoo sidwieg s|dweg

('u02) G661 190 ‘PauUsIaleM J9AIY SELLUY By} Wwolf pajdwes sajis Wwoly ejep uopsabip |ejo} Jo s|gel |'|A Xipuaddy



€l

ZcC 088 0¢ (119 €6 ¢> 0> c 066 - oct € 670 L0 680 .90 geLsgvse
ol 0S A’ 6 28 ¢> 0l> 3 0.8 - Ly ¢> 90 8LD ¢80 8¥0 y21S8ve6
174 08¢ €c 14 Gl c> O0OL> l 0g8 - 4) 74 € o0bV0 GL'0 ¥80 990 £21Ls8vs6
6l I8 Gl (174 €6 Z> 0Ol> Z 092 - 8¢ c> 9¢0 810 Vi €80 221s8vse
Nosl) |elsuly
6l 062 8¢ 14 00l c> 0> A 0S. - 9/ S 9’0 020 LSO 'l g02159vs6
Ll 0Ll 14 el g8 ¢> 0L> l 059 - rA4 4 S0 8L0 #¥90 L0 Y0ZLSavs6
8l oLy lZ oc 8 ¢> O0L> Z 006 - Zs c €0 L0 IS0 oL 811Savs6
8 9 } > Y ya 2> 0l> l ool L9 oL > Z> $00 200 #¥L0 LLO 211S49VS6
ol 0Ll 1 X4 6 89 ¢> O0L> l 08S - 8. € ovo L0 ¢2¢v0 090 91189Vvs6
Ll 08 14 ol 06 Z> 01> c 0.6 - (214 ¢> S0 020 0SS0 S0 SL1S8vs6
b ccl 6l 0l 19 2> O0l> l 099 - 85 2> L0 S0 S0 290 (bL1SEYS6) uesiy
oL 114} 8l oL 19 ¢> 0L> l 0.S - 85 Z> 6G6€0 S0 IS0 290 Ldasavs6
() oLl 6l oL 19 > O0l> l 0SS - 15 Z> 820 GL0 8b0 190 y11S8vSs6
Yool Juswan
oc VA4 9l Ll (44 8 oL > 4 052 - G¢ cl yeo €0 ¥LO0 €0 £L18gvse
0¢c ocy 14 [44 69 14 14’ Z 086 - gt 0l €Cco L0 6v0 €20 chisSgvs6
ol ooge ¢l 1 4" 85 oL oL > L 0L6 - ac 414 L0 L0 ¥20 8S0 YiL1S8vs6
1 %4 0.2 Ll Gl 9. € oL > 4 008 - 6 9 Wwo +vL'0 60 L2O YoLLSavYS6
8l oLl oc oc Z6 ¢> 0> } 02 gl g Z> 890 910 2l 860 601S89VvS6
74 00S 14’ 0 9. ol oL > € (1 ]72 - [44 cl 620 ¢L0 L0 G690 801S9VvS6
ol 89 6l 92 00l ¢> O0l> 4 0S8 9l 1Z Z> 8¥0 8l0 I'L 90 201Lsavse
8 0.9 Z l 8l ¢> IS } 0ze - 9 GG 0L0 900 €00 20 901Ls8vsS6
74 0G6S 12 (A4 €8 (A1 oL > € o€l - LS S 820 €L0 090 /60 vyoLSavse
) 4 (91% 4 134 lZ G8 0l oL > [4 ovL - Sy € 80 8l0 L¥O oL £01LS8vs6
Ll 0L e LA Z8 > 0> < oL - 1] 3 Z 8¢0 ¥1'0 8v0 ¥60 201s8vs6
14" oclL Ll 14’ 12} Z> 0> € 0.6 - 95 ¢> S20 G0 'L 060 10LS8VYS6
‘0]09) ‘UOUAAJIS WOl wealisdn Jaary sewiuy
opupiH
wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd jod ‘w od ‘m jod m jod ‘ON
eBD no 1D 0D :lo) PO 19 ag eg sy sy By i d eN B\ ajdweg

('1U092) GEBL "0 ‘PaYSIaIEM JaARY SBWIUY 8u} Woly pajduwies says Wolj elep uonsaBip [e)o) Jo ajqe ] L'|A Xipuaddy



144!

