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Abstract
Samples were collected in October 1991 

and January to February 1992 at 193 sampling 
sites to characterize base flow in Indepen­ 
dence, Missouri. From all samples collected at 
the base-flow sampling sites, 5 samples 
exceeded a pH of 9.0, total chlorine was 
detected in 45 samples, total detergents were 
detected in 1 sample, and total copper and total 
phenols were not detected in any samples.

Samples were collected from July 1992 to 
February 1993 at five stormwater-runoff 
sampling sites draining single-family, multi- 
family, commercial, and light-industrial land 
uses. Fecal coliform ranged from 500 to 
290,000 colonies per 100 milliliters and fecal 
streptococci ranged from 1,900 to 500,000 
colonies per 100 milliliters in 35 first-flush 
samples collected from 15 storms at the 5 
sampling sites. The fecal coliform to fecal 
streptococci ratio averaged 0.9 and ranged 
from 0.01 to 4.1.

At each stormwater-runoff sampling site, 
three flow-weighted composite samples were 
collected and analyzed for physical properties, 
common constituents, major nutrients, trace 
elements, pesticides, volatile organic 
compounds, and acidic, basic, and neutral 
semi-volatile organic compounds. Runoff 
loads were calculated for each constituent 
detected. The chemical oxygen demand ranged 
from 36 to 1,600 milligrams per liter. 
Biochemical oxygen demand ranged from 15 
to greater than 650 milligrams per liter. 
Dissolved solids concentrations ranged from 
34 milligrams per liter at a commercial site to

14,700 milligrams per liter at a light-industrial 
site that had large unsheltered piles of road 
salt. For all sites suspended solids concentra­ 
tions ranged from 38 to 1,200 milligrams per 
liter.

Antimony, beryllium, selenium, and 
thallium were not detected, and silver was 
detected once. Mercury was detected with 
concentrations of 0.1, 0.2, and 0.3 microgram 
per liter. The following ranges of trace 
element concentrations (micrograms per liter) 
were detected: arsenic (1 to 10), cadmium 
(less than 1 to 40), chromium (less than 1 to 
99), copper (8 to 130), lead (20 to 800), nickel 
(3 to 37), and zinc (110 to 6,200).

Pesticides detected include chlordane, 
p,p' -ODD, p,p' -DOT, diazinon, dieldrin, 
lindane, and Aroclor 1254. Thirteen of the 63 
volatile organic compounds analyzed were 
detected 27 times with concentrations ranging 
from 0.2 to 5.1 micrograms per liter. Acidic, 
basic, and neutral semi-volatile organic 
compounds detected include di-2-ethylhexyl 
phthalate, fluoranthene, phenanthrene, and 
pyrene.

INTRODUCTION

During 1990 the U.S. Environmental 
Protection Agency (USEPA) mandated that all 
cities with a population of 100,000 or greater be 
required to submit a stormwater discharge permit 
application under the National Pollution Discharge 
Elimination System (NPDES) program. The 
purpose of the permit is to establish an approach to
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Hydrologic Data for the Fristoe Unit of the Mark Twain 
National Forest, Southern Missouri, 1988-93

By MJ. Kleeschulte andS.J. Sutley

ABSTRACT

This report contains background hydro- 
logic data collected during an investigation of 
the water resources in the Fristoe Unit of the 
Mark Twain National Forest of southern Mis­ 
souri, from October 1988 through September 
1993. Water-quality data was collected from 6 
stream sites on the Current River, Eleven Point 
River, Spring Creek, and Hurricane Creek; 7 
springs in these river basins; and 29 wells in 
and near the Fristoe Unit. The water-quality 
data were analyzed and compared using trilin- 
ear diagrams, stiff diagrams, boxplots, and 
summary statistics. The water in the streams, 
springs, and wells of this area is a calcium mag­ 
nesium bicarbonate type. Water samples 
collected during high base-flow conditions 
have slightly smaller concentrations of the 
major cations and anions than water samples 
collected during low base-flow conditions. 
Streams generally have a slightly larger potas­ 
sium concentration than the springs, and 
springs have a larger potassium concentration 
than water from wells. Streams also have larger 
concentrations of barium and total organic car­ 
bon than springs and wells. Water collected 
from wells has larger bicarbonate and zinc con­ 
centrations and a larger variability in sodium, 
chloride, and nitrate concentrations than stream 
and spring samples.

Streambed-material samples were collected 
at the stream and spring sampling sites to char­ 
acterize the stream sediments. The results show 
the bulk mineralogy for streambed material to 
be primarily coarse-grain quartz. Quantitative 
elemental (chemistry) analysis on the less than

63 micrometer fraction of the bulk material also 
was performed.

The heavy minerals in the streambed-mate- 
rial samples were selectively concentrated. 
Semi-quantitative optical mineralogy and 37- 
element semi-quantitative emission spectrogra- 
phy analysis were performed on these minerals.

Water-level measurements were made in 
57 wells in the study area in the spring and fall 
from 1990 to 1993 to determine the natural 
fluctuations in ground-water levels. Fluctua­ 
tions ranged from less than 1.0 to 205.1 feet in 
these wells.

Mean daily water levels were tabulated for 
three wells in the area that were equipped with 
continuous water-level recorders. Water levels 
in the lower Eleven Point River well were mon­ 
itored from October 1989 to September 1993 
and depth to water ranged from 289.68 to 
333.39 feet in this well. This well is a former 
exploration hole near the Preference Right 
Lease Application Area that is completed in the 
geologic formations from the Roubidoux For­ 
mation into the Derby-Doe Run Dolomites the 
Ozark aquifer and St. Francois confining unit. 
Water levels in the Ozark Lead Well 1 were 
monitored from October 1988 through Septem­ 
ber 1992, and water levels in the Ozark Lead 
Well 2 were monitored from May 1989 through 
September 1992. Ozark Lead Well 1 is com­ 
pleted in the geologic formations from the 
Gasconade Dolomite to the Davis Formation, 
which includes part of the Ozark aquifer and 
the St. Francois confining unit. Depth to water 
ranged from 78.73 to 90.20 feet in this well.



Ozark Lead Well 2 is open from the Davis For­ 
mation into the Bonneterre Formation, which 
compose part of the St. Francois confining unit 
and the St. Francois aquifer. Depth to water 
ranged from 127.53 to 135.67 feet in this well.

The daily mean discharge for Greer Spring 
was tabulated from October 1989 through Sep­ 
tember 1993. The spring discharge ranged from 
208 cubic feet per second in January 1990 to 
751 cubic feet per second in April 1991.

