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b ABSTRACT

Laboratory tests were conducted on rock core samples received
from six core holes in the Pease study area of Belknap, Cheshire,
Grafton, and Merrimack Counties in New Hampshire. Results were used
to determine the quality and uniformity of the rock to depths of
200 feet below ground surface.

The rock core was petrographically identified as predominately
mica gneiss, mica schist, dacite, granite gneiss, and muscovite
granodiorite, with relatively minor quantities of tonalite, granodi-
orite gneiss, and basaltic material.

Evaluation of the Pease study area core on a hole-to-hole basis
indicates the moderately fractured and intéct dacite removed from
Hole PZ-CR-36 to be very campetent rock; The highly fractured core,
removed at depths of 40 feet or less below ground surface, was mar-
ginal in quality. Generally, this hole ylelded material representa-
tive of competent, hard rock media.

The remainder of the holes from thls area, i.e., PZ-CR-2, -11,
-23, -25, and ~-34, generally yielded rock core exhibiting physical
Properties characteristic of marginal to barely coampetent material.
Holes PZ-CR-11, -23, and -34 yielded incompetent core from depths
greater than 50 feet below ground surface, dictating classification

of the core as unsuitable as competent media. Holes PZ-CR-2 and
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-25 yilelded sipgnificant quantities of rock of marginal quality, but,
dependent on results of possible further investigation, could oif'fer
some possibility as campetent hard rock media.

The above evaluations and conclusions have been based on scme-
what limited data; therefore, more extensive investigation will be
required in order to accurately assess the individual areas under

consideration,



PREFACE

This study was conducted in the Concrete Division of the U. S.
Army Engineer Waterways Experiment Station (WES) under the sponsor-
ship of the U. S. Air Force Space and Missile Systems Organization
(SAMSO) of the Air Force Systems Cammand. The study was coordinated
with CPT Rupert G. Tart, Jr., SAMSO Project Officer, Norton Air Force
Base, San Bernardino, California. The work was accamplished during
November 1969 through April 1970 under the general supervision of
Mr. Bryant Mather, Chief, Concrete Division, and under the direct
supervision of_Messrs. J. M. Polatty, Chief, Engineering Mechanics
Branch, W. 0. Tynes, Chief, Concrete and Rock Properties Section,
and K. L. Saucier, Project Officer. Mr. C. R. Hallford was respon-
sible for the petrography work. Mr. R. W. Crisp performed the ma-
Jority of the program analysis and prepared this report.

Directors of the WES during the investigation and the preparation.
and publication of this report were COL Levi A. Brown, CE, and

COL Ernest D. Peixotto, CE. Technical Director was Mr. F. R. Brown.



CONTENTS

ABSTRACT === m == oo s mmmscmemmreamso s emeameeesen e om o m—emo e 3
PREFACE== == s mmmmmmeme-eem———a—e————e— - —e———————————————————— 5
CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT=-=--=- 8
CHAPTER 1 INTRODUCTION=-=--===smommcmammmmme o mmme oo m e mmm e 9
1.1 Backgrounde===e=---==m-moocm e o m oo eme—ememoemnemeeo 9
1.2 Objective--ewmmem e e e e e oo 9
1.3 SCOpe-==mmmmme oo e m e m e e e nm e m e e oo 9
1.4 SampleS-==-=-=mmm e e 10
1.5 Report Requirements-------ceeeccmeccmeer e cmccc e 1]
CHAPTER 2 TEST METHODS========-m==cmemmcmme oo mmccacmcme e o —— e 13
2.1 Schmidt Number-e-eec-weccorccereecmece e e ma e meaan 13
2.2 Specific Gravity-=ce-eememmmar e c e 13
2.3 Indirect Tensione-e--ceececcmcceccamma e e e s 13
2.4 Direct Tension=e-=-=ecmcemcmcemcccecceccccccmcccmameneeas 1k
2.5 Compressive Strength Testse=~evcemcmcmmcmmcommmcacaccamaan 1h
2.6 Dynamic Elastic Propertiese--=eececamcamcmmcmmmcccacaccaeas 15
2.7 Petrographic Examination-ee=eeecemmoocmccmcaccccccacacacan 16
CHAPTER 3 RESULTS OF QUALITY AND UNIFORMITY TESTS---=ms-=c=mm=-=- 17
3.1 Tests Utilized-e-cocomccmmccm e et e e 17
3.2 Mica Gneigg-=---eeommcocmcc e ea e e 18
3.3 Mica Schisteeesecccmcemmceccacccccmcmrcc e c e e e mmce e e 22
3.4 Muscovite Granodiorite-=cemeeeccccocomocmeccecaecaaaas 2k
3.5 Dacite Porphyry---cc-escecuccocnmamccacanammnmumem e caaa 2'f
3.6 Granite Gneiss and Granodiorite Gneisse==-=-e-ecccccacaa-- 30
.7 Other Rock TypeS====cwewcmemcencacccmumnmccncecoamcmamcaan—- 32
CHAPTER L4 SPECIAL TESTS=s=-=mcacccmecececaremecenamemmae oo 36
4.1 Anisotropy Testg===mmemce e mmm e e ccmmccccemmme s 36
4.2 Comparative Tensile TestS~==cewmeccccmamcacmoncccmanannnax 37
4.3 Petrographic Examinationeee-ceececaccccaeacamaccaccamaaaas 39
4.3.1 Samplegee--ceceeceemcmecmacccccaececccseccecccame—————— 39
4.3.2 Test Procedure-=s==ee-cecsccmacccameccmacmccacnacnaenann 42
4.3.3 Resultf-mecemcmmmo e cceeccccncccccmesemmmamaoan 43
L.3.4 Summary---«-ec-cmeeecmeema e eecccmacccccccecmcmmenaea 48



CHAPTER 5 DISCUSSION AND

5.1 Discussion
5.2 Conclusions

APPENDIX A
APPENDIX B
APPENDIX C
APPENDIX D
APPENDIX E
APPENDIX F

REFERENCES

DATA REPORT
DATA REPORT
DATA REPORT
DATA REPORT
DATA REPORT

DATA REPORT

---------------------------------------- 65
---------------------------------------- 65
HOLE PZ-CR-2, 21 NOVEMEER 1969--------- 73
HOLE PZ-CR-11, 20 NOVEMBER 1969-=====-- 81
HOLE PZ-CR-23, 19 NOVEMBER 1969--=====- 89
HOLE PZ-CR-25, 19 NOVEMEER 1969-------- 97
HOLE PZ-CR-34, 14 NOVEMEER 1969-------- 105
HOLE PZ-CR-36, 21 NOVEMBER 1969-------- 113
------------------------------------------------------- 120



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 (U. S. statute) 1.6093h4 kilameters
feet per second 0.3048 meters per second
pounds 0.45359237 kilograms
pounds per square inch 0.070307 kilograms (force) per square
6,894,757 gggtéﬂ:tggr square meter




CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

The purpose of this study was to supplement the information
being obtained for the area evaluation study by the U. S. Air Force
Space and Missile Systems Organization (SAMSO). It wes necessary to
determine the individual properties of the specific materials for an
analysis of the quality and uniformity of the rock. Results of tests
on cores from the Pease study area of Belknap, Cheshire, Grafton, and

Merrimack Counties in New Hampshire are reported herein.

1.2 OBJECTIVE

The objective of this investigation was to conduct laboratory
tests on samples from areas containing hard, near-surface rock to
determine the integrity and the mechanical behavior of the materials
as conpletely as possible, analyze the data thus obtained, and report

the results to appropriate parties.

1.3 SCOPE

Laboratory tests were conducted on samples received from the
field as indicated in the following paragraph. Table 1.1 gives per-
tinent information on the various tests.

Tests were conducted to determine the general quality,



uniformity, and integrity of the rock in the area. The following
properties were determined: (1) relative hardness (Schmidt number),
(2) specific gravity, (3) ultimate uniaxial compressive strength, and
(4) dynamic elastic properties. Additional tests conducted (1) to
evaluate the degree of anisotropy of the sampled rock and (2) to com-
paré direct and indirect tensile strengths of the various types pres-
ent were: (1) dynamic elastic properties along three mutually per-
pendicular axes and (2) direct and Brazilian tensile tests. A lim-

ited petrographic examination was also conducted.

1.4 SAMPLES

Samples were received from six holes in the Pease study area
designated as PZ-CR-2, -11, -23, -25, -3L, and -36. All samples were
NX-size cores (nominal 2-1/8-inchl diameter). Test specimens of the
required dimensions, as given in Table 1.1, were prepared for the in-
dividual tests. Quality and uniformity tests were conducted on se-
lected specimens from all holes. Special tests were conducted on
specimens selected fram the various core holes to represent differ-

ences in rock type, weathering, etc.

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

metric units is presented on page 8.
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1.5 REPORT REQUIREMENTS

The immediate need for the test results required that data re-
ports be compiled and forwarded to responsible parties as work was
campleted on each hole., The data reports of the individual test re-

sults are included herein as Appendixes A through F.

11



TABLE 1.1 SUMNARY OF TESTS

Test

Specimen Size

Test Equipment

Recording
Bquipment

Measured Properties

Camputed Properties

Relative hardness 1 diameter by Schmidt hemmer

Specific gravity

Indirect tension
Direct tension
Unconfined

campression

Cyclic compression

Dynamic elastic
moduli

Sonic velocity

Petrographic
examination

Anisotropy

2 diameters

1

Variable

1 diameter by
1 diameter

Scales

Ll0,000-pound tést
machine

30,000-pound test
machine

LLhO,000-pound test
machine

440,000-pound test

machine

Pulse generator,
amplifiers

Pulse generator,
amplifiers

Microscopes, X-ray
diffraction

Pulse generator,
amplifiers

X-Y recorder

X-Y recorder

Oscilloscope

Oscilloscope

Oscilloscope

Relative hardness

Specific gravity
Tensile strength
Tensile strength
Compressive
strength
Compressive

strength

Compressional and
shear velocity

Campressional and
shear velocity

Appearance,
texture, and
nineralogy

Campressional and
shear wvelocities

Density

Young's, shear, and
bulk moduli and
Poisson's ratio

Young's, shear, and
bulk moduli and
Poisson's ratio

Young's, shear, and
bulk moduli and

in three-orthogonal Poisson's ratio

directions




CHAPTER 2

TEST METHODS

2.1 SCHMIDT NUMBER

The Schlmidt number is a measure of the reiative degree of hard-
ness as determined by the degree of rebound of a small mass propelled
against a test surface. The test was conducted as suggested in Ref-
erence 1 (a Swiss-made hammer was used) except that 8 to 12 readings
per specimen were made. The average of these readings is the Schmidt
number or relative hardness. The hardness 1s often taken as an ap-
proximation of rock guality, and may be correlated with other physi-

cal characteristics such as strength, density, and modulus.

2.2 SPECIFIC GRAVITY

The spécific gravity of the "as-received" samples was determined
by the loss of weight method conducted according to method. CRD-C. 107
(Reference 2). A pycnometer is utilized to determine the loss of
weight of the sample upon submergence. The specific gravity is equal

to the weight in air divided by the loss of weight 1in water.

2.3 INDIRECT TENSION
The tensile strength was determined by the indirect method, com-
monly referred to as the tensile splitting or Brazilian method, in

which a tensile failure stress is induced in a cylindrical test

13



specimen by a compressive force applied on two diametrically opposite
line elements of the cylindrical surface. The test was conducted ac-

cording to method CRD-C 77 (Reference 2).

2.4 DIRECT TENSION

For purposes of comparison, specimens were prepared and tested
for tensile strength according to the American Society for Testing
and Materials (ASTM) proposed "Standard Method of Test for Direct
Tensile Strength of Rock Core Specimens." Tensile splitting tests
were conducted on specimens cut adjacent to the direct tensile test
specimens.

For the direct tension tests, the specimens were right circular
cylinders, the sides of which were straight to within 0.0l inch over
the full length of the specimen and the ends of which were parallel
.and not deparfing from perpendicularity to the axis of the specimen
by more than 0.25 degree. Cylindrical metal caps were cemented to
the ends of fhe specimen and provided the means for applying the di-
rect tensile load. The load was applied continuously by a 30,000-
pound-capacity universal testing machine and at a constent rate such

that failure occurred within $ to 15 minutes.