Sl 6% Zc cl 98 Z> 01> Z 0021l 6G OL> ¢Z> 680 900 180 ¢¥0 Sv1S9vs6
Gl 1 X4 yX4 Zl (114} c> 0L> 4 00LL L'V oL> 2> W0 900 <260 #¥0 ¥¥1S8ve6
6l ocL ve 14 oo} I oL > 4 0l8 26 OL> ¢> G650 800 920 20O eP1S9vse6
e 4 e Ll 06 > 0l»> Z 029 € OL> ¢> 8¥0 900 ¢€9 oL cy1Savee
6l 0ce ¥S gl 16 c> 0> Z 0€9 Sl cl ¢> e¥o Lo 'y €20 L¥1SgVvSe6
cl 14 29 ) (o1} Z> 0lL> 4 ocvy el OL> Z> 20 600 90 9l 0v1Sdvs6
oL 8 1% 4 8 99 ¢> O0L> I 06. 6'S 0L> 2> 620 00 +80 0S50 6€£15dvS6
14" Zc €9 L £9 Z> 0i> 4 00S 66 OL> 2> 20 600 090 Ll 8£158vS6
8l Gee 09 gl oLl ¢> 0L> Z g9 ]} cl ¢> 680 600 'L 690 (Z£1S9vse) uesiy
Ll 0ge 8g 1) 66 c> 0> Z 099 9l 4} ¢> 680 600 'L 690 2dasgavse
61 oyt <9 gl ocL c> 0L>- Z 069 Sl 14 Z> 620 600 'k 690 1£158VvS6
6l 061 9g gl oLl Z> 0> Z 089 6l Sl ¢> 250 Lo L S0 9¢e1s8avs6
ol ool | 4% 14 9L € ol > 4 095 - gl Z> €0 010 860 160 6¢1s8avs6
6l 0c 0S 8l oct c> 01> Z 0. /'8 OL> 2> 290 V¥l el cl 09-58VvSs6
14} ll 19 14" c8 c> 0> 4 0S¢ L'S OL> ¢> 820 600 91T 880 00-58Y%6
Gl 14" 0L ol 001 Z> O0l> Z 06. L'S OL> 2> ¢v0 2¢i'o Vi 180 yelsavs6
Gl Ll 0S cl 06 Z> 0l> Z 009 ¢G4 oL> ¢> $£0 00 ¥l 080 £e1S9vs6
cl 143 Z9 8¢ 9 ¢> 0l»> c (1154 L 14 ¢> /Z0 600 850 290 03-849vs6
(41 A1 6¥ cl 69 c> 01> Z 09y 48 OoL> ¢> 820 800 V'L 060 OW-S8vs6
9l ot o¥ gl 68 c> 0Ob»> 4 13 4°] - Sl Z> LS00 L0 'l [y 2e1save6
e 06€ 82 [44 6. 14 oL > 4 098 - €€ S 90 €10 290 0.0 2499384vs6
1 obe 44 ce 6. 2> 01> Z 0s6 - A% 4 w0 €10 L90 2L0 19898vS6
\c 08¢ Ll gl Ll 9 oL > Z 11171 - 6C L Wwo €10 ¥.0 2.0 g1¢188vse
ce oce 14" gl 12 € 0L > c 002 - 1€ 14 leo €10 180 L0 v1igeisavse
‘010D 'UOLBA|IS MO[S( J8ARY SBUIUY
gl ove g Gc 8 Z> 0> Z 0S4 - (84 ¢> 98¢0 ¥lLO 0L 0L0 0€1S9ve6
0c oLl A" L €8 2> 0l> l 088 - 08 2> l£€0 'S0 980 SS90 621549vs6
Sl 6¢ L€ 8L 18 c> 0> Z 0.9 Gl 114 2> ovo €10 €L 060 821589vs6
14’ 001 8 ¥l 99 Z> 0Ol> l 002 - 514 ¢> €0 20 0L 890 12158vs6
(4 Ll L ¢l 19 ¢> 0> l 0€9 - 8¢ ¢> 220 00 860 2SO0 oz1sdvs6
apUpAH

wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd -j0d ‘M 'jod ‘w 1od m jod M ‘ON
ey njd i 0D 540 PO g 8g eg sy sy By 1L d eN B a|dweg

('1U09) 5661 190 ‘paysialem Janly sewluy ay} woly ps|dwes sslis Wolf ejep uofsabip |e1o} Jo a|qel |°IA Xipuaddy



YA

y> 1> L > L>  ¥> Z> 0> 1> 8l 0> 0l> ¢Z> S000> S000> S000> S000> 001s8vS6

y> 2 1> 1> V> Z> 0i> 1> 9l 90 0L> ¢> G000> S000> S00'0> S000> 001S8vS6
syue|g
0c 0€e Y4 gl 86 Z> 0> c 0cL - Zc ¢> S¥0o <210 0L §80 g46v159vs6
8l 1114 [4 4 €c ool Z> 01> Z 062 - 114 Z ¥w0o <210 't 880 V6¥1S9vS6
6l 1] 09 9l ocli ¢> 0l> Z 089 Ll cl 2> o 1o 0L S0 8¥1S4dVYS6
Gl 114 14 el oS} Z> 0> Z 0061 ¢'. oL> 2> w0 100 160 6%V0 ly1S8vs6
14" 6 44 Zl 88 2> 01> c 00el 99 OL> 2> ¢€¥0 900 S80 <O 9y 1S8vG6
apupAH
wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd -d wm ‘jod ‘W ‘jod W od "ON

B9 NnO 10 0D 82 PO 13| og ed sy sy By v d EN BN s|ldwes

(1u092) 5661 190 ‘paysialem Jonly sewiuy ay} wol pajduies salis Wwoly eyep uopsabip jejo} Jo s|gel 1'|A Xipuaddy



