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Assessment and Comparison of 1976-77 and 2002 Water
Quality in Mineshafts in the Picher Mining District,
Northeastern Oklahoma and Southeastern Kansas

By Kelli L. DeHay
Abstract

The Picher mining district was the site of lead and zinc
mining from about 1900 to the mid-1970's. The primary sources
of lead and zinc were the sulfide minerals, galena and sphaler-
ite, disseminated in the cherty limestone of the Boone Forma-
tion. Water was pumped from the mines while still in operation;
however, when mining ceased the mines began to fill with
water. Elevated concentrations of metals with depth indicate
there may be a substantial quantity of dissolved metals in the
ground water. There is concern that the mine water may con-
tinue to seep to adjoining portions of the Boone aquifer and to
creeks and streams in the area.

Water was sampled from abandoned mineshafts in 2002 in
the Picher mining area to assess water quality in the mines and
to determine how water quality has changed since the late 1970s
when similar sampling was conducted. Specific conductance in
2002 increased with depth in the mineshafts. The increases in
specific conductance were very slight until the bottom 20 to 40
feet of the shaft where substantial increases occurred. The pH
values in 2002 were generally uniform at the top of the water
column and were generally neutral. The lowest pH values were
measured at the base of most mineshafts. Concentrations of
metals and major ions from samples in 2002 varied with depth
and between shafts.

Specific conductance in 2002 samples was less than in
1976-77 samples. The 1976-77 and 2002 data sets for pH had
similar median values; however, the pH values from the 1976-
77 had a much greater range. Concentrations of metals, except
copper, from water samples collected from the mineshafts in
2002 were significantly less than concentrations of metals from
samples in 1976-77.

Introduction

The Picher mining district of northeastern Oklahoma and
southeastern Kansas, was the site of lead and zinc mining from
about 1900 until the mid-1970s (Christenson, 1995). The pri-
mary sources of lead and zinc were sulfide minerals dissemi-
nated in the cherty limestone of the Boone Formation1. Sulfide
minerals from the Boone Formation include: galena, sphalerite,
and the accessory minerals chalcopyrite, enargite, luzonite,
marcasite, and pyrite (McKnight and Fischer, 1970). Exposure
of these minerals to oxygenated water, such as when the mines
were in operation or filling with water, can create acidic solu-
tions resulting in elevated concentrations of sulfate and metals
in the ground water, surface water, and sediments. However,
after the mines filled with water and contact with the atmo-
sphere was negligible, the environment became reducing as
indicated by large concentrations of ferrous iron. The following
reaction describes the water in the Picher mining area as a result
of the two environments (Parkhurst, 1986).

4 FeS2 + 15O2 + 8CaCO3 + 18H20 ⇒ 8CaSO4 * 2H2O +
4FeOOH + 8CO2 (1)

Playton and others (1980) reported that water quality in
1976-77 was stratified in mined voids, with specific conduc-
tance, dissolved solids, sulfate, and metals increasing and pH
decreasing with depth. Mine water contains large concentra-
tions of calcium, magnesium, sulfate, fluoride, cadmium, cop-
per, iron, lead, manganese, nickel, and zinc (Christenson and
others, 1994). Increasing concentrations of metals with depth
indicate that there may be a substantial quantity of dissolved
metals in ground water in the mining district.

The Boone Formation is an important aquifer in the region
and is the source of base flow to streams in the Picher mining

1Geological names and stratigraphic ages in this report are accepted by the Oklahoma Geological Survey and not necessarily the same as those used by the U.S.
Geological Survey.
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district (Luza, 1986). Elevated metals concentrations in ground
water may seep to adjoining portions of the Boone aquifer,
creeks and streams in hydraulic connection with the aquifer,
and the underlying Roubidoux aquifer. The U.S. Geological
Survey (USGS), in cooperation with the Oklahoma Department
of Environmental Quality, conducted a study in 2002 to re-eval-
uate the water quality in abandoned mineshafts in the Picher
mining district and determine whether the water quality had
changed with time. The information will better quantify the
effects of abandoned mines on aquifers, will provide water
resources information that will be used by multiple parties for
planning and operational purposes, and will contribute data to
national data bases used to advance the understanding of
regional and temporal variations in hydrologic conditions.

Purpose and Scope

The purpose of this report is to assess water quality in
abandoned mineshafts in the Picher mining district in 2002, to
compare water quality in 2002 to water quality in 1976-77, and
to determine how the water quality has changed with time. The
scope of the work included sampling seven abandoned mine-
shafts at selected depths for analysis of water properties and dis-
solved metals to compare to past water-quality data. USGS per-
sonnel attempted to sample the same mineshafts that were
sampled in the 1976-77 study; however, many of these were
inaccessible so other nearby shafts were sampled for the study
described in this report (2002 study) (fig. 1).

Description of Study Area

The study area encompasses areas of the Picher mining
district in northeastern Oklahoma (fig. 1) and southeastern Kan-
sas where abandoned mineshafts were sampled in 1976-77
(Playton and others, 1980). The abandoned mines are in the
Mississippian Age Boone Formation, which consists of chert,
limestone, jasperoid, and dolomite (McKnight and Fischer,
1970). The Boone Formation ranges from 350 to 400 feet thick
in the Picher area (Luza, 1986).

Ore production in the Picher mining district was active for
more than half of the 20th century. Lead and zinc ores were first
discovered in the Picher mining district in 1901, but the main
body of the ore was not discovered until 1912. Production of
ores increased rapidly between 1915 and 1920 due partly to
demand created by World War I (Playton and others, 1980).
Production reached a peak by 1925 with 387,000 tons of recov-
erable zinc and 101,000 tons of recoverable lead being pro-
duced (McKnight and Fischer, 1970). The mines maintained
moderate production levels until the 1950s when yields began
to decline. Most of the large mining operations then abandoned
the area, and only a small amount of ore was produced until the
mid-1970s (Christenson, 1995).

As the mines developed, a large network of underground
mine workings was created. The mines were dewatered during
mining operations, but once operations ceased, the underground

mine workings began to refill with water. The water entered the
mines from ground-water seepage and from runoff flowing into
mineshafts and air vents. The mines filled completely with
water by the late 1970s and began discharging mine water at the
surface.
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Methods

Water samples were collected in seven mineshafts and
hypothesis testing was used to compare water quality in 1976-
77 samples to 2002 samples in the abandoned mineshafts. Sum-
mary statistics were calculated for the 1976-77 and 2002 data,
and the water-quality data were compared using the Wilcoxon
rank-sum test.

