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METHODS

Sample Collection

Samples collected from archived sedimentary
interbed cores from 22 sites were analyzed during a
38-month period beginning in October 1990
(fig. 2). The basis for selection was the availability
of core at the USGS lithologic core library at the
INEL. Sediments from 19 sites in the Big Lost
River Basin were sampled as follows: 14 samples
from 4 sites (DC-1, DC-4, NPR-TEST, and WO-2)
at the New Production Reactor (NPR) area; 10
samples from 5 sites (PW-7, PW-11, TRA-S,
TRA-8, and USGS 80) near the TRA; 13 samples
from 3 sites (USGS 81, USGS121, and USGS 123)
near the ICPP; 8 samples from 2 sites (RWMC-
C1A and USGS 118) near the RWMC; 5 samples
from 3 sites (NRF-6P, NRF-7P, and USGS 99)
near the Naval Reactors Facility (NRF); 1 sample
from USGS 103; and 1 sample from USGS 104. In
addition, nine sediment cores from two sites (TAN
CH-1 and TAN CH-2) near TAN in the Birch
Creek Basin, and five sediment cores from one site
(CLC-4A) in the Mud Lake Basin also were
sampled. Samples were collected by placing
approximately 20 grams (g) of sediment from a
drill core into a glass container. The samples were
labeled and transported to the ISU laboratory for
analyses.

In addition, clay mineralogy of 10 samples that
were analyzed jn 1970 is presented because these
data have not been published previously. The 10

samples were from sites GIN-6, Hwy-1, and USGS
30 and consisted of sediment and vesicle infill.

Sample Preparation and Analysis

X-ray diffraction analysis was used to
determine bulk mineralogy of all particles less than
0.5 millimeters (mm) in diameter and clay
mineralogy of particles less than 2 micrometers
(um) in diameter. Clay mineralogy was
determined only for samples that had clay minerals
present in the bulk analysis. To determine bulk
mineralogy, the sample first was passed through a
0.5-mm sieve, then approximately 3 g was ground
for 8 minutes in a ball-and-mill device to reduce
grain size and to homogenize the sample. The
sample then was ground using a mortar and pestle
until all of the sample passed through a 0.062-mm
sieve. The powdered sample was packed into an
aluminum holder and scanned with a diffracto-
meter using copper Ko (wavelength of the
characteristic line) radiation at a rotation rate of
1 degree 2 theta per minute. The generator was
operated at 35 kilovolts and 15 milliamps.
Diffractograms were prepared at a scale factorof 1,
amultiplier of 0.5, a time constant of 2, and a chart
speed of 2 degrees 2 theta per inch.

Semiquantitative analysis was used to deter-
mine the relative abundances of minerals in the
samples. To obtain the relative mineral percent-
ages, a modification of the method described by
Diebold and others (1963) and Schultz (1964) was
used. The raw percentage of each mineral was
determined by dividing the intensity of each
mineral peak height by the intensity of its pure
standard. The raw percentages were normalized to
100 percent. The intensities of the pure standards
were calculated from standard minerals provided
by the ISU Department of Geology. Schultz (1964,
p. C1) reported uncertainties of £10 percent for
minerals that make up at least 15 percent of the
sample. Diebold and others (1963, table 5, p. 130)
calculated weight percentages within 8 percent of
the true concentrations using a 95-percent confi-
dence interval.

For samples that had a total clay mineral peak
present in the bulk mineralogy analysis, a qualita-
tive identification of individual clay minerals was
made. A modification of methods described by



Drever (1973), Jackson (1985), and Kunze (1965)
was used to prepare clay slides for analysis. First,
the organic matter was removed from approxi-
mately 5 g of the original sample by using a
solution containing 30 percent hydrogen
peroxide. Next, sodium hexametaphosphate was
added to aid in the dispersing of the clay particles.
The less-than-45-pum fraction then was isolated by
using a 325- mesh sieve. The less-than-2-pum clay
particle fraction was isolated by using the principle
of Stoke’s Law, which predicts that the finest silt-
size particles will settle below the top 5 centimeters
of suspension after 3.5 hours. After 3.5 hours, the
suspended clay particles were collected by pipette
and concentrated on a 0.45 um filter. The filtrate
was then transferred to a glass slide and allowed to
dry. Once the sample was dry, it was scanned by
X-ray diffraction to determine the clay minerals
present.