971

0st 4 4 09 oL o9l 20 8 0si € Lz 0c € 098 9Z 9¢ 200> 921savse
oosl 4 A1) 4" 14 ove 80 4 099 ol 8¢ 8¢ 2> 00gC 6C ¢ty 6¢€0 S21sHavse
o€l c ¥ 021 Zl oce el ¢l 0LL S ee 8¢ ¢> 019 ¥¢ 8¢ 900 vcilsavse
00s¢ 1 Gl ott SL 06} 90 4’ ootL £ 62 14 Z> 0.8 ¥Z Gt 9S50 €Z1savse6
00L1 4 81 02l 13" (113 'l (2% ov6 9 144 62 8 00121 ¢e 6F G000 2Z1Save6
388.1D |eiduly
00ce Z 0z osi 147 0L1 60 9l 004 01 34 oc 4 0091 €€ 95 P00 90ZisavS6
oovi 4 €l 091 €l 08¢ 6’1l Sl 089 L oc 9c € ooLi €2 0v 010 Vv0Clsavse
0c8 [4 8l  Ovl el 0ee €l Sl 06. ol A% 114 S 008z 8¢ ¢v 600 8iisSavse
16 1> Z> 8 144 20 € S > L 9 c> S 9 G 200> /11Sgvs6
009l b 1} 4 23 0.2 61 €l 0i9 S L2 ¥c S 0¢c6 9L 1€ L0 9Lisavse
ovi [4 8L 0§l 147 0S¢ 61l Ll 96 S A% 8¢ ¢> 028 91 8¢t S00 §11S9vs6
0sci l L 0El 75 0ce 61 4 121 14 ¥e (24 14 Gv8 6l 82 6GlO uesiy
oo€l 4 0L ocl 0l 0ce 61 43 0st 14 44 |14 14 0s8 6l 82 2ZT0 1dAsavse
ooci } L ogl 4 0ce 8l 4 0.¢ 14 S¢ 0Z 14 ovs 8L 8Z 100 ¥ilSEvVS6
, . Noa1D Juswa)
ooce 4 9L  OL1 6 08l 80 0l ool 8 8c (¥4 91 00002 8¢ 8t 600 €11S8vs6
000y 1 9l /8 8 002 ol 6 oovi b 514 Ll 0s. 000Z1 6S /L€ 100 Zl1sSavse
009z 4 Sl 89 6 0Ll 60 L ooy 9 ¥e Si ¢9  002s 9s 1€ ¢€¥0 ViilsSavee
oooz 4 8l 0cl ol 092 20 b ooolk 9 1€ ¥e 8 0ooci 9¢ 6¢ 800 V011S8YS6
0.9 [4 0 061 6 ove ¥O0 14 0cs 6 4 0¢ ¢ oogl ¥y 6¢€ 200 601S8vS6
00s¢ l A ¥6 ol 061 80 6 oole ¢/ oe 8l ¢l 000¥C €€ Oy vI'0 801S8vs6
02 4 e o2l el 0se S0 3" oile oL A% 62 14 0091 GE 8y SO0 L0iSEVS6
oie I > 9 8¢ G 81 S'C 14 000L1L 2> 9 ol 00Z 09¢ oy 6 V0O 901S8avse
009¢ 4 (TAN 114 Zl 081 80 cl oosl ¥l 9¢ 44 L ooocEl L8 GV 680 VvP0lSEVYSE
0ose 4 0z ori L 002 (" 14 0¢Zs 145 127 14 8 000t L& S¥ 100 £0lS8vse
065 4 0Z ogl 143 09l ¥o 4’ 061 St ¥e €C Z¢> 008¢ 6 Ly €00 201Savse
086 4 ve 28 €L oie [A 6 0ot L LE A4 € ooce 0y 25 600 101sSavs6
‘ ‘0§00 ‘UOHBA|IS W0l weansdn JOARY seudiuy
opUpAH
wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd "ON
uz aA A A ylL 1S ES] ] ad IN PN GN oW UN n el 6H s|dwesg

('Ju09) 6661 100 'PaYSIaleM 1oAY sewiuy au) woly pajduwies says woly ejep uofsabip |ejo} Jo a|qel |'|A xipuaddy



LTl

14 L > c> 2> V> Z> l'o> ¢> V> Z> > V> Z> 9 Z <> 200> 00Lsgvse
Z> L > Z> 2> V> Z o> ¢> V> Z> > y> c> V> ¢> Z> 200> 00lSg9vs6
syuejg
0091 Z gl ocl 9l ole Zl el 029 11 6¢ 14 14 0088 lZ2 v ¥$00 g6¥1S9VS6
0081 c e (147 el 0Ze 0l cl 00S ol 14 9 € 004G 8¢ ¢S L00 V6yLSaVvse
00vL Z 144 081 €C 08l 80 ol ove Gl Zs 92 14 0065 8C 09 L1'0 8¥lsSgvse
06¢ c e G6 8¢c 002 v z €8 0l 9 €C ¢> 001 LV 8L 200 ZblSHVS6
062 Z 8l 6 ol 1) 74 ¥ L 6¢ 6 Ge €c ¢> 00¢l yL €y 200 9ovlsavee
apupAH
wdd wdd wdd  wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd "ON
uz aA A N ylL is g 28 qd IN PN aN oW U n el 6H ejdwes