Field Methods

Seven mineshafts were sampled during the 2002 study; six
were in Oklahoma and one was in Kansas (fig. 1). The mine-
shafts were sampled one time at multiple depths during late July
and early August 2002. The mineshafts sampled were the
Admiralty #3, Admiralty #4, Federal #5, Baby Jim, Royal, Con-
solidated #2, and Kansas 2. Sampling sites were selected based
on the location of sites sampled in the 1976-77 study. Attempts
were made to locate and sample the original mineshafts; how-
ever, six of the seven mineshafts were no longer accessible
because of fill-ins or collapses. The Consolidated #2 mineshaft
was the only site sampled in 1976-77 that was still accessible in
2002 (fig. 1). Alternate sites were selected as near as possible to
the 1976-77 sites.

The mineshaft sampling occurred in three phases: (1)
mineshaft profile of water properties with depth, (2) sample col-
lection, and (3) sample processing. The mineshafts were typi-
cally 8 feet by 8 feet wide and were from 180 to 230 feet deep,
with the exception of the Kansas 2 mineshaft that was only 50
feet deep. It is unknown whether the Kansas 2 mineshaft was
simply a shallow mineshaft or if it had collapsed below the sur-
face. A multiparameter probe was used to measure vertical pro-
files of water properties in the mineshafts. Specific conduc-
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tance, pH, water temperature, and dissolved-oxygen concentra-
tions were measured at 10-foot intervals for the vertical extent
of each mineshaft. Near the base of the mineshafts the water
properties were measured more frequently than 10-foot inter-
vals if substantial changes occurred in the water properties. The
multiparameter probe was calibrated at the beginning of each
day, using methods described in the USGS Water-Quality Field
Manual (Wilde and Radtke, 1998).

Point samples for the water-quality analyses from the
mineshafts were subsequently collected at selected intervals in
the vertical profile. Sampling depths within the mineshafts were
selected based on significant changes in specific conductance
and pH. Six of the seven mineshafts were sampled at six depth
intervals. The Kansas 2 mineshaft was only sampled at three
depth intervals because of the shallower depth. The mineshafts
were sampled using a 2.2-liter Kemmerer sampler made of clear
acrylic that was lowered to the selected sampling depths with a
rope and reel. These sampling procedures duplicated ones used
by Playton and others (1980).

In 1976-77 the mineshafts were sampled multiple times
over the course of a year with no areal or seasonal variation in
water quality reported (Playton and others, 1980). Therefore, in
the 2002 study the mines were only sampled once. In the 1976-
77 study, samples were analyzed for both total and dissolved
metals. However, samples in 2002 only were analyzed for dis-
solved metals, so only dissolved concentrations were used in
the statistical comparisons in this report.

Water samples were collected and processed using tech-
niques described in the USGS Water-Quality Field Manual
(Wilde and Radtke, 1998). All samples were decanted from the
Kemmerer sampler and processed in a sealed chamber to pre-
vent dust infiltration. Samples were analyzed for alkalinity,
major ions, and metals. Samples for major ions and metals were
filtered using a 0.45-micrometer capsule filter. One to two alka-
linity titrations were run at each mineshaft for quality assur-
ance. Three blank and three duplicate samples also were col-
lected to evaluate the quality assurance of the environmental
samples. All samples were analyzed for alkalinity, major ions,
and metals by the USGS National Water Quality Laboratory,
Lakewood, Colorado.

Statistical Methods

Water-quality constituents from water samples collected
from the mineshafts in 1976-77 were compared to those col-
lected in 2002. Statistical tests and comparisons were calculated
only for water properties and constituents that are designated
indicators of mine water for this system. These properties and
constituents include pH, specific conductance, alkalinity, cal-
cium, magnesium, sulfate, cadmium, copper, iron, lead, manga-
nese, nickel, and zinc. The minewater indicator constituents
were compared using the Wilcoxon rank-sum test, also known
as the Mann-Whitney test (Helsel and Hirsch, 1992). The Wil-
coxon rank-sum test was used because it is a nonparametric test,
which does not require normally-distributed data. The Wil-

coxon rank-sum test works on the ranks of the data instead of
the actual constituent concentrations. Censored data for each
constituent were assigned the same rank for calculating the Wil-
coxon rank-sum test.

The Wilcoxon rank-sum test has two hypotheses. The null
hypothesis was that the concentrations of chemical constituents
in the ground-water samples from the mineshafts were the same
in 1976-77 and in 2002. The alternative hypothesis was that the
concentrations in ground-water samples taken from the mine-
shafts in 1976-77 and 2002 were significantly different, mean-
ing the 2002 concentrations were either greater or lesser than
concentrations in samples from 1976-77. The null hypothesis
was rejected if the p-value of the test was less than or equal to
0.05.

A second set of statistical tests also were run comparing
2002 minewater samples collected from depths 150 feet below
land surface and deeper to the 1976-77 minewater samples. The
condition of the hydrologic system at the time of the 2002 study
was different than it was in 1976-77. At that time the mines
were still filling with water. The average water level in 1976-77
when the samples were collected was 150 feet below land sur-
face. By 2002 the water levels were stable about 30 feet below
land surface. The 1976-77 samples were collected at deeper
depths in the mineshaft because of greater depths to water com-
pared to the 2002 samples. Samples collected in 2002 were
taken from the upper part of the water column as well as at
deeper depths that were sampled in 1976-77. To determine if
samples collected from the deeper depths had similar character-
istics, statistical tests also were done to compare the 1976-77
data to 2002 data collected from depths of 150 feet below land
surface or deeper.

Water Quality in 1976-77

Summary statistics were run on the 1976-77 mine water
data, and may differ slightly from the summary statistics in
Playton and others (1980). New statistics were calculated
because different statistical methodologies were used for com-
parisons with the 2002 data (table 1).

Playton and others (1980) reported that water quality in
mines in the Picher mining district was not uniform with depth.
Specific conductance and water temperature generally
increased and pH generally decreased with increasing sampling
depth. Concentrations of dissolved solids and chemical constit-
uents, such as total and dissolved metals and dissolved sulfate,
also increased with depth (Playton and others, 1980).

The mineshafts were sampled multiple times over a course
of a year in 1976-77 and no areal or seasonal variation in water
quality was found, but Playton and others (1980) reported that
water quality in the mines was stratified (Appendix 1).

