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PUBLIG SERVICE COMPANY OF NEW HAMPSHIRE

SEABROOK STATION

SCOTLAND ROAD FAULT INVESTIGATIONS

Investigations have been conducted over a portion of the Scotland
Road fault in Newbury, Massachusetts, to determine the presence, lo-
cation, orientation and physical characteristics of the fault, and to examine
the nature and structure of the unconsolidated Pleistocene deposits which
overlie the fault trace. The investigations have indicated that the fault
structure is of Permian age, and that Pleistocene deposits overlying the
fault zone show no evidence of movement on the fault subsequent to their
deposition.

I. LOCATION OF FAULT INVESTIGATIONS

The Scotland Road fault was inferred by A. F. Shride of the U. S.
Geological Survey (Shride; 1971) to trend easterly through the towns of
West Newbury, Newbury and Newburyport, Massachusetts, about 7 miles
to the south of the proposed Seabrook Station (see Figure 1). Shride has
interpreted the Scotland Road fault to represént the eastern portion of the
Clinton-Newbury fault, which is inferred to trend northeasterly'for about
60 miles from the area of Worcester, Massachusetts, to project offshore at

Plum Island, Newbury.



Detailed investigdtions to locate and examine the fault and its over-
lying Pleistocene deposits have been carried out just to the north of
Scotland Road near the north corner of Newbury, Massachusetts, in an
open field owned by the Marion H. Marshall Estate (see Figure 2). In
this area, the fault forms the boundary between Newburyport granodiorite
of presumed Devonian age on the north, and an unnamed complex of diorite
and schist of unknown geologic age on the south. Diabasevdikes of prob-
able Triassic age intrude both the Newburyport and the unnamed diorite/
schist on both sides of the fault.

II. INVESTIGATION PROCEDURES

A. Preliminary - General Area

As preliminary investigation of the Scotland Road fault zone,
J. R. Rand walked portions of the fault trace, and inquired of A. F. Shride
by teléphone as to his studies of the fault zone in the area. R. J. Holt of
Weston Geophysical Research, Inc., and J. R. Rand together viewed the
inferred trace of the fault zone between Plum Island and Groveland,
Massachusetts, by helicopter flying at various altitudes. Diorite ridges
aligned parallel to, and about 1000 feet to the south of the trace of the
Scotland Road fault in West Newbury are readily seen from the air, but no
anomalous physiographic features were noted along the trace of the fault
itself. Backhoe trenching investigations over the inferred trace of the fault

were attempted on the farm of Miss Alice Elwell, adjacent to Holman Lane,



West Newbury. This exploration, ultimately involving a 232-foot trench
excavation in boulder till, sand-cobble till and clay till, was terminated
because these glacial materials did not appear suitable for demonstrating
the presence or absence of tectonic fault deformation.

B. Final - Property of Marion H. Marshall Estate

As geographic control for all investigations at the final study area
on property owned by the Marion H. Marshall Estate in Newbury, a stadia
survey of the area and a base map showing all pertinent features were
provided by McKenna Associates, Engineers, Portsmouth, New Hampshire
(see Plate 1). Technical investigations in the study area have included a
seismic refraction survey; the excavation of four backhoe trenches; and
the drilling of nine core borings. Laboratory investigations conducted on
drill core samples from the study area have included petrographic examina-
‘tions and radiometric age dating.

III. TECHNICAL INVESTIGATIONS

A. Seismic Refraction Survey

A seismic refraction survey was conducted across the study area
during the period November 5-19, 1973, by Weston Geophysical Engineers, Inc.,
Weston, Massachusetts, to determine thicknesses of unconsolidated overburden
and weathered rock materials, as well as velocities of the varicus geologic
materials in the study area. Technical details of this survey are presented

in a report by Weston Geophysical Engineers, Inc., attached herewith.



This seismic survey report concludes:

"The bedrock surface, as interpreted from seismic data, does not
have any sharp breaks indicating faulting. The seismic velocities of the
bedrock do not change sufficiently along the 1000-foot line of investiga-
tion to indicate the presence of any significant bedrock anomaly. The
fault zone does not exhibit significant velocity differences from adjacent
bedrock."

B. Borings Investigations

During the period December 4, 1973, to February 13, 1974, nine
borings were put down along the centerline of the seismic refraction survey
(Seismic Line "A") to locate, define and sample the Scotland Road fault
zone (see Plates 2 and 3). These borings, designated SRF-1 through
SRF-9, were drilled by American Drilling and Boring Co., Inc., East
Providence, Rhode Island, under the supervision of Geotechnical
Engineers, Inc., Winchester, Massachusetts. Geotechnical Engineers'
personnel logged the unconsolidated soils materials in these borings, and
J. R. Rand logged the bedrock cores. Detailed logs of these borings are
attached herewith.

1. Soails

The unconsolidated soils materials encountered in 7 of the study

area borings include a blanket of silty clay ranging to 40 feet in thickness,



overlying sandy- deposits of varying grain sizes which range to 55 feet
in thickness. Locally, a basal section of boulders of a few feet in
thickness underlies the sand deposits immediately upon the bedrock sur-
face. Soils materials were not sampled in the two angle borings, SRF-5
and SRF-7.

Plates 3 and 4 describe J. R. Rand's interpretation of the strati-
graphy of the soils materials along the line of borings. The geologic
interpretation is that of a blanket of glacial-marine clay of late Pleistocene
age overlying glacial outwash and marine sands, all underlain by a
smooth bedrock surface on which were deposited discontinuous thin sheets
of glacial till or ground moraine. The sands in borings SRF-1 and SRF-4,
on the southeastern end of the line of borings, are largely yellow-brown,
medium- to coarse-grained, an.d resemble glacial outwash. The sands
in SRF-6, SRF-9, SRF-2, SRF-8 and SRF-3 are commonly finer-grained
and gray in color, and contain occasional thin interbeds of gray clay.
These sands underlying the northern part of the line of borings are in-
terpreted as having been derived from erosion of the outwash, with rede-
position in the near-shore marine environment prior to, but historically
essentially contemporaneously with deposition of the marine clays. The
boundary between the two types of sandy deposits is in the area of SRF-6,
where the elevation of the top of the sandy material is low, and the over-

lying clay blanket is thick.