('1u02) G611 100 ‘paysiojem JaAly sewiuy ay) woly pajdwies says woly ejep uopsabip [e1o} Jo ajqe] L'|A Xipuaddy



871

(0€159VvS6 Se 8yis swes)
6l ¥'8 6.0 0L ZZ0¥ 0L  zZlsv!lE € uonejs BuiBel je yea1 |etouy  601-SAY-96
. (821589VS6 olis woyy weasdn
02 S'9 0Z'1 99 LLev 0L L 8blE I wy £°0) ¥981D [eI8UIA o4 YOS £01-SEY-96
(£2158VYS6 Se a)is awes) yoa1) [elsuly Hiod
A4 (A o¥'0 L9 L€V 0L lZ6PLE € UINOS YliM 2oUBN|UOD BA0QE YB81D |eIsUIN  Z0}-SEY-96
: (£2Z159VGS6 SE 8)is awes)
¥z 0L 620 02 GZev 0l $E£2S.e € ebooujeyo je ysel) [esouly  L0L-SHY-96
3981) |eIBUIN
4 L8 £5°0 9'9 lv6€ /0L €l6vie p (y11S59VvG6 se eyis swes)  pgOL-SEY-96
4 L8 650 9'9 LP6E 0L €L6VIE € Mied |BUOWBA e Jo81D ews)  g01-SaY-96
(0Z159VS6 se ays swes) sH104
4 96 190 G'9 8L 6€.20) 22€5.¢ ¢ S pue N JO 99UBNUOS Mojeq NeaID Juawa) 0 L-SaY-96
3ooal1D uswia
(€£1159VS6 8)S 8AOQE WY Z'}) UMO] JO yuou
A4 ¥'s 180 GG €G8€ /0L | 6% /E I dwed AY Je a6puq woy weansdn Jony sewiuy  201-SEY-96
(01159vS6 Se ays awes)
0¢ 09 260 s 6G6C L0l /S 6¥.E € uone)s Buibel je jonpy sewiuy  G0L-SEY-96
¥ 8y 120 v ¥EGE 20l €5 6¥ L€ p Mojjino Pgl 1-SEV-96
e Y L0 1] ¥EGL 20l €66FLE € puod Janeaq mojeq yes1d weybuiuuny g1 }-SgY-96
A4 Sy rAN) L2 ¥ G 20l €56V 1€ € puod Jenesq uj ¥9e1D weybuiuuny g1 1-S9v-96
rd L'l 60 0. ¥€SE 20l €56¥Z6 € (601SGVYSE Se ays awes) yss1D weybuuuny 4 1-S9Y-96
(50158vS6 8ys enoqe)
A rA 0.0 69 Iy €c 201 TL €S .E } e)ein3g woy wesssdn wy £ JoAy sewiuy  901-SEY-96
‘0|00 .:oto>__w woJj Emmbma: JONY seulluy
d 1d ‘M 10d M 1od ‘W 285 U Beq o8 Uiy Bag adAy Ayeso s|dweg "ON PI9i4
| od €D v epnybuot  epmpe ejdwes

[(6/6r) wdd ‘uorw Jad sped 1o (jod ‘M) Juaoled Jyblem u usnB suopeussuo))

9661 100 pue "Bny ‘paysiajepn Jenly sewjuy oy} woly pejdwes sejis woy ejep uopsabip |Bjo} jo a|qel “Z'|A xipueddy



671

sjdwes jeopAjeue ajeoldnp=p

‘G661 100 Ul pajdwes ays woly sjdwes juswipas-wesls=¢
9|dwes Juswipas Jueqiano=g

oJis Mau woyy sjdwes Juswiipas weans=|

(Z£1s8vYS6 Se ays swes) '0j0D ‘obueing

8t L og'l 0'S ¢ ¢sloL | 8lle * obpug 19913 ,,ZE OAOQE JOAR] SBWIUY ¢£il-sdv-96
MOJjul yoyp uoneBali woly

6l o€ rA Sy oy 0S 20l 8l SZ.l¢ weaysdn uogels Buibed je ¥oa1) esowseH L1 1-SEY-96
(6¥1S9VS6 Se els swes)

6L 8'9 oc'i 29 € 8¥ .0l 8i.lZ.¢ punoiBdwe) YO e Jony sewiuy L 1-Sdv-96
(19840 N3 YIM aouanjuod sy}

1'e 8. €L0 8'G Sl 62 0L 9Z¢erle anoge wnj €°0) Nied ¥i3 e Jony sewuy  g5Z1-S8Y-96
(39910 %13 YIM asusnuoo sy}

(4 8'9 080 6’9 Sl 6€ L0l 9C¢erle eAoqge wy £°0) Yred NiF Je JoApy sewuy  YGZL-Sav-96
(Jaje| syoam z pajdwes 'z/-y) 389i)

