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ABSTRACT 

The site of the Cabriolet experiment is on Pahute Mesa, Nevada 

Test Site. The site media, explored by four borings, consist of por

phyritic trachyte overlain by a thin soil layer. Fractured, vesicu

lar zones in the upper portions of the borings yielded poor core re

covery, while higher core recovery was obtained at depth in dense, 

less fractured rock. Flow layers strike approximately N35°E at the 

surface and impart a pronounced structural grain to the rock. At 

depth, most joints.roughly parallel the flow layering and strike 

N20°E. Joint spacing ranges from less than 0.1 to greater than 10 

feet. 

Four high-angle faults are suspected in the vicinity of the site. 

Three of these strike roughly north-south and pass 200, 380, and 680 

feet west of the site. The fourth inferred fault strikes approxi

mately N63°E and passes 480 feet north of surface ground zero. 

For dense, unfractured rock, the bulk density, saturated surface

dry basis, averages 158.5 pcf, while the bulk density, dry, averages 

156.2 pcf. The porosity averag~s 4.5 percent, and the unconfined 

compressive strength averages 12,952 psi. The vesicular material, 

based on one specimen, had a bulk density, saturated surface-dry 

basis, of 136.1 pcf, while the bulk density, dry, was 129.1 pcf. The 

porosity was 21.3 percent, and the unconfined compressive strength 

was 7,090 psi. 
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PREFACE 

Project Cabriolet is a planned nuclear cratering experiment to 

be conducted by the Lawrence Radiation Laboratory (LRL) as part of 

the U. S. Atomic Energy Commission's Plowshare Program. The site, 

located on Pahute Mesa at the Nevada Test Site, was selected by LRL. 

The preshot geological and engineering properties studies were 

conducted by the U. S. Army Engineer Waterways Experiment Station 

(WES) under the direction and funding of the u. S. Army Engineer Nu

clear Cratering Group (NCG) during the period November 1965 through 

February 1966. Borings (other than emplacement and instrumentation 

holes) were drilled by personnel of the Embankment and Foundation 

Branch, WES, under the direction of Messrs. T. B. Goode and A. L. 

Mathews. Boring locations were selected by NCG personnel. 

Mr. R. W. Hunt and PFC L. D. Carter, Geology Branch, WES, col

lected and analyzed field data and with the assistance of Dr. R. J. 

Lutton prepared the geological portion of the report. The portion 

dealing With phys-ica-i properties of the media was prepared by 

Mr. D. M. Bailey, Embankment and Foundation Branch, WES, using the 

results of tests performed by personnel of the Concrete Division, WES, 

under the direction of Mr. J. M. Polatty. 

The investigations were under the general direction of 

Messrs. W. J. Turnbull, A. A. Maxwell, C. R. Kolb, J. R. Compton, 

W. B. Steinriede, Jr., and W. c. Sherman, Soils Division, WES. 
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Director of the NCG during the investigation and the preparation 

of this report was LTC W. J. Slazak, CE. Director of the WES was 

COL John R. Oswalt, Jr., CE. Technical Director of WES was 

Mr. J. B. Tiffany. 
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT 

British units of measurement used in this report can be converted to 

metric units as follows: 

Multiply By To Obtain 

inches 2.54 centimeters 
feet 0.3048 meters 
miles 1.609344 kilometers 
pounds per square inch 0.070307 kilograms per square centimeter 
pounds per cubic foot 16.0185 kilograms per cubic meter 
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l.l PURPOSE OF PROJECT 

CHAP!'ER l 

INTRODUCTION 

Project Cabriolet is a planned low-yield nuclear experiment to 

be conducted in dry porphyritic trachyte. The lithology and topog

raphy at the site are similar to those at the Project Palanquin site 

some 2,500 feet1 to the west. Project Cabriolet will provide an op

portunity for additional study of the engineering properties of an 

explosion-produced crater in a hard, dry, rock medium. 

l.2 SCOPE 

This report presents the results of the preshot geologic and 

engineering investigations conducted for Project Cabriolet during the 

period November 1965 through February 1966 by the U. S. Army Engineer 

Waterways Experiment Station (WES) under the sponsorship of the U. S. 

Army Engineer Nuclear Cratering Group (NCG). 

--l.3 -FIELD.AND IABORP~TORY INVESTIGATIONS 

The site for the Cabriolet event was selected in the fall of 

1965 by the Lawrence Radiation Laboratory (LRL). Specifications and 

requirements for subsurface exploration were determined by NCG, and 

1 A table of factors for converting British units of measurement to 

metric units is presented on page 9. 
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WES was assigned responsibility for the drilling. The program con

sisted of drilling of a centr8.lly situated 6-inch core boring and 

three satellitic borings located at 120-degree radials, all to depths 

of about 200 feet (Table 1.1). Two of the satellite holes were NX

core borings, and the third was a 4- by 5-l/2-inch core boring. Lith

ologic logs were pr~pared from examination of the recovered cores. 

Photographs of the boreholes were analyzed, and the data were incor

porated into the logs in Appendix A. In addition, existing maps 

(References l and 2) of surface geology of the area were modified on 

the basis of information gained from the project. 

Three samples selected from boring Ue20L-l as most representa

tive of the site lithology were examined petrographically and by 

X-ray diffraction (Appendix B). 

l.4 PREVIOUS WORK 

The results of geological mapping of the Trail Ridge Quadrangle, 

encompassing the Cabriolet site, are to be published in the near 

future by the U. S. Geological Survey; a preliminary map is available 

on request (Reference l). 

Subsurface data collected on Pahute Mesa for the U. S. Atomic 

Energy Commission in connection with other projects are available as 

technical letters (References 2 through 8). 

Preshot subsurface investigations by WES (Reference 9) at the 

Project Palanquin site, approximately l/2 mile west, revealed 
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lithologic and structural details in the same geologic formation as 

that at the Project Cabriolet site. 

1.5 LOCATION AND ACCESS 

The-Cabriolet site (Figures 1.1and1.2) is located on Pahute 

Mesa within Area 20 of the Nevada Test S~te (NTS). Surface ground 

zero (SGZ) is approximately 53 miles north-northwest of Mercury, 

Nevada, and approximately 1/2 mile east of the Palanquin site. 

Nevada State coordinates.of surface ground zero are N 921,249.77 and 

E 544,285.63. The route from Mercury to the site extends north for 

22.5 miles along the Mercury Highway to the Orange Road cutoff and 

then 9 miles along the Orange Road to the intersection of the Pahute 

Mesa Road. From this intersection the Pahute Mesa Road leads 40.5 -

miles northwest to the site;· the last 5,6 miles are unpaved. 
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TABLE 1.1 Su.!MARY OF SUBSURFJ\.CE INVESTIGATIONS OF THE CABRIOLET SITE 

Boring Coordinatesa Eleva- Total Angle Type Core Borehole Caliper Nuclear Three-
ti on Depth of of Re- Camera Log Density Dimensional 

Boring Boring covery Log Log Velocity 
Log 

feet feet inches pct interval., interval, interval, interval, 
msl feet feet feet feet 

U20L N 921,249.TI 6197.3 274.o Vertical 48 None 5.0 to None 10.0 to 
E 544,285.63 273.0 205.0 

Ue20L-l N 921,254.83 6197.3 212.3 Vertical 6 by 79.7 12.0 to o.o to 0.0 to 130.0 to 
E 544,279.22 7-3/4 124.o 210.0 204.o 200.0 

Ue20L-2 N 921,047.14 6181.0 181.5 Vertical 4 by 97.8 5.0 to None None None 
._... E 544,363.44 5-1/2 175.0 
VJ 

Ue20L-3 N 921,291.53 6187.1 202.3 Vertical NX 38.9 5.0 to None None None 
E 544,072.72 186.1 

Ue20L-4 N 921,443.44 62o2.6 201.3 Vertical NX 43.8 3.0 to 0.0 to 0.0 to None 
E 544,434.23 190.0 196.o 196.0 

a Nevada State coordinates. 