INTRODUCTION

Exploration for lead and zinc in the Mark 
Twain National Forest in southern Missouri has 
been ongoing since the 1960's. In the late 1970's 
and early 1980's, the search intensified, resulting in 
approximately 250 exploration holes being drilled. 
In 1983, as a result of this drilling, two Preference 
Right Lease Applications were submitted for 
approximately 3,743 acres of land in the Fristoe 
Unit of the Mark Twain National Forest south of 
Winona (fig. 1).

After the Preference Right Lease Applications 
were submitted, the U.S. Department of Agricul­ 
ture, Forest Service (hereafter referred to as the 
Forest Service) and the U.S. Department of the 
Interior, Bureau of Land Management (hereafter 
referred to as the Bureau of Land Management) 
began an Environmental Assessment. During the 
preparation of the Environmental Assessment, the 
two agencies recognized the environmental sensi­ 
tivity of the area, and in 1985 they decided that an 
Environmental Impact Statement was needed. A 
joint Forest Service-Bureau of Land Management 
interdisciplinary team was established and deter­ 
mined that the study area should be enlarged to 
include 119,000 acres of Mark Twain National For­ 
est land that had reasonable potential for mineral- 
leasing proposals.

Following formal appeal of the Environmental 
Impact Statement the agencies decided that insuffi­ 
cient information existed to adequately analyze the 
potential environmental effects of mining in the

area. Because mining could have a potentially 
adverse effect on the surface- and gound-water 
resources in the area and adequate surface- and 
gound-water data for the area were lacking, the 
extent of potential effects was unknown.

In 1990, a study was started by the U.S. Geo­ 
logical Survey (USGS) in cooperation with the 
Missouri Department of Conservation to collect 
"background" hydrologic information in and adja­ 
cent to the Fristoe Unit. Prior to this study, 
insufficient data existed to understand the natural 
flow rates of streams; the type and distribution of 
dissolved minerals, inorganic species, and trace ele­ 
ments in the undisturbed surface and ground water; 
and ground-water level fluctuations and ground- 
water flow in the aquifers.

This report describes the results of water-qual­ 
ity data collection and ground-water level 
measurements that were performed from 1990 to 
1993. Also included are hydrologic data for three 
monitoring wells and discharge data for Greer 
Spring. The methodology used during the collec­ 
tion of these data also is described. The background 
data compiled as a result of this study document 
hydrologic conditions that existed during explora­ 
tion drilling.

Study area

The two adjacent Preference Right Lease 
Application Areas (hereafter referred to as the lease 
area) are located in the Fristoe Unit of the Mark 
Twain National Forest, north of the Eleven Point 
River in Oregon and Shannon Counties (fig. 1). 
Other parts of the Fristoe Unit have potential for 
preference right lease applications, with the excep­ 
tion of the Irish Wilderness. Because of this 
potential the study area for this project was 
expanded to include land bounded by State High­ 
way 99 on the west, U.S. Highway 60 on the north, 
the Current River on the east, and U.S. Highway 
160 on the south.

The study area lies in a region of well-devel­ 
oped karst terrain with numerous large springs. The 
two largest springs in Missouri, Big and Greer
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Springs, are in the study area, and the discharge 
from these springs helps sustain flow in area 
streams. Big Spring is in the Current River Basin 
and has an annual mean discharge of 443 ftVs 
(cubic feet per second). Greer Spring is located in 
the Eleven Point River Basin and has an annual 
mean discharge of 340 ft3/s (Reed and others, 
1994).

Rocks of Cambrian and Ordovician age are pre­ 
dominant at the land surface in the study area 
(Anderson, 1979) and include the rock sequence 
from the Jefferson City Dolomite to the Eminence 
Dolomite. These rocks form part of the Ozark aqui­ 
fer, which is composed predominantly of dolomite 
(fig. 2). The Ozark aquifer includes the formations 
from the Jefferson City Dolomite to the base of the 
Potosi Dolomite (Imes, 1990a) and is the most 
widely used aquifer in the study area for domestic 
and public-water supplies. The St. Francois confin­ 
ing unit lies 1,100 to 1,300 ft (feet) beneath the 
surface of the Ozark aquifer in the lease area (U.S. 
Department of Agriculture, Forest Service, and 
U.S. Department of the Interior, Bureau of Land 
Management, 1991) and consists of the Derby-Doe 
Run Dolomites and the Davis Formation. Underly­ 
ing the confining unit is the St. Francois aquifer, 
which consists of the Bonneterre Formation and the 
Lamotte Sandstone (Imes, 1990b)

Well-Numbering System

In this report, location of wells and exploration 
holes follows the General Land Office coordinate 
system. According to this system (fig. 3), the first 
three sets of numbers of a well number designate 
township, range, and section. The letters that follow 
indicate quarter section, quarter-quarter section, 
and quarter-quarter-quarter section. The quarter 
sections are represented by letters a, b, c, and d, in 
counterclockwise order, starting in the northeastern 
quadrant. Two or more wells or test holes in the 
same division are numbered serially in the order 
they were inventoried.
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WATER QUALITY

Water samples were collected from streams, 
springs, and wells in the study area from September 
1990 to August 1993. Sites were selected that had a 
high probability of being affected by hydrologic 
disturbances in the lease area based on both proxim­ 
ity to the lease area and dye-tracing tests performed 
in the Mark Twain National Forest (U.S. Depart­ 
ment of Agriculture, Forest Service, and U.S. 
Department of the Interior, Bureau of Land Man­ 
agement, 1987). Stream- and spring-water samples 
were normally collected during low base-flow con­ 
ditions that occurred in late summer and fall; 
however, one set of samples was collected during a 
high base-flow period in the spring of 1991. The 
ground-water samples were collected from wells 
during the same seasonal period as the stream and 
spring samples.

Water samples were collected at six sites from 
four area streams (fig. 4). Streams were selected 
that receive water from the lease area either directly 
by runoff or indirectly from springs that receive part 
of their recharge from the lease area. The Current 
and Eleven Point Rivers are the two principal 
streams in the study area and two sampling loca­ 
tions were selected in both streams. The upstream 
sampling locations in these streams were in reaches
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Lithologic description

Dolomite, fine- to medium-grained, argillaceous, 
cherty; "cotton rock" variety locally abundant.

Dolomite, light gray to brown, fine-grained cherty.

Sandstone, quartzose. 

Dolomite, light gray to buff, fine- to coarse­
grained, cherty; contains beds and lenses of 
Cryptozoon.

Dolomite, arenaceous, rounded-frosted quartz 
grains.

Dolomite, light gray, medium- to coarse-grained, 
medium to massively bedded, cherty.

Dolomite, brown to gray, fine- to medium-grained,
massively bedded; contains abundant quartz 
druse and cherty digitate algal forms.

Dolomite, tan to buff, fine- to medium-grained, 
argillaceous, silty, oolitic.