0 8'9 €90 6'G 0 Ov.l0L €2Llv.i¢E jeJauilpl JO 80UaNju0d Mojeq JBAR] SeWiUY g0} |-S9VY-96
(1€1S9YS6 Se ays awes 'g/-Y) Yoa1)

1'e [V Y90 1’9 0 Ov.0L ¢e€Clvie [eJaUIAl JO 82UBN|JUOD MOJRq JBAR SBWIiUY  YOL L-SEY-96

'0j0D ‘UOUSA|IS MOJ8q JOAIY Sewiuy
J0d M ‘1od ‘W 1od M Jod ‘M 289 Uiy Baq o9g iy Beq adA) Ayjeso sidweg ‘ON Piold
| CE | ed v epnybuo  spmpe] sjdwesg

('u09) 9661 100 pue ‘Bny ‘PaysIaleAA JOARY Sewiuy Syj wol pajdwes says woly ejep uoisebip |ejo} jo ajqel "Z'IA Xipuaddy



o€l

¥0°0 1z 08t 19 Ll 001} S oL > Z 08S 1c Z> Z¥0 0oL0 oL ¥20 cl1-S8v-96
c0'0> 0} vi [4 4 8 1°74 ¢> 0l> { 0gs oL > Z> 020 00 001 ¢80 L11-S8V-96
200 €e 08¢ Ly 0t 96 z oL > Z 069 1% 6 o¥0 <TI0 160 80 ZiL-58v-96
- oc 06c (214 6l 6S 6 ol > Z 096 g 0f 250 8910 WA) 12°0 d9SZ1-Sgv-96
- 8Z 0.t ge 61 6S 8 ol > Z 065 (1)4 8 Wwo Gi'0 20 0.0 VSZi-S8Y-96
¥i'0 | % 09¢ 6l 9 89 el 0OlL> 4 009 0S 0L 20 €10 $90 /90 80li-S8Y-96
ZL0 A 02s ¥4 74 69 1L 0lL> 4 029 9g 1L €0 ¥i'0 890 0.0 VOLI-S89Y-96
'0]0D 'UOHBA|IS MOJSq 1SAlY SBWwuy
600 9l 0se 154 1% 9. Z> 0L> Z 119 S Z> 880 +L'0 060 G990 601-589Y-96
200 vl 9C 14 61 [44 2> 0L> 4 089 e ¢> 8¢0 €10 021 880 €01-S9Vv-96
0L0 14 1] 9" 14" 147 89 ¢> 0> } 08S .9 2> P60 VL0 260 650 201-58v-96
0g’l 1€ 0.2 14 Gl LL 2L 01> | 029 062 (] 0 ¥IL'0 2.0 190 101-S8Vv-96
NaelD jelouly
200 14 oci €l ol ¥9 14 L I 0.8 09 Z> 620 910 950 €0 p80L-S8Y-96
00 1 0zl 144 ol 69 14 oL > l 09s Zs 2> ¥o V0 990 €10 801-S8v-96
S0°0 Gl 08l 9c Sl Gl S oL > I 00g o € 250 810 /90 690 $01-S8V-96
Noal1) Juswsa)
vL'0 84 0Lg [44 LY ¥9 9l ol > € 009 144 b 2e0 vi0o 90 00 101-S8Y-96
¥1'0 144 0SS 1 4 Ll 9 gl Ol> € 0SS (0]} 6L 9¢0 V¥IL0 €90 /90 G0L-88Y-96
- 9} 11141 6l ol 0L € oL > Z 0l9 147 9 cv0 910 01T 660 POLL-SEY-96
- 9l ovi 6l Ll 0L € 0} > } 065 ol 4 oo 90 o'V 60 g1 1-88VY-96
- Sl 091 0¢ ]2 19 > ol > l 08s 6l 14 8¢0 910 Ol $60 S11-S8v-96
- €l 98 274 oc 89 Z> 0> l 0lL9 cl Z> 990 L0 02} $60 Y1 1-S8VY-96
80°0 6 08s |74 [A4 26 6L 0Ol > L 029 oLl 9 oz0 ¢l'o 180 /80 901-S9Vv-96
'0]0D 'UoMAAlIS Wol) wesljsdn oAy sewjuy
wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd Jod M Jod ' jod T (Jod
6H ED no 10 0D 80 PO g og eg sy By 1L d EeN B ‘ON pi8i4

(u09) 9661 190 puk “Bny ‘payslalepp JONY Sewuy ey} wody pajdwes salis WoJj ejep uonsabip |elo} jo ajqel Z'|A Xipuaddy