SCALE IN MILES SC.ALE IN MILES 

Figure l.l Location of Nevada Test Site and Cabriolet site. 



Figure 1.2 The Cabriolet site as viewed f'rom the east (top) and 
from the south (bottom). 

15 



2.1 PHYSIOGRAPHY 

CHA.Pl'ER 2 

GENERAL SETTING 

Pahute Mesa, with its long axis trending east-west, is roughly 

50 miles long and 15 to 20 miles wide. Only the eastern half of the 

mesa lies within the NTS (Figure 1.1). The NTS in turn lies in the 

central portion of the Basin and Range physiographic province. This 

is a structural province that is characterized by north-south trend

ing fault-block mountain ranges and intermontane basins. 

Pahute Mesa is a maturely dissected mesa of Tertiary volcanics. 

The surface generally exceeds 6,ooo feet in elevation,1 and stands 

1,000 to 2,000 feet above the surrounding valleys. Gently rolling 

hills and valleys with as much as 200 feet of relief characterize the 

topography within 1 mile of the site. 

2.2 REGIONAL STRATIGRAPHY 

Investigations to date have divided the rocks on Pahute Mesa 

into six major stratigraphic units, all Tertiary volcanics (Refer

ences 4 and 5) excluding the relatively thin soils and localized 

alluvial and colluvial deposits. These volcanics, composed of tuffs 

and rhyolites, are at least 7,552 feet thick in Pahute Mesa Drill 

Hole (IMDH) No. 1 (Reference 3) located approximately 6 miles due 

1 All elevations are in feet above mean sea level. 
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east of U20L, up to 8,380 feet thick in FMDH No. 2 (Reference 8) 

located approximately 5 miles northwest of U20L, and at least 13,686 

feet thick in Ue20F (Reference 7) located app~oximately 1-1/2 miles 

southeast of U20L. Volcanic rocks by nature are discontinuous, and 

in this region formations vary considerably in thickness and physical 

properties in a lateral direction. 

The Thirsty Canyon and Timber Mountain tuffs cap nearly all of 

Pahute Mesa and vary ·in thickness from 600 to 1,500 feet (Refer-

ence 4). • The Ribbon Cliff rhyolite (locally trachytic) within which 

the site is located lies in the lower part of the Thirsty Canyon tuff. 

It overlies the older Timber Mountain tuff and is in turn overlain by 

the upper two members of the Thirsty Canyon_tuff. These are the 

Spearhead member and the Trail Ridge member. These two members cap 

hills in the vicinity of U20L. Locally the Spearhead. is absent, and 

the Trail Ridge rests directly on the Ribbon Cliff rhyolite. This is 

because of the marked topographic irregularity of the surface on 

which the Thirsty Canyon. tu:f'f'. was. deposited (-Reference· lo). 

The Ribbon Cliff rhyolite is confined in a 1- to 6-mile area 

centered near the site. The form~tion appears to represent a vol

canic dome, centered west of the Palanquin site, built up by rhyolitic 

and trachytic flows. The fact that the Ribbon Cliff is at least 

615 feet thick at U20K (Reference 2) coupled with the fact that it 

is either much thinner or absent in borings and outcrops at a 
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distance of 1-1/2 to 5 miles f'rom U20L indicates that the formation 

thins rapidly in every direction from its source. Flow layers first 

mapped for the Palanquin site (Reference 2) have been extended across 

the Cabriolet site by inspection of aerial photographs and verified 

by field measurements. The rhyolite appears to have flowed eastward. 

2.3 STRUCTURE 

The dominant faults crossing Pahute Mesa are near-vertical, 

north-south trending, normal faults with as much as 800 feet of off

set (Reference 4). According to Reference 4, "Faults exposed at the 

surface are open, contain little or no breccia, and are only a few 

feet thick. The few faults cored in drill holes and inferred from 

geophysical logs in the older rocks range f'rom closed with no brec

ciation and very thin, to very porous or healed with considerable 

brecciation and as much as several tens of feet thick." 

Two north-south trending anticlines approximately 2 and 4 miles 

east of U20L, as well as a syn~line approximately 1-1/2 miles west 

of U20L, may overlie buried topographic lows and highs. 

Groundwater in the vicinity of U20L is approximately 2,000 feet 

below the mesa surface (Reference 6). No perched water tables were 

encountered during the preshot drilling. 
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3.1 TOPOGRAPHY 

CHAPrER 3 

SITE GEOLOGY 

The Cabriolet site (Figure 3.1) occupies the crest of a ridge 

trending N30°E which reaches its maximum elevation of a little over 

6,220 feet about 1,200 feet to the northeast. From this high point 

the ridge slopes gently southwest for 2,500 feet and gently northeast 

for an additional 5,500 feet, with an average width of about 1,500 

feet. The average slope away from SGZ for a distance of 1,000 feet 

to the south, east, and west is approximately 7 percent, while from 

the north the slope is about 2 percent toward SGZ. 

3.2 STRATIGRAPHY 

Borings drilled at the Cabriolet site (Figure 3.2) revealed a 

relatively thin soil over at least 213 feet of porphyritic trachyte. 

A physically weak and porous glassy zone may mark a contact between 

lobes of lava. However, no attempt to show the extent of the upper 

lobe on the geologic map was made in view of the marked similarity 

among surface exposures and the lack of· expression on aerial 

photographs. 

3.2.1 Soil. Soil averaging 2 to 3 feet thick over the 

Cabriolet site consists of tan sandy silt containing sand- to 

boulder-size fragments of porphyritic trachyte and vitrophyre. 
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3.2.2 Ribbon Cliff Rhyolite. Petrographic and X-ray exa.niina

tions on selected core samples from borings Ue20L-l and Ue20L-3 

(Appendix B) verif'y the trach;Ytic composition of the medium at the 

site in spite of the fact that it is rhyolitic elsewhere. The rock 

consists mostly of devitrified, gray-brown to red-brown porphyritic 

trachyte, consistently containing about 20 percent of white, approxi

mately equant, subhedral phenocrysts (averaging 1/4 inch in size) of 

alkali feldspar, with red-brown inclusions, bands, and flow layers 

common in many zones (Appendix A). 

In spite of the uniform mineralogical composition of the unal

tered rock, there are certain physical properties (i.e. vesiculation, 

denseness, degree of fracturing·and jointing, flow layering) which 

can be distinguished (Figures 3.3 and 3.4). Several of these factors 

have affected core recovery, with highly fractured vesicular, zones 

producing much less core than the dense, less fractured zones. In 

boring Ue20L-l, which had by far the largest percentage of core re

covery, the lithology consists of (1) 15 feet of slightly to moder-

.ately -vesicular, higr...ly fr-actured and weathered r-ock; {2) 31 f'eet of 

dense, moderately to highly fractured rock, (3) 21 feet of slightly 

vesicular, highly fractured rock, (4) 17 feet of decomposed, crumbly, 

glassy rock, (5) a layer .50 feet thick that is slightly to moderately 

vesicular, highly fractured and altered, and (6) at least 75 feet of 

very dense, moderately jointed, flow-layered rock. All the borings 



bottomed in this lower zone which characteristically produced much 

higher core recovery percentages. 

On the basis of stratigraphy and flow structure (see Section 

3.2.3), it appears that the site media are in the upper portion of a 

single thick flow complex. The general decreases in vesicularity and 

degree of fracturing with depth are reasonable consequences of such a 

position. Thus a chilled, glassy crust encased a fluid interior at 

one point in the flow's history. Continuing movement of the hot 

interior until the entire unit had solidified caused intense fractur

ing and alteration in the hardened crust. Zones of poor core re

covery, excluding that believed to be related to faulting, lie in 

this highly fractured and altered crust. 

3.2.3 Flow Structure. Flow layers in the upper portions of 

the holes are widely scattered and have an average dip of about 

60 degrees. 

