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Preliminary Study of Geotechnical Properties of the
Fort Union Formation near Recluse, Wyoming

By E. E. McGregor and J. K. Odum

Introduction

This report contains the results of selected physiéa]-properties tests of
rocks from the Fort Union Formation near Recluse, Wyo. The rocks were
obtained from drill holes cored by a contractor for the U.S. Geological Survey
(see figs. 1, 2, and appendi% for locations and legal descriptions). Testing
was done at the drill hole sites by E. E. McGregor and J. Sebesta and in the
laboratory by J. K. Odum and J. Sebesta of the U.S. Geological Survey, Golden,
Colo. The purpose of this study is to gather data on the physical properties
of the Fort Union Formation that relate to coal mining operations in this area
and to make these data public; this study is part of an engineering geologic
research program on rock properties in the Powder River Basin, and is part of
the Energy Lands Program.

Testing of the rock samples has followed ASTM (Am. Soc. Testing and
Materials, 1964) procedures wherever possible. The ASTM test designations are
discussed in section called "Explantory Notes." The other tests that are not
" ASTM standards are included in this report as research and experimental

information.
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Engingering Geology

Approximately 250 tests were performed on 72 samples of core, 82.6 mm in
diameter, to determine geotechnical properties. An average of 14 rock samples
was taken from each drill hole for testing, both in the field and in the
laboratory. The results of these tests indicate weak rocks that can pose
engineering geologic problems associated with the in-place material and the
disturbed material.

With only a few exceptions, compressive- and tensile-index tests
performed on the rock samples have low va]ﬁes similar to those test results
obtained on rock samples from drill holes at Ashland, Mont. (McGregor,

1975). These data and the physical-properties data, Atterberg limits, and -
gradation (grain-size distribution) suggest the need for careful design in
slopes, open mine faces, and open-pit floors. Some of the rocks were so weak
that they could not be tested as rocks and had to be considered as soils for
geotechnical testing.

Testing of rocks from other areas in the Powder River Basin, near
Quietus, Mont., Sheridan, Buffalo, and Monarch, Wyo., is in progress at this
writing. It is hoped that results from this testing, along with those in this
report, will give more definitive answers to some of the engineering geologic

problems of the rocks in the Fort Union Formation.



Explanatory Notes
The Unified Soil Classification, gradation, and Atterberg limits are from
the "Earth manual--A water resources technical pub]ication"i(U.S. Bureau of

Reclamation, 1974):

1. Unified Soil Classification System.

2. Gradation (grain-size distribution): ASTM designation D-422-63. Material
finer than a No. 200 sieve is subdivided as foliows--silt, 0.074-0.004 mm;
clay-size is less than 0.004 mm, according the Wentworth classification
(1922).

3. Atterberg limits: ASTM designation D-423-66, liquid limit of soils. ASTM

designation D-424-54T, plastic and plasticity index of soils.



1.

2.

The following field index tests are described in Aufmuth (1974):A

The Schmidt rebound hammer is essentially a nondestructive, portable, and
inexpensive test device that expends a definite amount of energy stored in
a spring (approximately 0.54 ft/1b) in impelling a steel hammer of uniform
weight and cross-sectional area against the material's surface. The
amount of rebound of the hammer after striking the surface is indicated on
a graduated scale. This number has been designated as "R," and has been
correlated with the compressive strength of concrete and rock. Values
shown in the column are in "R's".

The slake durability test is a measurement of the resistance_of a rock to
weakening and (or) disintemration resulting from cyclic wetting and
drying. Values shown in the column are the percentages of material larger
than 2 mm remaining after the test. Ten rock specimens, each weighing 40-
60 g and oven-dried at 43°C to constant weight, are placed in a 2-mm
standard mesh cylinder. The cylinder is placed in a water tank containing
distilled water as the slaking fluid and is rotated at 20 r/min +1 r/min
by a motor assembly for 10 minutes. Then the mesh drum is removed from
the slaking fluid tank, and the remaining material is removed from the
drum, dried to constant weight, and weighed. The slake durabi]ity index
is calculated as the percentage ratio of the final to initial dry-sample

weight. Data for one cycle are shown in this report.



3.

The point-load strength test is intended to measure the strength of rock
samples in the form of specimens of regular geometry. Testing was done on
natural core in the field and as received in the laboratory. Data
obtained consist of failure load in psi (pounds per square inch) at time
of failure, and the core diameter and (or) cross-sectional area at initial
loading. From this, the point-load tensile strength of the rock may be
calculated. Values shown in the column by the triangles are the tensile
strengths parallel to bedding, and, by the circles, normal to bedding.
These values are expressed in MN/m2 (meganewtons per square meter). The

test procedure was described in detail by Broch and Franklin (1972).

-
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LITHOLOGIC SYMBOLS

Calcareous

?n;h{ Soil horizons
and root zones

[ shale %2 F|Plant fragments

o Pyritic

_: Sandstone

v/ Islickensides

] Siltstone

Claystone - Washed-out zones,
core loss

[~ =~ Mudstone

¥ '_g Coal
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Legal Descriptions of Drill Holes
RM-1 SE1/4 SW1/4 NW1/4 sec. 33, T. 56 N., R. 72 W.
RM-2 SW1/4 SW1/4 NE1/4 sec. 32, T. 56 N., R. 72 W.
RM-3 NE1/4 NW1/4 NW1/4 sec. 25, T. 56 N., R. 73 W.
RM-4 NE1/4 SW1/4 SW1/4 sec. 25, T. 56 N., R. 73 W.
Rﬁ-s NET/4 NW1/4 NE1/4 sec. 21, T. 56 N., R. 73 W.
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