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A STANDARD ROCK SUITE FOR RAPID EXCAVATION RESEARCH
by

Warren W. Krech, ! Frank A. Hendersen, 2 and Kenneth E. Hielmstad?

ABSTRACT

Rock property data is needed over a wide range of parameters for the opti-
mum execution of rapid excavation research. Eight rock types were chosen by
the Bureau of Mines for a standard rock suite for such research, Large rock
blocks were quarried and the standard physical and mechanical properties mea-
sured and documented, The eight rock types that comprise the rock suite are
Barve Granite, Berea Sandstone, Dresser basalt, Holston Limestone, Salem Lime-
stene, Sioux Quartzite, St. Cloud Gray Granodiorite, and Westerly Granite,
Geologic, petrographic, physical-property, and mechanical-property test data
are reported for each rock type. The information is the first step in the
building of a comprehensive property listing for the eight rock types. A
limited number of rock cubes are available from the Bureau of Mines Twin
Cities Mining Research Center for use by researchers to broaden the informa-
tion available on the suite.

INTRODUCTION

Early in the Rock Mechanics and Rapid Excavation research program spon-
sored by the Advanced Research Projects Agency (ARPA), it became obvious that
a single supply of rock was required to fulfill the needs of the various
groups conducting research within the program. It was felt that a single
supply would prevent each researcher from wasting time and money in the quest
of suitable rocks, Furthermore, a single supply of rock could be stocked and
maintained with proper precaution given to sample selection, orientation, and
documentation; a2 single operation could be conducted with greater overall
economy than could a myriad of small, scattered rock supply operations,

A suite of eight rock types was, therefore, selected by the Bureau of
Mines for use by various groups in rapid excavation research, The suite was
selected based on their availability of rock in large and fairly homogeneous
lots and on the likely pertinence of their properties to the ARPA program
requirements, Table 1 gives a listing of the rock types and their source

1Mining engineer.
2Geophysicist (now with Soils and Materials Engineering, Inc., Detroit, Mich.).
SGeophysicist.,



location.

Blocks of approximately 40 cu ft were obtained for each rock type,

with the blocks oriented with respect to in situ orientation for five of the

eight types.

with all orientation marks preserved on each cube.

TABLE 1.

Each large block was cut into approximately forty 1-ft cubes,

- Suite of rocks for ARPA contractors

Rock tvpe

Geologic name

Location

Granodiorite,.eceaessenvsnes
Feldspathic sandstone.......
Hornblende biotite basalt...
Bioclastic limestone........

Brecciated limestone........
Quartzite....oeeaeen. crseenn
Granodiorite0.|l.il..l."...

Barre Granit@..ssescevsvaes
Berea Sandstone.sscscessnsse
Dresser basalt...iiviencane
Holston Limestone
(Tennessee marble),
Salem (Indiana) Limestone..
Sioux Quartzite............
St. Cloud Gray Granodiorite
(Charcoal granite),
Westerly Granite...........

Barre, Vt,

Amherst, Ohio.
Dresser, Wis.
Friendsville, Tenn.

Bedford, Inc.
Jasper, Mimn.

Cold Spring, Minn.

Westerly, R.I.

Property data for the selected rocks have many applications in
Unfortunately, data for & given rock type are
available in literature over a wide range of parameters significant
Since the expense of conducting a
ety of tests on a rock type is usually too great in time and monies

excavation research.

particular research application.

rapid

not always
to the
wide vari-
for each

research group to justify, it was decided that certain physical and mechanical
properties should be provided along with the rock blocks supplied to the

reseatch groups.

Establishing a set of property data for each rock type could

then be accomplished at very little extra expense and would save the various

researchers from expending redundant effort to develop these data.

The

researcher could then concentrate on obtaining specialized information related
to his particular research problem, much of which could then be added to a
central file for that rock type,

Accordingly, standard physical property tests were performed on each rock

type.

The results of those tests, along with a background geologic sketch,

are presented for each of the eight rock types. Three cubes from along a

diagonal line through the large block were selected as specimen sources for
laboratory testing in order to establish the degree of homogeneity of the
large blocks as well as to provide a representative sampling.

ACKNOWLEDGENTS

The information presented was prepared as part of an in-house research
project supported by the Advanced Research Projects Agency under its Rock

Mechanics and Rapid Excavation program.

Special acknowledgment is made of the

contributions of Robert C. Steckley, Geologist, Twin Cities Mining Research
Center, for providing thin-section photographs and Norman G. Adamson, Geclo-
gist, Twin Cities Metallurgy Research Center, for providing the modal analyses

of the eight rock types,



DESCRIPTION OF PROPERTY TEST METHODS

A set of standard procedures was used to prepare the samples and to deter-
mine the physical properties for each rock type., From each of the three
l-cu-ft blocks a 3-inch sphere, ten l-inch-diameter by 4-inch-long cores, and
ten l-inch-diameter by l-inch-long cores were cut. After the acoustic measure-
ments were made on the 4-inch-long cores, they were cut in half and 10 samples
each were prepared for compression and tension tests. The Shore hardness
measurements were made on the tension test specimens. The ten l-inch-diameter
by l-inch-long cores were cut for porosity and permeability measurements,

Acoustic Anisotropy

The 3-inch spheres were prepared (13)* for the acoustic anisotropy mea-
surements with the Z-axis in the up direction and the X-axis horizontal in,
the direction of the orientation mark on the block. The prepared specimens
were dried for a minimum of 5 days in a vacuum oven at 150° F, Longitudinal
pulse velocities were measured in 73 directions at a room environment of
approximately 75° F and 40 pct relative humidity. The velocity measurements
were plotted on a lower hemisphere equal-area projection grid and contoured
with isovelocity lines (3). The high (V;,,) and low (V;,,) velocities were
determined from this plot, and percent anisotropy (A) was computed using the
formula

V., -V
A= 1ty L.t x 100.
1/2 (Vaaye + Vgn)

The elastic symmetry system of the rock was determined from the pattern of the
contoured stereoplot.

Dyvnamic Properties

The l-inch cores for dynamic testing were prepared with the long axis per-
pendicular to the top face of the block, which corresponds to the Z direction
on the stereonet plots of velocity. The specimens were dried for a minimum of
5 days in a vacuum oven at 150° F prior to pulse velocity measurement. Longi-
tudinal and shear pulse velocities measurements were obtained on an ultrasonic
pulse bench (12). The dynamic elastic constants were calculated from the
velocities and the specimen density, using equations derived with the assump-
tion of isotropy.