In the lower 75 feet of boring Ue20L-l, the lower 111 feet of 

Ue20L-3, and the lower 89 feet of Ue20L-4, flow layers are con

spicuous. These layers, distinguished only by color, range from 

1/2 inch to several feet in thickness. They dip at angles of about 

60 degrees in the top, decreasing to 30 degrees toward the bottom and 

even as low as 15 degrees in the bottom of boring Ue20L-4 (Fig-

ure 3.4). Steep flow layers exposed at the surface strike about 

N35°E across the site and appear to establish a marked structural 
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grain (Figure 3.5) on the upper media. 

3.2.4 Joints. One hundred joint readings were taken from 15 

different outcrops within 1,000 feet of the Cabriolet site. The ori-

entations of these joints are shown in stereographic projection in 

Figure 3.6. Spacing between these joints ranges from 1 inch at some 

outcrops to about 10 feet at others. Most are tight. Where low- · 

angle joints (ranging from 0 to 30 degrees) are present in an outcrop 

they are generally spaced from 3 to 12 inches and are also tight. A 

pronounced orientation preference is exhibited by joints measured in 

borehole photographs at depth (Figure 3.7). There is a very con-

0 spicuous tendency for joints to strike N2.0 E, roughly parallel to the 

flow layering (Figure 3.5). 

3.2.5 Faults. Four high-angle faults are suspected of lying in 

the vicinity of the site (Figure 3 .1) on the basis of linears visible 

in aerial photographs, localized breccia zones, and offset strata. 
I 

Three of these pass at distances of 200, 380, and 680 feet west of 

SGZ and strike approximately north-south. The first two linears 

-appear-to iround -a graben within which ooring Ue20L-3 lies. A third 

linear striking approximately N63°E passes 480 feet ~orth of SGZ. 

The inferred fault along the east side of the graben appears to 

pass through Ue20L-3 between depths of 105 and 139 feet (Figure 3.3). 

The drill rods dropped under their own weight several inches in 

several places in this 34-foot interval. Also the core recovery in 
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this zone was much less (34 percent) than in the same rock type in 

the other core borings. A fault zone extended from the surface 

expression through this zone would be approximately 7 feet wide and 

would dip about 80 degrees to the west. An offset of at least 10 

feet along the graben is inferred from. the fact that Trail Ridge tuff, 

which has been largely eroded from this portion of Pahute Mesa, is 

preserved in a topographic low that roughly parallels the graben. 

This tuff pinches out 60 to 80 feet south of boring Ue20L-3 and was 

not encountered in that boring. 

Although the low position of Trail Ridge tuff can also be inter

preted to be a result of deposition in a topographic low on the 

trachyte flow, a fault origin is considered more likely because of 

the linears visible in aerial photographs. 

Indications of minor movement are manifested elsewhere in the 

core by thin (l to 4 inches), steeply dipping breccia zones healed 

with calcite, and by striations along natural fractures. Striations 

on a vertical fracture between 125 and 140 feet in Ue20L-l are diI>_

ping about 30 degrees, indicating lateral as well as vertical offset. 
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CHAP.rER 4 

PHYSICAL PROPERTIES 

Representative cores from borings Ue20L-l and Ue20L-3 were se-

lected for detailed visual description, petrographic examination, and 

physical testing. The locations of the cores are shown in Table 4.1. 

4.1 SCOPE OF TESTS 

The petrographic examinations resulted in classification of the 

rock as tracbyte porphyry. (The classification of the rock as por-

phyritic trachyte or as trachyte porphyry is based on the relative 

percentage of phenocrysts and groundmass. The rock in question lies 

in the border zone between these two rock types, and field classifi-

cations have consistently termed the rock trachyte or porphJl!itic 

trachyte and laboratory classifications trachyte porphyry. From the 

standpoint of this study, this distinction is considered of no con-

sequence, and the field classification of the rock will be used 

throughout the text.) The change in color with depth or between 

samples was found to be due to the variation in the amount of hema-

tite and altered ferroan mineral grains in the groundmass. Repre-

sentative samples of highly fractured and vesicular trachyte from 

boring Ue20L-l between depths of 87.5 and 88.9 feet and from boring 

Ue20L-3 between depths of 76,7 and 77.7 feet were selected for test-
1 

ing. All other examined material was dense with little or no visible 
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vesicularity. The petrographic examination suggested that the color 

variation in the dense material did not indicate properties which 

would appreciably affect the values from the physical testing, and 

this prediction was verified by the results from the physical tests. 

The petrographic report is presented in Appendix B. 

The core recovery of vesicular trachyte was very low; hence, the 

material recovered probably is the strongest material as it is logi-
~ 

cal to assume that the weaker material was lost in recovery. There-

fore, strength values obtained on the vesicular material should be 

considered as upper limit values. The dense material gave quite uni-

· form values, and when appropriate, average values are given for this 

material. 

Physical tests included determinations of bulk densities, spe-

cific gravity of solids, porosities, compressive strengths, tensile 

strengths, static and dynamic moduli of elasticity, dynamic moduli of 

rigidity, static and dynamic Poisson's ratios, and compression wave 

velocities. Detailed visual descriptions of the tested cores are 

__given in Appendix--B.. :.samples from -boring -Ue20L-l were -6 inehes in 

diameter; these samples were recored to NX size, approximately 2-1/8 

inches in diameter, to provide more specimens and better length-to-

diameter ratios for testing. Appendix C gives detailed data obtained 

from the physical tests and descriptions of the test procedures. 

This chapter presents only the principal results of the' physical 
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tests, and conclusions and observations concerning these results. 

4.2 WEIGHT-VOLUME DETERMJNATIONS 

Table 4.1 gives values of bulk specific gravity, bulk density 

under saturated surface-dry (SSD) condition, bulk density under oven

dried conditions, specific gravity of solids, and porosity. 

4.2.1 Specific Gravity of Solids. Six specific gravities of 

solids were determined. The specific gravity of the solids as shown 

in Table 4.1 is the ratio of the weight of a known volume of solid 

material to the weight of the same volume of water at 2~ C. The 

values ranged from 2.60 to 2~66, and averaged 2.63. The specific 

gravity determined on a single core of vesicular material (87,5- to 

88.9-foot depth, boring Ue20L-l) was 2.64. Thus it can be assumed 

that vesicularity does not appreciably affect specific gravity of 

solids. 

4.2.2 Density. The dense material had bulk densities under SSD 

conditions ranging from 156.7 to 160.4 pcf and averaging 158.5 pcf. 

The SSD density of the vesicular material was determined_tn_ ha 136.1 

pcf or approximately 86 percent of the density of the dense material. 

Oven-dried bulk densities of the dense material ranged from 

154.5 to 158.5 pcf and averaged 156.2 pcf. The oven-dried bulk den

sity for the vesicular material was 129.1 pcf or approximately 83 per

cent of the density of the dense·material. 

33 



The oven-dried bulk densities of the dense material were, con-

sidering the averages, about 1.5 percent lower than the SSD densities, 

while the oven-dried bulk density of the porous or vesicular mate.

rial was 5,4 percent lower than the SSD bulk density. 

4.2.3 Porosity. Porosity is defined as the ratio of the vol-

ume of voids in a material to its total yolume. The porosities shown 

in Table 4.1 were calculated from the specific gravities of the 

solids and the oven-dried bulk densities by means of the equation 

where 

n = porosity, percent 

Gs = specific gravity of solids 

r = unit weight of water w . 

rd= oven-dried density 

The values of porosity for the dense material ranged from 3.4 to 

5. 5 percent and averaged 4. 5 percent. The porosity of the sample of 

-vesicular material was -21.3 -percent, -which -is 4 to 5 times greater 

than the porosity of the dense material. 

4.3· STRENGTH DETERMINATIONS 

4.3.1 Static Unconfined Compressive Strength. Six static 

unconfined compression tests were performed on representative core 
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samples; five were conducted on dense specimens and one on a vesic

ular specimen from a depth of 87. 5 to 88. 9 feet 1 in boring Ue20L-l. 