2. Bedrock -

The bedrock in the study area has been defined by outcrops
of Newburyport granodiorite at the north end of Seismic Line "S", and
by the nine borings which extend intermittently from the outcrop area
on the north to Scotland Road on the south. The Newburyport outcrops
at the north end of the line consist of massive, mottled pink and green,
medium-grained granodiorite which exhibits saussurite alteration of feld-
spars and chloritization of biotite. The rock does not show evidence of
shearing on the outcrop surfaces.

Proceeding southeasterly along the line of borings, the bedrock is
seen in cores from SRF-5, SRF-7 and SRF-3 to become progressively more
altered chemically and more deformed mechanically, becoming light tannish-
green in color, and medium-fine grained and foliated in texture and fabric.
With continued distance to the southeast, the bedrock in the hangingwall
of the fault is seen in SRF-7, -8, -2, -9 and -6 to be an intensely de-
formed, light yellow-green welded breccia or cataclastic rock. All of the
rock in the fault zone is compact and well consolidated, and no zones of clay
gouge or other unconsolidated crushed or sheared materials were encountered
in borings in the study area.

Borings SRF-7, SRF-8 and SRF-9 all progressed through the intensely
deformed portion of the Scotland Road fault zone into unaltered, dark gray

diorite and schist of the unnamed complex which lies to the south of the fault.



In each of these borings, a thin (1" to 2"), tan aphanitic rock layer
was cored about 5 feet stratigraphically above the horizon where altera-
tion and cataclastic deformation ceased, and this thin marker has been
termed "mylonite" on Plates 3 and 4. Borings SRF-4 and SRF-2 drilled
only unaltered bedrock of the diorite/schist complex.

Core in borings SRF-2, -3, -7, -8 and -9 was taken with an
orienting barrel. Orientation measurements made by Geotechnical Engineers
consistently show schistosity or foliation fabric of cores of the fault zone
in these borings to dip in the range 35° to 60° toward the north or N10°W,
On Plate 2, the subcrop of the footwall of the fault is interpreted to strike
N80°E and to dip to the north at an average of about 44°, The trace of
the footwall lies within only about 150 feet of the location inferred by
A. F. Shride from his regional mapping studies. The true thickness of
the rock section subject to mechanical deformation in the fault zone ap-
proaches 300 feet, indicating that the Scotland Road fault is a regional
tectonic feature of major geologic significance.

C. Trenching Investigations

At various times during the period November 20, 1973, to March 4,
1974, four backhoe trenches were excavated in the study area to expose and
examine the glacial-marine clay which overlies the Scotland Road fault zone
(see Plate 2). In all trenches, the organic topsoil zone was about 6 inches
to 8 inches thick overlying weathered clay, and was continuous and lay

parallel with the nearly planar surface of the study area field.



1. Trench 1 .

Trench 1, near the north edge of the fault zone, was excavated on
November 20, 1973, in massive olive-gray clay to a depth of about 12 feet
- at the north end of the trench, and was carried for about 150 feet toward
the southeast with a depth of 4 feet to 5 feet. A 2-inch to 3-inch layer of
fine laminated silty sand occurred in the clay at a depth of 3 feet to 3% feet
below ground surface, sloping gradually to the south. This laminated
sand-silt layer was continuous and not disrupted in the southern 100 feet
of the trench. At the northern end of the trench, the sand-silt layer merged
upward into the weathered portion of the soil zone and became unidentifiable.

2. Trench 2

Trench 2, to the south of the fault trace, was excavated on Decem-~
ber 12, 1973, to a depth of 7 feet to 8 feet in clay, and was carried north-
westeriy for about 50 feet until collapse of the trench walls terminated the
work. This trench exposed a thin, flat-lying laminated sand-silt layer in
the clay at a depth of about 6 feet. This sand-silt layer generally resembled
that found in Trench 1, although the layer was saturated in Trench 2, énd
small springs issued from it locally when cut by the backhoe bucket.

3. Trench 3

Trench 3 was excavated across the fault zone from south to north on
February 26-27, 1974, for a total length of 435 feet and to an average depth

of about 7 feet. The trench was cut in olive-gray clay which was internally



massive, but which had a thick-bedded characteristic which permitted
measuring the gentle undulating layering structure in the clay. Strike-
and-dip plots of these layering features are shown in plaﬁ on Plate 2,
and the projected layering of the clay is shown schematically in profile
on Plate 4.

In addition to gross layering structure seen in the clay throughout
the length of the trench, a 2-inch to 4-inch laminated fine sand and silt
layer was identified within the clay overlyving the footwall trace of the
underlying fault zone. This sand-silt marker layer dipped northerly out of
the weathered soil zone at about 100 feet north of the south end of the
trench, and sloped northerly into a synclinal sag at 135 feet north of the
south end of the trench, to rise back into the weathered soil zone and be
lost about 170 feet north of the south end of the trench.

The structure of layering in the clay throughout Trench 2 forms
gently undulating, open folds which appear generally to parallel the upper
surface of the underlying outwash and marine sand deposits. No tight or
abrupt folds were seen to disrupt the continuity of layering in the clay,
and close examination throughout the length of the trench failed to detect
any drag folding within the clay beds. The clay is jointed throughout the
trench area, with joints tending to change orientations to conform to changing
attitudes of the broad undulations in clay layering. No slickensides or other

evidence of displacement were detected on any joints in the trench. No
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sand dikes cutting acrogs clay layering or filling joints were found.