2.5 COMPRESSIVE STRENGTH TESTS
The unconfined and cyclic compression test specimens were'pre-

pared according to ASTM and Corps of Engineers standard method of

14



test for triaxial strength of undrained rock core specimens, CRD-C 147
(Reference 2). Essentially, the specimens were cut with a diamond
blade saw, and the cut surfaces were ground to a tolerance of 0.00L
inch across any diameter with a surface grinder prior to testing.
Electrical resistance strain gages were utilized for strain measure-
ments, two each in the axial (vertical) and horizontal (diametral)
directions., Static Young's, bulk, shear, and constrained moduli were
computed from strain measurements. Stress was applied with a 440,000-

bound-capacity universal testing machine.

2.6 DYNAMIC ELASTIC PROPERTIES

Compressional and shear wave velocities, bulk, shear, and
Young's moduli, and Poisson's ratio were determined by the ASTM pro-
posed "Standard Method of Test for Laboratory Determination of Ultra-
sonic Pulse Velocities and Elastic Constants of Rock." The method
consisted essentially of generating a wave in the specimen with a
Pulse generator unit and measuring, with an oscilloscope, the time
required for the compression and shear waves to travel the length of
the specimen, the resulting wave velocitj being the distance traveled
divided by the travel time. These compressive and shear velocities,
along with the bulk density of the specimen, were used to compute the
elastic properties.

In the case of the special tests used to determine the degree of

15



anisotropy of the semples, campression and shear veloclities were
measured along two mutually perpendicular, diametrical (lateral) axes
and along the longitudinal axis. This was facilitated by grinding
four 1/2-inch-wide strips down the sides of the cylindrical surface
at QO-degree angles and generating the campressive and shear waves

perpendicular to these ground surfaces.

2.7 PETROGRAPHIC EXAMTNATION

A limited petrographic examination was conducted on samples
selected to be representative of the material from the several holes.
The examination was limited to identifying the rock, determining gen-
eral condition, identifying mineralogical constituents, and noting
any unusual characteristics which may have influenced the test

results.

16



CHAPTER 3

RESULTS OF QUALITY AND UNIFORMITY TESTS

3.1 TESTS UTILIZED

As with testing and date analysis of core from study areas pre-
viously evaluated,l the following physical properties were used in
evaluating the quality and uniformity of the Pease core: Schmidt
number, specific gravity, ultimate uniaxial compressive strength,
and compressional wave velocity. Dynamic elastic constants were
determined for selected representative specimens and results were
compared with static elastic constants determined for these same
specimens. Static moduli were based on e Poilsson's ratio and tan-
gent modulus of elasticity computed at 50 percent of ultimate uni-
axial compreésive strength.

The core received'fran'the*Peasefstudy!areafwasfquit varieéd in-
camposition, camprised of five principal rock types: (1) mica
gneiss, (2) mica schist, (3) dacite, (4) granite gneiss, and (5)
muscovite granodiorite. Relatively insignificant quantities of other
rock types (tonalite, granodiorite gneiss, and basaltic material)

were also received from the area. Differences in ultimate uniaxial

1 A 1list of associated reports 1s given on the inside front cover of

this report.
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compressive strength appear to have arisen from variation in rock
type coupled with variation in nature, number, and inclination of
fractures present in the individual specimens.

To facilitate analysis, data were generally grouped according to
roék type, and, where applicable, these general groupings were sub-
divided according to physicael conditions as defined below:

1. Intact rock core, which was macroscopically free of Jjoints,
seams, vesicles, and/or fractures.

2. Moderately fractured rock core containing horizontally or
vertically oriented fractures.

3. Critically to highly fractured rock core containing well-
developed systems of fracture, or critically oriented fractures, i.e.,
fractures inclined with respect to the horizontal at angles «o as to
result in ihg‘development of shearing stresses of failure magnitude
when the specimen is subjected to relatively low axial stress.

4. Rock containing vesicles.

Detailed physical test results are presented in Appendixes A
through F; summaries of the results are tabulated in the various sec-

tions of this chapter.

3.2 MICA GNEISS
All of the rock specimens received from Hole PZ-CR-2, and por-

tions of those received from Holes PZ-CR-1ll and -34, were

18



petrographically identified as mica gnelss. Relatively few specimens
contained fractures, the majority of the core being intact. One spec-
imen tested contained a biotite inclusion.

A summary of the test results is given below. Detailed results

are given in Appendixes A, B, and E.

Hole No. Specimen Specific Schmidt Ultimate Compressional Core Description
No. Gravity No. Uniaxial Wave Velocity
Compressive
Strength
psi fps
PZ-CR-2 5 2.72 Ly 2 10,710 10,840 Intact
7 2.73 39.6 12,400 10,360 Intact
8 2.72 L3.5 13,460 11,220 Intact
11 2.73 Ly .8 14,870 10,090 Intact
15 2.7 35.8 14,480 9,910 Moderately fractured
16 2.74 4o.0 8,450 10,830 Intact
17 2.72 - 10,450 10,100 Moderately fractured
19 2.73 hi.2 12,300 10,160 Intact
22 2.73 39.6 9,760 9,660 Contained biotite
: inclusion
PZ-CR-11 3 2.83 Ly, 2 11,970 16,500 Intact
8 2.85 41.3 10,580 17,170 Critically oriented
fracture
12 2.81 40.7 10,230 15,680 Intact
13 2.73 - 19,030 16,400 Intact
15 2.89 Ly 4 17,330 18,480 Intact
19 2.97 L7.2 17,390 20,540 Intact
21 2.90 Lh.g 23,030 19,520 Intact
PZ-CR-34 9 2.71 - 21,770 14,960 Intact
21 2.82 L43.6 11,640 15,880 Intact
Average 2.78 42.3 13,880 13,790

Physical properties exhibited by the fractured specimens ap-
Peared to be only slightly, if at all, affected by the presence of
fractures, as these test results were generally comparable to those

of the intact mica gneiss from the same core holes,
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Ultimate uniaxial compressive strengths were somewhat variable,
ranging from approximately 8,500 to 23,000 psi. .The ultimate com-
pressive sfrengths yielded by specimens from Hole PZ-CR-2 were gen-
erally lower than those exhibited by the mica gneisses from the other
two holes. These lower strengths were probably due to the very well-
developed foliation coupled with the high degree of mineral segrega-
tion (see Figure U4.5) characteristic of the PZ-CR-2 gneisses.

Compressional wave velocities were also rather variable, ranging
from approximately 10,000 to 20,000 fps. FExpectedly, the higher ve-
locities were generally exhibited by the stronger specimens. The un-
usually low velocities exhibited by the core from Hole PZ-CR-2 prob-
aBly resulted from the same physical characteristics discussed in the
immediately preceding paragraph, thelfoliation‘and mineral segrega-
tion resulting in longer paths of travel and travel times.

Dynemic elastic constants determined for the well-foliated mica
gneiss from Hole PZ-CR-2 were, due to the low compressional wave ve-
locities measured, very low, but they were quite uniform.

Dynamic elastic constants determinéd for the poorly foliated
mica gneisses from Holes PZ-CR-11 and -34 were considerably higher.
Overall, the dynamic elastic constants correlated rather well with
the variations in ultimate uniaxial compressive strength and compres-
sional wave veloclty previously discussed.

As indicated in the following tabulation, static elastic

20



constants were generally samewhat lower than their corresponding dy-

namic values.

Hole No. Specimen Modulus Shear Poisson's
No. Velocity Ratio
Young's Bulk Shear

lO6 psi 106 psi lO6 psi fps

Dynamic Tests:

PZ-CR-2 5 b,2 1.8 1.8 7,105 0.12
7 3.6 2.0 1.5 6,360 0.20
8 b L 2.1 1.9 7,170 0.15
11 3.7 1.4 1.7 6,835 0.08
15 3.6 1.4 1.6 6,710 0.08
16 4.0 2.1 1.7 6,780 0.18
17 3.0 2.2 1.2 5,625 0.27
19 3.7 1.6 1.7 6,730 0.11
22 2.7 2.0 1.0 5,340 0.28
PZ-CR-11 "3 8.2 6.1 3.2 9,140 0.28
8 8.1 7.2 3.1 8,980 0.31
15 8.0 9.k 2.9 8,675 0.36
19 13.5 9.8 5.3 11,515 0.27
21 12.0 8.6 4,8 11,035 0.27
PZ~CR-34 9 7.0 L.L 2.9 8,815 0.23
21 8.1 5.3 3.2 9,225 0.25
Static Tests:
PZ-CR-2 5 3.8 1.9 1.7 - 0.16
15 b1 2.2 1.7 -- 0.19
16 2.6 2,2 1.1 -- 0.15
PZ-CR-11 8 7.1 3.4 3.1 -- 0.15
PZ-CR-34 21 5.3 2.2 2.4 -- 0.09
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Cyclic stress-strain curves determined for several specimens
revealed the majority of the mica gneiss so tested to be somewhat in-
elastic, frequently exhibiting considerable hysteresis and residual

strain.

3.3 MICA SCHIST

A portion of the core received from Holes PZ-CR-11 and -34 was
petrographically identified as mica schist, this rock type being basi-
cally the same as the mica gneiss previously discussed with same dif-
ferences in structure and texture. Three of the specimens tested
contained pegmatite bands. Several specimens contained fractures.
Two of the specimens tested from Hole PZ-CR-1l were vesicular.

A tabulation of physical test results is given below. Detailed

results are given in Appendixes B and E.

Hole No. Specimen Specific Schmidt Ultimate Campressional Core Description
No. Gravity No. Uniaxial Wave Velocity
Compressive
Strength
psi fps
PZ-CR-11 b 2.95 45,6 15,000 19,090 Tntact.
1 2.788 .- 6,120% 15,4208 Veslculay
16 2.588 -~ L, oho8 9,280" Vesicular
P7.-CR-3b 3 2.69 50.9 19,120 17,164 Moderately tractured,
slightly weathered
" 2.65 37.7 23,030 10,605 Contained peymatite
band
7 2.6k4 48,1 18,4450 13,290 Contained pegmatite
band
1l 2.72 hs.0 17,760 15,045 Intact
14 2.68 Wi, 8 13,090 13,045 Intact
15 2.83 3.7 12,300 12,360 Intact
18 2.7° 39.7 14,550 14,500 Contained pegmatite
. band
25 .77 49,3 16,880 16,735 Intact
Averaye 2.7h Lh.5 16,690 14,650

% Results of physical tests on two vesicular specimens were not included in the average.
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Ultimate uniaxial compressive strengths ylelded by the mica
schist from this area were, on the average, slightly higher than
those determined for the mica gneisses previously discussed. This
generality was not true of the two vesicular specimens from Hole
PZ-CR-11, which were quite weak, probably due to a combination of
vesicles and very strong (W5-degree) foliation (see Figure 3.1).

Compressional wave velocities determined for the mica schist
were rather low, similar to those exhibited by the mica gneiss.

As indicated in the tabulation below, elastic constants deter-
mined for this portion of the core were quite variable, the values of

a particular constant ranging widely for the various specimens tested.

Hole No. Specimen Modulus Shear Polsson's
No, Velocity Ratio
: Young's Bulk Shear
6 6 6
10% pel 10~ psi 10" psi fps

Dynemic Tests:

PZ-CR--11 i 11.1 8.7 b.3 1o,h§5 0.29
14 7.4 5.0 2.9 8,865 0.25
16 3.0 1.1 1.4 6,330 0.06

PZ-CR- 3k 3 7.7 6.7 3.0 9,020 0.31
4 3.7 2.0 1.6 6,585 Q.19
7 5.3 3.4 2.1 7,755 0.2k
11 7.3 k.3 3.0 9,080 0.21
1k 5.5 3.1 2.3 7,925 0.21
15 5.0 2.6 2.1 7,755 0.18
18 6.7 1.b L.7 11,350 -
25 10.h 3.7 5.0 11,640 -8

Static vesta:

1Z2-CR- 1.1, 16 1.2 0.6 0.5 .- 0.1h

FZ~CR- 3 25 an by 3.0 - 0.28

& Due to the umsually high shear velocity to compressional wave velocity ratlo, Polsson's ratio for
these specimens could not he reliably determined,

The rvather wide range in value of the various dynamic elastic

constants determined was probably due to varistion in extent of
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foliation and angle of inclination of this foliation with respect to
the horizontal, coupled with variation in the garnet content of the
specimens from Hole PZ-CR-11.