Results of these tests are shown in Table 4.2. The values for the 

dense material ranged from 12,250 to 13,420 psi and averaged 12,952 

psi. The narrow range in which all values fell indicates the remark

able uniformity of the dense material. The unconfined compressive 

strength of the vesicular material was 7,090 psi, approximately 

55 percent of the value for the dense material. The average values 

of unconfined compressive strength are in good agreement with the 

average values for porphyritic trachyte tested for Project Palanquin 

(Reference 9). 

Stress-strain curves for the six unconfined compression tests 

are shown in Figure 4.1. Static moduli of elasticity and static 

Poisson's ratios were calculated for all unconfined compression tests 

and are discussed in subsequent sections. 

4.3.2 Static Tensile Strength. Static tensile strengths were 

measured by means of tensile splitting and direct tensile tests. The 

tensile splitting tests were conducted on six specimens, and the 

direct tensile tests were performed on.two specimens. Results of 

these tests are given in Table 4.2. 

Values from tensile splitting tests on five specimens of dense . 

material ranged from 810 to 1,060 psi and averaged 904 psi. The 

tensile splitting test on the vesicular material gave a valuP. of 
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440 psi, which is approximately 49 percent of the average strength of 

the dense material. 

Values from the direct tensile tests on two specimens of the 

dense material were 350 and 410 psi and averaged 380 psi. This aver

age is approximately 42 percent of the average value from tensile 

splitting tests on the same material. The low values of the direct 

tensile tests could possibly be the result of a slight eccentric load 

during testing. Microscopic horizontal cracks could have formed in 

the specimen during coring operations and resulted in low strengths. 

On the other hand, the tensile splitting test has been questioned 

through the years as to its ability to measure true tensile strength 

and is thought to give values which are on the high side of the true 

tensile strength. Thus, true tensile strength for the dense material 

could very well be bracketed by the values from these two test 

methods. 

4.3.3 Mohr's Failure Envelopes. Three static triaxial compres

sion tests were conducted at a confining pressure of 5,000 psi. The 

maximum deviator str_e_sJIBS _are _shown in ~able -4.2; stress-strain 

curves are given in Figure 4.2. The electrical strain gages failed 

in one test; hence, only two stress-strain curves are available. 

Results of a tensile splitting test, an unconfined compression 

test, and a triaxial compression test were used to construct the 

Mohr!s failure envelopes shown for the dense material in Figures 4.3 



and 4.4 and for the vesicular material in Figure 4.5. The cohesion 

values for the dense material were 1,700 and 1,800 psi, while the 

cohesion value for the vesicular material·was 1,000 psi pr approxi-

mately 55 percent of the cohesion values for the dense material. 

4.3.4 Moduli of Elasticity and Rigidity. The static modulus of 

elasticity was computed for the unconfined compression tests, and the 

results are shown in Table 4.3. This modulus is a secant modulus 

obtained by dividing a measured stress by its corresponding strain. 

In calculating a modulus in this manner, a variation of modulus with 

stress is obtained. Figure 4.6 shows the variation of the secant 

modulus of elasticity with stress for the unconfined compression 

tests. Static moduli of elasticity at one-half the ultimate stress 

are given in Table 4. 3. They ranged from a maximum of 3. 62 X 106 psi 

for the dense material to a minimum of 2.43 x 106 psi for the vesi.c-

ular material. 

All values given in this paragraph were obtained from nonde-

structive tests. A description of the nondestructive tests can be 

found in Reference 11.. The dynamic modulus of elasticity from two 

determinations on dense material averaged 2.37 X 106 psi; a single 

value of o.46 x 106 psi was obtained for the vesicular material. 

These values were obtained by measuring the fundamental transverse 

frequency. Using the fundamental longitudinal frequency, an average 

modulus of elasticity equal to 2.62 x 106 psi was obtained for the 
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dense material, while a single determination of o.47 x 106 psi was 

obtained for the vesicular material. The dynamic modulus of rigidity 

averaged 1.13 X 106 psi for two tests on the dense material. A 

modulus of rigidity could not be obtained for the vesicular material. 

4.3.5 Poisson's Ratio. Both static and dynamic Poisson's 

ratios were computed for the representative cores. The static values 

were computed from the unconfined compression t~st data. Dynamic 

ratios were obtained from results of the nondestructive tests. 

The static Poisson's ratio obtained from the static unconfined 

compression tests was calculated by dividing the measured vertical 

strain into the measured horizontal strain. Each of these strains 

·occurred at the same stress. When Poisson's ratio is calculated by 

this method, the ratio changes with stress. This change in Poisson's 

ratio with stress is shown in Figures 4.7 and 4.8. Table 4.4 gives 

the value of Poisson's ratio at a stress level of 3,000 psi, which is 

well within the elastic behavioral range for the material being 

tested. Values for the dense material ranged from 0.15 to 0.27 and 

averaged --0;22. -Poisson's rat1o for the vesicular material was 0.20. 

The dynamic Poisson's ratio can be calculated from the dynamic 

values of modulus of elasticity and modulus of rigidity by the fol-

lowing formula: 
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where 

µ=dynamic Poisson's ratio 

E = dynamic modulus of elasticity 

G = dynamic modulus of rigidity 

This method is given in CRD-C 18 (Reference 11). Since two values of 

a dynamic E were determined experimentally for each specimen, two 

values of Poisson's ratios are also available by means of the above 

formula. Since the modulus of rigidity could not be determined on 

the vesicular material, Poisson's ratio could not be computed. 

Values of Poisson's ratio for the dense material as determined from 

the fundamental longitudinal and transverse frequencies, each in 

conjunction with the fundamental torsional frequency, are given in 

Table 4.4. 

A dynamic Poisson's ratio can also be calculated by another 

method, as follows. The compression wave velocity is obtained from 

specimens by Test Method CRD-C 51 (Reference 11). The fundamental 

longitudinal frequency is also obtained from the specimens by Test 

Method CRD-C 18 of the same Reference, A velocity can be computed 

from the fundamental longitudinal frequency by the following formula: 

V = 2n .e 

where 

V = velocity 

39 



n = f'undamental longitudinal frequency 

£ = length of specimen 

The dynamic Poisson's ratio can then be computed by solving the fol-

lowing expression: 

( 1 - µ) = ( vvc ,) 2 
(1 + µ)(l - 2µ) 

where 

µ=dynamic Poisson's ratio 

Ve = compression wave velocity 

V = velocity computed from the fundamental longitudinal 

frequency 

The above-described method can be found in Reference 12 on page 17. 

Values for the dynamic Poisson's ratios computed by this method are 

given in Table 4.4. Two determinations were made on the dense mate-

· rial and one on the vesicular material. The computed values, which 

range from 0.33 to o.44, appear to be on the high side and are con-

sidered suspect. Since Poisson's ratio is dependent upon other meas-

_irred _and _.calculated quantities, -eA"1)erimental -errors in_ these quan-

tities can greatly influence the values of Poisson's ratio. 

4.4 COMPRESSION WAVE VELOCITY 

The compression wave velocity was determined in accordance with 

Corps of Engineers Test Method CRD-C 51. Values of this velocity are 
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given in Table 4.4. Two values of 11,660 and 9,930 f't/sec were ob

tained on two specimens of the dense rock, while a value of 7,330 

f't/sec was determined on a specimen of the vesicular material. 
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TABLE 4.1 DENSITY, SPECIFIC GRAVITY, AND IDROSITY 

Boring Depth Bulk Bulk Density Specific Porosity 
Number Specific Gravity n 

Gravity SSD Oven- of Solids 
G dried G m s 

(SSD) 

feet pcf pcf pct 

Ue20L-l 21.9 to 24.o 2.51 156.7 154.5 2.60 4.6 

Ue20L-l 41.7 to l~3. 7 2.53 157.6 155.5 2.60 4.o 

, Ue20L-l 87.5 to 88.9a 2.18 136.1 129.1 2.64 21.3 

Ue20L-l 151.8 to 153.3 2.55 159.1 156.6 2.66 5.5 

Ue20L-l 168.3 to 170.7 2.57 16o.4 158.5 2.63 3.4 

Ue20L-3 76.7 to 77.7a --
Ue20L-3 106.o to 106.8 2.54 158.7 156.1 2.63 4.8 

a Vesicular material. 
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TABLE 4 .2 STATIC STRENGTH VALUES 

Boring Depth Static Ultimate Static Direct 
Number Unconfined Deviator Tensile Static 

Compres- Stress from Split- Tensile 
sive Static ting Strength 
Strength Tria.xial Strength 

Compression 
Testa 

feet psi psi psi psi 

Ue20L-l 21.9 to 24.o 12,250 47,750 810 350 

Ue20L-l 41.7 to 43.7 12,880 920 

Ue20L-l 87.5 to 88.9b 7,090 440 

Ue20L-l 151.8 to 153 .3 13,000 46,470 86o 410 

Ue20L-l 168.3 to 170.7 13,420 l,06o 

Ue20L-3 76.7 to 77.7b 37,860 

Ue20L-3 106.o to 106.8 13,210 870 

a b Conducted at a constant ~onfining pressure of 5,000 psi. 
Vesicular material. 