Shale, dolomitic, thin-bedded; contains edgewise 
conglomerate, Eoorthis zone 30 to 35 feet below 
top. "Marble boulder bed" 60 to 70 feet below 
top. Interbedded limestone in some areas.

Dolomite, light gray to dark brown fine- to 
medium-grained, glauconitic in places. Contains 
some dark green to black, thin shale beds. 
Lenses of gray to pink limestone are referred to
ao laUlll OdUft lllcuUlc? .

Sandstone and conglomerate, quartzose, arkosic; 
contains interbedded red-brown shale.

Basic intrusives Granite porphyry 
Intrusives 
Extrusive felsite 
Flows and tuffs

(Modified from U.S. Department of Agriculture, Forest Service, and 
U.S. Department of the Interior, Bureau of Land Management, 1991)

Figure 2. Generalized stratigraphic column.
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Figure 3. Well-numbering system.

where there are no hydrologic influences from the 
lease area and are therefore used as background 
water-quality sites. The downstream sampling loca­ 
tions in both basins were selected so that all 
cumulative effects from the lease area on these 
streams could be detected. Sampling sites also were 
located at the mouth of the Spring and Hurricane 
Creeks. Surface runoff from the lease area flows 
into these tributaries of the Eleven Point River.

Springs are excellent sites for monitoring water 
quality in karst areas because springs typically are 
the lowest point in a ground-water basin, the point 
to which ground-water flow converges (Quinlan 
and Ewers, 1985). Unlike water samples from wells 
that represent the quality of the ground water in the 
vicinity of the well, the quality of water discharging 
from a spring orifice is representative of the 
recharge area for the spring. This recharge area can 
contain ground-water flow from several square 
miles to hundreds of square miles and this can be 
reflected by the volume of discharge from the 
spring. Seven spring sampling sites that are located 
in the Current River, Hurricane Creek, McCormack 
Creek, and Eleven Point River Basins were selected 
because they have the potential to receive recharge 
from the lease area (fig. 4).

Twenty-nine wells were sampled during this 
project (fig. 4). Wells were selected to give a wide 
distribution across the study area. There was, how­ 
ever, a denser spacing near the lease area. All the 
selected wells are completed in the Ozark aquifer.

Sampling Methodology

The following criteria were used to locate the 
cross sections where stream and spring water-qual­ 
ity samples were collected. Sampling cross sections 
in the stream or spring branch were located where 
water was moving with sufficient velocity to allow 
mixing of the water. In addition, water samples 
from springs were collected as close to the orifice as 
possible, usually within a few feet. However, at Big 
Spring, Dennig Series Springs, and Greer Spring 
(fig. 1), this distance was increased to several hun­ 
dred feet to accommodate a wading/sampling cross 
section.

Stream- and spring-water samples usually were 
collected using the equal width increment method. 
This method consists of dividing the stream into 10 
to 15 sampling verticals of equal width. At each 
sampling vertical a water sample was collected
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using a hand-held, depth integrating, epoxy-coated 
sampler containing a glass bottle. The sampler was 
raised and lowered using the same transit rate at 
each vertical, and the amount of water collected in 
the sample bottle is a function of velocity and depth 
of water at the vertical. The water sample from each 
vertical was composited into a polyethylene churn 
splitter. Transit rates were determined using meth­ 
ods described by Edwards and Glysson (1988). 
Discharge measurements at these sites were made 
with a current meter using the general methods 
adopted by the USGS (Carter and Davidian, 1968).

The sampling procedure could not be followed 
at every site, and deviations from the equal width 
increment method occurred at the following sites. 
Water from Barrett Spring (fig. 1) was collected 
from a metal pipe that was the sole discharge source 
for the water from the spring. The water discharging 
from the pipe was allowed to flow directly into the 
churn splitter. The orifice of Falling Spring (fig. 1) 
is located in a bluff and water discharged from the 
spring drops about 15 ft into a pool. The water sam­ 
ples collected before August 1993 were collected 
by standing in the pool under the orifice and collect­ 
ing a "grab" sample directly into the churn splitter. 
The August 1993 sample was collected at the ori­ 
fice in the bluff using a hand sampler.

The water sample to be analyzed was extracted 
from water composited in the churn splitter using 
the techniques described in a report by the U.S. 
Geological Survey (1993). The chemical constitu­ 
ents to be analyzed in the "dissolved" phase were 
filtered onsite through a 0.45-micrometer cellulose- 
nitrate membrane filter supported between lucite 
plates, using a peristaltic pump as the pressure 
source. Constituents to be analyzed as total concen­ 
trations were collected as raw or unfiltered samples. 
After onsite rinsing of the sample bottle and filtra­ 
tion of the water, the samples were preserved. 
Samples for dissolved cations were placed in acid- 
washed polyethylene bottles and preserved with 
ultrapure nitric acid to a pH less than 2. Samples for 
dissolved anions were placed into polyethylene bot­ 
tles. Dissolved nutrient samples (nitrogen and 
phosphorus species) were collected in amber poly­ 
ethylene bottles and preserved by adding 1 rnL

(milliliter) of 10~4 molar mercuric chloride and 
chilling to 4 °C (degrees Celsius). Total organic car­ 
bon samples were collected in 250-mL amber glass 
bottles and preserved by chilling to 4 °C.

The ground-water samples were collected from 
private and public water-supply wells in a three- 
county area surrounding the lease area. The water 
sample was collected as close to the well head as 
possible. When specific conductance, pH, and tem­ 
perature of the water being discharged stabilized, 
the sample was collected in a polyethylene churn 
splitter. The stabilization of these properties usually 
occurred after purging the water system for approx­ 
imately 30 minutes.

Specific conductance, pH, water temperature, 
dissolved oxygen concentrations, and alkalinity 
were determined onsite at all sampling locations. 
Specific conductance values were measured using a 
portable conductivity meter with temperature com­ 
pensation designed to express readings in 
microsiemens per centimeter at 25 °C. The pH was 
measured with a portable pH meter. Water temper­ 
ature was measured with a mercury thermometer to 
the nearest 0.5 °C. Dissolved oxygen concentra­ 
tions were determined at all wells by colorimetry to 
the nearest 0.05 mg/L (milligram per liter) using a 
diethylene glycol and rhodazine-D method devel­ 
oped by Chemetrics 1 . Dissolved oxygen was 
measured with a portable dissolved oxygen meter at 
the stream and spring sites. Alkalinity was deter­ 
mined by incremental titration past the inflection 
point with 0.1600 normal sulfuric acid.

All water-quality samples were analyzed by 
laboratories of the USGS. Samples were analyzed 
for inorganic substances according to methods 
described by Fishman and Friedman (1989) and 
organic substances according to methods described 
by Wershaw and others (1983). The suspended-sed­ 
iment concentrations were determined in the USGS 
sediment laboratory in Rolla, Missouri.