- The mica schist specimens subjected to cyclic compression tests
yielded stress-strain curves which were characteristic of relatively
inelastic materials, exhibiting considerable hysteresis and residual

strain.

3.4 MUSCOVITE GRANODIORITE
The entire core received from Hole PZ-CR-25 was petrographic§lly
identified as muscovite granodiorite. The core from the upper por-
“tion of the hole was slightly weathered. The majority of the core
was intact,
A summary of the test results is given below. Detailed results

are given in Appendix D.

Hole No. Specimen Specific Schmidt Ultimate Compressional Core Description
No. Gravity No. Uniaxial Wave Velocity
Compressive
Strength
psi fps
PZ-CR-25 1 2.65 -- 9,440 11,100 Slightly weathiered
2 2.64 36.8 9,610 9,385 Slightly weathered
5 2.64 Lo.1 15,260 8,140 Intact
8 2.6L 36.3 8,820 7,735 Intact
11 2.65 51.8 9,760 8,425 Tntact
13 2.6k 4s.3 9,210 9,975 Moderately fractured
15 2.64 Ly.o 15,240 10,'72% Intact
18 2.65 La.y 14,080 8,939 Intact
21 2.65 Lot 15,450 8,950 Tntact
23 2.6Y his, oy 1k, 390 10,079 Intact
Average 2.0b4 Wby 12,130 9,34y
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The ultimate uniaxial compressive strengths exhibited by this mate-
rial were relatively uniform, but rather low, ranging from 8,820 to
15,450 psi. Generally, the weaker specimens were either slightly
weathered or contained fractures; two of the weaker specimens tested,
however, were intact.

Campressional wave velocities determined for the muscovite
granodiorite were also rather uniform, but very low. These excep-
tionally low velocities, originally determined by the ASTM proposed
"Standard Method of Test for Determination of Ultrasonic Pulse Veloc-
ities and Elastic Constants of Rock" and then verified by the reso-
nant frequency method, were probably due to the very high mica con-
tent indicated by the petrographic analysis.

Specifié gravities ylelded by the muscovite granodiorite speci-
mens were unususlly uniform and ranged only from 2.64 to 2.65 for the
10 specimens tested over the full 200-foot range in core hole depth.

As indicated in the tabulation below, elastic constants deter-

mined for this material were also very low, but uniform.

Hole No. Specimen Modulus Shear Poisson's
No. : Velocity Ratio
Young's  Bulk Shear

lO6 psi 106 psi lO6 psi fps

Dynamic Tests:

PZ-CR-25 1 3.8 2.4 1.5 6,525 0.24
2 3.0 1.k 1.3 6,115 0.13
(Continued)
25
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Hole No.  Specimen Modulus Shear Poisson's
No. Velocity Ratio
Young's  Bulk Shear

106 psi _lO6 psi 106 psi fps

Dynamic Tests:

(Continued)

PZ-CR-25 5 2.2 1.1 0.9 5,115 0.16

(Continued) 8 2.0 1.0 0.9 4,910 0.16
11 2.5 0.8 1.3 5,985 --8
13 3.2 1.8 1.3 6,140 0.20
15 3.7 2.0 1.6 6,655 0.19
18 2.8 1.2 1.2 5,900 0.11
21 2.8 1.1 1.3 6,105 0.07
23 3.5 1.5 1.6 6,670 0.11
Aversge 3.0 1.4 1.3 6,010 0.15

Static Tests:

PZ-CR=-25 2 2.9 2.2 1.1 -- 0.28
13 3.4 1.5 1.5 -- 0.12
21 4.5 2.5 1.9 -- 0.20
Average 3.6 2.1 1.5 - 0.20

& Due to the unusually large shear velocity to compressional
velocity ratio, the dynamic Poigsson's ratio for this speci-
men could not be accurately determined.

For those specimens on which both tests were conducted, static elas-
tic constants were of the same approximate magnitude as their cor-
responding dynamic values.

Stresg-strain curves revealed the muscovite granodiorite to be a

relatively inelastlic material which exhibited substantial hysteresis

and residual strain upon cycling.
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3.5 DACITE PORPHYRY

The majority of the core received fram Hole PZ-CR-36 was petro-
graphically identified as dacite porphyry; Specimens 1, 2, and 3 were
identified as black and white tonalite. Several specimens contained
fractures; one was severely fractured.

A summary of the physical test results 1s given below. Detailed

results are given in Appendix F.

Hole No. Speci- Spe- Schmidt Ultimate Compres- Core
men cific No. Uniaxial sional Descrip-
No. Gravity Compressive Wave tion
Strength Velocity
psi fps
PZ-CR-36 L 2.67 56.0 34,700 16,660 Intact
5 2.59%  49.6% 9,640% 14,810% Severely
fractured
6 2.61 50.8 37,880 15,365 Intact
9 2.61 57.8 25,000 14,200 Moderately
fractured
12 2.61 5.2 43,180 15,005 1Intact
15~ 2.61 58.1 40,910 12,370 Intact
18 2.67 53.3 37,880 13,080 Moderately
fractured
20 2.65 52.9 39,090 14,265 Moderately
fractured
Averege 2.63 sh .7 36,950 14,420

& Physical test results for this specimen not included in
average.
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Ultimate uniaxial compressive strengths yielded by the intact
and moderately fractured dacite porphyry specimens were the greatest
exhibited by any rock from the Pease study area. With the exception
of the-single severely fractured specimen, which failed at an ulti-
mate strength of 9,640 psi, the dacite porphyry exhibited ultimate
compressive strengths averaging approximately 37,000 psi, twice as
strong in uniaxial compression as the next most competent rock from
this area.

Compressional wave velocities, while generally not as low as
those exhibited by some specimens from this area, were unusuvally low
for a material of such high ultimate uniaxial compressive strength.
Apparéntly, the many fine-grained inclusions scattered throughout the
core resulted in longer than usual travél paths and travel times and,
as a consequence, lower wave velocities. The absence of correlation
of compressional wave velocity with nature and degree of fracturing
would seem to indicate that fracturing had little, if any, effect on
wave velocity.

Like the compressional wave velocities discussed above, elastic
constants determined for the dacite porphyry were rather low for a
material of such high wltimate uniaxial compressive strength. The
constants, however, as indicated in the tabulation below, were par-

ticularly uniform.
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Hole No. Specimen Modulus Shear Poisson's
No. Velocity Ratio
Young's  Bulk Shear

106 psi 106 psi 106 psi fps

Dynamic Tests:

PZ-CR-36 L 7.3 6.3 2.8 8,805 0.31
5 6.8 4.0 2.8 8,935 0.21
6 6.9 4.6 2.8 8,865 0.25
9 6.0 3.8 2.4 8,315 0.24
12 6.7 L, b 2.7 8,730 0.2kL
15 5,2 2.2 2.4 8,225 0.10
18 5.5 3.1 2.3 8,000 0.20
20 6.4 3.8 2.6 8,535 0.22
Average 6. 4.0 2.6 8,550 0.22
Static Tests:
PZ-CR-36 o 12 8.5 L7 3.5 .- 0.20
.18 9.k 5.7 3.9 - 0.22
Average 9.0 5.2 3.7 -—- 0.21

For the two specimens on which comparisons could be made, static
elastic constants were generally slightly higher than the correspond-
ing dynamic values. l
Stress-strain curves determined for two specimens of dacite por-
phyry revealed this material to be slightly inelastic. Upon being
subjected to cyclic compressive tests, these specimens exhibited
slight hysteresis and residual strain. The initial upward concavity
of the stress-strain curves was probably due to crack closure during

the initial stages of loading.
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3.6 GRANITE GNEISS AND GRANODIORITE GNEISS

All of the cores from Hole PZ-CR-23 were petrographically identi-
fied as gneiss, the majority being granite and granodiorite gneiss.
Several of the granodiorite gneiss specimens contained fractures.

Most of the specimens were intact.

A summary of the physical test results is given below. Detalled

results are given in Appendix C.

Hole No. Speci- Ope- Schmidt Ultimate Compres- Core Description
men cific No. Uniaxial sional
No. Gravity Compressive Wave
Strength Velocity
psi fps
PZ-CR-23 7 2.60 37.2 6,060 9,0k0  Moderately fractured
granodiorite gneiss
8 2.64 L44.8 13,240 11,555 Moderately fractured
granodiorite gneiss
10 2.67 -- 11,050 14,655 Intact granite gneiss
11 2.63 52.8 13,530 12,340 Intact granite pneiss
17 2.67 53.4 11,970 12,195 Intact granite gneiss
19 2.78 4g.8 7,760 14,510 Intact granite gneiss
Average 2.66 47.6 10,600 12,380

Ultimate uniaxial compressive strengths ylelded by these mate-
rials were moderate to rather low in magnitude, similar to those ex-
hibited by the mica gneiss and muscovite granodiorite from the Pease

area (previously discussed). Nature and degree of fracturing had no
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immediately obvious effect on ultimate strength; intact specimens
yielded both high and low (relatively speeking) strengths. As indi-
cated in Figure 3.2, orientation of the plates of mica may have been
responsible for the lower compressive strengths.

Compressional wave velocities were also comparable to those de-
termined for much of the material previously discussed, rather low in
mﬁgnitude and varying somewhat. These low velocities, and the low
strengths mentioned above, were probably due to the presence of very
large concentrations of mica throughout the core.

As indicated in the tsbulation below, elastic constants deter-
mined for these gneisses were somewhat variable, but generally were
in the same range as the constants determined for the various other

rock types from this area.

Hole No. Specimen Modulus Shear Poisson's
No. Velocity Ratio
Young's Bulk Shear
106 psi 106 psi 106 psi Tps

Dynamic Tests:

PZ-CR-23 7 2.1 1.8 0.8 4,8Lo 0.30
8 4.3 2.4 1.8 7,095 0.20

10 6.0 4.6 2.4 8,090 0.28

11 5.2 2.3 2.3 8,070 0.13

17 5.3 1.6 2.9 8,865 ~-a

19 6.0 4.8 2.3 7,855 0.29

Average 4.8 2.9 2.1 7,470 0.24

(Continued)

a
Due to the unusually large shear velocity to compressional velocity
ratio, the dynamic Poisson's ratio for this specimen could not be
accurately determined.
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Hole No. Specimen Modulus Shear Poisson's
No. Velocity Ratio
Young's Bulk Shear :

106 psi 106 psi 106 psi fps

Static Tests:

PZ-CR-23 8 4.8 2.0 2.1 -- 0.11
17 5.6 2.9 2.3 -- 0.18
Average 5.2 2.4 2.2 - 0.1k

Cyclic stress-strain curves plotted during the static tests on
representative specimens revealed these gneisses to be somewhat in-
elastic, not unlike the rock types previously discussed. Significant

hysteresis and residual strain were detected upon cycling.

3.7 OTHER ROCK TYPES

Also tested, but not discussed in previous sections of this
chapter, were two specimens representing gneissic inclusions in
Hole PZ—CR-23,'one specimen of basaltic material received from Hole
PZ-CR-34, and one specimen of black and white tonalite from Hole
PZ-CR-36.

Physical test results yielded by the tonalite specimen and the
two specimens representing gneissic inclusive material were generally
similar to the results exhibited by the more common materials re-
ceived from Holes PZ-CR-23 and -36, and therefore, warrent no addi-
tional comment or evaluation. Test results are given in Appendixes
C and F.
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Physical characteristics exhibited by the basaltic specimen re-
ceived from Hole PZ-CR-3L were, however, the least competent of any
specimen from this hole and thus might require additional evaluation.
This specimen was the only one from Hole PZ-CR-3k to yield an ulti-

mate uniaxial compressive strength of less than 8,000 psi.