43 



+:-
+:-

TABLE 4.3 MODULUS VALUES 

Boring Depth Static Dynamic Dynamic Dynamic 
Number Modulus of Modulus of Modulus of Modulus of 

Elasticity8- Elasticityb Elasticityc Rigidityd 

feet psi x io6 psi x io6 psi x io6 psi x io6 

Ue20L-l 21.9 to 24.o 3.62 2.62 2.98 1.31 

Ue20L-l 41.7 to 43.7 3.22 

Ue20L-l 87.5 to 88.9e 2.43 o.46 o.47 

Ue20L-l 151.8 to 153.3 2.48 2.12 2.25 0.95 

Ue20L-l 168.3 to 1'70. 7 3.50 

Ue20L-3 76.7 to 77.7e 

Ue20L-3 106.o to lb6.8 3.41 

a Secant modulus bf elasticity at one-half the ultimate stress determined from an 
b unconfined compression test. 

Determined from the f'undrunental transverse frequency in accordance with Corps of 
Engineers Test Method CRD-C 18 (Reference 11). 

c Determined from the f'undrunental longitudinal frequency in accordance with Corps 
d of Engineers Test Method CRD-C 18 (Reference 11). 

Determined from the f'undrunental torsional frequency in accordance with Corps of 
Engineers Test Method CRD-C 18 (Reference 11). 

e Vesicular material. 
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· TABLE 4.4 IDISSON'S RATIOS AND COMPRESSION WAVE VEI.OCITY 

Boring Depth Dynamic Djnamic Dynamic Static Compression 
Number Poisson's Poisson's Poisson's Poisson's Wave Velocity 

Ratio Ratio Ratio Ratio v 
b µd 

c 
- µa µ µc 

feet f't/sec 

Ue20L-l 21.9 to f~4.o 0.34 0.00 0.14 0.19 ll,66o 

Ue20L-l 41.7 to 43.7 0.27 

Ue20L-l 87.5 to B8.9e o.44 0.20 7,330 

Ue20L-l 151.8 to 153-3 0.33 0.12 0.18 0.21 9,930 

Ue20L.:.l 168.3 to l'l0.7 -- 0.26 

Ue20L-3 76.7 to ?7-7e 

Ue20L-3 io6.o to 1Q6.8 0.15 

a Computed from the compression wave velocity and wave velocity calculated from the 
b fundamental lorigitudinal frequency. 

Computed from rr~duli of elasticity and rigidity which were calculated from the 
fundamental transverse and torsional frequencies. 

c Computed from noduli of elasticity and rigidity which were calculated from the 
d fundamental loqgitudinal and torsional frequencies. 

Determined fron~ stress-strain curve from static unconfined compression tests at 
a stress of 3,qoo psi. 

e Vesicular material. 
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CHAPTER 5 

SUMMARY OF RESULTS AND CONCLUSIONS 

The Cabriolet site occupies the crest of a gently sloping ridge 

within Area 20 of the NTS. A thin soil layer consisting of tan sandy 

silt and sand- to boulder-size fragments of porphyritic trachyte and 

vitrophyre averages 2 to 3 feet thick. Beneath the soil lies the 

Ribbon Cliff rbyolite, which at the Cabriolet site.consists of por

phyritic trachyte at least 212 feet thick. 

The rock has a uniform mineralogical composition but varies in 

vesicularity, degree of jointing, and flow layering. Conspicuous\ 

areas of poor core recovery occur from the surface to depths of 100 

to 145 feet and are associated with fractured vesicular zones. 

Higher core recovery was obtained in the deeper, dense, moderately 

jointed, f'low-layered rock •. 

Joint readings obtained at the surface indicate a pref'erred 

strike f'or steep joints of approximately Nl5°w, subparallel to the 

-dominant Taill.ts of the region. The spacing of' these steep joints 

ranges from less than 0.1 to greater than 10 feet, while the spacing 

of' low-angle joints, when present in an outcrop, is usually between 

3 and 12 inches. At depth, borehole photographs reveal a tendency 

for joints to strike N20°E, roughly parallel to the flow layering • 

. Near the surface, flow layers are scattered and steeply dipping, 
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while at depth they are numerous and generally dip less than 45 

degrees. The upper flow layers exposed at the surface strike approxi
o mately N35 E across the site, imparting a marked structural grain 

to the media. 

Four high-angle faults are considered probable in the vicinity 

of the site. Three of these pass 200, 380, and 680 feet west of the 

site. The first two appear to bound a graben within which boring 

Ue20L-3 lies. On the basis of subsurface data, the suspected fault 

on the east-side of the graben appears to be a zone 7 feet wide 

dipping 80 degrees to the west. The fourth inferred fault strikes 

approximately N63°E and passes 480 feet north of SGZ. 

The average physical property values of the dense porphyritic 

trachyte were as follows: bulk density under saturated surface-dry 

qonditions, 158.5 pcf; bulk density under oven-dried conditions, 

156.2 pcf; specific gravity of solids, 2.63; porosity, 4.5 percent; 

static modulus of elasticity, 3,25 x 106 psi; static unconfined com-

pressive strength, 12,952 psi; and static tensile splitting strength, 

904 psi. The vesicular and fractured rock tested from borings 

Ue20L-l and Ue20L-3 indicated lower strengths-. Based on- one specimerr, 

this porous material had a bulk density, saturated surface-dry basis, 

of 136.1 pcf, while the bulk density, dry, was 129.1 pcf. The poros-

ity was 21.3 percent, and the unconfined compressive strength was 

7,090 psi. 
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It is concluded, in view of the structural anisotropy of the 

media, that disturbed zones resulting from the planned Project 

Cabriolet event may be ellipsoidal. In such case, a principal axis 

will probably trend between north-south (the approximate strike of 

inferred faults) and N35°E (the strike of flow layers). The post

shot drilling pattern should be designed with this in mind. Since 

no faults are known to project to the vicinity of the zero point, 

direct venting is not anticipated on the basis of available data. 
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nhl 1/IJJ•, 0 .... l/lh•, 0 .... ~~:·oo nhl .... ~~~·.'! .... _,,,.. 

~6--,-0-.... l/U.", 0 
n61 1/16•, 0 
11161 1/16•, 0 
11661 l/IJJ•, 0 
•161 1/16", 0 
I .... l/'JiJ", 0 
•161 1/lh", 0 
11161 l/'16", 0 .... l/ID", o 
1111 1/8", 0 
Im.I 1/8", 0 
1)61 ~~~•.oo 11161 .. .. l/'JIJ", 0 

1/_16·, 0 
1}1.& 1/16"", 0 
llJ.61 1/16", 0 
11161 ~~~&,'o 
11161 l/'JIJ", 0 
11.61 •• 0 
1161 ~~·,o .... .... 1/16", 0 

"''" ~,J., 0 1161 
1/16", 0 

1"61 1/16", 0 
1161 1/16", 0 
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APPENDIX B 

PETROGRAPHIC EXAMINATION AND SAMPLE DESCRIPTION 

B.l SAMPLES 

Samples of the following rock cores from Project Cabriolet drill 

hole Ue20L-l were received for petrographic examination. The origi-

nal cores were received as 6-inch diamond-drilled cores. NX-diameter 

cores were drilled from the larger diameter cores in order to obtain 

specimens with proper length to diameter ratios for physical testing. 