Playton and others (1980) reported that water levels in the
mineshafts were rising in 1976-77. In one well that penetrated
the mine workings, the water level rose at an average rate of 1.2
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Water Quality in 2002 7
feet per month. Water levels rose at greater than average rates
after periods of high rainfall.

Water Quality in 2002

Summary statistics of the chemical analyses were calcu-
lated for the water samples collected from the mineshafts in
2002 (table 2). Vertical profiles of the water-quality properties,
including specific conductance, pH, water temperature, and dis-
solved-oxygen concentration, were measured at 10-foot inter-
vals in each mineshaft and more frequently near the base of the
mineshafts, if substantial changes in the water properties
occurred (figs. 2, 3). For better readability, the water properties
in figures 2 and 3 are shown at 20-foot intervals in the upper
part of the mineshafts and then at smaller intervals near the
bases of the mineshafts.

Specific conductance generally increased with depth (figs.
3, 4a). Increases in specific conductance were typically gradual
until the last 20 to 40 feet of the sampling column, below which
substantial increases were measured. Most of the mineshafts
had specific conductance field values that ranged between 500
and 1,500 microsiemens per centimeter (µS/cm) in the upper
part of the mineshafts, and increased to over 2,500
µS/cm near the base of most mineshafts.

Within mineshafts, pH values were typically uniform in
the top of the water column and the values were generally neu-
tral; however, the pH did vary between mineshafts (figs. 2, 4b).
The Consolidated #2 and Admiralty #3 mineshafts had pH val-
ues that were generally greater than in other mineshafts (fig. 2).
The lowest pH values were measured in samples collected at the
base of most mineshafts, and these samples were associated
with greater metals concentrations. The pH values measured in
samples from the Federal #5 and Baby Jim increased from near
the water surface to a depth midway through the water column
and then decreased at the bottom of the mineshaft, and pH val-
ues in the Royal mineshaft generally increased with depth.
These mineshafts had debris on the surface that may have con-
tributed to the lesser pH at the top of the shaft (figs. 2, 4b).

Water temperatures generally decreased with depth in the
mineshafts. Some of the mineshafts had a slight increase in tem-
perature at the bottom of the shaft (fig. 2).

Concentrations of major ions and metals varied between
the 2002 mineshafts sampled and with depth in those shafts
(Appendix 2). Comparisons of concentrations of the minewater
indicator constituents between the mineshafts and with depth
are shown in figure 4.

In the Admiralty #3 mineshaft, alkalinity decreased from
150 milligrams per liter (mg/L) to 60 mg/L of CaCO3 in the last
10 feet of the shaft, corresponding to a decrease in pH with
depth (figs. 4b, 4c).Concentrations of calcium and magnesium
increased with depth (figs. 4e, 4f). Concentrations of sulfate,
iron, manganese, nickel, and zinc increased in the lowest 10 feet
of the water column; whereas, cadmium and lead concentra-
tions decreased in this last 10 feet (figs. 4d-4m).

The Admiralty #4 mineshaft (fig. 1) is adjacent to Tar
Creek in the study area. Dissolved-oxygen concentrations at
this site were less than 1.0 mg/L (except near the water surface)
and specific conductance was greater than 2,500 µS/cm
throughout the mineshaft (fig. 3). The pH remained consistent
around 6.1 throughout the shaft (fig. 2). The water column also
had fairly consistent concentrations of constituents, with most
concentrations substantially greater than concentrations in the
other mineshafts (fig. 4). Concentrations throughout the Admi-
ralty #4 were typical of those at greater depths in the other mine-
shafts. Admiralty #4 is possibly in a discharge area for mine
water because the water-quality properties were elevated and
remained uniform throughout the shaft (figs. 2, 3).

In the Federal #5 mineshaft the water quality was more
variable than the Admiralty #4. Concentrations of most constit-
uents were uniform throughout the mineshaft, except for iron,
manganese, and copper. Iron and manganese concentrations
increased until midway through the shaft and then began to
decrease with depth (figs. 4i, 4k). Copper decreased from 40
micrograms per liter (µg/L) to about 10 µg/L in the first 190 feet
of the shaft, increased to 20 µg/L, and then decreased to less
than 10 µg/L in the last 20 feet of the shaft.

Water in the Baby Jim mineshaft had increases in most
constituent concentrations with depth, except for cadmium and
lead, which decreased in concentration with depth (fig. 4). Sub-
stantial increases in sulfate, iron, manganese, nickel, and zinc
concentrations occurred about 140 feet below land surface. This
increase could indicate water in mine rooms, or seepage from
contaminated water in the aquifer (fig. 4).

Water in the Royal mineshaft had specific conductance of
1,170 µS/cm near the water surface that gradually declined until
180 feet below land surface, where specific conductance then
increased from 850 to 1,200 µS/cm in the next 20 feet. (fig. 4a).
Sulfate concentrations in the mineshaft decreased with depth,
and cadmium concentrations increased from the water surface
to a point midway down the shaft but decreased at the bottom of
the shaft. Manganese concentrations decreased from about
1,600 µg/L near the water surface to about 200 µg/L over mid-
way down the shaft and then increased near the bottom of the
shaft (fig. 4k). The Royal mineshaft had an abundance of debris
floating on the water surface of the mineshaft that could have
contributed to the quality of water at the surface.

The Consolidated #2 mineshaft is in the northeastern cor-
ner of the study area. The Consolidated #2 had dissolved-oxy-
gen concentrations between 7.4 and 8.6 mg/L throughout the
entire mineshaft. Specific conductance remained about 550
µS/cm within most of the shaft but increased to greater than
2,600 µS/cm at the bottom of the shaft (figs. 3, 4a), and pH val-
ues were around 7 until decreasing to 6.1 in the last 10 feet of
the shaft (figs. 2, 3). Most constituents had consistent concen-
trations throughout the shaft, and most concentrations were less
than concentrations in the other mineshafts. The Consolidated
#2 had greater concentrations of cadmium, which decreased
with depth, and greater concentrations of iron at the
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SPECIFIC CONDUCTANCE, IN MICROSIEMENS PER CENTIMETER AT 25 CELSIUS
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Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in 2002,
Picher mining district, a) specific conductance and b) pH.
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ALKALINITY, IN MILLIGRAMS PER LITER AS CaCO3
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Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in
2002, Picher mining district, c) alkalinity and d) sulfate.
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CALCIUM, IN MILLIGRAMS PER LITER
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Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in
2002, Picher mining district, e) calcium and f) magnesium.
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CADMIUM, IN MICROGRAMS PER LITER