Physical Properties

Porosity and permeability measurements were made on the l-inch-long speci-
mens. Prior to measurement, the specimens were ultrasonically cleaned in dis-
tilled water through 3 cycles of 5 minutes each, then dried at 212° F for
72 hours prior to testing, Porosity was measured by the pressurized helium

“Underlined numbers in parentheses refer to items in the list of references at
the end of this report,



and mercury barometer method, and permeability by a commercial permeameter
capable of detecting liquid permeabilities to as low as 1 x 107 cm/sec.”

Shore hardness tests were conducted using the Shore scleroscope.® Ten
readings were taken on each specimen, and the average value determined, The
coefficient of variation was calculated using the average value for each
specimen.

Static Properties

The specimens for compression and tension tests were prepared by halving
the 4-inch-long cores used for the dynamic properties measurements and grind-
ing of the new specimen ends, The specimens were prepared according to speci-
fications set forth by ASTM guidelines for sample preparation {(1-2). An MTIS
Systems Corporation material testing system was used for both the tension and
compression tests. Constant specimen deformation rate was applied to the
specimen by the programed closed-loop electrohydraulic servocontrolled system.
The deformation rate was controlled at a level corresponding to a strain rate
of 1 X 10°° cm/cm/sec for the compression tests and 1.6 X 107® cm/cm/sec for
the tension tests (6). Moduli values are tangent values fit to the highest
value slope in the central half of the applied load range. (Several of the
rock types showed extremely nonlinear load-deformation curves in either or
both the tension and compression regions.)

ROCK SUITE DESCRIPTION

Barre Granite

Geolegic Occurrence

Barre Granite occurs in an elongate body about 4 miles in length, trend-
ing north-northeast, in the east-central region of Vermont just outside the
town of Barre, Vt. The granite resists erosion and occurs in two prominent
knobs or domes which intrude a country rock of schist, quartzite, and meta-
limestone (Devonian period), which are part of a tremendous thickness of
Paleozoic metasediments underlying east-central Vermont (4).

SPermeability, K, is determined by the Darcy relationship

= 4
K=’
where K = permeability in cm/sec,
q = flow rate in cm®/sec,
A = area in conf?,

and i = pressure gradient in cm/cm.

The relationship is for 24° C distilled water as the flowing fluid. Cor-
rection for other temperatures or fluids can be made by a ratio of the
viscosity of the flowing fluid to that of water at 24° (¢, The pressure
gradient is the change in pressure (expressed in water column height) per
unit length of flow path,

®Reference to specific brand names is made for identification only and does
not imply endorsement by the Bureau of Mines.



The age of the Barre Granite has been estimated as 330+25 million years (Carbon-
iferous period) as determined by the rubidium/strontium method, using the biotite in
the rock (9). It is thought to have been emplaczd as a magma, which made room for
itself by a combination of gentle intrusion and magmatic stoping of the overlying
schist. The hypothesis is supported by evidence such as the remarkable uniform
nature of the granite, little reaction with wall rock or inclusions, concordancy
with country rock, and lack of marginal faults or fracture zones along contacts,

The rock is a massive gray, medium- to fine-grained biotite granite of very uni-
form texture. The rift trends northeast and is approximately vertical; the grain is
horizontal; and the hardway is vertical and trends northwest, There are longitudinal
joints which are vertical to steeply dipping, and trend mortheast, A few vertical
dikes of dark lamprophyre, up to several feet thick, are oriented in a north-
easterly direction (4&}.

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 1. The equal area plot of the acoustic velocity is shown
in figure 2. Barre Granite has an orthotropic elastic symmetry with a velocity
anisotropy of over 18 pct. The intermediate value elastic axis is vertical in these
blocks with the low value elastic axis 60° to the left of the orientation arrow and
the high value elastic axis 30° to the right of the orientation arrow. The arrow
indicates the in situ north direction and the block face lying 30° to the right of
the arrow is the rift direction in the quarry.

- Table 2 gives the physical property, static, and dynamic test results.

TABLE 2. - Barre Granite test results

Property! Block No. 1 | Block No, 16 | Composite
Mean | CV® | Mean Cv¢__|Mean |[CVZ _

POrosity.esesessesnssnasacssosssneessaspctes | 0,41 58,3 0.60 | 33.9 | 0.51 [44.2

Permeability...vcceanns ticesssentans pum/sec,. (3) - (3) - *) -
DenSityeeecencaacacasratnnanens crenes g/em®.. | 2.64| 0.0 2.64 0.0 | 2,64 0.9
Shore hardness......... teeeccareenensaraeens 90.3f 5.3 | 87.3 2.6 | 88.8| 4.3
Compressive Strength.....eesssessess MN/DZ., 2051 9.9¢6 189 | 9.78 197 | 10.5
DOcssnnnssennserronensesnssnesl0® psi, 29.819.%96 | 27.4 | 9.78| 28.6 (10.5
Compressive Young's moduluS.....,....GN/m*,. 46,4 | 12.9 44,8 7.10 | 45.6 | 10.4
DOtuetenatneanacnnnnanasnnnane 10° psi.. 6.73112.9 | 6,49 7.10 | 6,61 |[10.,4
Tensile strengthiviiiesececinscnns coMN/ef L. 6.68| 26.6| 8.66 | 6.79 7.67 |21.4

DOuisesnssesasanssvsnssnsseaasl0® psiL, 0,97 | 26.6 1.26 6.79 1.11 | 21.4
Tensile Young's moduluS.....seseoe...GN/m°,, | 16.8| 2.43| 18,2 | 14,3 | 17.5|20.0

DOieeresnsnncncoancnannnnnncns 10° psi.. 25.6 | 2,43 2.64 | 14.3 | 25,4 120,0
Pulse veloeity....... cestctsttneanne km/sec.. 3.81) 0.2 ] 3.77 1.4 3.79 1.1
Bar veloCity.ieeereessoanns cietaeenas km/sec.. | 3.56 [ 0.7 | 3.45 4.9 ] 3.51 1 3.8
Torsional velocity...veevecvssenesekm/sec,, 2,50 0.6 2.45 2.5 | 2.48 | 4.9
Dynamic Young's modulus*............. GN/mf.. | 33.5| 1.6 31.5 9.6 | 32.5| 7.2
Dynamic shear modulus?,.....eeeseeese ON/m,, 16.6) 1.2} 15.8 5.0 16.2 ) 4.2
Poisson's ratio®.....veeeurae- resnsaneseess. 10.221 ] 3.8 10.245 15,1 /0,233 12,4
lSpecimen prepared with the long axis perpendicular to the top face (along Z-axis).

2Ccefficient of variation, percent.
3Less than 1 x 10"* ,m/sec.
“*Calculation is based on the assumption of isotropy.