Inspection of the cores before drilling the smaller cores indicated 

that there were possibly three varieties of rock present. The sam-

ples to be examined petrographically were selected on this 

supposition. 

CD Serial No. Field 
Sample No. 

NTS-33 DC-l(A) 2 

NTS-33 DC-l(C) 1 

NTS-33 DC·l(D) 5 

Depth Description 

21.9 to 24.o Dense, reddish porphy
ritic rock. 

87.5 to 88.9 Vesicular, somewhat weath
ered, redaish porphyritic 
rock. 

151.8 to 153.3 Dense, grayish-red porphy
ritic rock. 

The samples examined were slices of core 1 to 2 inches long that had 

been trimmed from longer core lengths in the preparation of cylinders 

for physical testing. 



B.2 TESTING PROCEDURE 

The core samples were ,examined with a stereomicroscope on cored, 

freshly broken, and sawed surfaces. A thin section of each sample 

was prepared and examined with a petrographic microscope. Represent-

ative samples,of each core were examined on the X-ray diffractometer. 

The indexes of refraction of the feldspar phenocrysts in the cores 

were determined in oil immersion mounts. The X-ray diffraction pat-

terns and thin sections were compared with those of cores from a 

nearby drill hole, Ue20K-l, which had been examined earlier (see 

reports dated 5 March and 1 April 1965, Project: Palanquin). 

B.3 DESCRIPrION OF CORES 

B.3.1 Core Sample No. 2, NTS-33 DC-l(A). The sample, slightly 

over 1 inch long, was a dense, grayish-red (10 R 4/2)1 porphyritic 

igneous rock containing clear to white anhedral to subhedral feldspar 

phenocrysts ranging in size from about 1/8 to 1/2 inch, and a few 

highly altered green ferroan mineral J?henoccysts in a grayish-red,~ 

very fine-grained groundmass. Index of refraction measurements and 

other optical properties indicated that the composition of the feld-

spar phenocrysts was anorthoclase. Thin sections showed the ground-

mass of the rock to be composed of slightly oriented lath-shaped 

1 The Rock Color Chart Committee, National Research Council; "The 

Rock Color Chart"; 1948; Washington, D. C. 



feldspar microlites, extremely small greenish-yellow pyroxene grains, 

and reddish-brown to opaque mineral grains composed of hematite and 

altered ferroan minerals. The red coloration of the rock was due to 

these mineral grains. The feldspar phenocrysts were corroded and 

contained numerous inclusions, but no evidence of alteration to 

clay minerals was noted. The pyroxene phenocrysts were altered along 

edges and fractures to iron·oxide. Many were almost completely 

altered. No quartz, mica, or clay minerals were detected either in 

thin section or in the X-ray diffraction pattern of the rock. ·The 

rock was classified as a trachyte porphyry on the basis of its miner-

alogical composition and texture. 

B.3.2 Core Sample No. 5, NTS-33 DC-l(D). The groundmass of 

this core sample had a darker grayish-red cast (near brownish-gray 

-(5 YR 4/1) on Rock Color Chart); otherwise it was similar in appear-

ance to sample No. 2. The rock was a dense porphyritic igneous rock 

(trachyte porphyry) composed of white to clea~ anorthoclase feldspar 

and_green altered pyroxene .:phenocr~ts -in _a dense-, very fine-grained. 

trachytic-textured groundmass of feldspar microlites, pyroxene, hema-

tite, and altered.mineral grains. The X-ray diffraction pattern 

indicated that a small a.mount of quartz was present, although none 

was found by microscope. Rock represented by this core sample and 

sample No. 2 (NTS-33 DC-l(A)) would be expected to have very similar 

physical properties. 
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B.3.3 Core Sample No. 1, NTS-33 DC-l(C). This core sample, 

about 2 inches long, was composed of a somewhat weathered, vesicular, 

porphyritic igneous rock. The vesicles in the rock were elongated, 

usually less than 1/8 inch long, had clear to white linings probably 

composed of opaJ.-cristobalite mixtures, and many contained small 

spherulites composed of cristobalite. In addition, some vesicles 

contained extremely small, slender, prismatic, yellow crystals simi

lar to those found in core No. 4, a highly weathered sample from 

drill hole Ue20K-1 2 which was examined for Project Palanquin. Many 

of these crystals had altered to a rusty brown color. The feldspar 

phenocrysts were similar in size, composition, and degree of altera

tion to those in the other two core samples. Pyroxene phenocrysts 

were al.most completely altered to iron oxide. Feldspar microlites in 

the groundmass of the rock were similar in size, composition, and 

orientation to those in the other samples. Almost all the small 

pyroxene grains in the groundmass were altered to iron oxide. The 

intense alteration of the ferroan minerals and the- presence- of t-'.my

hematite crystals were responsible for the red coloration of the 

groundmass of the rock. The X-ray diffraction pattern was similar 

to those of the other samples. The amount of weathering and the 

vesicular nature of this rock should render it physically weak in 

comparison with the other two core samples. 



B.4 COMPARISON WITH PREVIOUS SAMPLES 

The three samples examined in the present study were compared 

with previously examined core samples from drill hole Ue20K-l, Proj

ect Palanquin (see petrographic reports dated 5 March and 1 April 

1965). In general, the rock from the two drill holes was found to 

be similar in composition and texture, as reflected in X-ray diffrac

tion patterns and thin sections of the core samples. All were classi

fied as trachyte porphyry. Variations in the amount of hematite and 

alteration of ferroan minerals in the groundmass of the rock were 

responsible for the color differences in the cores. For the most 

part, the cores were dense and physically sound rock, but both drill 

holes contained weathered zones as represented by sample No. 1, 87.5 

to 88.9 feet in the present drill hole, and core sample No. 4 from 

about 140 feet in drill hole Ue20K-l. Physical properties of the 

rock in the two drill holes should therefore be very similar. 

B.5 SUMMARY 

Petrographic examination of the three core samples indicated 

that all had similar mineralogic~l compositions. All were soda-rich, 

porphyritic igneous rocks from lava flows. The cores were composed 

of clear to white anorthoclase (feldspar) and altered pyroxene pheno

crysts in very fine-grained trachytic-textured groundmasses. Core 

samples No. '2 and No. 5 were dense and relatively unaffected by 

physical weathering and should have similar physical properties, 

70 



whereas core sample No. 1 was vesicular, containing secondary depos

its within the vesicles, and was physically weaker than the two dense 

core samples. All three samples were classified as trachyte porphyry. 

Minor color differences in the samples were due to variation in the 

a.mount of hematite and altered ferroan mineral grains in the ground

mass, and in themselves should not affect the physical properties to 

any extent. 
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Borinr No. Ue10U 
Depth 21.9 to 24.0 r .. 1 

Core Lenith 11.S inches 

TRACHYTE PORPHYRY, l11hl reddish-brown, 1 p han i tic 
aroundmass with small reddish crystals Ind larre pheno
crysts of soda·rich feldspardisseminated lluou&Mut thl! core. 
Phenocrysls ranee in size 14) lo 112 inch in their looaest di· 
mens.ion. There a1e l\Ullleroos short narrow cracks. appro•i· 
mately 114 ioch Iona. on the core sutface, most of rrhich are 
filled with iron oxide; there is no preferred Olientalion. Tti:eie 
is a fresh break 4-111 inches from the lop. Two small narrow 
cracks are present near the bottom of the core. This rock is 
very similar to the rock 11amined and teSled for Project 
PalafXluin. 