Admiralty #3
Admiralty #4

Federal #5
Baby Jim

Royal
Consolidated #2

Kansas 2

D
E

P
T

H
B

E
LO

W
LA

N
D

S
U

R
F

A
C

E
, I

N
F

E
E

T

EXPLANATION

D
E

P
T

H
B

E
LO

W
LA

N
D

S
U

R
F

A
C

E
, I

N
F

E
E

T

COPPER, IN MICROGRAMS PER LITER

g)

h)

0 20 40 60 80 100 120

0

50

100

150

200

250

0 20 40 60 80

0

50

100

150

200

250

Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in
2002, Picher mining district, g) cadmium and h) copper.
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IRON, IN MICROGRAMS PER LITER
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Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in
2002, Picher mining district, i) iron and j) lead.
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MANGANESE, IN MICROGRAMS PER LITER
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Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in
2002, Picher mining district, k) manganese and l) nickel.
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ZINC, IN MILLIGRAMS PER LITER
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Figure 4. Comparison of water-quality concentrations from water samples collected in mineshafts in
2002, Picher mining district, m) zinc.
bottom of the shaft. Iron concentrations in the bottom of the
shaft increased from 15 µg/L to 10,600 µg/L in a 6-foot interval.
Zinc concentrations also increased at the bottom of the shaft
(fig. 4m).

The Kansas 2 mineshaft (fig. 1) was only sampled at three
depths. Most constituent concentrations were consistent
throughout the shaft. Concentrations of cadmium and zinc at
this site were generally greater when compared to other mine-
shafts (fig. 4). Dissolved-oxygen concentrations ranged from
7.3 mg/L near the water surface to 4.8 mg/L at the bottom of the
shaft; however, the mineshaft was only 50 feet deep.

Comparison of 1976-77 and 2002 Ground-
Water Quality

Water-Quality Trends

Water-quality data from all samples collected from mine-
shafts in 1976-77 were compared to water-quality data from all
samples collected from mineshafts in 2002 using the Wilcoxon
rank-sum test (Helsel and Hirsch, 1992) which can produce a p-

value as a measure of the probability of similarity of data
groups. The lesser p-values indicate less likelihood of the null
hypothesis being significant.

The samples in 2002 were collected from the upper part of
the water column and at depths that corresponded to depth sam-
pled in 1976-77. To determine if samples collected from the
deeper depths had similar characteristics, statistical tests also
were run for the 1976-77 data and compared to 2002 data that
were sampled from the deeper depths.

The Wilcoxon rank sum tests returned similar results for
the data from all samples and for the data from only the deeper
depths. Therefore, only results from the comparison of all sam-
ples collected in 1976-77 and all samples collected in 2002 are
discussed in this report.

The Wilcoxon rank-sum tests indicate that the concentra-
tions of most minewater indicator constituents were greater in
1976-77 data than in 2002 data. P-values for the Wilcoxon rank-
sum test were less than 0.05 for all minewater indicators except
pH and copper (figs. 5, 6). The p-value for pH was 0.2946 indi-
cating that pH was not significantly different in the 1976-77 and
2002 data. The 1976-77 and 2002 data sets had similar median
values; however, the pH values from the 1976-77 data had a
much greater range. The 2002 data had fewer outlier data, indi-
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Figure 5. Selected water-quality concentrations from water samples collected in mineshafts in the Picher mining district for pe-
riods 1976-77 and 2002. *Alkalinity samples in 1976-77 were whole water samples while alkalinity samples in 2002 were filtered
water samples.
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cating the pH in 2002 samples was more consistent than in
1976-77 samples.

The p-value calculated for copper by the Wilcoxon rank-
sum test was 0.6123, indicating that the concentrations were not
significantly different in 1976-77 and 2002 data. The median
value of copper was similar in both the 1976-77 and 2002 data
sets.

With the exception of pH and copper, the other mine water
data sets had p-values of less than 0.0001 calculated for the Wil-
coxon rank-sum test. The p-value of less than 0.0001 leads to
the rejection of the null hypothesis for these constituents, mean-
ing that the concentrations in samples collected in 2002 were
different than concentrations in samples collected in 1976-77.

Specific conductance is related to the concentration of dis-
solved constituents in the water. Specific conductance in 2002
samples was less than in 1976-77 samples (fig. 5 and tables 1,
2).Therefore, the lesser specific conductance indicates lesser
dissolved constituents. Playton and others (1980) also reported
that specific conductance and concentrations of metals
increased and pH decreased with depth.

The concentrations of metals in 2002 within individual
shafts were more consistent compared to 1976-77 concentra-
tions, but concentrations varied between mineshafts. The
greater concentration of metals near the bases of the mineshafts
could represent water from the mine rooms, and not the mine
shafts, or could represent seepage from contaminated ground
water in other parts of the Boone aquifer. However, without
more information it is not possible to determine what is causing
the greater concentrations at the bottom of the mineshafts.

Concentrations of sulfate in 2002 samples were less than
concentrations in 1976-77 samples (tables 1, 2). The median
value for sulfate was 414 mg/L in the 2002 water samples;
whereas, the median value was 2,100 mg/L in the 1976-77 sam-
ples.

Minewater indicator constituents generally had lesser con-
centrations in 2002 than in 1976-77 (figs. 6, 7 and tables 1, 2).
For example, the median concentration of zinc was 2,140 µg/L
in 2002 and it was 120,000 µg/L in 1976-77. There also was
variability in concentrations within the mineshafts in 2002. The
varying concentrations of metals and ions between mineshafts
could indicate differences in the system hydrology. The Consol-
idated #2 mineshaft and the Admiralty #3 mineshaft had greater
dissolved-oxygen concentrations and lesser concentrations of
metals and ions throughout the water column compared to other
sampled mineshafts which indicates the sites may be recharge
zones. The Admiralty #3 had a substantial decrease in dissolved
oxygen and increase in metals and ions concentrations at the
base of the shaft, indicating that the sample was collected from
a mine room and not the mineshafts.