BARRE GRANITE

Thin section at crossed nicols Thin section plane polarized
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Scale, mm

No. 3-186

Barre Granite

Color:Light gray

Texture: Medium-gromed, granitic, sub-

hedral feldspar and mrca grains
are surrounded by anhedral

quartz.

Prases: Plagioclase - 50.0 pct
Quartz - 22.0 pct
Microcline - 10.0pct
Biotite - B.0pct
Muscovite - &.0pct
Opaque acces-
sory - 4.0 pct

Classification: Grgnodiarite

3/4=inch-diameter core
FIGURE 1. - Petrographic description of Barre Granite.

Reproduced from
best avallable copy.




FIGURE 2. - Equal orea projection of sonic pulse velocity (km/sec) for Barre Granite.

Berea Sandstone

Geologic Occurrence

Berea Sandstone is a flat-bedded, light gray, medium- to fine-grained
protoquartzite with a silica and clay cement, Berea, early Mississippian in
age, is underlain by Bedford shale and normally overlain by the Sunbury shale,
(In the quarry district this shale has been eroded away and the only overlay

are deposits of glacial drift.)



In northern Ohio, Berea Sandstone is made up of two phases: an upper phase con-
sisting of sheet sandstone 20 to 40 ft thick, and a lower phase, a massive sandstone
which fills deeply cut channels (up to 250 ft deep) into the Bedford shale, in which
the quarries are situated, This thick channel sandstone is remarkably free of con-
tamination; scattered plant fragments and thin seams of coaly material make up less
than 1 pct of the bulk of the stone.

Both the Bedford shale and Berea Sandstone were deposited by distributaries of
the "Ontario River' entering a sea from the north, After its deposition and con-
solidation, the Bedford shale was uplifted, and the rejuvenated distributaries cut
deeply into the Bedford shale. At the time the Berea Sandstone was deposited, the
river became overloaded with sand, filled the entrenched channels, and then spread
laterally to form the sheet sandstone of the upper phase (4).

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 3, The equal area plot of the acoustic velocity is shown
in figure 4, Berea Sandstone has an orthotropic elastic symmetry with 9.3 pct
velocity anisotropy. The low value elastic axis is nearly vertical with the high
value elastic axis 10° to the right of the orientation arrow and dipping at about
30° below the horizontal plane, The orientation arrow is neot related to an in situ
direction other than being on the in situ upper face. Cross bedding in this sand-
stone is known to be a common occurrence,

Table 3 gives the physical property, static, and dynamic test results.

TABLE 3. - Berea Sandstone test results

Property? Block No. 5|Block No. 13/Block No. 21[Composite

Mean | CV® |Mean CV®_|[Mean | CV° |Mean |CV®
POrosSity.iesessonesesenanesaspCtn, 1.1 2,0| 19,3 3.0| 19.0 3.1 19.1| 2.7
Permeability..cvevenvnenns um/sec..| 0.56 47.1| 0.69 | 36.6| 0.58 ] 39.3| 0.61|40.5
Density.eeuuvenconnanennane g/cm®.. 2,11 6.5 2.11 0.6 2.11 0.5| 2.11] 0.6
Shore hardness....cceieeoicenreans 32.9 7.4) 32.1 12.6] 30.3 9.2) 31.8)10.2
Compressive strength.......MN/nf.,| 44,5} 8,5| 46,2 8.4) 46,2 T 4| 46,2) 7.9
DOuuvsasvaneeaarenns 0% psi,o | 6.45) 8,5 6,70 8.4| 6,70 7.4] 6,70) 7.9

Compressive Young's modulus

GN/nf .. 14,3 13.4( 15.7 11.8] 13.9 8.6 13.8|12.3
DOusssnsvesssssnassasl0f psin,| 2,08 13.4( 2,27 | 11.8| 2,02 8.6| 2,00/12,3
Tensile strength.....o.....MN/m",. 0.984| 9,96 1.03 8.9 1.17 |18.2| 1.07|15,4
DOveerncennnconnanss 10° psi.. | 0.143( 9.96|0.149 8.9|0.171 18.210.155[15.4
Tensile Young's modulus....GN/m®,.| 1,81 16.6| - - 1.30 |29.2| 1,49|28.8
DOyevevevansennesess10% psi.. | 0.262] 16.6| - - |o0.188 | 29,2|0.216(28.8
Pulse velocityiesvenseease km/sec.. 2.40 1.2y 2.50 1.5} 2.45 1.6 2.45( 2.1
Bar veloCity,ieoeanernnsns km/sec.. 1.91 2.8 2.09 2.6 2.03 1.6 2,01 4.5
Torsional velocity,.......km/sec,. 1.40| 2,7] 1.51 2.2 1.46 1.7 1.46| 4,0
Dynamic Young's modulus®...GN/m%.. 7.72 | 6.0| 9.28 5.7| 8.71 3.5] 8.50| 9.6
Dynamic shear modulus®..,..CN/nf.. 4,11 5.9 4.88 5,0 4.52 3.9 4.45) 8.3
Poisson's ratio®,.veeveresenesvsss | 0.346| 2,8(0,317 2.9/0,325 2,6(0.329] 4.6

1Specimen prepared with the long axis perpendicular to the top face (along Z-axis).

“Coefficient of variation, percent,
3Calculation is based on the assumption of isotropy.



BEREA SANDSTONE
Thin section photographs

Thin section at crossed nicols Thin section plane polarized
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Scals, mm

No. 3-5
Berea Sandstone
Color : Light tan

Texture: Massive, granular,sand-size
groins of quortz

Phases: Quartz - 77.5 pct
Feldspar - 16.0 pct
Kaolinite - 5.0 pet
Muscovite - 0.5 pct
Corbonate - 0.5 pct

The quartz grains cre anhedrof to sub-
hedral. The feldspors are egquant to

elongate to annedral to euhedral. The
quartz and feldspar grains ore cemented
together by chert. Much altered feldspar

is found between quartz and feldspaor grains.

Classification: Feldspathic sandstone

3-inch-diameter core
FIGURE 3. - Petrographic description of Berea Sandstone.

Reproduced from
best available copy.
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FIGURE 4, - Equal area projection of sonic pulse velocity (km/sec) for Berea Sandstone.