1 Use of trade names in this report is for identification pur­ 
poses only and does not constitute endorsement by the U.S. 
Geological Survey.



When chemical constituents were detected at 
concentrations that were less than limits deemed 
reliable for reporting as numerical values, they were 
considered less that the reporting limit. In the water- 
quality tables at the back of this report, this situation 
is indicated by a less than (<) symbol in front of the 
reporting limit value.

Water-Quality Analysis Techniques

The composition of most natural waters can be 
diagrammatically represented in terms of major dis­ 
solved ionic constituents (Hem, 1985). The relation 
among these major constituents can be displayed by 
grouping ions with similar chemical properties on 
trilinear diagrams. Units on trilinear diagrams are 
generally expressed as percentages of the total mil- 
liequivalents per liter for each ion in a sample, and 
the assumption is made that the sum of these per­ 
centages is equal to 100.

Trilinear diagrams (figs. 5 and 6) approximate 
the composition of the water by grouping the water- 
quality constituents of a sample into three cationic 
and anionic groups. On trilinear diagrams there are 
three separate areas where each sample is plotted. 
The diamond shaped area is used to show the over­ 
all chemical character of the water. The position of 
each point in the diamond indicates the composition 
of the sample in terms of the cation-anion groups 
that correspond to the four vertices of the diamond. 
The triangle in the lower left is used to display the 
relations of the three groups of cations in the sample 
and the triangle in the lower right is used to display 
the relations of the three groups of anions (Hem, 
1985).

Stiff diagrams are another method used to dis­ 
play the major chemical composition of water 
samples. This method uses a distinctive pattern or 
polygon to represent general water composition. 
The diagram uses four parallel horizontal axis 
extending on each side of a vertical axis that repre­ 
sents zero (fig. 7). The milliequivalent 
concentration of cations are plotted to the left of 
zero, and milliequivalent concentration of anions 
are plotted to the right of zero. All ions are plotted

on the diagram using the same scale, and on all dia­ 
grams each ion is plotted in the same order (Hem, 
1985).

A boxplot can be used to visually examine the 
distribution of values for an individual variable or 
for comparing two or more groups of data. Boxplots 
provide a visual summary of the 25th, 50th, and 
75th percentiles and any extreme values in the dis­ 
tribution. An example of a boxplot is shown in 
figure 8. The boxplot consists of the median value 
(50th percentile) plotted as a horizontal line, and a 
box is drawn from the 25th percentile to the 75th 
percentile. The box length equals the interquartile 
range (IQR), and the box represents one-half of the 
data values. The IQR is insensitive to the presence 
of extreme values in the distribution. If the median 
value does not divide the box in two equal parts, it 
indicates there is asymmetry in the data distribu­ 
tion. Adjacent values are located outside the box 
and within 1.5 times the IQR. They are shown as 
whiskers connected to and drawn vertically out­ 
ward from the 25th and 75th percentile lines. The 
individual data points represented by adjacent val­ 
ues are not plotted along the whisker lines. The 
length of the whisker connected to the 75th percen­ 
tile represents the value of the largest adjacent point 
and the length of the whisker connected to the 25th 
percentile represents the smallest adjacent value. 
Values more extreme hi either direction than the 
adjacent values are plotted individually. The values 
equal to 1.5 to 3.0 times the IQR are called "outside 
values" and are represented by an asterisk (*); those 
values greater than 3.0 times the IQR are called 
"far-out values" and are represented by a circle 
(D.R. Helsel, U.S. Geological Survey, written com- 
mun., 1989).

The summary statistics, including the maxi­ 
mum, minimum, mean, and the 95th, 75th, 50th 
(median), 25th, and 5th percentiles, were calculated 
for the water samples collected as a result of this 
project. The 95th percentile value for each chemical 
constituent represents the concentration which 95 
percent of the measured concentrations are equal to 
or less than. Generally, the 95th percentile value 
represents a value that is about two standard devia­ 
tions larger than the mean value for the chemical
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Figure 5. Trilinear diagram of major constituents in water samples from streams and springs.
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Figure 6. Trilinear diagram of major constituents in water samples from wells.
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Figure 7. Representative stiff diagrams from low and high base-flow sampling.

11



(Q i 00 i1 3
 

-g
. 

CD
 

g^ CO

S
P

E
C

IF
IC

 
C

O
N

D
U

C
T

A
N

C
E

, 
IN

 
M

IC
R

O
S

IE
M

E
N

S
 

P
E

R
 

C
E

N
T

IM
E

T
E

R
 

A
T

 2
5
 

D
E

G
R

E
E

S
 

C
E

L
S

IU
S

p
 

bo
ro

 
o

ro
 

bo
C

O ro
CO

 
05

D
 

3J

>
 

ro
 

§;
 

-v
i 

&
 

S
 

»
 

J2
 o CD 3 CD

CD
 

D



constituent. The mean and percentiles for multiple- 
censored data were estimated using a log-probabil­ 
ity regression procedure described by Gilliom and 
Helsel (1986) and Helsel and Conn (1988). A 
parameter is considered censored if greater than 5 
percent of the total number of data values are less 
than the reporting limit. This method is used to esti­ 
mate the values less than the reporting limit of a 
constituent; then these estimated values and the 
detected values are used together to estimate the 
mean and percentiles. When the data set consisted 
almost entirely of values less than the reporting 
limit, the percentiles were not calculated because 
the calculated percentile values were considered 
unreliable. In this situation only maximum, mini­ 
mum, and 50th percentile (median) values were 
reported. When the entire data set consisted of val­ 
ues less than the reporting limit, only a less than the 
reporting limit value was listed in the maximum 
column.

Water-Quality Data

The water-quality data that were collected as a 
result of this study are listed in table 1 (at the back 
of this report). The general water composition in the 
streams, springs, and wells of this area is a calcium- 
magnesium-bicarbonate type. This is graphically 
shown on the trilinear diagrams (figs. 5 and 6) and 
the stiff diagram (fig. 7). The analyses for the 
stream- and spring-water samples were combined 
on the trilinear diagram (fig. 5) because of the sim­ 
ilarity in the cation-anion distribution. The data plot 
in a tight cluster near the 100 percent calcium plus 
magnesium and carbonate plus bicarbonate corner 
of the diamond field in the diagram. The data plot in 
a tight cluster in the lower left triangle that indicates 
approximately an equal distribution of calcium and 
magnesium. The data also plot in a tight cluster in 
the lower right triangle, which shows the anion dis­ 
tribution. The data plot near the vertex showing 100 
percent bicarbonate plus carbonate distribution; 
however, the carbonate concentration (table 1) for 
all samples was zero.