R-11, Specimen 16, The plama off fmlum in this
schist was parailel to the f'ﬂlmamon, which was at L5 d,egraeu. This
se{:ﬁmn failed at 4,240 psi. ‘




Figure 3.2 Core PZ-CR-23, Bpecimen 7. The top half of the photo~
graph shows the planes along which the section failed during com-
pregssive tests. The lower half shows a mlcs layer inclined at
about 4O degrees along which failure occurred.
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CHAPTER 4

SPECIAL TESTS

4.1 ANISOTROPY TESTS

Eight rock specimens from the Pease area were selected and pre-
pared for determination of compressional and shear velocities accord-
ing to the ASTM proposed '"Standard Mcthod of Test for Laboratory De-
termination of Ultrasonic Pulse Velocities and klastic Constants of
Rock,"” as discussed in Section 2.6. The NX-diameter specimens were
cut to lengths of 2 inches and ground on the ends to a tolerance of
0.001 inch. Four l/2-inch—wide strips were also ground down the sides
of the cylindrical surface at 90-degree angles. The velocities, den-
sities; and dimensions were measured as specified in the proposed
test method. Results of velocity determinations are given in
Table 4.1.

Compressional and shear wave velocities exhibited by the speci-
mens tested were rather variable, generally low to moderate in magni-
tude. The lowest velocities were exhibited by the well-foliated mica
gneiss and the muscovite granodiorite which contained unusually large
percentages of muscovite and biotite.

Deviations from the average compressional wave velocity were, in
most instances, quite high--frequently exceeding 10 percent. In all

cases, deviations from the average exceeded 5 percent. These high
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but varying degrees of anisotropy are apparently due to the well-

foliated and porphyritic nature of much of the materisel from this

area, the lesser degrees of anisotropy being characteristic of the
slightly foliated and/or finer grained specimens.

A compilation of the elastic properties computed from the com-
pressive and shear velocitiles and the specific gravity is given in
Table 4.2. However, particular discretion must be used in utilizing
the modull results as experimental errors are lntroduced when the
differences in velocitles are significant. The proposed ASTM test
method states that the equatlons for computation of elastic moduli
should not be used if "any of the three compressional wave velocities
varies by more than 2 percent from thelr average value. The error
in E and G due to both anisotropy end experimental error then does
not exceed 6 percent." Naturally, the error is compounded by greater
differences in the three-directional veloclity measurements, as are

present here.

4,2 COMPARATIVE TENSILE TESTS

Eight NX-diemeter rock specimens were selected in an attempt to
represent the variation of rock type present in the core received
from the drill holes in the Pease study area. The specimens were
prepared and tested for tensile strength according to the ASTM pro-

posed "9tendard Method of Test for Direct Tensile Strength of Rock
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Core Specimens." For comparative purposes, tensile splitting tests
were conducted on specimens cut adjacent to the direct tensile test
specimens. The test results are given in Table 4.3,

Direct tensile strengths were generally rather low, in most
cases 1éss than 40O psi. The specimens which exhibited direct ten-
sile strengths greater than 400 psi (i.e., 600, 640, and 1,090 psi)
were the three mica gneiss specimens tested. The specimen which
yielded the lowest direct strength was the only fractured specimen
tested.

Indirect tensile strengths were generally somewhat higher than
the corresponding direct tensile strengths, probably due to the more
restricted location of the failure plane in the indirect test, re-
sulting in less probability of failure occurring at a point of mini-
.mum strength.

Of the two specimens exhibiting characteristics which did not
follow this trend, one was a well-foliated mica gneiss with foliation
perpendicular to the plane of direct tensile stress and parallel to
the plane of indirect tensile stress. 1In this case, the foliation
and orientation were probably responsible for the indirect strength
being lower than the corresponding direct value.

In most cases, the direct tensile strength should better reflect
the minimum tensile strength characteristic of a particular rock spec-

imen, since a specimen subjected to direct tension should be more prone
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to failure at a point of minimum strength, i.e., along fractures, etc.

4,3 PETROGRAPHIC EXAMINATION

4,3.1 Samples. Six boxes of NX core from holes in Belknap,

Cheshire, Grafton, and Merrimack Counties, New Hampshire, were re-
ceived in October and November 1969. Each box contained about 15
feet of core which represented several depths to 200 feet.

The cores were inspected to select representative pieces from
éll significant rock types for petrographic examination. The cores
are described below:

1. Hole PZ-CR-2. The entire core was black and white, coarse-

grained granitic mica gneiss. Specimens 15 and 17 contained sealed
fractures and the remaining specimens were intact. All of the speci-
mens showed a well-developed steep foliation.

2. Hole PZ-CR-11l. This core was dark green and white, coarse-

grained garnet mica gneiss and schist. Most of the gnelssic speci-
mens showed a poorly developed foliation while the schistose speci-
mens contained a well-developed steep foliation.

Specimens 4, 6, 9, 14, 16, and 17 were schist; Specimens 8 and
19 were contacts between the schist and gneiss; the remaining speci-
mens were gneiss. Specimens 11 and 12 of the gneiss were severely
altered. Sealed fractures were common in the gnelssic specimens.

3. Hole PZ-CR-23. The core was white and black, coarse-grained

Porphyritic granite gnelss with several inclusions of white, fine- to
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coarse-grained granodiorite gneiss.

Specimens 6 through 9 and 21 were white pegmatitic granodiorite
gneiss, and Specimens 1 and 22 were a fine-grained gneiss that ap-
peared to have been an inclusion. Most of the specimens of porphy-
ritic granite gneiss were intact and only Specimens 2 and 14 con-
tained fractures.

L4, Hole PZ-CR-25. This core was gray and white, coarse-grained

muscovite granodiorite. The rock contained a large amount of musco-
vite and biotite mica. Specimens 1 and 2 were slightly weathered;
Specimen 13 contained a sealed high-angle fracture; the remaining
specimens were intact.

5.- Hole PZ-CR-34, The core was black and white, fine- to

coarse-grained mica gneiss and schist. Pegmatites were common in the
~upper portions of the core.

Specimens 1, 2, and 3 were fractured and weathered, and Speci-
mens 4, 5, 7, 8, 16, and 18 contained pegmatite bands. All of these
specimens were coarse-grained schist. Specimens 6, 9, 20, and 21 were
fine-grained gneiss and Specimens 1l through 15, 17, 19, and 22
through 25 were coarse-grained schist. The fine-grained specimens
and Specimens 12, 15, and 19 were banded and contained a L5-degree
foliation. Specimen 10 was a black, fine-grained basaltic rock
logged as trap rock.

Healed fractures were common in most of the specimens;
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weathering was evident in the upper segments of the core.

6. Hole PZ-CR-36. This core was salmon pink, fine-grained da-

cite that was logged as metaarkosic conglomerate; however, further
study revealed that the majority of this core was volcanic rock.

Specimens 5 through 16 were porphyry; Specimens 4 and 17 through
21 contained black and white inclusions. Specimens 1, 2, and 3 were
black and white tonalites similar to the inclusions in Specimens L
and 17 through 21. Specimen 5 contained several high-angle fractures
and was the most severely fractured specimen in the core. Specimen 1
was slightly weathered.

The specimens selected for petrographic examination were:

Hole No. Concrete Divi- Speci- Approxi- Rock Description
sion Serial men mate
No. No. Depth
feet
PZ-CR-2 SAMSQ-12, DC-3 12 110 Black and white, coarse-
grained granitic mica
gneiss
PZ-CR-11 SAM30-12, DC~-6 17 124 Dark green and white,

coarse-grained garnet
mica schist with large
quartz pod

PZ-CR-23 SAM30-12, DC-h 14 127 White and black, coarse-
grained porphyritic gran-
ite gneiss

21 190 Inclusion of white, fine-
to coarse-grained grano-

diorit is
(Continued) TLe gneiss
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Hole No. Concrete Divi- Speci- Approxi- Rock Description

sion Serial men mate
No. No. Depth
feet
PZ-CR-25" SAMSO-12, DC-5 17 1Lo Gray and white, coarse-
grained muscovite
granodiorite
PZ-CR-34 SAMSO-12, DC-1 12 101 Black and white, coarse-
grained garnet mica
gneiss
21 165 Gray and white, fine-
grained gneiss
PZ-CR-36 SAMSO-12, DC-2 10 79 Salmon pink, fine-grained
dacite porphyry
17 148 Salmon pink and black,

medium-grained diorite
inclusion in salmon pink
porphyry

4,3.2 Test Procedure. Each piece of core was sawed axially.

One sawed surface of each piece was polished and photographed. Com-
posite samples were obtained from the whole length or from selected
portions from the remaining half of each piece. The composite samples
were ground to pass a No. 325 sieve (bl pm). X-ray diffraction (XRD)
patterns were made of each sample as a tightly packed powder. All XRD
patterns were made using an XRD-5 diffractometer with nickel-filtered

copper radiation. The samples X-rayed are listed below:
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Hole No. Section No. Description of X-ray Sample

PZ-CR-2 12 Entire length of section
PZ-CR-11 17 Entire length of section except quartz
pod was sampled
PZ-CR-23 14 Entire length of section
21 Entire length of section
PZ-CR-25 17 Entire length of section
PZ-CR-3L4 12 Entire length of section
21 Entire length of section
PZ-CR-36 10 Entire length of section
17 Inclusion and porphyry both sampled

Small ﬁortions of the powdered samples were tested with dilute
hydrochloric acid and with a magnet to determine whether carbonate
minerals or magnetite were present.

The polished surface of each section was examined with a stereo-
microscope. Thin sections were prepared from each section of core
and examined with a polarizing microscope. A point-count modal analy-
sis was made on each thin section in which 500 points were counted.

4,3.3 Results. The cores examined from the Pease area can be

divided into four groups: mica schist and gneiss, muscovite grano-
diorite (Reference 3), dacite porphyry (Reference 3), and granitic

gneiss. The cores were taken from the middle Paleozoic rocks in
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central New Hampshire. The granite gneisses cdme from the Cardigan
pluton of metamorphosed Kinsman quartz monzonite and Bethlehem gneiss
(Reference 4) in west-central New Hampshire. The mica schists and
gneisses were taken fraom the Devonian Littleton formaetion, which was
intruded £y the rocks of the Cardigan pluton. The muscovite granodio-
rites were taken from post-Devonian intrusive rocks to the east of
the Cardigan pluton and may represent an outlier of the Conwaygranite.
The dacite porphyry was taken from Belknap Mountains and was part of
the White Mountain megma series (Reference 5).

The majority of the rocks from the Pease area had undergone at
least one major thermal metamorphism (Reference 6). The effects of
the metamorphism varied from core to core and in some areas varied
within a core. The relation of the cores examined to the geclogic
units in the Pease area is summarized in Taeble 4.4, The modal com-
position of each rock type is shown in Tables 4.5, 4.6, and 4.7, and
the bulk composition by XRD is shown in Tables 4.8, 4.9, and 4,10,

The rocks in each core are discussed below:

1., Mlca schists and gneisses, The rocks in Cores PZ-CR-11 and

-34 were foliaéed, garnet-rich mice schists and gneisses from meta-
sediments mapped as the Littleton formation. Porphyroblasts of
quartz and gernet were common in most of the sections. These rocks
range in degree of metamorphlsm from chlorite schists to garnet

gnelsses,
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Section 17, Core PZ-CR-11l, was dark green and white, coarse-
grained garnet-mica schilst, showing steeply dipping foliation that
bends around quartz and feldspar porphyroblasts (Figure 4.1). Bio-
tite was partially altered to chlorite and plegioclase was severely
altered to sericite. Garnet and chlorite were present (Tables 4.5
and 4.8). Quartz was severely strained and broken and biotite was
often bent or broken.

Section 12, Core PZ-CR-34, was black and white, medium-grained
garnet gneiss. Several porphyroblasts of garnet disrupted the folia-
tion which parslleled the compositional banding (Figure 4.2). Two
visible fractures appeared normal to the foliation and at a high
angle to it, and several microfractures parallel to the larger frac-
tures were detected. Biotite was severely altered to chlorite, and
plagioclase was partially altered to sericite. Quartz had been
recrystallized.