Dresser Basalt

Geologic Occurrence

Dresser basalt from Dresser, Wis., is an altered basalt at the south-
western end of a belt of igneous rocks of the Middle Keweenawan era that trend
northeast to Lake Superior., This belt of Precambrian rocks consists mainly of
gabbro and basic lava flows with basic and acidic intrusives (8).
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The Keweenawan series of the Lake Superior region was formed in late Precambrian
time. The first event was the deposition of the lower Keweenawan sediments. ‘The
middle Keweenawan is recognized by enormous extrusions of predominantly basic amygda-
loidal laval flows with interbedded sandstone and conglomerates. The widespread extent
of flows and lack of volcanic ash indicate that the flows came from a fissure or system
of fissures rather than from volcanoes. This period of extrusives was followed by the
upper Keweenawan period of predominantly continental sedimentary deposition (ll).

In the vicinity of Dresser (west-central Wisconsin) the deposit has undergone con-
siderable hydrothermal or deuteric alteration., The rock has been classified as either
an altered gabbro or an altered basalt, but the latter term is the one most cocmmonly
used,

The deposit is highly jointed and faulted; there is no appearance of any definite
joint system; and the strike and dips range through 180°, Two nearly vertical faults
cut through the Bryan quarry east-west and north-south. Associated with these two
faults are several flat-dipping faults, Because of the irregular fracture pattern,
the deposit, as exposed at the quarry, appears in the form of unconsolidated blocks,
slabs, and wedges.

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 5. The equal area plot of the acoustic velocity is shown in
figure 6, Dresser basalt has a transversely isotropic elastic symmetry with 2.5 pect
velocity anisotropy. The low value elastic axis is 30° to the right of the orientation
arrow. This arrow is not related to any in situ direction,

Table 4 gives the physical property, static, and dynamic test results.

TABLE 4, - Dresser basalt test results

Property! Block No. 17 |Block No. 28|Block No. 68| Composite
Mean CV= [Mean CV¥ {Mean CV° [Mean cve
PotoSity.isveseransseanrcnsasrapPCla, 0.16 9.,0| 0,15 | 0.05) 0,25 12,7 0.19 57.3

Permeability...veeeeeee.. .um/sec.. ) - () - (3) - ) -
DenSity.ceecnnrencasnaseaaglom.. 3.02 0.1 3.01 0.7( 3.01 0.1] 3.01 0.5
Shore hardnessS...esssesinosscossns 95,0 3.1] 93.2 2.5 94,2 1,9] 94.1 2,6
Compressive strength.......MN/m®.. 479 7.91| 413 | 10.7{ 429 9.16f 440 | 11.0
DOveescsarsnanaaeassl0® psic. 69.5 7.91! 59.9 10.7| 62.2 9,16] 63.9 11.0

Compressive Young's modulus

GN/u®.. | 88.5 | 2.43| 82.1 | 2.18( 87.5| 2.42| 86.1 4.1
DOuveseveaerensneesal0® psic, | 12,8 | 2,43( 11,9 | 2,18] 12,7| 2.42| 12,5 4,1
Tensile strength...........MN/nmP.. | 22.9 24| 24.0 | 38.0{ 17.6| 57.0| 22.1 | 39.7
DOuservnnserasennsasl0® psi,. | 3,33 24| 3.48 | 38.0| 2.56{ 57.0| 3.20 | 39.7
Tensile Youngs' modulus....GN/m®.. 133 9| 121 21} 105 23| 119 | 20.2
DOvreravnsnessrsanneal0f psi,, 19,2 9| 17.6 21] 15,3 23] 17.3 20,2
Pulse velocity....... «e...km/sec.. 6.77 0.3| 6.67 0.3} 6.72 0.3| 6.72 0.7
Bar velocity..eusesreans . km/sec.. | 6.12 0.2 5.99 0.4] 6,04 0.5| 6.05 1,0
Torsional velocity........km/sec.. 3.86 0.2 3.76 0.4 3.80 0.6| 3.80 1.2
Dynamic Young's modulus®...GN/m®.. 113 0.5 108 1.5, 109 1.1 110 2.5
Dynamic shear modulus®.....GN/m®.. | 44.9 0.4 42.5 1.5 43.4 1.3| 43.6 2.6
Poisson's ratio®....vevevvveeeeses | 0.261 1.410,266 1,1(0.266 1.510,264 1.6

rghecimen prepared with the long axis perpendicular to the top face (along Z-axis).
2Qoefficient of variation, percent,

3less than 1 x 10~% um/sec.

“Calculation is based on the assumption of isotropy.
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DRESSER BASALT

Thin section at crossed nicols Thin section plane polarized

0.0 O 0.2 0.3 0.4 05 06 0.7 0.8 09 1.0
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Scale, mm

No. 3-68
Dresser basalt
Calar: Dark groyish green

Texture: Ophitic,massive,fine grained

Phases: Plagioclase - 41.4 pct
Pyroxene - 40.4pct
Chlorite - 6.0pct
M agnetite - 53 pct
Amphibole - 1.9 pct
Sericite - 4.7 pct
Hematite - 0.3 pet

Much of the original pyroxene is altered to
amphibole chlorite. Plagioclase shows con-
siderable alteration to sericite.

Classification: Hornblende bictite basalt

3/g-inch-diameter core
FIGURE 5. - Petrographic description of Dresser basalt,
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FIGURE 6. - Equal area projection of sonic pulse velocity (km/sec) for Dresser basalt,

Hclston Limestone

Geclogic Occurrence

The Holston formation, with other lithologically similar rocks, is found
in a series of northeastward trending belts several hundred feet wide and tens
of miles long in the Great Valley of east Tennessee (7). The active quarries
are centered in the Knoxville area,
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The Holston formation is known by the trade name of Tennessee marble because it
meets or exceeds the ornamental and construction requitrements of a marble. It is,
however, an essentially unmetamorphosed, coarsely crystalline limestone of Middle
Ordovician age, The formation shows a range of colors from light gray to pinks and
red to dark brown. Dark gray stylolitic seams are characteristic features, and
often separate one color from another.

The whole formation is about 400 ft thick, but seldom is more than 75 ft
quarryable because of folding, faulting, and erosion. The dip is gentle to
overturned (4).

The Holston Limestone was deposited as a "fossil hash," consisting of shells
and shell fragments. After their deposition, the beds were buried, compacted, and
lithifjed, ZLater tectonic activity was not only responsible for folding, faulting,
and regional uplifts, but also for partial recrystallization to a fabric of twinned
calcite grains that enclose and replace fossil fragments.

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 7. The squal area plot of the acoustic velocity is shown
in figure 8. Holston Limestome has a tramsversely isotropic elastic symmetry with
2.9 pct velocity anisotropy. The low value elastic axis is perpendicular to the
orientation arrow and in the horizontal plane., The in situ orientation of this
unique axis is in the east-west direction. The planes of isotropy are vertical and
north in direction.

Table 5 gives the physical property, static, and dynamic test results.