Greater concentrations of iron, manganese, nickel, and
zinc were detected in the mineshafts that had less dissolved
oxygen in the water. These metals precipitate out of solution to
form oxide minerals in the presence of oxygen in the water.
Also, in samples with greater concentrations of those metals,
concentrations of lead and cadmium tended to be less. Lead and

cadmium concentrations tended to be greater at the water sur-
face than at the bottom of some mineshafts.

Water-Quality Standards

Many of the metals sampled in the 2002 study are regu-
lated by the U. S. Environmental Protection Agency (USEPA)
to protect human health and the environment. The USEPA
(2002) established National Primary Drinking Water Regula-
tions which protect human health, and National Secondary
Drinking Water Standards that are designated to maintain the
aesthetic quality (odor, taste, color) of the water.

The primary regulations of 5 µg/L for cadmium were
exceeded in over 50 percent of the 2002 samples (fig. 6). Also
in 2002 the secondary standards of 300 µg/L for iron, 100 µg/L
for nickel, and 5,000 µg/L for zinc were exceeded in over 25
percent of the samples, and the secondary standard of 50 µg/L
for manganese was exceeded in almost 75 percent of the sam-
ples (figs. 6, 7). Lead did not exceed the primary regulations of
15 µg/L; however, lead is not readily soluble in most water.

Contaminated water in the mineshafts may seep to adjoin-
ing less contaminated portions of the Boone aquifer, creeks and
streams in hydraulic connection with the aquifer, and the under-
lying Roubidoux aquifer, the sole source of potable ground
water in the area.

Summary

The Picher mining district of northeastern Oklahoma and
southeastern Kansas was the site of lead and zinc mining from
about 1900 until the mid-1970s. The primary sources of lead
and zinc were sulfide minerals disseminated in the cherty lime-
stone of the Boone Formation. Sulfide minerals from the Boone
Formation include: sphalerite, galena, and the accessory miner-
als chalcopyrite, enargite, luzonite, marcasite, and pyrite. Expo-
sure of these minerals to oxygenated water can create solutions
with elevated concentrations of major ions and metals in ground
water, surface water, and sediments.

A 1976-77 study of the ground-water quality in the Boone
aquifer through sampling of open mineshafts, concluded that
water quality was stratified in mined voids, with specific con-
ductance, dissolved solids, sulfate, and metals increasing and
pH decreasing with depth. Greater concentrations of most met-
als in water in the mineshafts compared to other parts of the
Boone aquifer and increasing concentrations of metals with
depth indicate that there was a substantial quantity of dissolved
metals in ground water in the mining district. The 1976-77
study reported that water in seven mineshafts in the Picher min-
ing district was not uniform with depth. The mines were sam-
pled multiple times over the course of a year and no areal or sea-
sonal variation in water quality was reported, but water in the
mines was reported to be stratified. Specific conductance and
water temperature tended to increase and pH tended to decrease
with depth. Concentrations of dissolved solids and chemical
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constituents, such as total and dissolved metals and dissolved
sulfate, also increased with depth.

In 2002, seven mineshafts were sampled in the Picher min-
ing area by the U.S. Geological Survey in cooperation with the
Oklahoma Department of Environmental Quality. Attempts
were made to sample the same sites sampled in 1976-77, but
many of these sites were no longer accessible, so alternate sites
were selected as near as possible to the sites sampled in 1976-
77.

Vertical profiles of specific conductance, pH, water tem-
perature, and dissolved-oxygen concentrations were collected
from each mineshaft. Specific conductance tended to increase
with depth in the mineshafts. The increases in specific conduc-
tance were typically gradual until the last 20 to 40 feet of the
sampling column below which substantial increases were mea-
sured. In individual mineshafts the pH values were generally
consistent within the top of the water column. Lesser pH values
were measured at the base of some mineshafts, and at the water
surface in some of the mineshafts that had debris on the surface.
Water temperatures generally decreased with depth in the mine-
shafts, though a slight increase in temperature was measured at
the very bottom of some shafts.

In 2002, concentrations of major ions and metals varied
between the mineshafts and with depth. Most concentrations of
metals and ions were consistent through the shafts. Some of the
mineshafts had an increase in metals concentrations in the last
20 to 40 feet of the sampling column in the mineshaft. Increases
in metals concentrations at the bottom of those shafts could
indicate the quality of water in the minerooms rather than in the
shafts.

Greater concentrations of iron, manganese, nickel, and
zinc were detected in the mineshafts that had less dissolved
oxygen in the water. These metals precipitate out of solution to
form oxide minerals when in the presence of oxygen in the
water. Also, in samples with large concentrations of those met-
als, concentrations of lead and cadmium tended to be small.
Lead and cadmium concentrations tended to be greater near the
water surface than at the bottom of some mineshafts.