Water analyses for well samples were plotted 
separately from stream and spring samples (fig. 6)

because, even though the water from wells also 
plots predominantly as a calcium-magnesium- 
bicarbonate type, there is a slight difference when 
compared to the stream and spring samples. Several 
of the well-water samples show greater percentages 
of sulfate plus chloride plus nitrate than the stream 
and spring samples. The lower right anion triangle 
and the water-quality data (table 1) indicate this 
variation in distribution is caused by increased chlo­ 
ride and nitrate concentrations.

One water-quality data set was collected from 
the streams and springs in the study area during 
high base-flow conditions in May and June 1991. 
Four sample sets were collected during low base- 
flow conditions. The constituent concentrations of 
the high base-flow samples are slightly lower for 
several of the major cations and anions. This is 
graphically shown for selected streams and springs 
on the stiff diagram (fig. 7). The general pattern of 
all samples from the same site is similar; however, 
the width of the high base-flow samples on the hor­ 
izontal axis are slightly less (fig. 7).

Boxplots for the major chemical constituents 
are shown in figure 9. The boxplots are grouped for 
streams, springs, and wells to analyze each group 
independently and to show any water-quality differ­ 
ences between the groups.

Boxplots of the major cations from the three 
groups (fig. 9) show the similarity of calcium, mag­ 
nesium, and sodium concentrations between 
streams, springs, and wells. Sodium concentrations 
in water from wells, however, have a larger vari­ 
ability than concentrations in water from streams or 
springs. The potassium plot shows streams gener­ 
ally have a slightly larger concentration than the 
springs, and springs have a larger potassium con­ 
centration than the water from wells. Boxplots for 
the major anion concentrations are also similar for 
the three different groups; however, water from 
wells has larger bicarbonate concentrations and 
larger variations in chloride and nitrate concentra­ 
tions than water from the streams and springs. 
Fluoride was not plotted with the other anions 
because most concentrations were less than the 
reporting limit.
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Boxplots also were drawn for trace element 
concentrations of barium, strontium, and zinc and 
for total organic carbon concentrations. Barium 
concentrations were larger in streams than in 
springs and wells, and strontium concentrations 
were similar in all three groups. Zinc concentrations 
in well water generally were larger and more vari­ 
able than zinc concentrations in streams and 
springs, which are similar. Total organic carbon 
concentrations are larger in streams than in springs, 
but concentrations are larger in springs than in well 
water. A total organic carbon concentration of 38 
mg/L from one well sample was not plotted on fig­ 
ure 9 with the other total organic carbon values. If 
this far-out value was included, the scale would 
have to be expanded considerably, causing the size 
of the IQR boxes to be much smaller on the figure. 
This does not affect the values used to draw the IQR 
boxes. Other trace elements were not plotted 
because of the numerous concentrations less than 
the reporting limit.

Summary statistics for the water-quality data 
collected during this project were categorized by 
the three site types used for the boxplots. Categoriz­ 
ing the data by site type better defines the range of 
constituent concentrations from each group. This 
method was preferred over compiling the data from 
all three groups into one data set. This decision was 
based on the results of the boxplots that show there 
can be significant differences in the concentrations 
of some chemical constituents when comparing 
data from streams, springs, and wells. Chemical 
constituent concentrations in water can be affected 
by several factors, including the source of the water 
sampled and the geology and hydrology of an area. 
For instance, ground water that has been in contact 
with geologic formations for an extended period has 
had an opportunity to dissolve minerals present in 
the rock. Similarly, ground water that has traveled 
through conduits in the subsurface and that dis­ 
charges from springs would not have long residence 
times in the subsurface. The opportunity for this 
water to dissolve minerals would be decreased 
(Hem, 1985). The calculated summary statistics are 
listed in table 2 (at the back of this report).

Quality Assurance and Quality Control

Blank samples were collected at the same time 
as the environmental samples during this project 
beginning in September 1991. The water used for 
the first blank sample was deionized and had a spe­ 
cific conductance of 15 juS/cm (microsiemens per 
centimeter at 25 °C). Subsequent water used for 
blank samples was supplied by the USGS National 
Water Quality Laboratory and the quality of the 
blank sample water was such that it had no inor­ 
ganic chemical constituent concentrations greater 
than the reporting level. These blank samples were 
subjected to all aspects of sample collection, pro­ 
cessing, preservation, transportation, and 
laboratory handling as the environmental samples 
and are considered both a sampler and filter blank. 
The blank samples were analyzed for common 
anions and cations, nutrients, and trace elements  
the same as the environmental samples. The ana- 
lytes detected in the blank sample were introduced 
as a result of the field sampling process.

STREAMBED MATERIAL

Streambed-material samples were collected at 
each of the spring and stream water-quality sites. 
Streambed material was collected because most 
mining-related constituents are considered insolu­ 
ble and usually are not detected in the dissolved 
phase in surface water [two notable exceptions are 
sulfate and zinc (Hem, 1985)]. By sampling the 
streambed material, the insoluble chemical constit­ 
uents that are present can be detected and analyzed.

Chemical analyses of streambed-material sam­ 
ples represent the chemistry of rock and soil 
material in the drainage basin upstream from each 
sample site. Such information is useful for identify­ 
ing those basins that contain concentrations of 
elements that may be related to mineral occurrences 
and mining activity. Heavy mineral-concentrate 
samples provide information about the presence of 
heavy minerals (specific gravity greater than 2.85) 
in rock material found in the drainage basin
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upstream from each sample site. The selective con­ 
centration of heavy minerals, many of which may 
be ore related, permits determination of some ele­ 
ments that, because of their small concentrations, 
cannot otherwise be easily detected in streambed- 
material samples.

Sampling Methodology

Streambed-material samples consisted of allu­ 
vium that was collected and composited from 
several localities at each stream and spring sam­ 
pling site. The sampler consisted of a 2-in. (inches) 
cup made of poly vinyl chloride (PVC) attached to a 
stainless steel rod. The sampling cup was scraped 
across the top 2 in. of the streambed and the col­ 
lected material was deposited into a polyethylene 
churn splitter. Each bulk sample was then sieved 
with a 2.0-mm (millimeter, 10-mesh) screen to 
remove coarse material. The less than 2-mm size 
material was saved for further laboratory prepara­ 
tion and analysis.

Streambed-Material Analysis Techniques

The bulk streambed-material samples were 
oven dried at 105 °F (degrees Fahrenheit) at the 
USGS sediment laboratory in Rolla. After drying, 
the samples were sent to the USGS, Branch of 
Geochemistry Laboratory in Denver, Colorado, for 
analysis.