TABLE 5. - Holston Limestone test results

Property® Block No. 1llBlock No. 13!Block No. 40 Composite
Mean | CV° |Mean | CV° [Mean | CV° |Mean |CV°
POTOSItY.eunsenoasssnnaessaaapetn. | 0.24| 20.0] 0.17 | 26.0] 0.11 | 57.4| 0.17]43.4

Permeability.ievsesusaas,.um/sec,, | - &) - * - 3y -
Density.eeevsesssvecseessroegfem’,, | 2,70 0,0| 2,70 0.0| 2,70 0.0} 2.70| 0,1
Shore hardness..... csaesns senesans 56.4) 3.9 57.9 3.0| 60.8 1.8) 58.4| 4.3
Compressive strength.......MN/u®., 119 3,16 116 | 5,79 119 2.40] 118 4,1
DOuscevaannsncanssas10® psi,. 17.2| 3,16f 16.8 | 5.79| 17,3 | 2,40 17.1} 4,1

Compressive Young's modulus

GN/uf .. 61.2| 8.59| 61.3 t 9.02, 64.0 | 3.93| 62.2| 7.5
DOvervanennnnnconas ..10° psi.. 8.88| 8.59: 8.89 | 9.02| 9.28 | 3.93| 9.02| 7.5
Tensile strength........... MN/uf . . 10,1 | 14.7| 8.08 | 28,1 11.9 20.4| 10.,1§25.6
DOveeveesnssaannsesal0® psi.. 1.47| 14,7 1,18 | 28,1 1.67 | 20.4| 1,45|25.6
Tensile Young's modulus.,,.GN/m®.. 79,01 5.40] 70.3 | 20.1}] 71.0 24,5 73.3|18,1
DOysonvasnnsnenasess 10° psi.. 11.4| 5,40 10.2 20.1{ 10,3 24,5| 10.6|18.1
Pulse veloCity.vseensensas km/sec.. | 6.46| 0.2| 6.45 0.1| 6.42 0.2] 6.44( 0.4
Bar velocity¥.eeuss--. ceeare km/sec.. 5.43| 0.2] 5.41 0.1 5.41 0.1] 5.42| 0.2
Torsional velocity........km/sec,. 3.36| 0.0| 3.35 0.0 3.35 0.1] 3.35| 0.1
Dynamic Young's modulus®,..GN/m®.. | 79.7| 0.4] 79.1 0.2] 79.1 0.3| 79.3| 0.5
Dynamic shear modulus*.....GN/m®.. | 30.4| 0.2| 30.4 0.1 30.3 0.3 30.4| 0.3
Poisson's ratio®........ reseann «as | 00317 0.4)0.317 0.3]0.315 0.4]|0.316| 0.5

lSpecimen prepared with the long axis perpendicular to the top face (along Z-axis).

2Coefficient of variationm, percent,
3less than 1 x 107% ym/sec,
4Calculation is based on the assumption of isotropy.
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HOLSTON LIMESTONE
Thin section photographs

TS P e g
T

Thin section at crossed nicols Thin section plane polarized
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Scale, mm

No.3-IT
Holston Limestone
Color: Pink

Texture: Massive,crystalline, twinned
crystals of calcite surrogund
bioclastic calcite. Opaque
matter is disseminated through-
out the fossiliferous calcite.

Phoses: Bioclastic - 70.0pct
Crystalline calcite - 29+ pct
Cpogue matter - 1.0pect

Classification: Bioclastic limestone

3/4-inch-diameter core
FIGURE 7. - Petrographic description of Holston Limestone.

Reproduced from
best available copy.
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FIGURE 8. - Equal area projection of sonic pulse velocity (km/sec) for Holston
Limestone,

Salem Limestone

Geologic Occurrence

Although such names as Salem, Spergen, Indiana, and Bedford have all been
applied to limestone from which the Bedford, Inc,, building stone is obtained,
Salem is the name preferred by the U.S. and Indiana Geological Surveys (14).
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Salem is a flat-lying Mississippian age limestone which underlies the St. Louis
Limestone and in Indiana overlies the Harrodsburg Limestone, In Indiana, Salem is
typically massive and lenticular, attaining thicknesses of 50 to 60 ft but locally
pinching out, Layers of buff to nearly black bituminous calcareous shale are asso-
ciated with the massive limestone, especially at the top and bottom. Including
these layers, the formation has a maXimum thickness of 90 to 100 ft.

Salem Limestome is a distinctive rock type which may be called a microquina and
has even been referred to as a spergenite because of the abundance of fossils and
fossil fragments. As the fossil shells accumulated, they were washed back and forth
by waves, swept along by currents, and finally deposited as bars and shoals along a
shoreline, grading seaward into a normally bedded limestone. Megascopically the
fossil remains resemble clean winnowed sand. After its burial, the calcareous sand
was cemented by crystalline caleite (4).

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 9. The equal area plot of the acoustic velocity is shown
in figure 10. Salem Limestone has an orthotropic elastic symmetry with 2.9 pct
velocity aniscotropy. The low value elastic axis is vertical and hence perpendicular
to bedding. The high value elastic axis is 45° to the right of the orientation
arrow and the intermediate value axis is 45° to the left of the arrow. The geo-
graphic orientation is unknown,

Table 6 gives the physical property, static, and dynamic test results,

TABLE 6, - Salem Limestone test results

Property- Block No. 1[Block No. 10[Block No. 40|Composite

Mean | CV* [Mean CV¢ |[Mean CV° [Mean [CV®
POroSity,.eeeinnsscessnnssnncsePCl,. 12,0 4,71 12,8 3,91 12,6 1.6 12,5 4.4
Permeability........ ere-..cm/sec,. | 0.607 ] 17.5/0.008 17.5]0.008 18.9{0.008| 18.6
DENSilYuueeennenncennnenn c.glem®LL f 2,34 0.2 2.34 0.2] 2.33 0.2 2.34| 0.2
Shore hardnessS...ieeesesasseancans 28.0| 6.0| 26.4 6.5 25.9 12.4| 58.4| 4.3
Compressive strength.......MN/m®.. 40,6 4.8 38,1 7.2 53.0 21.0| 43.9(21,1
DOt svesnenesnnnaseas 0% psi,, 5,89 4,8] 5,53 7.2 7.69 21,01 6,37|21,1