Wilcoxon rank-sum tests were used to compare water-
quality data collected in mineshafts in 1976-77 to water-quality
data collected in 2002. The Wilcoxon rank-sum tests indicate
that the concentrations of minewater indicator constituents were
greater in 1976-77 than 2002 data. Specific conductance in
2002 samples was less than in 1976-77 samples. The 1976-77
and 2002 data sets for pH had similar median values; however,
the pH values from the 1976-77 data fall in a much greater
range. Concentrations of metals, except copper, from water
samples collected from the mineshafts in 2002 were signifi-
cantly less than concentrations of metals from samples in 1976-
77.
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30 Assessment and Comparison of 1976-77 and 2002 Water Quality in Mineshafts in the Picher Mining District, Northeastern
Oklahoma and Southeastern Kansas
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36 Assessment and Comparison of 1976-77 and 2002 Water Quality in Mineshafts in the Picher Mining District, Northeastern
Oklahoma and Southeastern Kansas
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	191
	Skelton
	365738094495101
	04/26/1976
	1200
	165
	365738094495101
	10/18/1976
	1350
	160
	365738094495101
	06/06/1977
	1500
	150
	365738094495101
	06/06/1977
	1530
	165
	New Chicago
	365754094493401
	04/29/1976
	1100
	167
	365754094493401
	04/29/1976
	1200
	174
	365754094493401
	04/29/1976
	1230
	179
	365754094493401
	04/29/1976
	1300
	181
	365754094493401
	04/29/1976
	1330
	183
	365754094493401
	04/29/1976
	1400
	192
	365754094493401
	04/29/1976
	1600
	197
	365754094493401
	08/26/1976
	1505
	160
	365754094493401
	08/26/1976
	1540
	174
	365754094493401
	08/26/1976
	1555
	187
	365754094493401
	08/26/1976
	1605
	197
	365754094493401
	10/20/1976
	1350
	165
	365754094493401
	10/20/1976
	1410
	180
	365754094493401
	10/20/1976
	1430
	195
	365754094493401
	12/06/1976
	1445
	165
	365754094493401
	12/06/1976
	1500
	180
	365754094493401
	12/06/1976
	1530
	195
	365754094493401
	02/17/1977
	1620
	165
	365754094493401
	02/17/1977
	1630
	180
	365754094493401
	02/17/1977
	1640
	195
	365754094493401
	04/21/1977
	1220
	165
	365754094493401
	04/21/1977
	1230
	185
	365754094493401
	04/21/1977
	1240
	187
	365754094493401
	04/21/1977
	1250
	195
	365754094493401
	06/08/1977
	0815
	160
	365754094493401
	06/08/1977
	0845
	180
	365754094493401
	06/08/1977
	0900
	187
	365754094493401
	06/08/1977
	0915
	195
	Lucky Bill
	365817094510201
	04/22/1976
	1000
	178
	365817094510201
	04/22/1976
	1030
	198
	365817094510201
	04/22/1976
	1115
	204
	365817094510201
	04/22/1976
	1200
	210
	365817094510201
	04/22/1976
	1300
	216
	365817094510201
	04/22/1976
	1400
	222
	365817094510201
	04/22/1976
	1500
	230
	365817094510201
	08/26/1976
	1120
	170
	365817094510201
	08/26/1976
	1205
	190
	365817094510201
	08/26/1976
	1220
	205
	365817094510201
	08/26/1976
	1305
	218
	365817094510201
	08/26/1976
	1335
	228
	365817094510201
	10/20/1976
	0945
	160
	365817094510201
	10/20/1976
	1010
	190
	365817094510201
	10/20/1976
	1100
	210
	365817094510201
	10/20/1976
	1135
	225
	365817094510201
	12/07/1976
	1500
	160
	365817094510201
	12/07/1976
	1515
	190
	365817094510201
	12/07/1976
	1545
	210
	365817094510201
	12/07/1976
	1600
	225
	365817094510201
	02/17/1977
	1400
	160
	365817094510201
	02/17/1977
	1415
	190
	365817094510201
	02/17/1977
	1430
	200
	365817094510201
	02/17/1977
	1445
	210
	365817094510201
	02/17/1977
	1500
	225
	365817094510201
	04/21/1977
	1550
	160
	365817094510201
	04/21/1977
	1600
	190
	365817094510201
	04/21/1977
	1615
	205
	365817094510201
	04/21/1977
	1640
	225
	365817094510201
	06/07/1977
	1215
	155
	365817094510201
	06/07/1977
	1240
	190
	365817094510201
	06/07/1977
	1300
	205
	365817094510201
	06/07/1977
	1315
	225
	Consolidated #2
	365927094485901
	04/20/1976
	0930
	179
	365927094485901
	04/20/1976
	1000
	191
	365927094485901
	04/21/1976
	1100
	210
	365927094485901
	04/21/1976
	1200
	227
	365927094485901
	04/21/1976
	1300
	229
	365927094485901
	04/21/1976
	1400
	234
	365927094485901
	08/25/1976
	1045
	165
	365927094485901
	08/25/1976
	1120
	185
	365927094485901
	08/25/1976
	1135
	215
	365927094485901
	08/25/1976
	1155
	225
	365927094485901
	08/25/1976
	1310
	230
	365927094485901
	08/25/1976
	1330
	235
	365927094485901
	10/19/1976
	1125
	165
	365927094485901
	10/19/1976
	1200
	215
	365927094485901
	10/19/1976
	1255
	230
	365927094485901
	12/07/1976
	1000
	165
	365927094485901
	12/07/1976
	1015
	215
	365927094485901
	12/07/1976
	1045
	230
	365927094485901
	02/17/1977
	0945
	165
	365927094485901
	02/17/1977
	1130
	215
	365927094485901
	02/17/1977
	1200
	222
	365927094485901
	02/17/1977
	1215
	230
	365927094485901
	04/21/1977
	0900
	152
	365927094485901
	04/21/1977
	0925
	165
	365927094485901
	04/21/1977
	0945
	215
	365927094485901
	04/21/1977
	1020
	220
	365927094485901
	04/21/1977
	1035
	230
	365927094485901
	06/07/1977
	0830
	165
	365927094485901
	06/07/1977
	0845
	215
	365927094485901
	06/07/1977
	0900
	225
	365927094485901
	06/07/1977
	0915
	230
	Birthday
	365930094480001
	04/23/1976
	0930
	168
	365930094480001
	04/23/1976
	1030
	172
	365930094480001
	04/23/1976
	1130
	175
	365930094480001
	04/23/1976
	1230
	182
	365930094480001
	08/25/1976
	1630
	160
	365930094480001
	08/25/1976
	1645
	166
	365930094480001
	08/25/1976
	1655
	173
	365930094480001
	08/25/1976
	1715
	177
	365930094480001
	08/25/1976
	1730
	180
	365930094480001
	10/19/1976
	1520
	162
	365930094480001
	10/19/1976
	1610
	180
	365930094480001
	12/07/1976
	1220
	160
	365930094480001
	12/07/1976
	1225
	170
	365930094480001
	12/07/1976
	1235
	180
	365930094480001
	02/18/1977
	0845
	145
	365930094480001
	02/18/1977
	0905
	160
	365930094480001
	02/18/1977
	0920
	170
	365930094480001
	02/18/1977
	0935
	180
	365930094480001
	04/21/1977
	1415
	155
	365930094480001
	04/21/1977
	1425
	167
	365930094480001
	04/21/1977
	1455
	170
	365930094480001
	04/21/1977
	1515
	180
	365930094480001
	06/08/1977
	1200
	155
	365930094480001
	06/08/1977
	1220
	162
	365930094480001
	06/08/1977
	1240
	166
	365930094480001
	06/08/1977
	1300
	170
	365930094480001
	06/08/1977
	1325
	175
	365930094480001
	06/08/1977
	1345
	180
	Kansas 1
	--
	04/27/1976
	--
	200
	--
	04/27/1976
	--
	205
	--
	04/27/1976
	--
	211
	--
	04/27/1976
	--
	222
	--
	04/27/1976
	--
	230
	--
	04/27/1976
	--
	259
	--
	04/27/1976
	--
	287
	--
	04/27/1976
	--
	298
	--
	10/21/1976
	--
	200
	--
	10/21/1976
	--
	220
	--
	10/21/1976
	--
	260
	--
	10/21/1976
	--
	298
	--
	06/09/1977
	--
	180
	--
	06/09/1977
	--
	200
	--
	06/09/1977
	--
	210
	--
	06/09/1977
	--
	220
	--
	06/09/1977
	--
	240
	--
	06/09/1977
	--
	260
	--
	06/09/1977
	--
	280
	--
	06/09/1977
	--
	298
	Appendix 1. Water-quality concentrations from water samples collected in mineshafts in the Picher mining district in 1976-1977 -Continued