Iel

oovl [4 Z 091 A 09l S£0 0l 0oe Gl 144 0c ¢> 009S 6¢ 2GS ¢€l1-S8v-96
14°] l L 99 ¢l pge L0 9 cl 14 12 (22 c> 09 14 [A4 111-88V-96
008¢c € 6c  0¢gl 9l Ol 980 4 0is 44 oy 0c S 00LL 0e ¥S  Cli-s8v-96
0082 2 0¢ 0si L 0cc - 13" 0oLl 8 9c 0c ¢l 000t 62 ye €SCl-s8v-96
ooec l 6} oct 9 0ce - ol oocr 8 Lz 8 9 ooorL 62 €€ VSZl-sav-96
006c 4 8Z 00l 8 (V[ T o 0041 6 [A3 9l ¢l 0006l OF g 80L1-s8v-96
00l¢ [4 8¢ 0cl 6 ooz 0ot ol ool 6 €e el 6 0o0sL  o¢ 8¢ VYOL1l-s8v-96
*0]0D UOHBAJIS MO[aq JaAY selliuy
0.8 4 €e  otl 4 ovc ol L ove ol ov 0c € 009} Zc €y 601-Sav-96
oee 4 s 0ct 6 08¢ 260 bl Z6 8l Ge 61 > 068 Sc Iy €0l-s8v-96
oSy [4 0c ¥6 L 02 0Ll oL  09¢ S 3% gl € 098 €c L& 20i-sav-96
oocy 4 ¢ 0o 8, 091 880 4 0.8 8 ce iZ Z> 026 14 ov 101-S8Y-96
je81D |elauliy
oovl l A’ 0st 4 0s¢ oct L4 T 11 4 S Lz 8l > 0.6 |74 9¢ P80l-S8VY-96
goel L 8l oG} vl 0l 08} ¥l 06¢ 9 oc 8l 2> 0.8 1 /g  801-S8v-96
00} [4 0z o9l 141 o6 007¢ Si 09s 9 ye 6 Z oori e ¥ $01-S8V-96
3Nea1) Juawan
ooy [4 i 0L 8 08l  S80 6 00ce 6 62 4% 0f 0o00¥C e lg  L01-S8v-96
0o6e l 0c o2l 8 08l 620 6 ooee 8 6¢ el 6 0002 ¢ 8¢  G0l-s8v-96
0cL } (A AN V1A 8 44 - €l oLl 8 14 8l ¢> 08L 144 6¢ POlLl-S8v-96
oc. 2 ¢ec  ocl 6 0ce - 4’ ov. 6 e gl ¢> 092 [44 8¢  9li-sav-96
02L _‘ | YA 114 L oLe - [4° 0s6 8 0¢ 6 [4 0.S 134 L€ Gll-S8v-96
0Zs _‘ 144 08} 8 0ce - €l oo¥ 6 8¢ 14 ¢> 002t 134 8¢  Fi1-S8v-06
oosy 4 ¥e 001 ¢l 00z ¥S0 0L 006 9l 14 Gl 0} o000k V€ 89  90l-s8V-96

‘ "0]0D) ‘UOUBA|IS WOJS Wieansdn JSARY sewiuy

wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd wdd
uz qA A A uL Is °s a8 ad IN PN aN o un n e ‘ON Pieid

(u02) 9661 10 pue ‘Bny 'paysiajepn Jonly sewuy ay} woyy pajdwes sa)s Wolj ejep uopsabip [ejo} Jo s|qel “Z'IA Xipuaddy



(A%

38817 JusWa) Jo SHI04

ov9 616°LE 2S5°S1 2ve8l s g pues suy S pue N JO BOUBN|JUOD MOjBY v0213avse
moyui Bury pjon
029 Lv6°LE S¥S'SlH €081 )|is g pues suy aA0Qe Y8810 JUBWa) 811S9vs6
apis|iy Uo 8)a101118) .
S 6£6°LE /SS'St 1SE'81 aNy1e06 |eqnjeu woyj se|dwes V61 1S8vS6
}88I1) JUswan
uoyeis buibeb
0061 ¥86°LE G9G°S1 9ov'8l )is g pues auy d4YM 1e J8AlY sewiuy £1158avs6
oovL 890°8€ 895°G1 68581 1lis g pues auy ¥es819 18p|nog zL1savse
000EL  €1£°8€E 829°Gl ¥58'81 ss|qqed pajeod ¥e81) eljsely g111savse
008Y v£2'8€ 965°S1 G188l ilis g pues auy %e81) eliselly v1113S8vSs6
008€ 6€6°LE 655G 5/£°81 sa|qqad pajeod uone)s Buibed 01 1sSavs6
0001 G86'.LE /SS°S1 96£'81 J|is g pues auy 1e JaAlY sewiuy Jaddn v011S9vS6
00S 28€e'8¢ 629°G1L 896'81 )Iis g pues auy 3810 weybujuuny 601S9VYS6
0012 rAL WA 695°Gt 29e'81 als | 189Ae 801SAVS6
606°LE €S5St LYE8L a|liASpJemMoH aAoqe adsoLsavse
0012 v£0'8E G85°Gl 1/£°81 1lis g pues auy 1Al sewiuy Jaddn 801SGVS6
08l 8.0°8¢ 695°G} €198l J|is 3 pues auy yojno sibben £01S9vS6
0089 688°L€ EVS'SL 90€'8} ajendald apym laAlY sewluy Jeddn aroLsavse
000Y 6v8°LE GES'SL S0e'8} x084-8}isole| 1aAlY sewiuy Jaddn 2p01S8avS6
0061 9/6'LE ¥95°G1 €881 1|is g pues auy 19A1Y sewiuy Jaddn vv01Savse
0€L 886'LE £95°S1 1/€'81 WIS @ pues auy Yee1) exaIng £01S9VvS6
oovL 010'8¢ G9G°St 85e'81 s8|qqed payeod laAlY sewluy Jeddn S01SavS6
0L} 960°8¢ G9G°St 2558l 1lis 3 pues auy yojny auheoid 201savse
yojng) uoweuuln) mojaq
0.2 621'8¢ 985°G1 8e5°81 Jlis 3 pues auy Jany sewjuy Jaddn 101SgVYS6
'0[0D) 'UOUBA|IG BA0QY
(Yoesy) Adyoz Adez Adyoz adAy "ON
wdd qd Odsoz ad,z Odgoz a|dwes uoneoo jo uonduossqg a|dwes