Compressive Young's modulus
GN/m2.. | 19.4 20.1) 17.0 20.5] 39.3 47.9] 25.2]59.0

DOuuveeennnarsensaasl0? psi., 2,81 | 20.1) 2.47 20,5 5.69 47.91 3.66|59.0
Tensile strength.,,........MN/m0%,. 5.26 | 24.9| 5.24 17.3]| 5.19 12.5! 5,23/18,1
DOurreveseenseeasss s 0% psi.. 0.77 | 24.9) 0.76 17.3] 0.76 12.5|0.759(18.1
Tensile Young's modulus....GN/m2.. 30.8 | 32.7] 30.4 | 14.2| 29.2 16.7] 30.0|20.9
DOuerreesnnnseeanas 10 psi,, 4,47 | 32.7| 4.40 14,2 4,23 16,7 4.35(20.,9

Pulse velocity............km/sec,. 4,49 1 0.9 4.51 0.7| 4.5 0.7, 4.51| 0.9
Bar velocity.....veveee...kmfsec.. | 4.02| 1.0] 4.03 0.8| 4.04 1.2| 4.03| 1.0
Torsional velocity........km/sec.. 2,55 1.0 2.56 0.5] 2.56 0.7 2.56| 0.8
Dynamic Young's modulus®,,.GN/m®,. | 37,8} 2.3] 37.9 1,7] 38.1 2.4] 37,9| 2.1
Dynamic shear modulus®..... GN/me .. 15.2 ] 2.4 15.3 1.3} 15.4 1.5 15.3; 1.8
Poisson's ratio®......vveiaceianas | 0,270 2,7(0,271 1.6/0.280 2,410,272 2.4
lSpecimen prepared with the long exis perpendicular to the top face (along Z-axis).

2Coefficient of variatien, percent,
“Caleulation is based on the assumption of isotropy.
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SALEM LIMESTONE
Thin section photographs

Thin section at crossed nicols Thin section plane polarized
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Scala, mm

No. 3-1t

Solem Limestone

Color: Light tgn to brown

Texture: Bioclastic
Shells of gastropods,crinoid
stems ond calices are cemented
together by crystalline calcite.

Pnases: Bossiliferous calcite - £€9.0 pct
Caicite cement - 31.0 pct

Ctassification: Brecciated limestone or
cequina

3/4-1nch-diameter core

FIGURE 9. - Petrographic description of Salem Limestone.

Reproduced from
best available copy.
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FIGURE 10. - Equal area projection of sonic pulse velocity (km/sec) for Salem
Limestone.

Sioux Quartzite

Geologic Occurrence

Sioux Quartzite, known commercially as Jasper quartzite, is exposed and
quarried in the southeastern corner of South Dakota and the southwestern cor-
ner of Minnesota. It is a sedimentary rock that consists predominantly of
pink-coated, fine grains of quartz sand cemented to a nonporous guartzite by
silica. Since both the grains and cement are made of silica, the rock is homo-
geneous, tough, hard, and pure.



20

Sioux Quartzite evidently accumulated as a series of water-laid sands that were
deposited near the shore of an ancient shallow sea or large lake., The evenness of
grain size and the absence of anything but quartz grains indicate that the material was
worked for a long time by water before being covered by more sand. The presence of
ripple marks and cross bedding indicate that the transporting currents were strong, and
the presence of mudcracks suggest an environment of alternating air and water exposure
typical of a tidal flat or other shore zone,

The sediments are laterally extensive and have been gently warped, tilted, and
jointed at some period in the past. The formation is estimated to be more than 3,000 ft
thick, and from data available, appears to be an east-west trending syncline or group
of synclines. Usually there are three sets of well developed, primarily vertical
joints striking N 75°-45° W, N 10°-15° W, and N 55°-70° E; in some exposure, however,
there is no discernible pattern to jointing or direction of jointing (3).

The age of Sioux Quartzite cannot be determined directly by its relationship to
other formations, because it is obscured by glacial overburden and no fossils are
present. From evidence available the formation is Lower Ordovician or older and most
writers feel that it is upper Precambrian,

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 11, The egqual area plot of the acoustic velocity is shown in
figure 12. Sioux Quartzite has an orthotropic elastic symmetry and 9.6 pct velocity
anisotropy. The low value elastic axis is vertical and perpendicular to the bedding.

A high value elastic axis is oriented N 253° E in the horizontal plane. This is 25° to
the right of the orientation arrow. The intermediate elastic axis is difficult to
establish with certainty but is probably N 65° W and in the horizontal plane,

Table 7 gives the physical property, static, and dynamic test results,

TABLE 7. - Sioux Quartzite test results

Property* Block No. 12 |Block No. 16|Block No. 35| Composite

Mean | €V [Meapn CY® [Mean CV°_ {Mean ove
PoroSity.sescesseercassnaassebCt,. 0.15 34,3 0.15 34,6 6.13 | 62.4| 0.14 37.9

Permeability...ecvsvess...um/sec.. ®) - ) - ) - ) -
DensSity.eeervassserveseoesaglom,, 2.64 0.0| 2.64 0.0| 2.64 0.0 2.64 0.1
Shore hardness...........o-....... 102.4 3.0 100.9 202 10112 108 101— 204
Compressive strength.......MN/w®.. 512 | 10.2| 511 | 8.54| 492 | 7.38| 505 8.7
DOuiavevnernsnnnsecasl0® psi., 74.3 10.2| 74.1 8.54| 71.3 7.38| 73.2 8.7

Compressive Young's modulus

GN/m?.. | 50.2 | 3.60| 59.8 | 8.68| 59.2 | 1.74| 56.4 8.2

DOvenvsennsnsrssssess 10 psi., 7.28 3.60| 1,59 8,68 8,59 1,74| 8.18 8.2
Tensile strength...........M¥/nf,. 10.2 | 9.08] 11.0 | 12.64 11.4 | 27.3| 10.8 | 18.1
DOverasaarsnosanseasal0% psi.. 1.49 9.08| 1.60 12.6| 1.64 27.3] 1.57 18.1
Tensile Young's modulus..,.GN/m?,, 25,1 27.5| 31.3 | 18.2| 26,8 | 23.0| 27.9 23.7
Douvunns veeveaceaaesl0® psi.. | 3.30 | 27.5] 4.54 | 18.2| 3.8% { 23.0| 4.05 | 23.7
Pulse veloCcity..uus-ua....km/sec.. 4.74 2.0 4.80 3.4 4.72 2.5 4.75 2.8
Bar veloeity.isssesesnsaackmisec,, | 4,65 1.5| 4,68 3.8 4,59 2.9 4,63 3.5
Torsional velocity........km/sec,, | 3.43 1.1} 3.46 2.7] 3.41 2.0| 3.43 2.1
Dynamic Young's modulus®...GN/m®.. | 57.0 3.1| 57.8 7.64 55.5 5.9| 56.8 6.0
Dynamic shear modulus®,.,..GN/m®., 31.0 2,3| 31,6 5.5| 30,6 4,0 31.1 4,3
Poisson's ratio*.sieeeeeiecesnassss | 0,119 | 35,0(0.143 | 16.4)0.153 | 12.3(0.138 | 23.3

‘Specimen prepared with the leong axis perpendicular to the top face (along Z-axis).
2Coefficient of variation, percent,

2Less than 1 x 10°% um/sec.