	Lavrion
	365732094502701
	04/28/1976
	1100
	365732094502701
	04/28/1976
	1200
	365732094502701
	04/28/1976
	1300
	365732094502701
	04/28/1976
	1400
	365732094502701
	04/28/1976
	1600
	Skelton
	365738094495101
	04/26/1976
	1200
	365738094495101
	10/18/1976
	1350
	365738094495101
	06/06/1977
	1500
	365738094495101
	06/06/1977
	1530
	New Chicago
	365754094493401
	04/29/1976
	1100
	365754094493401
	04/29/1976
	1200
	365754094493401
	04/29/1976
	1230
	365754094493401
	04/29/1976
	1300
	365754094493401
	04/29/1976
	1330
	365754094493401
	04/29/1976
	1400
	365754094493401
	04/29/1976
	1600
	365754094493401
	08/26/1976
	1505
	365754094493401
	10/20/1976
	1430
	195
	365754094493401
	12/06/1976
	1445
	165
	365754094493401
	12/06/1976
	1500
	180
	365754094493401
	12/06/1976
	1530
	195
	365754094493401
	02/17/1977
	1620
	165
	365754094493401
	02/17/1977
	1630
	180
	365754094493401
	02/17/1977
	1640
	195
	365754094493401
	04/21/1977
	1220
	165
	365754094493401
	04/21/1977
	1230
	185
	365754094493401
	04/21/1977
	1240
	187
	365754094493401
	04/21/1977
	1250
	195
	365754094493401
	06/08/1977
	0815
	160
	365754094493401
	06/08/1977
	0845
	180
	365754094493401
	06/08/1977
	0900
	187
	365754094493401
	06/08/1977
	0915
	195
	Lucky Bill
	365817094510201
	04/22/1976
	1000
	178
	365817094510201
	04/22/1976
	1030
	198
	365817094510201
	04/22/1976
	1115
	204
	365817094510201
	04/22/1976
	1200
	210
	365817094510201
	04/22/1976
	1300
	216
	365817094510201
	04/22/1976
	1400
	222
	365817094510201
	04/22/1976
	1500
	230
	365817094510201
	08/26/1976
	1120
	170
	365817094510201
	08/26/1976
	1205
	190
	365817094510201
	08/26/1976
	1220
	205
	365817094510201
	08/26/1976
	1305
	218
	365817094510201
	08/26/1976
	1335
	228
	365817094510201
	10/20/1976
	0945
	160
	365817094510201
	10/20/1976
	1010
	190
	365817094510201
	10/20/1976
	1100
	210
	365817094510201
	10/20/1976
	1135
	225
	365817094510201
	12/07/1976
	1500
	160
	365817094510201
	12/07/1976
	1515
	190
	365817094510201
	12/07/1976
	1545
	210
	365817094510201
	12/07/1976
	1600
	225
	365817094510201
	02/17/1977
	1400
	160
	365817094510201
	02/17/1977
	1415
	190
	365817094510201
	02/17/1977
	1430
	200
	365817094510201
	02/17/1977
	1445
	210
	365817094510201
	02/17/1977
	1500
	225
	365817094510201
	04/21/1977
	1550
	160
	365817094510201
	04/21/1977
	1600
	190
	365817094510201
	04/21/1977
	1615
	205
	365817094510201
	04/21/1977
	1640
	225
	365817094510201
	06/07/1977
	1215
	155
	365817094510201
	06/07/1977
	1240
	190
	365817094510201
	06/07/1977
	1300
	205
	365817094510201
	06/07/1977
	1315
	225
	Consolidated #2
	365927094485901
	04/20/1976
	0930
	179
	365927094485901
	04/20/1976
	1000
	191
	365927094485901
	04/21/1976
	1100
	210
	365927094485901
	04/21/1976
	1200
	227
	365927094485901
	04/21/1976
	1300
	229
	365927094485901
	04/21/1976
	1400
	234
	365927094485901
	08/25/1976
	1045
	165
	365927094485901
	08/25/1976
	1120
	185
	365927094485901
	08/25/1976
	1135
	215
	365927094485901
	08/25/1976
	1155
	225
	365927094485901
	08/25/1976
	1310
	230
	365927094485901
	08/25/1976
	1330
	235
	365927094485901
	10/19/1976
	1125
	165
	365927094485901
	10/19/1976
	1200
	215
	365927094485901
	10/19/1976
	1255
	230
	365927094485901
	12/07/1976
	1000
	165
	365927094485901
	12/07/1976
	1015
	215
	365927094485901
	12/07/1976
	1045
	230
	365927094485901
	02/17/1977
	0945
	165
	365927094485901
	02/17/1977
	1130
	215
	365927094485901
	02/17/1977
	1200
	222
	365927094485901
	02/17/1977
	1215
	230
	365927094485901
	04/21/1977
	0900
	152
	365927094485901
	04/21/1977
	0925
	165
	365927094485901
	04/21/1977
	0945
	215
	365927094485901
	04/21/1977
	1020
	220
	365927094485901
	04/21/1977
	1035
	230
	365927094485901
	06/07/1977
	0830
	165
	365927094485901
	06/07/1977
	0845
	215
	365927094485901
	06/07/1977
	0900
	225
	365927094485901
	06/07/1977
	0915
	230
	Birthday
	365930094480001
	04/23/1976
	0930
	168
	365930094480001
	04/23/1976
	1030
	172
	365930094480001
	04/23/1976
	1130
	175
	365930094480001
	04/23/1976
	1230
	182
	365930094480001
	08/25/1976
	1630
	160
	365930094480001
	08/25/1976
	1645
	166
	365930094480001
	08/25/1976
	1655
	173
	365930094480001
	08/25/1976
	1715
	177
	365930094480001
	08/25/1976
	1730
	180
	365930094480001
	10/19/1976
	1520
	162
	365930094480001
	10/19/1976
	1610
	180
	365930094480001
	12/07/1976
	1220
	160
	365930094480001
	12/07/1976
	1225
	170
	365930094480001
	12/07/1976
	1235
	180
	365930094480001
	02/18/1977
	0845
	145
	365930094480001
	02/18/1977
	0905
	160
	365930094480001
	02/18/1977
	0920
	170
	365930094480001
	02/18/1977
	0935
	180
	365930094480001
	04/21/1977
	1415
	155
	365930094480001
	04/21/1977
	1425
	365930094480001
	04/21/1977
	1455
	365930094480001
	04/21/1977
	1515
	365930094480001
	06/08/1977
	1200
	365930094480001
	06/08/1977
	1220
	365930094480001
	06/08/1977
	1240
	365930094480001
	06/08/1977
	1300
	365930094480001
	06/08/1977
	1325
	365930094480001
	06/08/1977
	1345
	Kansas 1
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	04/27/1976
	--
	--
	10/21/1976
	--
	--
	10/21/1976
	--
	--
	10/21/1976
	--
	--
	10/21/1976
	--
	--
	06/09/1977
	--
	--
	06/09/1977
	--
	200
	--
	06/09/1977
	--
	210
	--
	06/09/1977
	--
	220
	--
	06/09/1977
	--
	240
	--
	06/09/1977
	--
	260
	--
	06/09/1977
	--
	280
	--
	06/09/1977
	--
	298
	Appendix 1. Water-quality concentrations from water samples collected in mineshafts in the Picher mining district in 1976-1977 -Continued