No offsets were found in the thin, sagged sand-silt marker horizon which

was interbedded in the clay between Stations 100 and 170 in Trench 3.
Between 55 feet to 65 feet north of the south end of Trench 3, the

backhoe excavated a pocket into the floor of the trench to a depth of

about 14 feet, to determine whether there were any stratigraphic changes

to that depth which might be useful to examine while proceeding northerly

with the excavation across the fault zone. To the l4-foot depth tested,

no sand layers were seen in the clay, and the pocket was backfilled to

restore the trench floor to the normal 7-foot depth. Within a few moments

of completing and tamping the backfill, several springs erupted from the

trench floor within the backfill area, with artesian flows rising 1 inch to

2 inches above the floor of the trench. Fine gray sand suspended in the

flowing waters of the several springs rapidly built sand cones several

inches thick around the springs. A dam was built across the trench to-the

north of the springs, to protect the proposed excavation to the north from

flooding, and thereafter the southern 80 feet of the trench filled to within

2 feet of ground surface, with the highly mobile fine gray sand continuing to

be deposited from the springs onto the floor of the flooding trench.

4. Trench 4

Trench 4 was excavated on March 4, 1974, in an attempt to loéate the

westerly projection of the laminated sand-silt marker horizon found between
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Stations 100 and- 170 in Trench 3. A similar layer was found in Trench 4,
taking the form of an open synclinal sag which plunged gently to the north-
east toward Trench 3. Spoon sampling of the soils in Boring SRF-6, be-
tween the two trenches, also had detected a sand-silt layer in the clay at
an elevation corresponding with that which projected between the two
trenches.

Various points on the sand-silt horizon in each of the two trenches
were then surveyed in by McKenna Associates in order to provide lo-
cations and elevations with which to define the structure of the horizon as
it passed over the footwall and portions of the intensely deformed base of
the Scotland Road fault. These surveyed points are designated points "A"
through "J" on Plate 2. The structure of the horizon is defined in plan in
an insert on Plate 2, and in profiles showing. the east wall of Trench 3 and
‘the east and west walls of Trench 4 on Plate 4.

As shown on Plate 2, the structure of the sand-silt markef horizon
takes the form of an open, doubly-plunging syncline which strikes south-
westerly across the footwall of the fault. No offsets of the sand-silt layer
were detected in either trench, and no abrupt folding or drag folds were
detected in this layer or in the clay beds in either trench. The sand-silt
layer in both trenches does not apparently thicken or show increased grain
sizes toward the trough of the éyncline. No sand dikes weré found in

Trench 4, nor were joints slickensided.
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No evidence was-found to suggest that the synclinal structure of
the sand-silt layer crossing the fault in the area of Trenches 3 and 4 was
formed by other than passive deformation due to differential settlement
of the underlying clay. The relatively non-compressible ocutwash and
marine sands underlying the clay in the study area are at a low elevation
beneath the area of this synclinal sag, and the relatively compressible clay
section is thick. Conversely, the sand elevation is high and the clay is
thin as seen in borings put down to the north and south of the sag. With
the gradual post-depositional compaction of the clay materials through time,
the thicker clay sections settled more deeply than the thin clay sections,
passively producing sags in the originally horizontal layering of the fine-
grained clay deposits.

There is no detectable sag in the topsoil zone which overlies the
synclihal sag in the sand-silt marker horizon in Trenches 3 and 4, and
there is no noticeable variation in thickness of the topsoil zone in these
trenches. Since the sand-silt layer does not thicken or show coarser grain
sizes toward the trough of the synclinal sag, the sand-silt layer appears to
have been deposited on an originally horizontal surface which lay strati-
graphically above the present ground surface. Differential settlement and
sagging of the sand-silt horizon must have been complete(; prior to the last
erosional beveling of the present ground surface, presumably upon retreat

of the last post-glacial marine transgression, since the topsoil zone built
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upon this beveled horizon shows no evidence of having sagged over the
sand-silt sag or over any other of the gently undulations seen in the clay
layering throughout the length of Trench 3. There is no evidence of dis-
ruption of any of the sedimentary layers overlying the fault zone in any

of the trenches, to suggest movement on the Scotland Road fault subsequent
to deposition of the overlying Pleistocene deposits.

D. Age of Pleistocene Deposits

No shells or other organic materials were found in the clay in the
study area with which to establish an age of deposition of the clay. The
clay deposit is, however, considered correlative with similar glacial-marine
clays which blanket portions of the seaboard lowland throughout eastern
New England.

Borns (1973) reports that "a major amelioration of climate began prior
"to 14,200 years ago which resulted in a rapid dissipation of the ice sheet
in New England at least by 12,500 years ago". The recession of the ice
sheet was accompanied by a marine invasion of the seaboard lowland, with
deposition of glacial-marine clay sedimeﬁts. Borns brackets the time of
deposition of the glacial-marine clay in the region between 13,500 and
12,500 years ago. |

Schafer and Hartshorn (1965) report that radiocarbon dates of shells
from glacial-marine sediments on the seaboard lowland in Maine range from

11,800 to 12,800 vears old. Kaye and Barghoorn (1964) have constructed
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a curve of sea-level fluctuations for the Boston, Massachusetts, area
which describes the last marine submergence as having ended about
12,500 years ago in that area.

It appears, therefore, that the glacial-marine clays of the Newbury
study area are at least older than 11,800 years, and are probably in the
range of 12,500 to 13,500 years old.

E. Petrographic Examinations

The petrography of eight samples of drill core from borings in and
adjacent to the Scotland Road fault has been described by Professor Gene

Simmons and Dorothy Richter of Massachusetts Institute of Technology.

Sample Boring Depth (feet) Description

SRF-1A SRF-1 74.0 to 74.4 Amphibolite breccia

SRF-2A SRF-2 60.0 to 60.4 Mylonized quartz-muscovite schist
SRF-2B SRF-2 72.9 to 73.4 Brecciated quartz-muscovite schist
SRF-3A SRF-3 67.0 to 67.5 Muscovite mylonite

SRF-4A SRF-4 92.9 to 93.3 Chlorite augen gneiss

SRF-5A SRF-5 42.1 to 42.6 Sheared granodiortie

SRF-5B SRF-5 175.1 to 175.6 Altered olivine basalt

SRF-7A SRF-7 115.9 to 116.4 Ultramylonite

Simmons and Richter conclude from their studies that "the samples
(with the exception of sample SRF-5B) all show evidence of dynamic defor-
mation; that is, cataclasis, brecciation and intense crushing--all probably
due to motion along the fault. The deformation clearly took place after the
regional metamorphism of the rocks (which was probably associated with the

Devonian Acadian orogeny). The microcracks produced in the deformational



15

events appear in thin section to have either annealed, or have been filled
by secondary minerals. There is no firm petrographic evidence of recent
deformation of these samples". The complete text of the Simmons and
Richter report is attached herewith.