Section 21, Core PZ-CR-34, resembled Section 12 in composition,
but it was much finer grained and contained little chlorite (Figure
4.2). The section was banded and foliated parallel to the banding.
The rock appeared to have been recrystallized. Figure 4.2 shows what
may be traces of original cross-bedding in the section. The composi-
tional banding suggests original shaly layers, now high in biotite,
mixed sandy-shale layers, and sandstone layers in the original

sediment,
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2. Muscovite granodiorite. Only granodiorite was present in

Core PZ-CR-25, and Section 17 was representative., This section was
gray and white, coarse-grained muscovite granodiorite with inconspic-
yous lineation or foliation dipping about 40 degrees. Though the
section éppeared intact (Figure 4.3), there were many randomly ori-
ented microfractures cutting it. Quartz had been severely strained
and fractured, but the remaining minerals appeared fresh. Plagio-
clase, with an anorthite content of 34 percent, was slightly altered
to sericite along microfractures. The modal composition is given in
Table L.6.

3. Dacites. These rocks were salmon pink, fine-grained dacite
porphyries with a few diorite inclusions (Figure 4.4). Section 10 of
Core PZ-CR-36 was representative of the dacites. It contained many
rectangular phenocrysts of antiperthitic plagioclase feldspar in a
fine-grained groundmass of quartz and feldspar. Section 17 of Core
PZ-CR-36 was repfesentative of the partially assimilated diorite in-
clusion (Figure 4.4). The inclusions consisted predominantly of
plagioclase with biotite, and minor hornblende (Tables 4.6 and 4.9).

The plagioclase of Section 10 was severely altered to sericite,
and the groundmass was so fine that it was almost impossible to make

optical identifications.

4, Granite gneisses. Cores PZ-CR-23% and -2 were drilled in

ayeas mapped as the Kinsman quartz monzonite and the Bethlehem gneiss
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of the Cardigan pluton (Table 4.4). In part, these rocks were mas-
sive, foliated, mica-rich granitic gneisses. Many of the specimens
had a well-developed porphyritic texture that frequently disrupted
the foliation (Figure 4.5). Muscovite mica was common in these
gneisses, apparently as a product of retrograde metamorphism (Refer-
ence L4),

Section 12, Core PZ-CR-2, was black and white, coarse-grained
granitic-mica gneiss. The section showed a steep foliation and a
few poorly developed quartz and plegioclase phenocrysts (Figure L4.5).
Most of the grains have been stretched or sheared parallel to plane
of the foliation and apparently have undergone minor recrystalliza-
tion. Quartz was usually slightly strained and elongated. Plagio-
clase, with.an anorthite content of 2L percent, and microcline, were
slightly altered. Biotite and muscovite flakes were often bent, and
biotite was partially altered to chlorite.

Section 14, Core PZ-CR-23, was black and white, coarse-grained
porphyritic granitic gneiss. The large phenocrysts of quartz and
plagioclase mask any evidence of foliation or flow structure in this
section (Figure 4.5). The feldspars showed minor alteration to seri-
cite, and biotite was partially altered to chlorite. Plagioclase,
with an anorthite content of 26 percent, and microcline were much
more abundant than in Section 12 of PZ-CR-2. This section contained

many horizontal microfractures.
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Section 21, Core PZ-CR-23, was gray and white, fine- to coarse-
grained pegmatitic rock, apparently an inclusion or segregation with
a somewhat different composition and texture. The section contained
more plagioclase and less microcline than Section 14 of PZ-CR-23 and
would be a granodiorite using the Shand classification (Reference 3).
The grain size ranged from coarse to fine (Figure 4.1). Garnet and
muscovite were present as metamorphic products.

4.3.4 Summary. Petrographic examination of nine sections of

core from six holes in the Pease area of central New Hampshire indi-
cated that four major rock types were represented: granodiorite
gneiss, mica schist and gneiss, muscovite granodiorite, and dacite
porphyry. The mica gneisses and schists and the granite gneisses

were slightly more abundant than the other rock types.
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TABIE 4.1 VELOCITY DETERMINATIONS

Velocity®
Compressional Shear
fps f'ps

Hole PZ-CR-2, Specimen 21:
Mica gneiss, well foliated 12,230 5,790
Depth: 178 feet 11,090 5,830
Specific gravity: 2.81 14,680 6,880
Compressional deviation:P 15.9 pct ——

Average 12,670 6,170
Hole PZ-CR-11, Specimen 11:
Mica gneiss, slightly foliated 17,200 8,780
Depth: 124 feet 19,180 9,310
Specific gravity: 2.84 17,470 8,930
Compressional deviation: 6.8 pct _

Average 17,950 9,010
Hole PZ-CR-23, Specimen 2:
Granite gneiss, fractured 15,080 7,820
Depth: 11 feet 16,700 7,430
Specific gravity: 2.7I 15,980 7,870
Compressional deviation: 5.3 pct —_—

Average 15,920 7,710
Hole PZ-CR-23, Specimen U4:
Granite gneiss 12,370 5,300
Depth: 30 feet 19,070 6,770
Specific gravity: 2.61 17,530 6,210
Compressional deviation: 24.2 pct —_

Average 16,320 6,090

(Continued)

& First velocity listed is in axial (longitudinal) direction; other

two are on mutually perpendicular, diametral (lateral) axes.

Maximum percent deviation from the average of the compressional

wave velocity.
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TARLE 4.1 (CONCIUDED)

Velocity
Compressional Shear
fps fps

Hole PZ-CR-25, Specimen 9:
Muscovite granodiorite 9,300 L, 700
Depth: 75 feet 13,620 5,830
Specific gravity: 2.63 14,510 5,870
Compressional deviation: 25.5 pct —_——

Average 12,480 5,470
Hole PZ-CR-3k4, Specimen 6:
Mica gneiss 16,790 8,740
Depth: 58 feet 18,160 9,080
Specific gravity: 2.67 18,060 8,980
Compressional deviation: 5.2 pct ——

Average 17,670 8,930
Hole PZ-CR-34, Specimen 24:
Mica schist ik, 710 7,690
Depth: 190 feet 16,970 8,180
‘Specific gravity: -2.72 15,410 7,630
Compressional deviation: 12.7 pct

Average 15,700 7,830
Hole PZ-CR-36, Specimen 21:
Dacite porphyry with inclusions 14,110 7,950
Depth: 188 feet 17,570 8,370
Specific gravity: 2.63 18,150 8,590
Compressional deviation: 15.0 pct

Average 16,610 8,300
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TABLE 4.2 DYNAMIC ELASTIC PROPERTIES

Hole Specimen Moduli Poisson's
No. No. Ratio
Young's Shear Bulk
106 psi lO6 psi 106 psi
2 21 3.4 1.3 o) 0.36
3.4 1.3 2.9 0.31
L.9 1.8 5.8 0.36
Average 3.9 1.5 L.2 0.34
11 11 7.8 3.0 7.4 0.32
8.9 3.3 9.6 0.35
8.1 3.0 7.6 0.32
Average 8.3 3.1 8.2 0.33
23 2 5.9 2.2 5.3 0.32
5.6 2.0 7.5 0.38
6.1 2.3 6.3 0.34
Average 5.9 2.2 6.4 0.35
23 L 2.7 1.0 b 0.39
4.6 1.6 10.6 0.43
3.9 1.4 3.0 0.543
Average 3.7 1.3 7.9 0.h2
25 9 2.1 0.8 2.0 0.33
3.3 1.2 5.0 0.39
3.4 1.2 5.8 0.L4o
Average 2.9 1.1 4.3 0.37
3k 6 7.2 2.8 6.5 0.31
7.9 3.0 7.9 0.33
7.8 2.9 7.9 0.34
Average 7.6 2.9 7.4 0.33
34 2k 5.7 2.2 5.0 0.31
6.6 2.4 7.3 0.35
5.7 2.1 5.8 0.34
Average 6.0 2.2 6.0 0.33
36 21 5.7 2.2 L1 0.27
6.7 2.5 7.6 0.35
7.1. 2.6 8.2 0.36
Average 6.5 2.k 6.6 0.33
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TABLE 4.3 TENSILE STRENGTH DETERMINATIONS

Hole No. Speci- Depth Tensile Strength Direct/ Core
men Splitting Description
No. Splitting Direct Strength
feet psi psi pct
PZ-CR-2 21 178 570 640 112 Mica gneiss,
well foliated
PZ-CR-11 11 124 760 600 79 Mica gneiss,
slightly
foliated
PZ-CR-23 2 11 970 100 10 Granite gneiss,
fractured
Pz-CR-23 i 30 680 210 31 Granite gneiss
PZ-CR-25 9 75 6L0 240 38 Muscovite
granodiorite
PZ-CR-3k4 6 58 760 1,090 143 Mica gneiss
PZ-CR-34 24 190 1,330 300 23 Mica schist
“PZ-CR-36 21 188 2,100 350 17 Dacite por-

phyry
w/inclusions




TABLE 4.4 RELATION OF ROCK TYPES AND GEOLOGIC UNITS

Hole No. Rock Type Geologic Unit
PZ-CR-2 Granite gneiss Bethlehem gneiss Intrusives
of the
Cardigan
Pluton, New
Hampshire
magme. series
PZ-CR-11 Mica schist and gneiss Devonian Littleton
formation
PZ-CR-23 Granite gneiss Kinsman quartz Intrusives
monzonite of the
Cardigan
pluton, New
Hampshire
megme. series
PZ-CR-25 Muscovite granodiorite Outlier--may repre-
‘ sent a stock of
Conway granite
PZ-CR-34 Mica schist and gneiss Devonian Littleton
formation
PZ-CR-36 Dacite porphyry Unassigned intrusives

assoclated with the
White Mountain magma
series
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TABLE 4.5 MODAL COMPOSITION OF MICA SCHISTS AND GNEISSES

Based on count of 500 points per thin section. Tr =

Constituent Mica Schist, PZ-CR-11 Mica Gneiss, PZ-CR-34
Section 17 Section 12 Section 21
Quartz 39 Lo 39
Plagioclase 6 13 18
Biotite Lo 21 35
Chlorite 3 1k 2
Muscovite -- 1 -
Garnet 3 7 >
Zircon Tr Tr Tr
Pyrite Tr 3 Tr
Calcite Tr Tr Tr
-Sillimanite 8 - -
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TABLE 4.6 MODAL COMPOSITION OF GRANODIORITE, DACITE PORPHYRIES,
AND DIORITE

Based on count of 500 points per thin section. Tr = trace.

Constituent Granodiorite, PZ-CR-25 PZ-CR-36
Section 17 Dacite Diorite
Section 10 Section 17%
Quartz 30 39 L
Plagioclase 28 58b 62
Microcline 15 58b -
Biotite L 1 20
Muscovite 23 - -
Zircon Tr - Tr
Apatite : Tr - Ty
Calcite ' Tr Tr Tr
Hornblende -- 2 L

a . .
Diorite inclusion.
Antiperthitic plagioclase--approximately 75 percent
plagioclase.
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TABLE 4.7 MODAL COMPOSITION OF GRANITE GNEISSES AND GRANODIORITE

Based on count of 500 points per thin section. Tr = trace.

Constituent Granite, PZ-CR-2 PZ-CR-23
Section 12 Granite Granodiorite®
Section 1k Section 21

Quartz L7 36 20
Plagioclase 11 28 50
Microcline 10 2h 15
Biotite 16 10 N
Muscovite 15 -- 8
Chlorite -- Tr Tr
Garnet -- 2 3
Zirconl Tr - TIr Tr
Apatite : Tr Tr Tr
Pyrite Tr - -
Calcite Tr - Tr

& Pegmatite-like rock of granodiorite composition associated
with the granites.
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TABLE 4.8 BULK COMPOSITION OF MICA SCHISTS AND GNEISSES

Based on X-ray diffraction results.