The bulk streambed material was split into two 
unequal fractions. Split 1 consisted of about 85 g 
(grams) of the bulk material and was saved for 
grain-size analysis, semi-quantitative mineralogy, 
and quantitative elemental (chemistry) analysis on 
the less than 63 micrometer fraction. Split 2, which 
consisted of most of the bulk sample, was used for 
the heavy mineral concentrate. Split 2 samples were 
wet panned until most of the quartz, feldspar, 
organic material, and clay-size material were 
removed. The samples were then sieved with a 0.5- 
mm (35-mesh) screen and floated through bromo- 
form (specific gravity 2.85) to remove the 
remaining quartz, feldspar, and other light minerals. 
The heavy material was collected, air dried, and

separated into three magnetic fractions using a 
modified Frantz Isodynamic Separator. The most 
magnetic fraction (C-l), primarily magnetite, was 
saved but not analyzed. The moderately to weakly 
magnetic fraction (C-2), largely ferromagnesian sil­ 
icates and iron oxides also was saved but not 
analyzed. The nonmagnetic fraction (C-3), which 
may include nonmagnetic ore and ore-related min­ 
erals, was saved for subsequent analysis.

All samples were prepared as described above 
except the August 1993 samples, which were first 
wet sieved before drying, which caused virtually all 
clay-size material and some light minerals to be 
washed away. This process adversely affected the 
semi-quantitative mineralogy and quantitative ele­ 
mental results for the bulk stream-sediment samples 
(split 1).

Phase analysis was performed using standard 
X-ray diffraction techniques on the bulk streambed 
material (split 1) sample to determine the minerals 
present. The semi-quantitative analysis that was 
performed on these minerals was accomplished 
using the Reference Intensity Ratio (RIR) method; 
therefore, the values given should not be used as 
absolute numbers but rather as relative concentra­ 
tions from one sample site to another. Standard 
deviation is plus or minus 12 to 15 percent for con­ 
centrations greater than 30 percent and plus or 
minus 18 to 20 percent for concentrations less than 
30 percent. The part of the bulk sample that was 
used for grain-size analysis that was less than 63 
HHI (micrometers) in size was recombined, mixed, 
and submitted for quantitative elemental (chemis­ 
try) analysis using multi-channel inductively- 
coupled plasma atomic emission spectroscopy 
(ICP-AES).

The non-magnetic fraction of the heavy mineral 
concentrate (C-3 fraction) of split 2 was analyzed 
by optical mineralogy to give semi-quantitative 
estimates of the mineral grains present and by 37- 
element semi-quantitative emission spectrography. 
Ideally a 5-mg (milligram) sample is used when 
analyzing the C-3 fraction by emission spectrogra­ 
phy. Many of the C-3 samples were less than 5 mg 
because of small concentrations of heavy minerals 
in the original heavy mineral-concentrate sample;
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however, the samples were analyzed and the results 
were adjusted relative to 5-mg standards. The ele­ 
ments analyzed and their lower limits of deter­ 
mination are listed in table 3 (at the back of this 
report).

Different analysis were used to analyze the stre- 
ambed-material samples collected from September 
1991 through August 1993. The first streambed 
material collected in September 1990 was analyzed 
only as a bulk material sample; no heavy mineral 
concentrate was analyzed. Beginning in May 1991, 
both bulk sample and heavy mineral-concentrate 
analyses were performed. The 37-element semi- 
quantitative emission spectrography analysis was 
performed on the bulk streambed-material sample, 
and the mineralogy of all three fractions (C-l, C-2, 
and C-3) of the heavy mineral concentrate was opti­ 
cally determined. Beginning in September 1991 
after reviewing the heavy mineral-concentrate data, 
optical mineralogy was performed and the 37-ele­ 
ment semi-quantitative emission spectrography was 
used only on the C-3 fraction of the heavy mineral 
concentrate.

Streambed-Material Data

Data from the bulk streambed-material analysis 
from split 1 are listed in tables 4 to 7 (at the back of 
this report). The bulk sample grain-size distribu­ 
tions listed in table 4 indicate the sediments are 
primarily coarse-grained material. The semi-quan­ 
titative mineralogy listed in table 5 show the 
streambed material is primarily quartz with minor 
amounts of other minerals. The quantitative ele­ 
mental (chemistry) analyses of the less than 63 
micrometer fraction are listed in table 6. After siev­ 
ing was completed on the May 1991 sample from 
the Current River at Hawes Memorial Campground 
(fig. 1), there was insufficient sample to perform 
this analysis. The results of the semi-quantitative 
emission spectrography analysis performed on the 
May 1991 bulk samples are listed in table 7. The 
data in table 7 show many of the mineralogic con­ 
centrations of the samples were less than the lower 
determination limit. The exceptions were calcium, 
iron, magnesium, and titanium expressed in percent

by weight and barium, copper, manganese, lead, 
and zircon expressed in micrograms per gram.

The heavy mineral-concentrate data from split 
2 are listed in tables 8 and 9 (at the back of this 
report). Results of optical mineralogy performed on 
the non-magnetic (C-3) minerals present in the 
heavy mineral concentrate of the streambed material 
(table 8) indicate zircon and dolomite are typically 
the two most abundant minerals present. Zircon 
typically was the dominant mineral detected in stre­ 
ambed material from the surface-water sites and 
dolomite was the dominant mineral detected at the 
spring sites. The lead detected at the various sites 
was metallic lead, which is anthropogenic lead-not 
minerals containing lead. This means the form in 
which the lead was detected was a result of the 
effect of humans and not naturally occurring lead 
minerals in the environment.

The results of emission spectrograph analysis 
of the C-3 fraction are found in table 9 (at the back 
of this report). The data indicate boron, barium, 
manganese, lead, tin, and zircon were typically 
detected in concentrations greater than 1,000 jig/g 
(micrograms per gram).

WATER-LEVEL DATA

Depth-to-water measurements were made in 57 
wells in a four-county area surrounding the lease 
area to determine both ground-water altitudes and 
the range of ground-water fluctuations from May 
1990 through September 1993 (fig. 10). The wells 
were measured in the spring when ground-water 
altitudes are usually at their highest and in the fall 
when ground-water altitudes are usually their low­ 
est. These spring and fall periods were chosen to 
give the largest range in natural ground-water fluc­ 
tuations that can be expected for the area. Ground- 
water levels were measured from the top of the well 
casing using an electric tape to the nearest 0.1 ft. 
The distance the well casing extended above land 
surface was measured and subtracted from the 
depth-to-water measurement. The land-surface alti­ 
tudes were obtained from USGS 7.5-minute 
topographic maps. The altitudes are accurate to
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one-half of the contour interval of the map. Because 
of the steep topography in southern Missouri, all of 
the topographic maps used had contour intervals of 
20 ft. The depth-to-water measurements are listed 
in table 10 (at the back of this report) with the range 
of water-level fluctuations for each site.