4Calculation is based on the assumption of isotropy.
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SIOUX QUARTZITE
Thin section photographs
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Thin section at crossed nicols

Thin section plane polarized
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No. 3-35
Sioux Quartzite
Color: Grayish pink

Texture: Massive and granular with angular to
subrounded sand-size quartz grains.
The quartz grains are very tightly
pocked and cemented with quartz.
Therefore,there is very littie pore space.

Phgses: Quortz —-99+ pct
Hematite
Magnetite
Zircon

Rutile
Amphibole

Ctassification: Quartzite

3/4-inch-diameter core

FIGURE 11, - Petrographic description of Sioux Quartzite,

Reproduced from
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FIGURE 12. - Equal area projection of sonic pulse velocity (km/sec) for Sioux
Quartzite,

St, Cloud Gray Granodiorite

Geologic Occurrence

In the area of St. Cloud, in central Minnesota, are exposed scattered
knobs and low hills of unweathered igneous rock of Precambrian age from which
the thin covering of glacial till has been removed by erosion (4). There are
16 different igneous rock types ranging from norite to granite. Three main
color varieties of granite are quarried in this area: pink, red, and gray.
The gray variety has the geological name of St. Cloud Gray Granodiorite and
the trade name of Charcoal granite.
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St. Cloud Gray Granodiorite, of late algoman age, is massive but not homogene-
ous. Exposures are dotted with small dark inclusions and cut by numerous basalt,
aplite, and diabase dikes and veins ranging in width from less than 1 inch to 6 to
8 ft. The dikes and veins twist and branch irregularly and in some places form a
network. In some areas, the St. Cloud Gray Granodiorite is irregularly altered to a
pink color, owing to granitization caused by the later intrusion of the St, Cloud
Red Granite (15). Spaced joints, striking east-west and dipping steeply north, are
well developed, but sheet structure is poor or absent.

The central Minnesota area consists of a country rock (Thomson formation) of
schist which has been invaded by intrusives on three separate occasions, During
early algoman time, the Thomson formation was metamorphosed from interbedded slate
and graywacke to schist and intruded by granite gneiss. In the late algoman period,
the region was invaded by five related magma injections of which the St, Cloud Gray
Granodiorite appears to have been second, In the middle Keweenawan, the region was
intruded for a third time by granitic magmas and finally by basalt dikes.

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 13, The equal area plot of the acoustic velocity is shown
in figure 14, St. Cloud Gray Granodiorite has a transversely isotropic to weakly
orthotropic elastic symmetry with 7.3 pct velocity anisotropy. The low value elas-
tic axis is vertical with an indication of a high value elastic axis 90° to the
orientation arrow marked on the rock cubes and in the horizontal plane. The arrow
indicates the in situ north direction. The rift in this gquarry is in the horizental
piane,

Table 8 gives the physical property, static, and dynamic test results.

TABLE 8. - St. Cloud Gray Granodiorite test results

Property* Block No. 6[Block Ne. 21 [Block No. 37|Composite
Mean | CV° [Mean CV® |Mean CV* |Mean |[CV°
Porosity..eeecessseeeenenaceapct., 0.07 | 42.9| 0.10 | &43.6| 0.07 | 96.4| 0.08]|61.2
Permeability..vuisevanes. um/sec,, | - *) - (*) - )| -
DENSitYesnennssevseansseaa-glem®,, | 2,721 0.0] 2.72 0.1] 2.71 0.0] 2.72] 0.1
Shore hardness......ccesseceeensnn 99.1| 3.0|100.Z 4.1|100.0 3.6: 99.8| 3.5
Compressive strength....... MN/c?.. 1 280 3.0 282 1.8 284 3.0 282| 2.2
DOuassnrannnnennsssa10® psin. ; 40.6| 3.0] 41.0 1.8] 41.3 3.0 40.9| 2.2
Compressive Young's modulus ‘
' GN/m® . . 63.5| 1.2} 78.6 2.3] 70.2 2.5| 70,87 9.1
DOurueennnnasnceaaaaal0® psi., 9.21| 1.2] 11.4 2.3] 10.2 2.5 10.3] 9.1
Tensile strength...........MN/o®.. 6,90 5.35| 6,28 10.3] 7.72 13.6| 6,97]13.8
DOuussennsonvrannassl0® psi,. 1.0| 5.35] 0,91 10,3 1,12 13,6 1,0113,8
Tensile Young's modulus.,..GN/m".. | 28.9| 8.20| 24.5 | 19.0| 38.5 | 12.6! 30.0(24.1
Dovaennn... ceraan ....10% psi.. 4,191 8.20( 3.56 | 19.0| 5.59 | 12.6; 4.35|24.1
Pulse velocity....suvaes..km/5eC,, 4,461 0.6 4,46 0.7| 4.88 1.4 4.60| 4.5
Bar velocity..ivesseves...km/sec,. | 4.10| 0.8 4.05 0.9] 4.50 1.7] 4.21| 5.1
Torsional velocity........ km/sec.. 2.92| 0.3 2.92 0.5] 3.05 0.8 2.96| 2.3
Dynamic Young's modulus®,,.GN/o®.., | 45.6| 1.7| 44,5 1,8] 55,0 3.4| 48.4|10.2
Dynamic shear modulus®...,.GN/m°.. | 23.2| 0.7} 23.1 1.0} 25.3 1.7 23.9| 4.5
Poisson's ratio®......eciiunnnan.. (02244 2.6 0.255 2.7{8;238 2.7(0.245] 4.0

l1Specimen prepared with the long axis perpendicular to the top face (along Z-axis).
®Coefficient of variation, percent.

3less than 1 x 107¢ um/sec.

%Calculation is based on the assumption of isotropy.
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ST.CLOUD GRAY GRANODIORITE
Thin section photographs

Thin section at crossed nicols Thin section plane polarized
¢O 0.1 0.2 0.3 04 05 0.6 0.7 0.8 08 1.0
i#llll[i[l'][ljl‘lll‘l
Scaols, mm

No. 3-37

St.Cloud Gragy Granodiorite

Color: Gray

Texture: Massive, crystalline, medium
grained

Phases: Quartz - 16.7 pct
Microcline - 20.0 pct
Plagioclase - 40.8 pct
Biotite-chlorite - 9.5 pct
Hornblende - 1.7 pet
Magnetite - 1.2 pct
Rutile -apatite - 0.1 pet

Classification: Granodiorite

3/4-inch-diameter core
FIGURE 13. - Petrographic description of St. Cloud Gray Granodiorite.

eproduced from
best available copy.
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FIGURE 14. - Equal area projection of sonic pulse velocity (km/sec) for St. Cloud
Gray Granodiorite.