Tr = trace.

abundant, M = minor,

Constituent Mica Schist, PZ-CR-11 Mica Gneiss, PZ-CR-34
Section 17 Section 12 Section 17
Quartz A A A
Plagioclase M A A
Biotite A A A
Chlorite -- A Tr
Sillimanite M -- -
Calcite Tr Tr --
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TABLE 4.9 BULK COMPOSITION OF GRANODIORITE, DACITE PORPHYRIES,
AND DICRITE

Based on X-ray diffraction results.

Tr = trace.

abundant, M = minor,

Constituent Grenodiorite, PZ-CR-25 PZ-CR-36

’ Section 17 Dacite Diorite

Section 10 Section 17

Quartz A A M
Plagioclase A A A
Microcline . A -
Biotite M Tr A
Muscovite A - -
Hornblende -- Tr M
Calcite‘ Tr Tr Tr
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TABLE 4.10 BULK COMPOSITION OF GRANITE GNEISSES AND GRANODIORITE

Based on X~ray diffraction results.

Tr = trace.

abundant, M = minor,

Constituent Granite, PZ-CR-2 PZ-CR-23
Section 12 Granite Granodiorite?
Section 14 Section 21

Quartz A A A
Plagioclase M A A
Mierocline M A A
Biotite A M M
Muscovite A -- M
Chlorite -- Tr Tr
Garnet -- Tr Tr

& Pegmatite-like rock of granodiorite composition associated
with the granites.



Figure 4.1 GCranite gneiss, Core P7-CR-23, Section 21, and mica

schist, Core PZ-CR-11, Seetion 17. Pa-CR-23, Section 21, shows a
range in grain size from coarse to fine, Black areas are plotite and
gray areas are quartz., PZ-CR-11, Section 17, shows & well~developed

high-angle foliation disrupted by quartz porphyroblasts. The small,
white, rectangular or square grains are highly altered plagioclase.




Figure 4.2 Mica gneiss, Core PZ-CR-3k4, Sections 12 and 21.
12 ghows foliation parallel to banding, both dipping at 45 degrees.
The banding is accented by quartz- or biotite-rich layers.

Rarrow
white lines normal to the foliation are fractures. Section 21 shows
finer grain size and foliation dipping at about 45 degrees. Composi-

Section

tional bands parallel to the foliation may represent original bedding.

The variation in structure in the lower left corner may be relic
crogg-bedding.
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PZ-CR-25
Sec, 17
.

Figure 4,3 Muscovite granodiorite, Core
+ion shows uniform grain size snd inconspicuous preferred orienta-

PZ-CR-25, Section 17. Sec-

tion dipping at about 4O degrees. The black grains are biotite and
the gray, clearly outlined grains are muscovite.




Figure 4.4 Dacite, Core PZ-CR-36, Sections 10 and 17. Section 10
shows porphyritic texture of the dacite. Most of the white pheno-
crysts are plagioclase. A pair of steeply dipping shear fractures
are seen at the lower left and center. Section 17 shows a contact
between the lighter dacite and the darker diorite inclusions. White
lines at the right of the section are sealed low-angle shear
fractures.
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A
PZ-CR-23
Sec.-14 |

Figure 4.5 Granitic gneiss, Core PZ-CR-2, Section 12, and Core PZ-
CR-23, Section 1hk. PZ-CR-2, Section 12, is granitic mica gneiss with
steeply dipping foliation., To the right of the label there is a

large quartz grain disrupting the foliation. PZ-CR-23, Section 1k,
shows several large phenocrysts of quartz and feldspar that completely
disrupt the foliation. The narrow vhite lines in the right hsalf of
the section are horizontal fractures,




CHAPTER 5

DISCUSSION AND CONCLUSIONS

5.1 DISCUSSION

The nature of the objective of these rock quality tests dictates
overall evaluation of the core on a hole-~to-hole basis. In the in-
stances where individual holes yielded core of only one rock type,
the evaluation of the hole will, of course, be dictated by the char-
acteristics of the particular rock type present. In those instances,
however, where several rock types are represented in a single hole,
the evaluation of the hole will necessarily reflect the quality of
the least competent material tested.

To facilitate evaluation of the Pease study area in this manner,
a rock quality chart (Figure 5.1) was prepared. Ultimate uniaxial
compressive strengths deplcted on this chart were expressed in one of
 three categories: good (above 12,000 psi), marginal (8,000 to 12,000
psi), and poor (less than 8,000 psi). Locations of the individual

drill holes are shown in Figure 5.2,

5.2 CONCLUSIONS

On the basis of physical test results, the following conclusions
appear to be Justified:

1. The rock core received from the Pease study area was petro-

graphically identifled as predominately mica gneiss, mica schist,
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dacite, granite gneiss, and muscovite granodiorite with relatively
minor quantities of tonalite, granodiorite gneiss, and basaltic
material.

2. Several specimens contained fractures which ranged in orien-
tation from horizontal to vertical. Two mica schist specimens con-
tained vesicles.

3. Physical test results exhibited by the rock core specimens
tested from this area ranged considerably in magnitude. A large
percentage of the specimens yielded ultimate uniaxial compressive
strengths typical of marginal quality material (8,000- to 12,000-psi
range). The majority of the remainder of the core was of slightly
higher quality.

h.‘ The mica gneiss and mica schist yielded similar physical
characteristics, the mica schist generally being slightly stronger.
With the exception of the two vesicular mica schist specimens, which
were incompetent, this core was marginal to relatively competent in
quality.

5. The muscovite granodiorites, granodiorite gneisses, and
granite gneisses were slightly less competent than the mica gneisses
and schists discussed above, generally marginal in quality. Compres-
sional wave velocities determined for the muscovite granodiorite
specimens were unusually low, probably due to the very high musco-

vite content of these specimens.
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6. The dacite porphyry fram this area was by far the most com-
petent material tested, generally averaging approximately 37,000 psi
in ultimate uniaxial compressive strength. One highly fractured
specimen, however, was marginal in quality. Surprisingly, compres-
sional wave velocities for this generally very competent rock were
rather low, averaging epproximately 14,000 fps.

7. Elastic constents determined for the core from the Pease
study area were generally moderate to low in magnitude. The lowest
static Young's modulus exhibited was 1.2 X lO6 psi. Due to the low
compressional wave velocities previously mentioned, dynamic elastic
constants were frequently quite low.

8. Anisotropy tests on representative specimens revealed most
of the coré from this area to have physicael properties with a high
degree of directional dependence. This was probably due to the well-
foliated and porphyritic nature of much of the core. As a result of
the rather large degree of anisotropy typical of these specimens,
particular discretion must be used in utilizing the dynamic moduli
determined for the core from this area.

9. Evaluation of the Pease study area core on a hole-to-hole
basis indicates the moderately fractured and intact dacite removed
from Hole PZ-CR-36 to be very competent rock. The highly fractured
core, removed at depths of 4O feet or less below ground surface, was

marginal in quality. Generally, this hole yielded material
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representative of competent, hard rock media.

10. The remainder of the holes from this area, i.e., PZ-CR-2,
-11, -23, =25, and -34, generally yielded rock core exhibiting physi-
cal properties characteristic of marginal to barely competent mate-
rial. Holes PZ-CR-11l, -23, and -34 yielded incompetent core from
depths greater than 50 feet below ground surface, dictating classifi-
cation of the core as unsuitable as competent media. Holes PZ-CR-2
and -25 ylelded significant quantities of rock of marginal quality,
but, dependent on results of possible further investigation, could
offer some possibility as competent hard rock media.

The above evaluations and conclusions have been based on some-
what limited data; therefore, more extensive investigation will be
requiréd in order to accurately assess thg individual areas under

consideration.
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APPENDIX A

DATA REPORT

Hole PZ-CR-2

21 November 1969
Hole Location: Grafton County, New Hampshire
Longitude: 720 03' 39.5" West
Latitude: 43° 53' 53.4" North
Lore

1. The following core was received on 31 October 1969 for testing:

Core Piece No. Approximate Depth, ft
1 6
2 15
3 26
4 37
5 43
6 52
7 62
8 70
9 81

10 91
11 $9-
12 110
13 121
14 130
15 136
16 139
17 148
18 149
19 160
20 168
21 178
22 188
27 198

Degcription

2. The samples received were rather uniform in appearance. According
to the field log received with the core, the rock was identified as a
black and white coarsely crystalline gneiss. Specimen Nos. 15 and 17 con-

! tained tightly healed fractures; No, 22 contained a small biotite inclusion.
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Quality and uniformity tests

3., To detemine variations within the hole, specific gravity,
Schmidt number, compressive strength, and compressional wave velocity
were determined on specimens prepared from representative samples as

given below:

Sample Core Schmidt Comp Comp Wave
No., Degcription Depth Sp Gr No, Strg, psi Vel, fps
(5 Intact 43 2,725 44,2 10,710 10,835
(
(7 Intact 62 2.731 39.6 12,400 10,360
( .
(8 Intact 70 2,717  43.5 13,460 11,220
( .
(11 Intact 99 2.728 44.8 14,870 10,090
-«
(15 Contains Healed 136 2,714 35.8 14,480 9,910
Mica Gneiss ( Fracture
(
(16 Intact 139 2,741 40.0 8,450 10,830
¢
(17 Contains Healed 148 2,721 -- 10,450 10,095
( Fracture
(
(19  Intact 160 2,726 41,2 12,300 10,165
(
{22 -Contains Small
( Biotite Inclu~ 188 2,734 39,6 9,760 9,660
( sion
Average of All Specimens 2,726 41,1 11,880 10,350
Tested (9)

Moduli of deformation
4., Representative gpecimens were selected for dynamic and static
moduli of deformation tests. The dynamic moduli were determined by the

proposed ASTM method for determination of ultrasonic pulse velocities
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and elastic constants of rock. The static moduli were computed from
theory of elasticity by use of strain measurements taken from electrical
resistance strain gages affixed to the specimens, Nos, 5, 15, and 16,
Stress-gtrain curves are given in plates 1, 2, and 3. The three specimens
were cycled at 5000 psi. Results are given below.

Specimen Modulus, pai x 108 Shear Poisson's
No. Young's Bulk Shear. Velocity, fps Ratio

Dynamic Tests

5 4,2 1.8 1.8 7105 0,12
7 3.6 2,0 1.5 6360 0,20
8 4.4 2,1 1.9 7170 0.15
11 3.7 1.4 1.7 6835 0.08
15 3.6 1.4 1.6 6710 0.08
16 4,0 2.1 1.7 6780 0.18
17 3.0 2.2 1.2 5625 0.27
19 3.7 1.6 1.7 6730 0.11
22 2.7 2,0 1.0 5341 0.28
Static Tests
5 3.8 1.9 1.7 - 0,16
15 4,1 2,2 1.7 - 0.19
16 2,6 2.2 1.1 - 0,15
Conclusions

5. The core received for testing from hole PZ-CR-2 was rather
uniform, identified by the field log received with the core as black and
white coarsely crystalline gneiss. Specimen Nos. 15 and 17 contained

tightly healed fractures which appeared to have no appreciable effect
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on physical test results. Physical test results exhibited by this
material were rather low but very uniform. Uniaxial compressive strengths
vere marginal, ranging from 9760 to 14,870 psi, Wave velocities were
coﬂ.iltently low, possibly due to the strongly lineated nature of the
black minerals,

Average of All

Property Specimens Tested
Specific Gravity 2,726
Schmidt Number 41.1
Compressive Strength, psi 11,880
Compressional Wave Velocity, fp36 10,350
Static Young's Modulus, psi x 10 3.5
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APPENDIX B
DATA REPORT
Hole PZ-CR-11
20 November 1969
Hole Location: Cheshire County, New Hampshire
Longitude: 72° 11' 46" West
© Latitude: 43° 5' 56" North
Core

1, The following core was received on 6 November 1969 for testing:

Core Piece No. Approximate Depth, ft
1 26
2 34
3 46
4 54
5 65
6 75
7 83
8 91
9 100

10 110
11 124
12 127
13 138
14 143
15 148
16 153
17 162
18 172
19 182
20 193
21 198

Description

2. The samples received were relatively uniform in appearance. Accord-
ing to the field log received with the core, the rock was identified as
brownish-gray to gray gneiss. Specimen No. 8 contained a critically oriented
fracture. Numbers 14 and 16 were vesicular and contained well-defined_

planea of lineation.
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Quality and unifoxmity tests