Continuous water-level recorders were oper­ 
ated on three wells (fig. 10) during this project. 
Water levels in the lower Eleven Point River well 
(Rl) were monitored from October 1989 to Septem­ 
ber 1993. This well is a former exploration hole 
near the lease area that is completed in the geologic 
formations from the Roubidoux Formation into the 
Derby-Doe Run Dolomites. These formations com­ 
pose part of the Ozark aquifer and St. Francois 
confining unit. The other two wells are the Ozark 
Lead Wells 1 and 2, which are adjacent to each 
other 11 mi (miles) northeast of Eminence, Mis­

souri. Water levels in the Ozark Lead well 1 were 
monitored from October 1988 through September 
1992, and the well was completed in the geologic 
formations from the Gasconade Dolomite to the 
Davis Formation, which includes part of the Ozark 
aquifer and St. Francois confining unit. Water lev­ 
els in the Ozark Lead well 2 were monitored from 
May 1989 to September 1992. This well is open 
from the Davis Formation into the Bonneterre For­ 
mation and includes part of the St. Francois 
confining unit and the St. Francois aquifer.

Water-level data from these three wells are 
shown in table 11 (at the back of this report) and 
hydrographs for these wells are presented in figure 
11. Depth to water ranged from 289.68 to 333.39 ft 
in the lower Eleven Point River well, from 78.73 to 
90.20 ft in Ozark Lead well 1, and from 127.53 to 
135.67 ft in Ozark Lead well 2.
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Figure 11. Hydrographs for three continuously monitored wells.
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SPRING-DISCHARGE DATA

A continuous gaging station was operated at 
Greer Spring (fig. 1) during this project. The daily 
mean discharge is computed from rating tables that 
give the corresponding discharge for the measured 
gage height (stage). The rating table was prepared 
from stage-discharge-relation curves previously 
developed for Greer Spring. When the stage-dis­ 
charge relation changes because of physical 
changes to the control, the discharge was computed 
by the shifting-control method. The daily mean dis­ 
charge for October 1989 through September 1993 is 
listed in table 12 (at the back of this report). The dis­ 
charge from Greer Spring ranged from 208 ft3/s in 
January 1990 to 751 ft3/s in April 1991.
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Table 3. Limits of determination for the spectrographic analysis of heavy mineral concentrates based on a 5-milligram 
sample

Elements

Calcium
Iron
Magnesium
Phosphorous
Sodium
Titanium

Antimony
Arsenic
Barium
Beryllium
Bismuth

Boron
Cadmium
Chromium
Cobalt
Copper

Gallium
Germanium
Gold
Lanthanum
Lead

Manganese
Molybdenum
Nickel
Niobium
Palladium

Platinum
Scandium
Silver
Strontium
Thorium

Tin
Tungsten
Vanadium
Yttrium
Zinc
Zirconium

Lower determination limit

Percent by weight
0.1

.1

.05

.5

.5

.005

Milligrams per kilogram
200
500
50

2
20

20
50
20
10
10

10
20
20
50
20

20
10
10
50

5

20
10

1
200
200

20
100
20
20

500
20

Upper determination limit

50
50
20
20
10
2

20,000
20,000
10,000
2,000
2,000

5,000
1,000

10,000
5,000

50,000

1,000
200

1,000
2,000

50,000

10,000
5,000

10,000
5,000
1,000

1,000
200

10,000
10,000
5,000

2,000
20,000
20,000
5,000

20,000
2,000

42
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Table 8. Optical mineralogy of heavy mineral concentrate from streambed-material samples

[Mineralogy of all three fractions of the heavy mineral concentrate were determined for the May 1991 sample; samples collected after May 1991 
had only the C-3 fraction analyzed; C-l, highly magnetic; C-2, moderately to weakly magnetic; C-3, non-magnetic; highly oxidized material 
described as amorphous iron oxide by laboratory technician; --, no data; **, sample not large enough to separate magnetically so results are for the 
total concentrate in approximate descending order of concentration; number in parenthesis is percentage of constituent determined]

Site 
number 
(fig- 4) Date Sample size Sample description

SW1 Current River at Van Buren
05-91   C-l magnetite, highly oxidized magnetic material.

C-2 hematite, highly oxidized material, garnet, tourmaline. 

C-3 dolomite, zircon, apatite, rutile, tourmaline.

09-91 1 to 2 milligrams Small grains: zircon (40), residual para-magnetic oxidized material (25), calcite (10), dolo­ 
mite (5), apatite (5), barite (5), rutile (5), rock fragments (5), probably few grains cas- 
siterite.

08-92 9 milligrams Zircon (50), rutile (15), dolomite (10), tourmaline (10), apatite (5), calcite (5), barite (2),
lead contamination (2).

08-93 - Well rounded apatite (50), reddish-brown rock fragments (20), rounded tourmaline (10),
rounded sphene and rutile (10), angular carbonate (10), traces of pyrite, metal shanks, 
and blue-gray slaggy material.

SW2 Current River at Hawes Memorial Campground

05-91 - """Hematite, oxidized material, apatite, tourmaline, calcite, zircon, rutile, garnet.

09-91 1 to 2 milligrams Small grains: dolomite (40), zircon (15), rock fragments (10), calcite (5), barite (5), tour­ 
maline (5), rutile (5), few grains of lead contamination.

08-92 4 milligrams Dolomite (30), zircon (30), limonitic rock fragments (20), apatite (10), barite (5), calcite
(2), rutile (2).

08-93 - Ferruginous rock fragments (70), rounded black tourmaline (10), rounded apatite (10),
rutile, rounded zircon, sphene, and angular carbonate (10).

SW3 Eleven Point River at Thomasville

05-91 - C-l magnetite, highly oxidized magnetic material.

C-2 highly oxidized material, hematite, garnet. 

C-3 zircon, apatite, rutile, tourmaline, few oxidized grains.

09-91 1 to 2 milligrams Small grains: zircon (50), dolomite (10), rock fragments (10), rutile (5), barite (5), anatase
(5), apatite (5), tourmaline (5), probably few grains of cassiterite.

08-92 7 milligrams Small grains: zircon (50), apatite (10), rutile (10), dolomite (10), oxidized rock fragments
(10), anatase (5), tourmaline (2), lead contamination (2), probably few grains of cassiter­ 
ite.

08-93 - Ferruginous rock fragments (90), rounded tourmaline, apatite, zircon, and pyrite (10).

SW4 Spring Creek
05-91 -- """Highly oxidized material, hematite, garnet, calcite, zircon, tourmaline, rutile, apatite.

09-91 1 to 2 milligrams Small grains: zircon (60), calcite (10), dolomite (5), barite (5), anatase (5), rutile (5), rock
fragments (5), apatite (2), a few tourmaline grains.

08-92 5 milligrams Zircon (60), rutile (20), apatite (10), anatase (5), dolomite (1 to 2), calcite (1 to 2).