[(6/6r) wdd ‘uonpw sad sued uy uaalb eyep uoljesusoU0D)]

paysIaleM 1oAY sewiuy ay) Wwoly sajdwes 18yjo pue juswipas-peq wolj ejep oidojosi-pes] ‘|IA xipueddy



eel

uouaAjig mojeq abpuq

00€1L 0v0'8€ 885°Gl vLp'8L  JUBWIPSS YUBGIBAO peoljiel je JeAlY sewiuy ga1e1s9vs6
uouaA|lS mojaq abpuq
002}t 86626  LSS'SL L0v'81 WIS 3 pues auy peoljiel Je JaAlY Sewiuy V1€1SaVvS6

"0j0D) ‘UOUBA|IS MOJaq JIBAIY SEWIUY

UOUBA|IS Ul UoNEe)s

022 8.0°8€ 895Gl 12581 JjIs 3 pues auy Buibeb 1e ¥ev1Q [essuIy 0€1savs6
B6oq uodi mojaq

06 €0€'8¢ Ge9'Sl1 9061 }jis ¥ pues aulj 38810 |eIsUl JO 3104 YINog 821Sgvese

09t €€1°8¢€ 065°S} L6781 JUBWIPaS }UeqIaAo 3881) jelsuliN Jo X}l1o4 yinos 621S9Vvs6

002 801°8¢€ €.5°G1 11981 1S 3 pues aul} 3104 Yin0Og 8A0qe %881 [elsuliy £21S49vs6
aulw Jauuog aaoge

0cl 2ce8e €196l 8c8'81 lis g pues aul} %9810 [eIBUIN %104 BIPPIN 92158VYs6
abpug oung

0g9 8£0°8¢C ¥95'GL Lov'8L Jjis 3 pues suy 8A0Qe X8al) |elsuliN Gelsgvese

ocl 196°L€ ¥95°Gl1 1981 Jjis 8 pues suy ydjno sumoig y21lsgvee

(01%5] ¢Se'8¢ 965°G1 S06'81L }jIs %3 pues suy ML ORI 2¢clsgvse

0001 081°'8¢ 01961 LLy'8L Jjis @ pues aul} o8l jelsuiiN £€2c1sgvse

00s¢e 180°8¢€ ¥9S°'S1 c05'8l SPIOfj02 abeulelp Hpe 18|Yyao) 121Sgvee

o1 jelsuly

LE0°8E 9/G°Gl Gev'8l "0j00 ‘UOUSAJIS Ul Mied ariisgvee

0ce 6G6°LE 266Gl ooy'8lL JjIs § pues suly |ELIOWSIA Je }8a1) Jusw|) r11savse

cl $91°8¢ LLG°SL 109'8L s ¥ pues suy yo|no exado} GL1sSgvee
Boq uouy

00S 9v0°8¢ 08S°S1 6L¥'81 JIs 3 pues auly Mojaq }¥8al) uswse) 91158vsS6

] GE6°LE 966Gl v.e81 }iis g pues auly 38810 Wwewe) ‘Boq uolj 211S9vs6
, 39910 JuBWay Jo S04

0052 0lL0'8¢ ¥85°Gl 09€'81 1UBWIPSS JUueqIisAo S pue N jJO aduanjjuod mojeg g0¢1S49VvS6

(Yoes))  Ad,e Adyez Adyee adA | _ "ON
wdd qd Qdgoz Ad 0z Adggz sjdweg uoneooT Jo uonduossg a|dweg