3. To determine variations within the hole, specific gravity,
Schmidt number, compressive strength, and compressional wave velocity
were detemmined on specimens prepared from representative samples as

given below:

Sample : Core Schmidt Comp Comp Wave

No, Description Depth Sp Gr No, Strg, psi Vel, fps
Mica Gneiss 3  Intact 46 2,830 44,2 11,970 16,500
Mica Schist 4 Intact 54 2,948 45.6 15,000 19,090
Mica Gneiss 8 Contained 91 2,853 41.3 10,580 17,170

Critically Ori-
ented Fracture

Mica Gneiss 12 Intact 127 2,814 40,7 10,230 15,685
Mica Gneiss 13 Intact 138 2.733 42,4 19,030 16,400
Mica Schist 14 Vesicular, Well- 143 2,776 -- 6,120 15,420
. Defined Linea-
tion
Mica Gneiss 15 Intact 148 2.887 44 4 17,330 18,475
‘Mica Schist 16  Vesicular,Well- 153 2,577  -- 4,240 9,280
Defined Linea-
tion
Mica Cneiss 19 Intact 182 2.969 47.2 17,390 20,540
Mica Gneiss 21 ‘ Intact 198 2,902 44,9 23,030 19,520
Vesicular Material Containing 2.676 -- 5,180 12,350
Well-Defined Planes of
Lineation (2)
Remainder of Core (8) 2,867 43.8 15,570 17,925
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4. Physical properties determined for this core were somewhat
variable. The low physical test results exhibited by specimen Nos. 14
and 16 were apparently due to the vesicles and well-defined lineation,
The somewhat higher wave velocities exhibited by specimen 14 were
possibly due to the fact that the vesicles in this specimen were
partially filled whereas the vesicles in specimen 16 were empty.

Moduli of deformation

5. Representative specimens were selected for dynamic and static
moduli of deformation tests, The dynamic modulil were determined by the
proposed ASTM method for determination of ultrasonic pulse velocities
and elastic constants of rock. The static moduli were computed from
theory of elasticity by use of strain measurements taken from electrical
resistance strain gages affixed to the specimens, Nos, 8, 11, and 16.
Stress-strain curves are given in plates 1, 2, and 3. Specimens 8 and
16 were cycled at 3000 psi, Specimen 11 was cycled at 5000 psi. Results
are given below.

Specimen Modulus, psi x 106 Shear Poisson's
No. Young's Bulk Shear Velocity, fps Ratio

Dynamic Tests

3 8.2 6.1 3.2 9,140 0,28
4 11.1 8.7 4.3 10,455 0.29
8 8.1 7.2 3.1 8,980 0.31
12 7.9 5.1 3.2 9,185 0.24
13 8.7 5.2 3.5 9,810 0.22
14 7.4 5.0 2.9 8,865 0.25
15 8.0 9.4 2.9 8,675 0.36
16 3.0 1.1 1.4 6,330 0.06
19 13.5 9.8 5.3 11,515 0.27
21 12.0 8.6 4,8 11,035 0.27
Static Tests
8 7.1 3.4 3.1 ~-- 0.15
11 7.1 3.8 3.0 - 0.19
16 1.2 0.6 0.5 - 0,14
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0f the three specimens cycled, the one containing open vesicles exhibited
'considernble hysteresis., Erratic behavior of the horizontal stress-strain
curve for specimen 16 was pogsibly due to location of the strain gages

over vesicles.

Conclusions

6. The core received for testing from hole PZ-CR-11 was relatively

uniform, identified by the field log received with the core as brownish-gray
to gray gneiss. Specimen Nos. 14 and 16 exhibited physical test results
somewhat lower than those exhibited by the remainder of the core, possibly
due to vesicles and well-defined lineation present in both specimens.

The remainder of the material from this hole was found to be more com-
petent, exhibiting compressive strengths ranging from 10,000 to 23,000 psi.

Vesicular Material
Containing Well-

Defined Planes of Remainder
Property Lineation (2) of Core (8)
Specific Gravity 2,676 2.867
Schmidt Number : -- 43.8
Compressive Strength, psi 5,180 15,570
‘Compressional Wave Velocity, tps 12,350 17,925
Static Young's Modulus, psi x 106 1.2 7.1
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APPEIDIX C
DATA REPORT
Hole PZ-CR-23
19 November 1969

Hole Location: Merrimack County, New Hampshire

Core
1. The following core was received on 31 October 1969 for testing:
Core Piece No. Approximate Depth, ft
1 7
2 11
3 20
4 30
S 43
6 50
7 59
8 66
9 77
10 87
11 98
12 107
13 117
14 127
15 138
it 146
17 157
18 167
19 176
20 188
21 190
22 200
Description

2. The samples received were relatively uniform in appearance. Accord-
ing to the field log received with the core, the rock was identified as
1ight- to dark-gray quartz monzonite, Specimen Nos. 6, 7, 8, 9, and 21

were identified as pegmatite; Nos. 1, 2, 7, 9, and 21 contained fractures.
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Quality and uniformity tests

3. To determine variations within the hole, specific gravity,
Schuidt number, compressive strength, and compressional wave velocity

were detercined on specimens prepared from representative samples as

given below:
Sample Core Schmidat  Comp Comp Wave
Mo, Deacription Dapth Sp Gr No. Strg, psi Vel, fps
Cneissic 1 Critically Oriented 7 2.631 49.7 6,000 12,875
Inclusion Fracture
Granite Gneiss 3 Intact 20 2.685 - - -
Pegmatitic 7 Fractured Pegmatite $9 2,597 37.2 6,060 9,040
Granodiorite Gneiss
" " 8 Intact Pexmatite- 66 2.636 &4.8 13,240 11,555
Granite Gneiss 10  Intact 87 2.672 -- 11,050 14,655
Granite Gneiss 11 Intact 98 2,631 52.8 13,530 12,340
Granite Gneiss 17 Intact 157 2.667 53.4 11,970 12,195
Granite Gneiss 19 Intact 176 2,777 49.8 7,760 14,510
Cneissic 22 Intaet 200 2.666 - 10,500 16, 340
_Inclusion
Fractured Specimens (2) 2,639 43.4 6,030 10,955
Intact Specimens (7) 2.676 50,2 11,3%0 13,600 .

4. Schmidt hammer test was not ¢conducted on several specimens due
to possibility of breakage. Specimen No. 3 was accidentally broken
before all tests could be conducted. The low compressive velocities
and compressive strengths exhibited by this material were possibly due
to the presence of very large concentrations of mica throughout the core.

Petrographic work, to be conducted later, will examine this possibility.



Moduli of deformation

S. Representative specimens were selected for dynamic and static
moduli of deformation tests., The dynamic moduli were determined by the
proposed ASTM method for determination of ultrasonic pulse velocities
and elastic constants of rock. The static moduli were computed from
theory of elasticity by use of strain measurements taken from electrical
resistance strain gages affixed to the specimens, Nos. 1, 8, and 17,
Stress-strain curves are given in plates 1, 2, and 3. Specimens 1, 8,

and 17 were cycled at 5000 psfi. Results are given below.

Specinen Modulua,‘pui x 106 Shear Poisson's
No. Young's Bulk Shear VYelocity, fps Ratio

Dynamic Tests

1 4.6 3.6 1.8 7040 0.29
7 2.1 1.8 0.8 4840 0.30
8 4.3 2.4 1.8 7095 0.20
10° 6.0 4.6 2.4 8090 0.28
11 5.2 2.3 2.3 8070 0.13
17 5.3 1.6 2.9 8865 —
19 6.0 4.8 2.3 7855 0.29
22 7.4 5.8 2.9 8925 0.29
Static Tests
1 3.5 2.7 1.4 - 0.29
8 4.8 2.0 2,1 - 0.11
17 5.6 2.9 2.3 - 0.18

* Due to the unusually large shear velocity to compressive velocity
ratio, the dynamic Poisson's ratio for this specimen could not be
accurately deterwined.

A1l of the rock tested herein is apparently rather rigid wmaterial. The

three specimens for which static moduli were determined exhibited some

hysteresis and, upon cycling, residual strain,
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Conc lusions

6. The core received for testing from hole PZ-CR-23 was relatively
uniform in appearance, identified by the field log received with the
core as light- to dark-gray quarts monzonite. Specimen Nos. 6, 7, 8,
9, and 21 were pegmatite; Nos. 1, 2, 7, 9, and 21 conteined fractures.
Physical test results were consistently low, possibly due to the large
mica concentrations present in thg core. The fractured material was
very incompetent, exhibiting an avur;gc compressive strength of 6330 pei.

The intact rock exhibited only marginal strength characteristics.

Practured Intact
Property - Speeimens Specimens
Specific Gravity 2.639 2.676
Schmidt Number 83.4 50.2
Compressive Streangth, psi 6,330 11,340
Compressional Wave Velocity, fps 10,955 13,600
Static Young's Modulus, psi x 10 3.5 5.2
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APPENDIX D

DATA REPORT
Hole PZ-CR-25
19 November 1969

Hole Location: Merrimack County, New Hampshire

Core

1. The following core was received on 3 November 1969 for testing:

Core Piece No. Approximate Depth, ft
1 5
2 12
3 21
4 31
5 41
6 52
7 64
8 72
9 75

10 85
11 88
12 91
13 102
14 114
15 122
16 131
17 140
18 150
19 160
20 170
21 180
22 189
23 198

Description

2, The samples received were relatively uniform in appearance, Accord-
ing to the field log received with the core, the rock was identified as
muscovite biotite granite, Specimen Nos, 1 and 2 were weathered; specimen

13 contained a high-angle fracture,
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Muscovite
ranodiorite

Quality and uniformity tests

3. To determine variations within the hole, specific gravity,
Schmidt number, compressive strength, and compressional wave velocity
were determined on specimens prepared from representative samples as

given below:

Sample Core Schmidt Comp Comp Wave
No, _ Description Depth Sp Gr No, Strg, pst Vel, fps
(1 Weathered 5 2,649 - 9,440 11,100
E 2 Weathered. 12 2.636 36.8 9,610 9,385
E 5  Intact 41 2,636 40,1 15,260 8,140
E 8  Intact 72 2,635 36.3 8,820 7,735
211 Intact 88 2.648 51.8 9,760 8,425
213 Contained High- 102 2,636 45.3 9,210 9,975
( Angle Fracture
EIS Intact 122 2,644 47,2 15,240 10,725
218 Intact 150 2,650 - 48,4 14,080 8,935
521 Intact 180  2.650 46,7 15,450 8,950
(23 Intact 198 2,656 48,3 14,390 10,075
Average of all 2.644 44,5 12,130 9,345 .

specimens tested (10)

4, The material from this hole exhibited comparatively low physical
test results for a dense intact rock. To verify the velocity measurements,

two pieces of test equipment were used on the samples tested herein.
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S. Preliminary petrographic examination {ndicated that the
muscovite biotite granite was composed of up to 50 percent mica. If
confirwed by more extensive analysis, this could possibly explain the
low velocities and uniaxial compressive strengths.

Moduli of deforwation

6. Representative specimens were selected for dynawic and static
moduli of deformation tests. The dynamic moduli were determined by the
proposed ASTM method for determination of ultrasonic pulse velocities
and elastic constants of rock, The static moduli were computed from
theory of elasticity by use of strain measurements taken from electrical
resistance strain gages affixed to the specimens, Nos. 2, 13, and 21.
Stress-strain curves are given in plates 1, 2, and 3. Specimens 2 and
21 were cycled at 5000 psi. Specimen 13 was cycled at 6000 psi. Results
are giéen be low.

Specimen Modulus, psi x 106

Shear Poisson's
No. Young's Bulk Shear Velocity, fps Ratio
Dynamic Tests
1 3.8 2.4 1.5 6525 0.24
2 3.0 1.4 1.3 6115 0.13
5 2.2 1.1 0.9 5155 0.16
8 2.0 1.0 0.9 4910 0.16
11 2.5 0.8 1.3 5985 .
13 3.2 1.8 1.3 6140 0.20
15 3.7 2,0 1.6 6655 0.19
18 2.8 1.2 1.2 5900 0.11
21 2.8 1.1 1.3 6105 0.07
23 3.5 1.5 1.6 6670 0.11
(Continued)

* Due to the unusually large shear velocity to compressive velocity
ratio, the dynamic Poisson's ratio for this specimen could not be
accurately determined.