08-93 - Rounded black tourmaline (40), rounded apatite (40), zircon (10), rutile, anatase, and rock
fragments (10), trace pyrite.
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Table 8. Optical mineralogy of heavy mineral concentrate from streambed-material samples-Continued

Site 
number
(fig. 4) Date Sample size Sample description

SW5 Hurricane Creek
05-91 -- """Highly oxidized material, hematite, garnet, apatite, tourmaline, zircon.

09-91 1 to 2 milligrams Small grains: zircon (45), dolomite (25), rock fragments (13), anatase (5), calcite (5), barite
(3), apatite (2), tourmaline (2).

08-92 7 milligrams Dolomite (40), zircon (20), limonitic rock fragments (20), rutile (10), apatite (5), lead con­ 
tamination (2), pyrite (1).

08-93   Ferruginous rock fragments (40), rounded black tourmaline (30), apatite (20), zircon, rutile,
anatase, and angular carbonate (10).

SW6 Eleven Point River near Bardley
05-91 - * ""Garnet, highly oxidized material, hematite, calcite, tourmaline, apatite, zircon, rutile.

09-91 1 to 2 milligrams Small grains: zircon (45), calcite (20), dolomite (15), lead contamination (5), rutile (5),
rock fragments (3), apatite (2), anatase (2), barite (2).

08-92 6 milligrams Zircon (45), limonitic rock fragments (10), apatite (10), tourmaline (10), dolomite (10),
anatase (5), barite (5), calcite (2).

08-93 - Ferruginous rock fragments (60), angular carbonate (30), rounded tourmaline, apatite, and
zircon (10), and trace epidote.

SP1 Barrett Spring

05-91 - """"Dolomite, calcite, oxidized material, garnet, tourmaline, apatite, zircon, lead contamina­ 
tion, rutile.

09-91 40 to 50 milligrams Lead fragment contamination (40), dolomite (35), zircon (10), calcite (5), pyrite (2), rutile
(2), a few grains of cassiterite.

08-92 60 milligrams Mostly dolomite (60), much man-made contamination including lead (15 to 20), zircon
(10), limonitic rock fragments (10), rutile (2), apatite (2).

08-93 - Rounded black tourmaline (30), ferruginous rock fragments (30), angular carbonate (30),
rutile, anatase, and zircon (10), and contaminated with slaggy glassy material.

SP2 Big Spring
05-91 - """Hematite, highly oxidized material, dolomite, tourmaline, garnet, apatite, zircon, rutile.

09-91 10 to 15 milligrams Small grains: dolomite (50), zircon (20), residual para-magnetic oxidized material (15),
barite (5), apatite (2), rutile (2), anatase (2).

08-92 20 milligrams Dolomite (55), zircon (20), tourmaline (10), limonitic rock fragments (10), apatite (2),
rutile (2), barite (1).

08-93 - Angular carbonate (40), rounded apatite (20), red-brown iron oxide fragments and rock
fragments (20), rounded to angular zircon (10), rounded tourmaline (10), traces of sphene 
and rutile.

SP3 Dennig Series Springs
05-91 - "'"'Dolomite, garnet, tourmaline, oxidized material, apatite, rutile, zircon, anatase.

09-91 1 to 2 milligrams Small grains: dolomite (70), zircon (15), barite (5), anatase (5), tourmaline (5), probably
few grains cassiterite.

08-92 20 milligrams Zircon (50), rutile (20), tourmaline (10), anatase (10), apatite (5).

08-93 - Black rounded tourmaline (40), angular carbonate (40), apatite, rutile, and anatase (10), fer­ 
ruginous rock fragments (10), and glassy slag contamination.
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Table 8. Optical mineralogy of heavy mineral concentrate from streambed-material samples-Continued

Site 
number 
(fig- 4) Date Sample size Sample description

SP4 Falling Spring

05-91 - C-l magnetite, highly oxidized magnetic material.

C-2 highly oxidized material, hematite, tourmaline, garnet.

C-3 predominantly dolomite, zircon, apatite, rutile, lead contamination.

09-91 5 to 6 milligrams Tiny grains: residual para-magnetic oxidized material (40), dolomite (20), zircon (13), cal-
cite (10), barite (5), lead fragment contamination (5), rock fragments (5), rutile (2), prob­ 
ably few grains cassiterite.

08-92 140 milligrams Dolomite (70), lead contamination (10), oxidized pyrite (5), zircon (5), tourmaline (5), apa­ 
tite (1).

08-93 - Limonite/goethite pseudomorphs after magnetite (70), angular carbonate (20), rounded
tourmaline, zircon, rock fragments, apatite, and lead fragment contamination (10).

SP5 Greer Spring

05-91 -- C-l magnetite, highly magnetic oxidized material.

C-2 highly oxidized material, hematite, garnet, some dolomite.

C-3 predominantly dolomite, lead contamination, zircon, apatite, rutile.

09-91 50 to 60 milligrams Mostly small grains: dolomite (50), zircon (20), calcite (10), lead fragments (10), rock
fragments (5), anatase (2), and probably a few grains of cassiterite.

08-92 125 milligrams Dolomite (65), calcite (10), limonitic rock fragments (10), zircon (10), man-made contami­ 
nation including lead (5), apatite (2), and possibly a few grains of cassiterite.

08-93 - Angular carbonate (40), ferruginous rock fragments (40), rounded black tourmaline (10),
rounded white apatite, rutile, and zircon (10), traces of contamination (yellow beads of 
welding material).

SP6 McCormack Spring

05-91 - **Dolomite, apatite, zircon, oxidized material, tourmaline, garnet, 1 grain pyrite, anatase,
rutile.

09-91 1 to 2 milligrams Small grains: dolomite (50), zircon (25), barite (5), rutile (5), rock fragments (5), tourma­ 
line (5), pyrite (2), few grains of cassiterite.

08-92 12 milligrams Mostly tiny grains: dolomite (60), zircon (20), tourmaline (10), apatite (3), rutile (3), ana­ 
tase (2).

08-93 - Angular carbonate (80), rounded apatite and black tourmaline (10), rock fragments (10),
traces of anatase, biotite, and metal fragments.

SP7 Turner Spring

05-91 - C-l magnetite, highly magnetic oxidized material.

C-2 hematite, highly oxidized material, garnet. 

C-3 mostly dolomite, zircon, anatase, rutile, tourmaline, apatite.

09-91 30 to 40 milligrams Small grains: dolomite (70), zircon (15), barite (5), rock fragments (5), tourmaline (2),
rutile (2), apatite (1).

08-92 130 milligrams Dolomite (75), limonitic material (15), zircon (5), tourmaline (3), apatite (1), rutile (1).

08-93 - Angular carbonate (80), ferruginous rock fragments (10), rutile, zircon, apatite, and
rounded tourmaline (10).
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