A further indication of the old age of deformation of the fault zone
is evidenced by sample SRF-5B, from a diabase dike which is enclosed
within deformed rocks of the fault zone. Petrographically the dike is seen
to be completely undeformed. The dike has been dated radiometrically
(K-Ar) at 1999 million years.

F. Radiometric Age Dating

K-Ar age determination have been obtained on six samples of drill
core from borings in and adjacent to the Scotland Road fault by Geochron

Laboratories, Division of Krueger Enterprises, Inc., Cambridge, Massachusetts.

Sample Boring Depth (feet) Material Age

SRF-5A SRF-5 42.1 to 42.6 whole rock 272 10 M.Y
- SRF-3A SRF-3 67.0 to 67.5 whole rock 269 10 M.Y
SRF-2A SRF-2 60.0 to 60.4 whole rock 256 10 M.Y
SRF-8A SRF-8 155.6 to 156.0 sericite/ 248 9 M.Y

feldspar

SRF-1A SRF-1 74.0 to 74.4 amphibole 324 14 M.Y.
SRF-5B SRF-5 175.1 to 175.6 whole rock 199 9 M.Y.

Samples SRF-5A, -3A, -2A, and -8A are from within the fault zone;
SRF-1A is from the diorite/schist complex which lies to the south of the
fault zone; SRF-5B is from an undeformed diabase dike which is enclosed

within deformed rocks of the fault zone (see Plate 3). Of apparent geologic
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interest is the fact that radiometric ages increase progressively with
distance from the footwall of the fault zone. SRF-8A is from about 5 feet
above the mylonite band near the footwall of the fault, whole SRF-5A is

in relatively undeformed granodiorite about 250 feet stratigraphically above
the footwall. Radiometric dating of rocks within the Scotland Road fault
zone indicates that the fault is of Permian age', and suggests that deforma-
tion in the zone may have been active through a period of as much as

20 million years. The dike (SRF-5B) which intruded the fault zone is com-
pletely undeformed, indicating that movement on the fault had ceased by
Triassic time.

IV, CONCLUSIONS

The Scotland Road fault has been located within 150 feet of the lo-
cation inferred by A. F. Shride on the basis of his regional field studies.
Nine core borings have defined the fault zone as being about 300 feet thick
and dipping ét about 44° to the north adjacent to Scotland Road in Newbury,
Massachusetts., Chemical alteration and mechanical deformation in thé fault
zone increases progressively from north to south across the fault zone, and
alteration effects of faulting terminate abruptly at the footwall of the fault
zone, about 5 feet stratigraphically below a thin mylonite band. The fault
is a feature of major geological significance in the region.

The fault is geologically very old, of early to middle Permian age, and
the altered and deformed bedrock materials in the fault zone are annealed and

compact. No unconsolidated gouge, shear zones or polished joint surfaces
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were detected irr cores from borings drilled across the width of the

fault zone. The bedrock surface overlying the fault zone slopes gradually

up to undeformed bedrock outcrops at the north edge of the fault zone, and
appears from refraction‘ seismic surveys and borings data to be smooth and
sub-planar, with no detectable topographic anomalies.

Surficial materials overlying the fault zone include glacial till,
glacial outwash and marine sands, and glacial-marine clays, all of Pleistocene
age. The voungest of these Pleistocene deposits are the glacial-marine
clays, estimated from regional studies to be older than 11,800 years. A
thin, essentially horizontal layer of post-Pleistocene topsoil covers the
glacial-marine clay in the area.

Examination of the glacial-marine clay in four trenches excavated over
the area of the fault zone failed to detect any evidence of tectonic fault
‘displacement in the clay and its interbedded sand-silt layers. Bedding in
the clay displayed no abrupt monoclinal or drag folds. Joints wére not
slickensided. The thin laminated sand-silt horizons interbedded in the clay
were not offset. No sand dikes were found in the clay, which directly
overlies deposits of highly mobile fine sand.

All evidence observed in the current investigations indicate that
Pleistocene deposits overlying the Scotland Road fault have not been sub-

jected to disruption by tectonic faulting.

John R. Rand
Consulting Geologist
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for
PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE



SEISMIC REFRACTION SURVEY

SCOTLAND ROAD FAULT ZONE

NEWBURY, MASSACHUSETTS

for
PUBLIC SERVICE COMPANY

OF NEW HAMPSHIRE

WESTON GEOPHYSICAL ENGINEERS, INC,
WESTON, MASSACHUSETTS



SEISMIC REFRACTION SURVEY
SCOTLAND ROAD FAULT ZONE

NEWBURY, MASSACHUSETTS

INTRODUCTION

A seismic refraction survey was conducted across the mapped lo-
cation of the Scotland Road fault, as originally mapped by A. F. Shride
(1971) and shown on Figure 1 and Plate 2 of. the report. Seismic field
work took place during the period of November 5 through 19, 1973. The
location of this survey is shown on Figure 1 of this attachment.

The general purpose of this_ work was to determine thicknesses of
overburden and weathered rock materials as well as the velocities of the
verious geologic materials existing at this location,

RESULTS

The results of this refraction survey are shown on a profile of the
bedrock surface (Figure 2). Also shown on this profile are overburden
and bedrock seismic velocities, boring locations, and bedrock depths as

found from borings as well as the fault zone, as indicated by J. R. Rand.