Westerly Granite

Geologic Occurrence

Westerly Granite and associated pegmatites intrude folded Pennsylvanian
sedimentary rocks along the southwestern shore of Narragansett Bay, FEvidence
found in Connecticut indicates that Westerly Granite is older than Triassic,
making it Late Pennsylvanian or Permian in age. Westerly Granite is found
chiefly in the southwest corner of Rhode Island where it was quarried in and
near the town of Westerly, and extends into the southwest corner of

Connecticut (10).
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Westerly Granite includes many small pegmatites and medlium-grained and fine-
grained rocks ranging in composition from that of a granite to that of a granodiorite.
The fine-grained Westerly Granites were intruded as dikes inte the clder granite
gneisses which form extensive parts of the surface along the Atlantic shore. These
granite gneisses were originzlly granites which had also been intruded into earlier
gneisses of metamorphosed sedimentary rock, of which none remains today at Westerly.
The granites themselves were later intruded by pegmatite dikes and still later by
basic dikes.

The quarry from which the ARPA block was taken lies in a dikelike mass about
100 ft thick dipping 45° south, Two sets of almost vertical joints strike N 25° E
and N 45° W and a rift dips 20° in an easterly direction.

Properties

The petrographic description, thin-section photographs, and core surface photo-
graph are shown in figure 15. The equal area plot of the acoustic velocity is shown
in figure 16, Westerly Granite has an orthotropic elastic symmetry with 10 pct
velocity anisotropy. The intermediate elastic axis is in the in situ up direction.
The high value elastic axis is 45° to the left of the orientation arrow and the low
value axis 45° to the right of the orientation arrow. These directions correspond
to in situ directions of N 45° W and N 45° E respectively.

Table 9 gives the physical property, static, and dynamic test results.

TABLE 9. - Westerly Granite test results

Property?’ Block No. 3A|Block No. 5C|Block No. 7E| Composite
Mean CV® [Mean CV° |Mean CV° |Mean CVe

Porosity..-....-...-..-......pct.. 0.34 8&.2 0.57 97.2 0.16 47:9 0.35 101,0

PermEability......-o.o....Um/SEC-. (3) = (3) - (3) = (3) =
Density.eessonansarnsnasa-glem.. | 2.64 0.0] 2.64 0.0| 2.64 0.0| 2.64 0.1
Shore hardness,..,ceesvevvnnscasane 93.8 3.1t 92,4 2.1y 94.2 3.61 93,8 2.9
Compressive strength.......MN/of.. 277 | 4.68| 247 3.51 225}t 10.9 233 8.0
DOvavusnns teeseaenea.10% psi.. 32.9 4.68| 35.8 3.51| 32.7 10.9( 33.8 8.0

Compressive Young's modulus

GN/m®.. | 46.7 | 16.2]| 54.2 | &.02| 48.9 | 20.0| 49.9 | 15.4

DOvevenreceoeenaeesa10® psi.. | 6,77 | 16.2] 7.86 | 4,02 7.10 | 20.0| 7.2 15.4
Tensile strength,,.........MN/m*,, | 8.56 | 6.97] 9.63 | 8.20] 10.5 | 6.57] 9.61 | 11.1
DOuevecnannnneaannaal0® psiL. | 1.24 | 6,97| 1.40 | 8.20] 1.53 | 6.57] 1.39 | 11,1
Tensile Young's modulus,.,.GN/m*,, | 13,9 | 12,8| 19.2 | 19.6| 24.8 | 14,5| 19,6 | 28.3
DOveesnenneanveneaaal0® psi.. | 2,02 | 12.8] 2.79 | 19.6| 3.27 | 14.5| 2.83 | 28.3
Pulse velocity.eeasenen. ..km/sec., 3.98 1.0 4.43 1.5 4.63 2,6| 4.35 6.6
Bar velocity,...vvvvaesaekm/sec,, 3.71 1,0| 4.17 1.7] 4.39 2.4 4,09 7.2
Torsional velocity........km/sec.. 2.51 0.9 2.74 1.1} 2.87 2.2| 2.71 5.9
Dynamic Young's modulus?,,.GN/mf., | 36,3 2,0| 45.8 3.4| 50.8 4.8| 44.3 | 14.3
Dynamic shear modulus?.....GN/uf.. 16.6 1.9] 19.8 2.3| 21.8 4.3{ 19.4 ( 11,7
Poisson's Tatio,..evseseenesasses | 0,226 2,700,212 2.6(0.202 4,710,213 5.6

‘Specimen prepared with the long axis perpendicular to the top face {along Z-axis).
2Coefficient of variation, percent,

2Less than 1 x 107% um/sec.

“Calculation is based on the assumption of isotropy.

Reproduced from
best availabie copy.




27

WESTERLY GRANITE
Thin section photographs

§4.. ' ‘ ..- .
3 !
2 .

Thin secticn at crossed nicols Thin section plane poiarized
00 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
[lll]ll‘llIlI_LLlLlllJ
Scale, mm

No. 3-2A
Westerly Granite
Color: Light gray

Texture: Massive, fine-groined,
equi-granular

Phases: Plagioclase - 43.0pct
Microcline - 22.0 pct
Quartz - 24.6 pct
Biotite - 6.9pct |
Muscovite - 2.0 pct
Zircon - 1.0 pct
Magnetite - 0.9 pct

Clossificotion: Granodiorite

3/4-inch-diameter core
FIGURE 15. - Petrographic description of Westerly Granite.

Reproduced from
best available copy.
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FIGURE 16. - Equal area projection of sonic pulse velecity (km/sec) for
Westerly Granite.

SUMMARY

A suite of eight rock types has been established under the ARPA Rock
Mechanics and Rapid Excavation program for use by various groups doing special-
ized research in rock mechanics. Physical and mechanical property test
results and a short geologic sketch are presented for each rock type, As evi-
denced by coefficient of variation comparisons, most of the rock blocks were
as homogeneous as the individual 1-ft cubes comprising the block. Salem Lime-
stone showed rather large compressive property variations within and between
the cubes tested. Care should be exercised during further use of that rock.

A limited amount of rock cubes are available from the Bureau of Mines Twin
Cities Mining Research Center for use by researchers to broaden the informa-

tion available on the suite,
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