	Lavrion
	365732094502701
	04/28/1976
	1100
	150
	365732094502701
	04/28/1976
	1200
	160
	365732094502701
	04/28/1976
	1300
	170
	365732094502701
	04/28/1976
	1400
	182
	365732094502701
	04/28/1976
	1600
	191
	Skelton
	365738094495101
	04/26/1976
	1200
	165
	365738094495101
	10/18/1976
	1350
	160
	365738094495101
	06/06/1977
	1500
	150
	365738094495101
	06/06/1977
	1530
	165
	New Chicago
	365754094493401
	04/29/1976
	1100
	167
	365754094493401
	04/29/1976
	1200
	174
	365754094493401
	04/29/1976
	1230
	179
	365754094493401
	04/29/1976
	1300
	181
	365754094493401
	04/29/1976
	1330
	183
	365754094493401
	04/29/1976
	1400
	192
	365754094493401
	04/29/1976
	1600
	197
	365754094493401
	08/26/1976
	1505
	160
	365754094493401
	08/26/1976
	1540
	174
	365754094493401
	08/26/1976
	1555
	187
	365754094493401
	08/26/1976
	1605
	197
	365754094493401
	10/20/1976
	1350
	165
	365754094493401
	10/20/1976
	1410
	180
	365754094493401
	10/20/1976
	1430
	195
	365754094493401
	12/06/1976
	1445
	165
	365754094493401
	12/06/1976
	1500
	180
	365754094493401
	12/06/1976
	1530
	195
	365754094493401
	02/17/1977
	1620
	165
	365754094493401
	02/17/1977
	1630
	180
	365754094493401
	02/17/1977
	1640
	195
	365754094493401
	04/21/1977
	1220
	165
	365754094493401
	04/21/1977
	1230
	185
	365754094493401
	04/21/1977
	1240
	187
	365754094493401
	04/21/1977
	1250
	195
	365754094493401
	06/08/1977
	0815
	160
	365754094493401
	06/08/1977
	0845
	180
	365754094493401
	06/08/1977
	0900
	187
	365754094493401
	06/08/1977
	0915
	195
	Lucky Bill
	365817094510201
	04/22/1976
	1000
	178
	365817094510201
	04/22/1976
	1030
	198
	365817094510201
	04/22/1976
	1115
	204
	365817094510201
	04/22/1976
	1200
	210
	365817094510201
	04/22/1976
	1300
	216
	365817094510201
	04/22/1976
	1400
	222
	365817094510201
	04/22/1976
	1500
	230
	365817094510201
	08/26/1976
	1120
	170
	365817094510201
	08/26/1976
	1205
	190
	365817094510201
	08/26/1976
	1220
	205
	365817094510201
	08/26/1976
	1305
	218
	365817094510201
	08/26/1976
	1335
	228
	365817094510201
	10/20/1976
	0945
	160
	365817094510201
	10/20/1976
	1010
	190
	365817094510201
	10/20/1976
	1100
	210
	365817094510201
	10/20/1976
	1135
	225
	365817094510201
	12/07/1976
	1500
	160
	365817094510201
	12/07/1976
	1515
	190
	365817094510201
	12/07/1976
	1545
	210
	365817094510201
	12/07/1976
	1600
	225
	365817094510201
	02/17/1977
	1400
	160
	365817094510201
	02/17/1977
	1415
	190
	365817094510201
	02/17/1977
	1430
	200
	365817094510201
	02/17/1977
	1445
	210
	365817094510201
	02/17/1977
	1500
	225
	365817094510201
	04/21/1977
	1550
	160
	365817094510201
	04/21/1977
	1600
	190
	365817094510201
	04/21/1977
	1615
	205
	365817094510201
	04/21/1977
	1640
	225
	365817094510201
	06/07/1977
	1215
	155
	365817094510201
	06/07/1977
	1240
	190
	365817094510201
	06/07/1977
	1300
	205
	365817094510201
	06/07/1977
	1315
	225
	Consolidated #2
	365927094485901
	04/20/1976
	0930
	179
	365927094485901
	04/20/1976
	1000
	191
	365927094485901
	04/21/1976
	1100
	210
	365927094485901
	04/21/1976
	1200
	227
	365927094485901
	04/21/1976
	1300
	229
	365927094485901
	04/21/1976
	1400
	234
	365927094485901
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	--
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	04/27/1976
	--
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	--
	04/27/1976
	--
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	--
	04/27/1976
	--
	222
	--
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	--
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	--
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	--
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	--
	04/27/1976
	--
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	--
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	--
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	--
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	--
	06/09/1977
	--
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	--
	06/09/1977
	--
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	--
	06/09/1977
	--
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	--
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	--
	298
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	07/19/2002
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	07/19/2002
	1200
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	07/18/2002
	1100
	760
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