The bedrock surface, as interpreted from seismic data, does not
have any sharp breaks indicating faulting. The seismic velocities of
the bedrock do not change sufficiently along the 1,000-foot line of
investigation to indicate the presence of any significant bedrock anomaly.
The fault zone does not exhibit significant velocity differences from the

adjacent bedrock,
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ATTACHMENT No. 2

GEOLOGIC AND SOILS LOGS OF BORINGS
SRF-1 THROUGH SRF-9



BORING LOCATION _ See Scotland Rd. site plan INCLINATION _Vertical BEARING DATE START/FINISH Dec, 4, 1973 / Dec, 6, 1973
CASING ID 3 in. CORE 81ZE _1-7/8 in. TOTAL DEPTH 89,0 ft DRILLED BY _American Drilling & Boring Co.; W. Manco
GROUND EL (M8L) _18.1 ft DEPTH TO WATER/DATE 0.5 ft /___Dec. 28, 1973 LOGGED BY Soil - K. Polk; Rock - J. R, Rand
WATER STRIKE, DIP
EL SAMPLE R‘;TE CONTENT T RQD| PRESSURE TEST F = Follation |u 2 . SOIL AND ROCK DESCRIPTIONS
MSL [Tepth| Type | N F Tomputed | ] = Joint &5 (Weathering, defects, etc.) (Type, taxture, mineralogy,
and | or [ADV. ek C=Contact |Q g color, hardness, etc.)
ft 1t No. JRec. min/14 % Graphic pat |10 “em/sec] P = Bedding ]
18‘ Tlrr'"Tﬁi o S=S“Cken!|d
" 7 J3. b gray, olive-gray, and brown silty clay. w plaaticity;w . ; B, ftor T3
4 29.4 Top OF CLAY < llfMly mottled gra; & olive brown silty clay. Low to med. plasticity. s (o) > 1‘0 (134 _-.i
21 33.3 [ | |Otlive-brown siity clay. Low to medium piasticity: w > P. L. s ftor}> Ul.otst i) 3
29 31.9 - Similar to Sample S3. s (tor)> 1.0 tsf -
30 32.4 L Similar to §3, but somedhat softer: contains few gray spots to B mm. & (tor) = 0. 95 tefJ
31 34.9 I Similar to S3, but softer; Aome gray spots. s (tor) = 0. 65 tsf u 3
5 an.s - Similar to Sample 83, but medium stiff; eont‘ﬁu a gray ailt layer < 0.5 mm thick: '3
TOP OF SAND - color varles slightly ollve-brown to olive-gray. s (tor) = 0.34 tef -
0 [ | | oray inyered aitty clay and clagey fine sund. Silty clay fa soft; medium to high plasti-
0 o city; xl(ghtly suc{y; very soft zhzn remolded. l.nt;en vary 0.5-10 mm. g“nofw = 0. 22ta(]
9 :L Gray silty fine nand. Uniform; {ines are nonplastic; very fast reaction to shaking telt.?
10 E Stmllar to Sample 89, but nlas conteins o few gray clay layers 1-2 mm thick, .
F 3
9/6" -1 |Similar to Sample S9, but also contains some gray clay layers. =
18 r Brown ailty fine sand. Uniform; fines are nonplastic; contains a few rusty-brown {ine 3
o sand layers. 3
24 o Brown slightly silty fine to medium sand. Uniform; fines are nonplastic; contains a p
-20 o layer of gray clayey gravellv sand with subrounded gravel up to 20 mm in size. 1
- -
26 [ 1 } Brown very slightly silty uniform fine to medium sand. =
F 3
L 3
3 - Light hrown silty fine sand. Uniform; fines are nonplastic; contains & few subrounded 3
- coarse sand grains and some rusty~brown medium sand layers, ,3
17 -] | Stmilar to Sample S14. -:
o 3
59 TOP OF TILL E [ | Similar to Sample S14. E
1576 Gray-brown silty sandy gravel. Widely graded: angular grains: contains gravel pieces
-40 o up to 30 mm in size; {ines are nonplastic. 3
79 =1 | Light gray fine to medium sand. Uniform; angular to subrounded grains; clean. -
28/6" o Light gray silty sandy gravel. Angular grains: appears to decomposed rock and rock
L fragmenta up to 30 mm in dize. ]
52/6" o Gray silty gravelly fine sand. Uniform; fines nre nonplastic; contains angular gravel =
r pieces up to 15 mm in size. b
3% 3.0 TOP OF ROCK o Cored boulders. b
/ - ;75“ Joint Fresh and hard. Drills ,'4.:0' Diorite. Dark groy with large (2 hormn=—
93 | 4.2 42 E B\ Clean well. Only very slight % 5%} blend cyratals 11 /2") in fine-grained ]
r g v »+# | quartz diorite matrix. 3
o ; o surface wx cffecta on o400 N 3
o8 a6l 83 F R 75° Joint joints and partings. 22 76,9 Gradational contact - fused.
-60 ! - Minor wx ,*.»,* :| Diorite. Massive, fine-grained, di. graw
- -
BOTTOM | OF BORING [ i
-
F p
[ —
- p
- e
- -
o 3
F ]
3 3
< 3
o 3
- 3
: 3
- 3
- E
- =
o ~
- 3
- -
o -
- 3
F
-
: 3
o 3
L p
o - 3
C 3
NOTES

N

LEGEND

- Standard penetration resistance, blows/ft
Rec - Length recovered/leagth cored, %

RQD - Length of sound core 4 in. and longer/length cored, %

8 - Split epoon L Ground
v - Undisturbed samples
8 - Shelby tube N - Deniscn
F- Fixed piston P - Pltoher
O- Osterberg G - GEt
D - Drilling bresk k - Coalficient of
wx -~ Weathered, weathering permenbility

1) - a_(tor) = Shear strongth measured
u with Torvane.