The slides were scanned with a diffractometer
using copper Ka radiation at a rotation rate of
1 degree 2 theta per minute. The generator was
operated at 35 kilovolts and 15 milliamps.
Diffractograms were prepared at a scale factor of 1
or 0.5, a multiplier of 0.5, and a time constant of 2.
The samples were exposed to ethylene glycol for at
least 24 hours and rescanned to differentiate
between smectite and chlorite clays. Smectite
expands from 14 to 17 angstrom units when
ethylene glycol replaces water in the crystal lattice.

The results reported by the X-ray diffraction
laboratory at ISU for the 49 samples analyzed for
clay mineralogy give qualitative estimates of the
abundance of clay minerals in the samples. The
estimates were based on the relative heights of the
clay mineral peaks on the X-ray diffractograms.
Six categories were designated in order of
decreasing abundance: dominant, major, minor,
trace, possibly present, and not detected

Mineralogy of Selected Sedimentary
Interbeds

The bulk mineralogy of 66 samples from 22
sites is listed in table 1 as percent mineral
abundance. Statistical parameters for the bulk
mineralogy data are listed by hydrologic basin in
table 2, and by selected facility in table 3. Clay
mineralogy for 49 of the 66 samples is listed in

table 4. X-ray slides were not prepared for 17 of
the samples because they did not contain clay
minerals. Clay mineralogy for 10 samples from 3
sites analyzed in 1970 is listed in table 5.

Statistical parameters for semiquantitative bulk
mineral analyses for sedimentary interbeds (table
2) show that quartz, total feldspar, and total clay
minerals are abundant in core samples from the Big
Lost River Basin. Fifty-two core samples from the
Big Lost River Basin have respective mean and
median percentages of 36 and 36 for quartz; 29 and
29 for total feldspar; and 15 and 14 for total clay
minerals. Samples collected in the vicinity of
selected facilities, which are all in the Big Lost
River Basin, have similar abundances of quartz,
total feldspar, and total clay minerals (table 3).

Core samples from the Birch Creek Basin have
less abundant quartz, total feldspar, and total clay
minerals than core samples from the Big Lost
River Basin. Respective mean and median
percentages for the Birch Creek Basin are 21 and
20 for quartz, 8 and 8 for total feldspar, and 6 and 4
for total clay minerals.

Overall, calcite is not abundant in core samples
from the Big Lost River Basin but is abundant in
samples from the Birch Creek Basin (table 2). For
example, the respective mean and median percent-
ages of calcite for the Big Lost River Basin are 12
and 5.5; conversely, the respective mean and
median percentages of calcite for the Birch Creek
Basin are 62 and 72.

Core samples from site CLC4A in the Mud
Lake Basin (fig. 2) have respective mean and
median percentages of 31 and 33 for quartz; 19 and
17 for total feldspar; 22 and 15 for calcite; and 21
and 22 for total clay minerals (table 2).

Clay mineral analyses of the 49 samples
containing clay minerals show that smectite and
illite are the most abundant clay minerals (table 4).
Clay mineral analyses of the eight sediment
samples and two vesicle infill samples analyzed in
1970 show that smectite is the most abundant clay
mineral (table 5).

SUMMARY

The USGS project office at the INEL, in
cooperation with the DOE and ISU, analyzed 66
samples from archived sedimentary interbed cores



from 22 sites during a 38-month period beginning
October 1990 to determine bulk and clay
mineralogy. The cores had been collected from 19
sites in the Big Lost River Basin, 2 sites in the
Birch Creek Basin, and 1 site in the Mud Lake
Basin.

Semiquantitative X-ray diffraction analysis was
used to determine bulk mineralogy. Individual
clay minerals were identified in 49 samples.

Mineralogy data indicate that the core samples
from the Big Lost River Basin have larger mean
and median percentages of quartz, total feldspar,
and total clay minerals, but smaller mean and
median percentages of calcite than core samples
from the Birch Creek Basin. Core samples from
the Mud Lake Basin have abundant quartz, total
feldspar, calcite, and total clay minerals. Smectite
and illite are the most abundant clay minerals
present.