80<in1 No. Ue20l·l 
Oeplh 87.5 to 88.9 leet 

Core Len1rh ll.8 inches 

TRACHYTE PORPHYRY, redd1sh·brown, 1phanitic rround
mass wil!I small relld1slr cryslals and small and larre ~ 
crysts of soda-rich feldspardisseminaled throu;iout the core. 
Phenoaysts ranie in size frDll pinhead size to 3/8 inch in 
their lonaest dimension. The short n••ow cracks 1s de
scribed lor specimen from 21.9 to 24.0 feet 111 p!!Sent. Nu
merous vesicles are present on the core surface and ran2e 
hom very small to 1/4 inch in their lonatst dimension; they 
have no preleired oriertation. An old tracture encircles the 
core approximately 3 inches from the bottom. The core is 
badly wealhe1ed, and its pllysic1I prQf>trties should be...,, .. 
wtial lower lllan those of t1lt other"'"· 

Borinr No. Ue10L-1 
Depth 16a.3 lo 170.7 feet 
Core Lenalh 12.0 inches 

TRACHYTE PORPHYRY, l"Y wilt! lifht brown color bands; 
aphanilic aroundmass with SOmt small reddish crystals and 
1111• phenocrysts of soda-rich foldspar dis,...inaled l!lrourh
out the core. Phenocrysls rana• in sin ur> to 111 inch in 
their lqest dimension, The same short narrow cracks are 
piesent as in specimen from 21.9 to 24.0 feet. ReddisM11own 
colorbaids encircle the core and dip approximately ~dtjrees. 

FELDSPAR PHENOCRYSTS SHORT NARROW SURFACE CRACKS 

D SMALL REDDISH CRYSTALS I~ I VOIDS 

[Il] COLOR BANOS 

Borina No. Ue20L-I 
Oepfh 41.7 ta 43.7 1 .. t 

Core Le.1th 11.9 inches 

TRACHYTE PORPHYRY,dmriplion is thtsame IS forspec· 
imen from 21.9 to 24.0 feet with the followin& e1cept1oos: an 
old fracture encircles the core approximately l inch from the 
bottom of the core; a small amount of iron Olide fills the 
fracture. 

Borinr No. Ue20L-1 
Depth 111.8 lo 113.J feet 
Core L•nalh 10.8 inches 

TRACHYTE PORPHYRY ,descriplioo is the same IS forspec· 
imen from 21.9 to 14.0 feet wilt! the followinr exceptions: 
core Is 1r1yish·red with reddish·b1own color bands encirclin1 
tile core which dip •.11pro•i1ni1tely 40 dqrees •. 

• l. . Q • 0 } =10. C>'. 0. .,. 
t. ·'. a • t '":' ";' ~J. '"'· \~ ':'~ 

<I 0 ~ • •<l (I • ~ lQ .. ' • • • ·1·<> ......... , •• , ••• o, 
~I .;oc:.·.-..a.,. ..... 

' o ' · \"'- I f • II. •• (4 " ,. 0• .•Cl,\.' f ....... 

Borina No. Ue20L·3 
Oeplfl 106.0 to 106.8 feet 
Core Lenrlh 10.0 Inches 

TRACHYTE PORPHYRY, lifht bro"'11slr-1ra1, aphanilic 
1roundmass with sl'flllll reddish ciystals and la1eephenoa15ts 
of soda-rich feldsperdisseminaled lt!rouahout thoco1e. Pheno
crysts ran1e in size up to 3/4 inch in their lonaest dimension. 
Numerous short narrow cracks, approximately 114 inch Iona, 
some filled with iron o•ide, 11t present on the core surface. 
Top of ccn is an old lracftn surface; bottom or core has an 
old fracture surface and 1 surface intersectin1 the tractu1e 
.tlich awears to be a joint plane partly covered with a white 
noncalcareoos material; the IPpilrenl joint plane dips approxi· 
malely 70 de1rees. 

Note: These core loas were conducted on Nx'size cores drill!d from 6- ' 
inch cores. Core ends are sawed surfaces; therefore, no dncrip-

- lion is &iven of the natural core ends e•cept 111here so stated. 

Figure B.l Description· of.samples from borings Ue20L-l and Ue20L-3. 
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TABLE C .1 UNCONFilIBD COMPRESSIVE STRENGTH TEST RESULTS, PROJECT CABRIOl:~T, 4 FEBRUARY 1966 

Test method used, CRD-C 19; Specimen diameter, 2.125 inches; specimen length, 4.25 inches; 
rate of load, .50 psi/sec; method of sawing to length, diamond saw; method of end preparation, 
surface ground; testing apparatus, 440,000-pound Baldwin Universal Machine; method of strain 
measurement, two vertically and two horizontally opposed SR-4 strain gages, type A3-S6. · 

Stress Average Strain Stress Average Strain 

Vertical Horizontal Vertical Horizontal 

·psi µin/in µin/in psi µin/in µin/in 

Boring ye20L-l; Core Depth, 21.9 Boring Ue20L-3; Core Depth, 106.o 
to 24.o feet: to 106.8 feet: 

0 0 0 0 0 0 
1,410 420 6o 1,410 530 65 
2,820 825 115 2,820 980 145 
4,24o 1,200 26o 4,240 1,375 230 
5,650 1,570 410 5,650 1,730 310 
7,o60 1,935 595 7,06o 2,095 430 
8,470 2,305 1,095 8,470· 2,455 600 
9,890 2,310 1,895 9,890 2,815 820 

11,300 2,355 11,300 3,135 1,175 
12,250 2,675 12,710 .. 3,380 1,640 

Boring Ue20L-l; Core Depth, 41.7 
13,210 

to 43.7 feet: Boring Ue20L-l; Core Depth, 151.8 
· to 153·3 feet: 

0 0 0 
1,410 540 125 0 0 0 
2,820 l,04o 285 1,410 590 90 
4,24o 1,440 435 2,820 1,140 235 
5,650 1,790 620 4,24o 1,635 380 
7,060 2,230 880 5,650 2,255 570 
8,470 2,590 1,140 7,06o. 2,865 805 
9,890 2,805 2,245 8,470 3,380 1,070 

11,300 3,120 4,265 9,890 3,865 1,440 
12,710 3,430 11,300 4,345 2,000 
12,880 _3,41:15 -12,710 -4, 555 3,36o 

13,000 
Boring Ue20L-l; Core Depth, 87.5 
to 88.9 feet: Boring Ue20L-l; Core Depth, 168.3 

to 170.7 feet: 
0 0 0 

1,410 840 ll5 0 0 0 
2,820 1,535 285 1,410 340 90 
4,24o 2,115 525 2,820 76o 195 
5,650 2,680 825 4,24o 1,210 360 
1,060 3,260 5,650 l,6o5 595 
1,090 1,06o 2,015 860 

8,470 2,335 1,125 
9,890 2,640 1,515 

11,300 2,920 2,155 
12,710 3,16o 4,350 
13,420 3,370 

' 
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TABLE C.2 RESULTS OF TRIA.XIAL TESTS, BORING Ue20L-l 

Area of specimen, 3,54 square inches; area of loading head, 19.63 square inches; rate of load, 50 psi/sec; method of sawing to length, diamond saw; method of end preparation, surface ground; testing apparatus, 
440,000-pound Baldwin Universal Ms.chine e.nd tria.xis.l chamber; method of strain measurement, two vertically opposed SR-4 strain gages, type A3-S6. 