(Continued)

Specimen - Modulus, psi x 108 Shear Poisson's
No. Young's Bulk Shear Velocity, fps Ratio

Static Tests

2 2.9 2.2 1.1 - 0.28
13 3.4 1.5 1.5 - 0.12
21 .S 2.5 1.9 - 0.20

All of the core tested herein is apparently rather brittle material,
exhibiting some hysteresis and residual strain. The erratic behavior
of the stress-strain curves for specimen 13 was possibly due to
vertical strain relief caused by slippage alomg fractures.

7. 'The core received for testing from hole PZ-CR-25 was identified
by the field log received with the core as muscovite biotite granite.
Specimen Nos. 1 and 2 were weathered; No. 13 contained a high-angle
fracture. Physical test results for this material were relatively
un{form but low, possibly due to the unu-lunlly large mica content
1nd£cat¢d by preliminary petrographic analysis. Uniaxial compressive
strengths ranged from 9000 to 15,000 psi.

Average of All

Property Specimens
Specific Gravity 2.644
Schmidt Number 44.5
Compreasive Strength, psi 12,130
Compressional Wave Velocity, !”6 9,345
Static Young's Modulus, pei x 10 3.6
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APPENDIX E
DATA REPORT
Hole P2~CR-34
14 Noveuber 1969
Hole Location: Belknap County, New Hampshire
Core

1. The following core was received on 20 October 1969 for testing:

Core Piece No. Approximate Depth, ft
1 10
2 18
3 28
4 37
5 46
6 58
7 65
8 n
9 83

10 87
11 90
12 101
13 110
14 118
15 129
16 137
17 139
18 141
19 155
20 160
21 165
22 169
23 179
24 190
25 199

Description

2. The samples received were quite variable in appearance. Accord-
ing to the field log received with the core, the rock was identified as
gray to light-gray quartz diorite. Specimen Nos. 1, 2, 3, 10, and 18
contained fractures. Specimen Nos. &4, 5, 7, 8, 16, and 18 contained
pegmatite dike material. Three specimens were banded. Specimen Nos. 1,

2, and 3 appeared slightly weathered.
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Quality and uniformity tests

3. To determine variations within the hole, specific gravity,
Schmidt number, coapressive strength, and compressional wave velocity

. were determined on specimens prepared from representative samples as

given below:
Sample Core Schaidt Comp Comp Wave
No. Description Depth Sp Gr _ No.  Strg, psi Vel, fps
Mica Schist 3  Slightly Weathered 28 2.687 50.9 19,120 17,165
Band
Mica Schist 4 Contained Pegmatite Dike 37 2.650 37.7 23,030 10,608
Contained

Mica Schist 7 Regmasite Pegmatite Band 65 2,640 &48.1 18,450 13,290

Mica Gneiss 9 Fine Grained 83 2.71 - 21,770 14,968
Basaltic 10 Contained Healed, 87 2.898 47.5 7,360 19,660
Material Critical-Angle Fracture
Mica Schist 11  Coarse Grained 90 2.722 45,0 17,760 15,045
Mica Schiét 14 Coarse Grained 118 2.683 44.8 13,09 13,045
Mica Schist 15 Banded 129 2.828 43,7 12,320 12,360
‘Mica Schist 13 ihnuudnedgzegmazitegg;:i 41 2,728 29,7 14,550 14,500
Mica Gneiss 21 Fine Grained 165 2,824 43.6 11,640 15,885
Mica Schist 25 Coarse Grained 199 2.766 45.3 16,880 16,735
Specimens Containing Pegmatite (3) 2.672 41.8 18,680 12,800

Specimen Containing Healed, Critical- 2.898 47.5 7,360 19,660
Angle Fracture (1)

Remainder of Specimens (7) 2,746 45,6 16,080 15,030
The Schafdt hammer test was not conducted on one specimen due to possi-
bility of breakage. Also, the above Schm{dt values should be considered
with caution since most core surfaces were very irregular, rendering test

results somevhat questionmable.
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&. Physical test reselts exhidited by this material were quite
variable, possibly due to the large variation in grain size, degres of
weathering, and eomposition of the core.

Moduli eof deformation

5. Representative specimens were selected for static moduli of
deformation teate. At the request of Mr. Paul Kutt.ot Ken O'Brien
and Associates, dynamic moduli were determined on all specimens tested.
The dynamic moduli were determined by the proposed AST™ method for deter-
mination of ultrasonic pulse velocities and elastic constants of rock.
The static moduli were computed from theory of elasticity by use of
strain measurements taken from electrical resistance strain gages affixed
to the specimens, Nos. 10, 21, and 25, Stress-strain curves are given {n
plates 1, 2, and 3. Specimen 25 was cycled at 10,000 psi; specimen 21

was cycled at 5000 psi. Results are given below.

Specimen Modulus, psi x 108 Shear Poisson's
No. Young's Bulk Shear Velocity, fps Ratio
Dynamic Tests

3 7.7 6.7 3.0 9,020 0.31
4 .7 2,0 1.6 6,585 0.19
7 5.3 3.4 2.1 7,755 0.24
9 7.0 4.4 2.9 8,815 0.23
10 14,6 6.3 6.6 12,960 0.12
11 7.3 4.3 3.0 9,080 0.21
4 5.5 3.1 2.3 7,925 0.21
15 5.0 2.6 2.1 7,755 0.18
18 6.7 1.4 4,7 11,350 -
21 8.1 5.3 3.2 9,225 0.25
25 10.4 3.7 5.0 11,640 on¥

(Continued)

* Due to the unusually large shear velocity to compressive velocity
ratio, Poisson's ratio for these specimens could not be determined.
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(Continued)

Specimen —_Modulus, psi x 106 Shear Poisson's
No. Young's Bulk Shear Velocity, fps Ratio

Static Tests

10 8.9 5.3 3.6 - 0.22
21 5.3 2.2 2.4 - 0.09
25 7.4 5.7 3.0 - 0.28

All of the rock tested herein is apparently rather rigid material,
exhibiting slight hysteresis. Upon cycling, some residual strain was
detected.
Conclusions

6. - The core received from hole PZ-CR-34 was quite variable,
{identified by the core log as gray to light-gray quartz diorite. The
specimens tested exhibited a rather wide range of physical test results,
possibly due to the large variation in grain size, degree of weathering,
and composition of the core. One apeclneﬁ containing a critically oriented
fracture failed along this fracture at a stress of 7360 psi. The specimens
containing pegumatite dike material were slightly different from the remainder
of the core.

Critically Specimens Remainder

Fractured Containing of
Property Speciwen ggguatttc Specimens
Specific Gravity 2,898 2.672 2,746
Schmidt Number 47.5 41.8 45.6
Compressive Strength, psi 7,360 18,680 16,080
Compressional Wave Velocity, fps 19,660 12,800 15,030
Static Young's Modulus, psi x 10~ 8.9 - 6.4
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APPENDIX F

DATA REPORT
Hole PZ-CR-36
21 November 1969
Hole Location: Belknap County, New Hampshire
Longitude: 71° 20' 14,3" West
Latitude: 43° 31' 37,0" North
Core

1. The following core was received on 20 October 1969 for testing:

Core Piece No, Approximate Depth, ft
1 10
2 12
3 20
4 30
5 40
6 48
7 56
8 61
9- 69-

10 79
11 89
12 101
13 108
14 119
15 130
16 140
17 148
18 158
19 170
20 179
21 188

Description

2. The samples received were somewhat variable in appearance., Accord-
ing to the field log received with the core, the rock was identified as
granite, and conglomerate-breccia mosaic in a granitic matrix. Specimen
Nos. 3, 5, 7, 8, 9, 14, 18, 20, and 21 contained fractures; Nos, 1, 2, 3, 4,

17, 18, 19, 20, and 21 contained conglomerate-fragment material,
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Quality and uniformity tests
3, To detarmine variations within the hole, specific gravity,

Schmidt nimber, compressive strength, and compressional wave velocity
were determined on specimens prepared from representative samples as

given below:

Sample Core Schmidt Comp Comp Wave
“No, __ Description __ Depth Sp Gr _ No, _ Strz, pei Vel, frs
Black and White 2 Intact, Fragmenk 12 © 2,768 -- 26,210 15,865
Tonalite Matarial-
(4 Metrix-end-Frag~ 30 2,673 56.0 34,700 16,660
( meatsy Intact .
(
(5 Matrixk-Meterialy 40 2,393 49,6 9,640 14,810
( Severely Fractured
(
(6 Matvix-Materiad, 48 2,606 50.8 37,880 15,365
( Intact
(
Fine-Grained ( 9 Matrix-Meterial , 69 2,609 57.8 25,000 14,200
Dacite ( Fractured
(
(12 Metrix-Material, 101 2,611 54,2 43,180 15,005
( Intact
( .
{15 MHadein-Materiel, 130 2,609 58,1 40,910 12,370
( Intact
(
(18 Mateix-and-Frag- 158 2,672 53,3 37,880 13,080
( ments, Fractured
( .
(20 Matrix-and-Frag- 179 2,652 32,9 39,060 14,265
( mentss Fractured
Severely Fractured Specimen 2,593 49,6 9,640 14,810
Q) -
Fractured Specimens (3) 2,644 54,7 33,990 13,850
Intact Specimens (5) 2,653 54,8 36,580 15,055
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Moduli of deformation

4. Representative specimens were selected for dynamic and static
moduli of deformation tests. The dynamic moduli were determined by the
proposed ASTM method for determination of ultrasonic pulse velocities
and elastic constants of rock. The static moduli were computed from
theory of elasticity by use of strain measurements taken from electrical
resistance strain gages affixed to the specimens, Nos, 2, 10, and 17,
Stress-strain curves are given in plates 1, 2, and 3, Specimens 10 and

17 were cycled at 10,000 psi, Results are given below.

6
Specimen Modulus, psi x 10 Shear Poisson's
No, Young's Bulk Shear Velocity, fps Ratio

Dynamic Tests

2 7.1 5.7 2.7 8565 0.29
4 7.3 6.3 2,8 8805 0.31
5 6.8 4.0 2.8 8935 0.21
5} 6.9 4.6 2.8 8865 0.25
9 6,0 3.8 2.4 8315 0.24 -
12 6.7 4.4 2.7 8730 0.24
15 5.2 2,2 2.4 8225 0.10
18 5.5 3.1 2.3 8000 0.20
20 6.4 3.8 2.6 8535 0.22
Static Tests

2 8.1 4,5 3.3 - 0.20
12 8.5 4,17 3.5 - 0.20
18 9.4 5.7 3.9 - 0.22

The rock tested herein is apparently a rather brittle material, exhibiting

some hysteresis and residual strain.
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goncluatons

S. The core received for testing from hole P2-CR-=36 was rather
variable in appearance, identified by the field log roc‘tvcd with the
cors as granite and conglomerate-breccia mosaic in a granitic matrix,
- Specimen Nos, 3, 5, 7, 8, 9, -14, 18, 20, and 21 contained fractures,
most of which were tightly closed, With the exception of specimen No. 5,
the only severely fractured gpecimen, the material from this hole appeared
to be very competent, ranging in uniaxial compressive strength from
25,000 to 43,000 psi, Generally, slight to moderate fracturing appeared
to have little effect on physical test results, However, the previously
mantioned severely fractured specimen was quite wtlk} oxh;bttlng an

ultimate strength of 9640 psi.

Severely
Fractured Fracturad Intact
Property Specimen ecimens Specimens

Specific Gravity 2,593 2.644 2,653
Schmidt Number 49,6 54,7 54,8
Compressive Strength, psi 9,640 33,990 36,580
Compressional Wave Velocity, £p|6 14,810 13,850 15,055
Static Young's Modulus, psi x 10 -- 9.4 8,3
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