SEABROOK STATION

PUBLIC SERVICE COMPANY OF NEW HAMPSHTRE

YANKEE ATOMIC ELECTRIC COMPANY

witad

@ By o Royiesn Comparny

Date: Junuary 10, 1974 Project 7208

PAGE 1 of 1 J LOG OF BORING __SRF }




BORING LOCATION _ See Scotland Rd. nite plan INCLINATION _Vertical BEARING DATE START/FINIBH Dec. 7, 1973 /__Dec. 10, 1973
CASING ID 31n CORE ST2E 2-1/8tp 1-5/8 TOTAL DEPTH 77,5 ft  DRILLED BY American Drill. & Boring Co..W, Magn,R.1 'mmugu*
GROUND EL (MSLy _37.6 _ft DEPTH TO WATER/DATE 0.0 ft /__ Dec. 31, 1973 LOGGED BY 1~ Polk;
Sovea— e
WATER STRIKE, DIP
L. sampLe  [mate RATER, orRQD| PRESSURE TEST | STR Foliation |w 2 80IL AND ROCK DESCRIPTIONS
MSL [GepmlType | ¥ 1 OF Compul J =Joint S (Weathering, defects, ete.) (Type, texture, mineralogy,
w
and | or JADV. Em ~+ % C = Contact Q& color, hardness, etc.)
ft ft No. | Rec. pnin/tq % Graphic 10 " em/sec] B = Bedding a
Ty y T —
100 S = Slickenside :
17.6 ] T or S = z T ollves
.0 g 1o nm'p g coniaing some rusr rown Jayers to 3 mm LhiCk. syftor SOl
30.1 o ve brown ailty clay. Low to medium plasticity: w> P.L.; s _ttor) >1.0 tef 2 7
33.8 o Similar to Sample S3, but fewer brown apots; gray atreaks to 5 mm. B,ltor) > 1. Otef <
35.6 o Simtlar to S3,but fewer brown apots;more gray streaka;somewhat softer. s {tor)=. 90ts ]
35,5 o Oltva-brown silty clay, Low to medium plasticity. a, ftor} = 0.50 taf v p
49.% of Simitar to 56, but no dark brown spots; soft to medium stiff; slightly sticky. -]
F 'u (tor) = 0.23~Q, 30 tsf ]
52,8 C Gray to olive-gray milty clay. Very soft to soft; medlum to high plasticity; slightly '-:
0 o aticky, s ftor} = 0.15 tafl 3
37,8 £ 1 | Similar to Sample S8. s_ttor) = 0.18 taf 7
TOP OF SAND o ]
F Gray very ailty fine sand. Uniform; fines are generally nonplastic, but contains a few 3
L gray clay pockets up to 8 mm in alze. 3
L | | Stmilar to Sample S10. '%
< 3
I Gray-brown fine to medium sand. Uniform; subrounded grains; ciean. ]
<20 o B
[ 3
- Light gray fine sand. Uniform; clean: contains one 8 mm size subrounded piece gnvel:
E Similar to Sample S13. . -:‘
o ==Y 3
Naz TOP OF ROCK [ .\\o.- * 3
4) W/ / ° [ MY ]
527 [ M Noslickenstdes, \ ahly wx. Altered AN Cataclastic rock. Mottled light
32 A 45° o by metamarphic process \_\: yellawish green, [ine-grained <
-40 s3° - to light yellow green -\~ matrix. Foliated with rounded h
23 / 45° - colar. Not alickenslded. \ K pehble-like breccia, and uworle_:!:
/ s | feldspathic and chloritic foli- -
w L 50° Joint Fresh. Drills well. Partq® ations. Thin feldapathic string--
4,7 67 - n ings and some h|¢h~nngh§‘ " e ers and irregular veinlets dip -4
o Minor rusty S AN o s
o joints show crusty sur- [N\N% 35° to 40° opposite to dip of foll- J
26| 55 +F F_[[85°Joint face wx effects, No sliclq“\aﬂ\‘\:\ ation. Cross-stringers. 3
* o E 1rrepular ensides or other recent } 27 [Cross- -
o b 60° Joint, striated movements. % Cistringers ]
42 [t [Not alickensided LA 3
2.0 | 100 - Clean joints % .° j
-60 3
BOTTOM | OF BORWNG |- T
s 3
o 3
- -
[ 4
- -
3 E
o <4
P p
o s
- -
: 3
.I— —
- 3
- -
- -
- 3
- 3
C 3
- -
9 3
— -
S p
9 -
= -
- 3
2 4
C ]
C ]
o _ 3
N - Standard pemetration resistance, blows/ft NOTES
Rec - Length recovered/length cored, % 1) Cored two boulders from 4%.5 ft to SEABROOK STATION
RQD - Length of sound core 4 in, and longer/leagth cored, % 50.5 &t. PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
- 8plit apoon k Grounds
g : i ;:h'm o semplas 2) s, ftor) = Shear strength measured YANKEE ATOMIC ELECTRIC COMPANY
'67 with Torvane ¥ tnited . re
5 8 - Shelby tube N - Denison 3} B1A =146.2, S1B = 31.7 o ey of Rovien Comamy
P ohedpiaton P - Pitoher 4 Rate of ad ot avatlable &
e of advance not availal
©O- Osterberg G - GEt NX-1 through 3. or Date: January 10, 1974 Project 7286
D - Drilliag break k - Cosfficient of
wx - Westhered, weathering permeability PAGE 1 _of 1 | LOG OF BORING _ SRF 2




N

- Standard penetration resistance, blows /ft
Rec - Length recoversd/length cored, %
RQD - Length of sound core 4 in. and longer/length cored, %

E 8 ~ Split apoon r
&jU - Undisturbed samples
o
L] $ - Shelby tube N - Denison
F - Fixed piaton P - Pitcher
O - Oeterberg G - GEl
D - Drilling break k = Coefficient of
wx - Weathered, weathering permeability

1} 8 (tor) = Shear strength measured
u
with Torvane.

This is only a partia! liat of dip and

2}
strike data.