Clay mineral analyses of eight sediment
samples and two vesicle infill samples analyzed in
1970 show that smectite is most abundant mineral.
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Table 2.—Statistical parameters for bulk mineralogy of sedimentary interbeds by

hydrologic basin

[Values are percent mineral abundance and are derived from table 1. Total feldspar is the sum of
plagioclase feldspar and potassium feldspar in table 1]

Statistical parameter
Mineral Minimum  Maximum Median Mean Sample size
{Big Lost River Basin]
Quartz 2 64 36 36 52
Plagioclase feldspar 2 46 17.5 18 52
Potassium feldspar 0 23 11 1t 52
Total feldspar 2 64 29 29 52
Calcite 0 96 5.5 12 52
Pyroxene 0 46 7.5 7 52
Olivine 0 6 0 52
Dolomite 0 0 52
Hematite 0 20 0 52
Total clay minerals 0 43 14 15 52
[Birch Creek Basin]
Quartz 2 47 20 21 9
Plagioclase feldspar 0 19 6 9
Potassium feldspar 0 11 9
Total feldspar 0 24 8 9
Calcite 10 98 72 62 9
Pyroxene 0 13 0 1 9
Dolomite 0 13 2 9
Total clay minerals 0 19 4 9
[Mud Lake Basin]
Quartz 21 42 33 31 5
Plagioclase feldspar 8 19 12 13 5
Potassium feldspar 5 12 5 7 5
Total feldspar 13 31 17 19 5
Calcite 13 35 15 22 5
Pyroxene 3 5
Dolomite 3 5
Total clay minerals 13 26 22 21 5
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Table 3.—Statistical parameters for bulk mineralogy of sedimentary interbeds in the
vicinity of selected facilities at the Idaho National Engineering Laboratory

[ Values are percent mineral abundance and are derived from table 1. New Production Reactor
includes results from site identifiers DC-1, DC-4, NPR-TEST, and WO-2 (table 1). Test Reactors
Area includes results from site identifiers PW-7, PW-11, TRA-5, TRA-8, and USGS 80 (table 1).
Idaho Chemical Processing Plant includes results for site identifiers USGS 81, USGS 121, and
USGS 123 (table 1). Radioactive Waste Management Complex includes results for site identifiers
RWMC-C1A and USGS 118 (table 1). Naval Reactors Facility includes results for site identifiers
NRF-6P, NRF-7P, and USGS 99 (table 1)]

Statistical parameter
Mineral Minimum  Maximum Median Mean Sample size
[New Production Reactor]
Quartz 15 62 32 34 14
Plagioclase feldspar 9 27 17 18 14
Potassium feldspar 5 19 11 11 14
Total feldspar 14 45 30 29 14
Calcite 0 52 4.5 12 14
Pyroxene 0 11 0 4 14
Olivine 0 6 0 0 14
Dolomite 0 14
Total clay minerals 0 42 225 21 14
[Test Reactors Area]
Quartz 2 49 30 31 10
Plagioclase feldspar 2 19 125 1 10
Potassium feldspar 0 18 11.5 8 10
Total feldspar 2 37 20.5 19 10
Calcite 0 96 85 20 10
Pyroxene 0 46 6.5 10 10
Total clay minerals 0 43 19.5 19 10
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Table 3.—Statistical parameters for bulk mineralogy of sedimentary interbeds in the
vicinity of selected facilities at the Idaho National Engineering Laboratory—

Continued
Statistical parameter
Mineral Minimum  Maximum Median Mean Sample size
[Idaho Chemical Processing Plant]
Quartz 20 56 39 38 13
Plagioclase feldspar 10 46 21 22 13
Potassium feldspar 0 23 8 10 13
Total feldspar 15 64 34 33 13
Calcite 0 32 10 8 13
Pyroxene 0 18 9 8 13
Dolomite 0 2 0 0 13
Hematite 0 20 0 2 13
Total clay minerals 0 20 15 11 13
[Radioactive Waste Management Complex]
Quartz 35 44 39 39 8
Plagioclase feldspar 11 34 18 20 8
Potassium feldspar 0 20 14 13 8
Total feldspar 12 54 31 33 8
Calcite 0 24 0 6 8
Pyroxene 0 13 8 8 8
Total clay minerals 0 29 14 14 8
[Naval Reactors Facility]
Quartz 15 43 36 32 5
Plagioclase feldspar 9 27 19 19 5
Potassium feldspar 0 22 18 14 5
Total feldspar 9 47 37 33 5
Calcite 0 75 6 22 5
Pyroxene 0 16 8 8 5
Dolomite 0 3 0 1 5
Total clay minerals 0 10 0 4 5
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