(1u092) paysiaiepn J9AIY Sewiuy 8y} wolj sajdwes 18yio pue Juswipas-pag uol) elep oldojosi-pea ‘|IA Xipuaddy



pel

obueing
‘0GS SN 8A0Qe 8)is uoliels
oce €L0'8¢ GLS'GlL 26581 WIS % pues auy dwnd yog je JaAly sewiuy 8 1SdVvS6
JBAIY SBUWIUY YIM 80UBNjjuod
0c 950'6¢ /89°Gl L0v°61 1lis g pues auyy anoqe a8l Jaulybi ov1SdvSs6
09¢ S60°'8€ S8G°Gl 6558l }iis °g pues aul uuj uor] pay ‘IaAly sewiuy 1 1Sgvse
‘oj0) ‘obueing
9 €29'8¢ 299'Gt £SE61 His g pues aul}  JO JsaMm Uy L'} H8elD uonounr 6€1S49VS6
0¢ 2L.L'8€ 099°'G} £E2°61 Hiis g pues suy ed je eel) uolounp 8€15dVvS6
"0j09 ‘obueing ‘abpug 198118
062 010’8 855°G1 ovs'8l WIS g pues auy pCE BAOQE JBAIY SEWIUY LELSAVS6
Auenb mojaq pue abplq
)44 G66°LE 8G5°Gl oLs'8l }is %@ pues auy 8jquiu | BAOqE IBAIY Sewiuy 9€1549VvS6
100'8€ 095Gt 6.v'81 aselsavse
06¢ 9.6°LE 05S'St v.v'8l Jis g pues aul} 0G5 SN SAOQE X88I1) BsOllIsH Se1LSgvs6
abpuq siaxeg aaoqe punoib
048 Lig'LE 6L¥'SL 967’81 UBWIPAS UeQqIsAO -dwe) YO 18 18AlY sewiuy g6v1S9vSs6
abpLq siaxeqd aaoqe punoib
06¥ 9%0'8¢ LLS'SL L8781 s @ pues suly -dwe) yO)i ie 1eAlY sewiuy verisgvee
ot rAZAL]> 6£8°'Gl 69¢°L2 pues U0 je yes1Q Jaddoyssein 0D-SdVvs6
9 SG2C6¢€ 168°'Gl €9c’le pues “[$UOD Je MB8I) dpedse) 00-549vs6
9 0S6'8¢ 2c08'St FAZN VA His g pues aul} 0SS SN 8A0QE X381 BPEISED pPELISEVSE
8 0c6'8¢ 6G.L'Gl 00502 HIs ¢ pues auy 0SS SN 8AoQe KesID swWi £E1S9VS6
6 60€°6€ €LL°GL yeeoc pues "|JU0d sewluy Je ¥esli) dig 03-59VS6
0c ch8'se yeLst 8¥20c pues "JuOD sewiuy 1B 88l SBION OW-S9VSs6
049 62¢€'8¢ GE9'GL 9168l HiS @ pues aul} BUlW SBION MO|a(q }83l1) Ueling 2E1S9vs6
0001} 0€0'8¢ /95°G1 LEV'8lL pues 39810 NHled 198(Q ¢g9SSdves6
966°.E 0SS'St ovy'8st ¢dl-g95sgvs6
€L0'8e  © €.9°GlL 19v°81 1A 1-9SS49Vvs6
016 y20'8¢e 125°GL cs'8l pues Yoy poompesq 19SS9vs6
(yoes))  qd,g Adyeg Adyee adAL "ON
wdd qg Qdgoz Ad 0z Qdggz ajdweg uoleo07 jo uonduosag aidweg

("u02) paysIalep JBAlY Sewluy ay) wol sajdwes J1aylo pue Juswipas-paq wol) ejep oldojosl-pea ‘A xipuaddy



Sel

10°0> SNuelg
00LL 9€6°9¢ oer'S1 160°LL [log @oualsjsH 1SIN L4 22-WHS
00L} 888°9¢ 6Lv°'GL 980°LL Jlog 8dualsjey |ISIN LL22-NHS
00LS L¥1°8¢€ Le9°G1 618°L1 |log @oualsjey ISIN OLle-NYHS
L $98°'8¢€ 9v9'Gl Go0'61 Jlog aoualsjay |ISIN 60.L2-NHS
splepuels
00IXB\ MBN ‘001ZY
9 621'8¢ 8.G°Gl 199'81 lils g pues auy ‘abplq aroqe JeAly sewluy Ly1Sgvs6
*0j09 ‘uoneys buibeb
82 612'8¢€ 285°Gl ¥89'81 s @ pues suy lIIH 1epa) e 18AlY sewluy 9y1SdVvS6
: abpuq g1€ ‘pY 00
8 8€6°'8€ L99°G1 1.2°61 HIs @ pues suyy JO yuou JsAly Mc_\_o_n_ rr1Sdvse
abpug
Le gel'se 695Gt .98t His 3 pues auy pepuog sAoqe JsAly sewiuy Sv1Sgvee
abpug upisjeseap
(1748 001’8 08G'Sl 9858} Is @ pues auy O UINos JaAlY sewiuy €r1sSgvse
(18 60.L°'8€ 629Gl /6681 }ils g pues auy peol jo 1sam sl uised arisdvee
(oes|)  Qd,e Adyoz Adyoz adAL "ON
wdd qd Qdgoz Ad 0z Qd g0z s|dwesg uoneooT jo uonduosag o|dweg

('u02) paysialep) 1oAY SeWwUY U} Wol) sojdwes J1ayjo pue Juswipas-paq woly ejep oidojosi-peaT ‘A xipuaddy