3

BORING LOCATION See Sootland Rd. site plan INCLINATION _Vertical BEARING DATE START/FINISH Dec. 11, 1873 / Dec. 18, 1873
CASING ID 3in, CORE SIZE  2-1/8 to 1-7/8 In. TOTAL DEPTH 95.0 It DRILLED BY American Drilling & Boring Co.; Manco
GROUND EL (MSL) _17.9 #t DEPTH TO WATER/DATE 0.0 ft /__Dec. 31, 1973 LOGGED BY Soil - K. Polk; Rock - J. R. Rand
WATER STRIKE, DIP
EL. SAMPLE RATH contEnT 7 RQD} PRESSURE TEST F = Foltation |w 8 SOIL AND ROCK DESCRIPTIONS
MSL Moepte] Type | | OF Tomputed | J = Jount &3 (Weathering, defects, etc.) (Type, texture, mineralogy,
and | or JADV. 4k C = Contact 8 ] color, hardness, etc.)
ft ft No. {Rec. min/1d % Graphic psi {107 cm/aec] B = Bedding o
MAARRAD S = |
T 0.0 Sligks [ ] STENTIY mottled brown and gray peaty siity clay. Low plasticity. s (tor) = 0. 80 tal T
19 29.1 I Mottled otive-gray and ruaty brown silty clay. Low plasticity: w>$. L.s (tor)=0. 90ts{}
33 27.8 E | [Similar to Sample S2. s, ftor) > 1.0 taf u E
9 36.3 o Olive-brown silty clay. ' Medium plasticity; w> P.L.; s (tor} = 0,80 taf .
9 37. [ Similer to Sample 54, mut containe several allt laters < O¥Smm thlck.‘lultur) = 0.48taf
45.0 o Similar to 84, but medjum stiff; contains scveral very thip a{lt 1a . 8_{tor) = 0. 45 tei]
2 43.5 E ) loltve-brown {o gray ailty ciay. 8§ &ght&. sticky; s ftor) = B%‘Z-OH‘E! stor e
2/6" 51.9 F Gray silty clay. Very soft to soft; medium plu(lﬁlty; sticky. s, tor) = 0,10 taf b
2 55.4 L | [Simliar to Sample STA. s qtor) = 0.12 tof. p
- 3
3 50, 94 F Similar to Sample STA. suuar) = 0,15-0,19 tsf 1-
2 36,3 ; Similar to Sample S7A, but also contains a few ailt layers < 0.5 mm thick; color varies 7
L slightly lighter and darker. s (tor) = 0,18 tsf :
TOP OF SAND o u ]
16 - Gray layered soft silty clay and silty fine sand. Layers are 1-5 mm thick. 1
8 o Gray silty fine sand. Uniform; fines are nonplastic: very fast reaction to shaking teat; -
TOP OF TILL - confring A few gray clay layers up to 5 mm thick,
57 [ | {Gray-green silty angular rock fragments up to 30 mm in size. -
e Top | OF ROCK [ | fsinilac to Sample S13. but larger pirces.  Anneazs to he g d ook L
- - 4
45:1"““'“"’“’ Fairly freah (as for wx) ‘\'; '}‘\I Altered diorite 7). Fine-
97 |3.0 43 A 50° Joint but is altered, presum- |~ \-' grained, light gray-green 7
ably hydrothermally, to E\ : matrix with medium-gnined:
g7 13.2 17 // a light gray-green to tan "==j-fT"" feldspar phenocrysts. Sense—
green color. Joints show) _'\-\‘\ diabase  4f vague foliation throughout.
slight rusty wx effects. DAY p
100 {4.0 | 77 : \\ 4
\\ 3
\_ NeziQuartz- .
100 §3.8 87 Fresh, but altered hydrod ™ Pink feldspar 61.5' e
thermally 1o light green- e Fpidote  Fult block (2} Fused, tight 3
100 {4.2 75 ish (epidote) gray. Jolnta \\» :- C’]avslnnc contacts-notable epidotization
And partingr are not RO Gouge strong foliatfon. Fine-grained
2 slickensided, not polished . I Eptdate  t0very finc-grained, locally
100 [4.0 | 82 TR b foldspathized Mght graytc =
N50E, 3RNW F Rough R Lizhi zooan
00 68 N83W, 46NE J }\->. Altered diorite (7). Moder- j
! Ngg]:;: SINW F Drilier Fresh, but altercd hydm-\\\'\; alely foliated, saussuritized 7]
|ground thermally. Quartz/pyritd ‘\\;\ ‘ feldspar phenocrysts In fine-
100 1 3 52 mineralization conforms |\ }‘ 'Pyrite grained matrix. Appears to ]
to foliation. Joints are "\ _\\ be moderately foliated New~ 3
95 [ik4 61° Joint not rlickensided, NS burypert Diorite. j
56W, 27 N3
§a§w, 3%‘?“% 5 Rough surface - ,\\ E
100 72 ﬁgg&n' “’J‘r{l‘g 3 Faktrly l'rvesh? but zltered. N 0 ' E
Jointa not slickensided orfy v N -
NERY: BONE § polished. S ]
100 &3 N_9W, 24N NS 3
BOTTOM OF BORING C 3
o 3]
s 3
: E
- -
9 3
[ 3
s 4
3 -;31
- 4
- -
3 3
3 -
- p
9 p
- 4
F 3
= 3
3 3
NOTES

Rate of advance not avallable for
NQ-8 through NQ-11.