Lateral 
Stress 

a3 

psi 

Axial 
Load 

pounds 

Axial 
Stress 

psi 

Devis.tor 
Stress 

a 

psi 

Axial 
Strain 

µin/in 

Core Depth, 21.9 to 24.0 feet; Ultimate Strength, 
47,749 psi; Specimen Length, 4.25 inches; Specimen 
Diameter, 2.125 inches; L/D Ratio, 2.~: 

0 
1,000 
2,000 
3,000 
4,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 

0 
19,000 
37,500 
55,500 
75,000 
94,500 

100,000 
110,000 
120,000 
130,000 
14o,ooo 

150,000 
16o,ooo 
170,000 
18o,ooo 
190,000 

200,000 
210,000 
220,000 
230,000 
24o,ooo 

250,000 
26o,ooo 
263,500 

0 
0 
0 
0 
0 

26,700 

28,250 
31,070 
33,900 
36,720 
39,550 

42,370 
45,200 
48,020 
50,850 
53,670 

56,500 
59,320 
62,150 
64,970 
61,aoo 

70,620 
73,450 
74,44o 

0 
0 
0 
0 
0 
0 

1,550 
4,370 
7,200 

10,020 
12,84o 

15,670 
18,490 
21,320 
24,14o 
26,970 

29,790 
32,620 
35,44o 
38,270 
41,090 

43,920 
46,750 
47,749 

0 
0 
0 
0 
0 
0 

0 
825 

1,420 
1,965 
2,555 

3,125 
3,685 
4,265 
4,875 
5,48o 

6,115 
6,785 
7,475. 
8,235 
9,070 

9,985 
u,445 
12,625 

Core Depth, 76.7 to 77,7 feet; Ultl.JDate Strength, 
37,86o psi;a Specimen Le~th, 3,75 i=he-s0 Specimen 
Diameter, 2.125 inches; L/D Ratio, 1.76: 

0 
1,000 
2,000 
3,000 
4,ooo 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 

0 
20,000 
39,500 
58,500 
78,000 
97,500 

100,000 
110,000 
120,000 
130,000 
130,000 

130,000 
130,000 
234,250 

0 
0 
0 
0 
0 

27,54o 

28,250 
31,070 
33,900 
36,720 
36,720 

36,720 
36,720 
66,170 

0 
0 
0 
0 
0 
0 

710 
2,16o 
3,530 
4,950 
4,950 

4,950 
4,950 

38,630 

0 
0 
0 
0 
0 
0 

655 
955 

1,325 
l,665b 

Lateral 
Stress 

a3 

psi 

Axial 
Load 

pounds 

Axial 
Stress 

psi 

Deviator 
Stress 

a 

psi 

Axial 
Strain 

µin/in 

Core Depth, 151.8 to 153,3 feet; Ultimate Strength, 
46,470 psi; Specimen Length, 4.25 inches; Specimen 
Diameter, 2.125 inches; L/D Ratio, 2.00: 

0 
1,000 
2,000 
3,000 
4,ooo 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,0oo 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 
5,000 

5,000 
5,000 
5,000 
5,000 

0 
20,000 
4o,ooo 
59,000 
78,500 
97,500 

100,000 
105,000 
110,000 
115,000 
120,000 

125,000 
130,000 
135,000 
14o,ooo 
145,000 

150,000 
155,000 
16o,ooo 
165,000 
170,000 

175,000 
18o,ooo 
185,000 
190,000 
195,000 

200,000 
205,000 
210,000 
215,000 
220,000 

225,000 
230,000 
235,000 
24o,ooo 
245,000 

250,000 
255,000 
26o,ooo 
262,ooo 

0 
0 
0 
0 
0 

27,54o 

28,250 
29,700 
31,070 
32,490 
33,900 

35,310 
36,720 
38,14o 
39,550 
4o,96o 

42,370 
43,790 
45,200 
"6,610 
48,020 

49,44o 
50,850 
52,26o 
53,670 
55,090 

56,500 
57,910 
59,320 
6o,730 
62,150 

63,56o 
64,970 
66,380 
61,aoo 
69,210 

70,620 
72,030 
73,450 
74,010 

0 
0 
0 
0 
0 
0 

710 
2,16o 
3,530 
4,950 
6,36o 

7,770 
9,180 

10,600 
12,010 
13,420 

14,830 
16,250 
17,66o 
19,070 
20,48o 

21,900 
23,310 
24,720 
26,130 
27,550 

28,96o 
30,370 
31,78o 
33,190 
34,610 

36,020 
37,430 
38,84o 
4o,26o 
41,670 

43,oBo 
44,490 
45,910 
"6,470 

0 
0 
0 
0 
0 
0 

10 
655 
925 

1,340 
l,64o 

1,915 
2,255 
2,625 
3,000 
3,265 

3,595 
3,975 
4,275 
4,565 
4,895 

5,235 
5,585 
5,895 
6,24o 
6,695 

7,005 
7,430 
7,765 
8,14o 
8,485 

. 8,900 
9,4oo 
9,915 

10,335 
10,765 

11,305 
11,665 

-430 
-2,070 

a Correction or ulti.mate strength when L/D ratio is less than 2, CRD-C 27-63: 38,630 psi x 0.98 • 
b 37 ,86o pBi. . 

Strain gage became inoperative atter thb reading, 
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TABLE C.3 RESULTS OF TENSILE STRENGTH (DIRECT) TESTS, .PROJECT 
CABRIOLET, 4 FEBRUARY 1966 

No test method has been set up to date. Specimen was cemented to 
steel plates which were attached to universal swivel joints and then 
pulled apart • 

Boring Ue20L-l 

Specimen diameter--------------------------------------- 2.125 inches 

Specimen length----------------------------------------- 4.250 inches 

Rate of load------------------ 800·lb/min or approximately 47 psi/sec 

Method of sawing to length------------------------------- diamond saw 

Method of end preparation-------- surface ground and Steelcote Epoxy, 
binder type II, Part A-EP 
(Corps of Engineers) 

Testing apparatus---------------- 30,000-pound Riehle Testing Machine 

Method of strain measurement------------------------------------ none 

Core Depth 

f't 

-2L9-to 24;0 

151.8 to 153,3 

Direct Tensile Strengtha 

psi 

350 

410 

a Direct tensile strength = ! . 
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TABLE C.4 RESULTS OF STATIC TENSILE SPLITTING TESTS, PROJECT 
CABRIOLET, 4 FEBRUARY 1966 

Rate of load, 150 psi/sec; method of sawing to length, diamond saw; 
testing apparatus, 440,000-pound Baldwin Universal Machine; test 
method used, CRD-C 77. 

Boring Core Depth Specimen Tensile 
No. Splitting 

Diameter Length Strength a 

feet inches inches psi 

Ue20L-l 21.9 to 24.o 2.12 4.30 810 

Ue20L-l 41.7 to 43.7 2.12 4.33 920 

Ue20L-l 87 .5 to 88.9 2.13 2.13 440 

Ue20L-3 106.o to 106.8 2.13 2.13 870 

Ue20L-l 151.8 to 153.3 2.12 4.25 860 

Ue20L-l 168.3 to 170.7 2.12 4.25 1,060 

a 2P Tensile splitting strength (T) = md , where 

T = tensile splitting strength, psi 
P = maximum applied load, indicated by testing machine, pounds 
t = length of specimen, inches 
d = diameter of specimen, inches 
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TABLE C.5 COMPUTATIONS USED, PROJECT CABRIOLET, 4 FEBRUARY 1966 

To obtain bulk density multiply specific gravity by 62.3 lb/cu ~. 

Bulk Dry Specific Gravity: 

WO 
G = -- , where 

0 vorw G0 = specific gravity of the oven
dried core 

W = weight of the oven-dried core 
0 • in grams 

V = volume of the core in 
0 milliliters 

r = density of water at tempera-
w ture of test specimen · 

Saturated Surface-Dry Specific Gravity: 

w s Gs = ,,.,,.--..,,..,,- , where 
ws - WW 

Specific Gravity of Solids: 

W8K 
, where 

ws + wbw - wbws 

G = specific gravity of the 
s saturated surface-dry core 

Ws = weight in air of the satu
rated surface-dry core in 
grams 

W = weight in water of the satuw · rated surface-dry core in 
grams 

W = the oven-dried weight of the 
s powdered rock sample in grams 
K = the correction factor, based · 

on the density of water at 
20 c 

Wb = weight of flask plus water at 
w test temperature in grams 

W.b = weight of flask plus water . ws 
plus solids at test tempera-
ture in grams 
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Figure C .1 As-rece:i.ved 6-inch cores. 
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Posttest k1hO\v.i,ng typical failure 
tested in unconfined compression. 

80 



Figure C.3 Posttest failure 
surfaces of 
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