* Used 300 Ib hammer,

SEABROOK STATION

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
YANKEE ATOMIC ELECTRIC COMPANY

Y \nitad

& Bty ot oo Cmpas

Date: February 13, 1974

1 of 1 I LOG OF BORING __ SRF 3
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BORMNG LOCATION See Scotland Rd. site plan INCLINATION Vertjeal BEARING DATE START/FINISH __Dec. 20, 1973 /_Jan. 3, 1974
CASING D 3 in. CORE SIZE 2-1/8tn1-7/8 in. TOTAL DEPTH 96. 0 1t DRILLED BY _American Drilling & Boring Co,; W, Mango
GROUND EL (MSL) _17.6 fi DEPTH TO WATER/DATE 0.0 ft/___Jan. 2, 1974 LOGGED BY _$oil - K, Polk: Rock - J, R. Band
WATER RQD STRIKE, DIP
EL. SAMPLE RATH royrEnT °F RQP| PRESSURE TEST F = Foliation | 8 SOIL AND ROCK DESCRIPTIONS
MSL Depth] Type N OF Computed J = Joint ™ : (Weathering, defects, etc.) {Type, texture, mineralogy,
and | or L:Dv' &m - k C = Contact 8 = color, hardness, etc.)
t¢ | & | No. |Rec. jminstd % Graphic pai [10™4 em/sec] B = Bedding o
.6 AAAMASAN S = Slickanaldc
. S1,aA 1, 6 27.5 L Si-Dark brown peaty topsoll. S1A-Mottled brown, alive-brown, and ;‘:y slity clay. 4
9 g {9 28.0 F Mc{{l’; ?llr{’tg Atl([(; low lns!‘tc Iti; gt‘)nlﬂns roots T‘O.Smm lnhdlal;-w ; ve Pl.i . -
30.7 o L T = S tal. 82-Similar {o § very stiff: somewhat blocky,some layering: 7]
F :‘ ;'17 337 F Uw alightly above Bi < (ior\ 1. &f&”&n-&lve-‘éiom s“ty clay. véry étlrr;yluwnte) p
- + medlug\ ghgucig‘y: samevhat biocky, & (tory> 1, g(sf S4-Similar to Sample S3, with
8 85 6 40.8 - somc da rowr spots up to jum {h'c L, & (tor)” 1.0ts! S5-Olive-bro siity clay. <
r 96 9 38.§ - Me{{iluxn a&itg tg .}ti f, medium plast: el | cotaing severa! dark brown srota. 3
H0 Ls7 11 41.3 £ | | s, ffor) = 0.b2 taf 'Sd-Similar to Sample 85. »_(or) = 0.45 tst S7-Similar to Sample _]
s b | |S5. sytor) =0.35 taf u E
4 F 3
biasl]ss 13 31 0 TOP OF SAND b Gray silty clay. Mcdium siiff; medium to high plasticity; contains some silty finc sand 4
0k L layers up Lo 20 mm thick near bottom. R ftor = 0.30 taf b
':40 59 10 o Light gray sllty finc sand. Uniform; fines arc nonplastic; very fast rcaction to shnkmg‘j
9 o teat; contalng a fow clay layern up to T mm thick. 3
E S10 30 E- Similar to Sample 59, but containg clay layers up to 5 mm thick. —:
Fao | -
o 11 34 o Brown medium to coarse sand. Uniform; subrounded grains; contains a few olive-browr]
Fas.0 TopP OF TILL o clay layers up to 8 mm thick and a few gravel pieces up to 15 mm jn size. ]
':- dSlZ 15 o Gray-brown silty gravelly sand. Widcly graded; subangular to subrounded grains; fines-]
-20 - o are nonplastic; contains a few gravel pieces up to 20 mm in size. 1
L-'U [:513 17 E- Brown gravelly silty sand. Widely graded; subrounded grains; fines are nonplastic: con
E b tains a few gravel pieces up tn 20 mm in Size. 3
- -
E CSH 18 E‘ Similar to Sample 813, but al=o contains subangular grains. i
°q = 3
S15 L] ; Similar to Sample S13, but clean, 3
[ Osi6 15° - Brown modium sand. Uniform; subrounded grains; clean. 3
-40 { o ]
+ TOP OF ROC -4
0 ROCK : oo
F o Rusty My : 3
r pex-1 100] 3.6 0 I " Fresh internnlly.  Loeally \\\\“ Schist. Feldspathic, fine- 3
EH - & "Sofi-fissile is subject tna severe wx, i\ N grnined medium dark gray foli-
e / r softening.  Parta on foli- ‘\Q'\ \ . alion matrix with disseminated .
F IN X-2 77} 5.7 ] y F ation. Not slickensided. 1CR medium-~grained feldspars. Nat i‘
o M - Striated altered. May be foliated diorite wd
F*® | hox-a | 100] 3.1 | 14 [ | chtorne 3
[ ;J / Apparent narrow fault zones or 4
s NX-4 A3y 4.0 o [ K Fault-nsrrow Fresh. Clascly broken on shears at 777, 82.5-85' and 85. 514
< o . . Uave feldspar stringers, and 4
-60 | NX-51{ 1001 3.0 0 o high-angle jninte or on - p
r [ . micaceous “gouge’. p
fe0 H o partings on high-angle e
o / - R2.5 folintiom. Fresh, not wx. 3
- .
F NX-61 100| 2.8 | 33 / r B Faultod 3
r F - &-85.0 3
[ 2) C B .
[ bNQ-7 100 K / A 4 3
[0 N20W, 44NW I~ Feldspar veining Sense of dng-fold-.-.
3 va-n | 95 pn N 2€, 435k JE apparcnt faulted  InE At 80. 6 ftis up. 3
E B § N8OW, GONE JE ome 2. 5-85' ]
—-96 ENQ-9 | 100 o T 77 NEGW, SSNE JI- -
o BOTTOM | OF BORING :
- =
3 g E
C E
-
g 3 :
b - E
[ g 3
p— — —
5 o B
r F 3
- 3 ;
s F 3
- r -
2 - 3
o - B
- ol -4
[ L 3
- u -
- - p
- - -
b = 3
E E 3
9 4
< b =
3 o 3
.f : :
o E 3
N - Standard penetration resistance, blows/ft NOTES

LEGEND

Rec ~ Length recovered/length cored, F

RQD - Length of sound core 4 in. and longer /length cored, %

$ - Split apoon } ; Gr
U - Undisturbed samples
S - Shelty tube N - Denisen
F - Fixed piston P - Pitcher
O - Oaterberg G - GE!
D - Drilling break k ~ Coefficient of
WX - Weathsred, wsathering permesbility

u

1} & {tor) =Shear sirength mensured
with Tnrvane

SEABROOK STATION

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
-

2) Rate of advance not available for
NQ-Tto 9,

¢ - Used 300 th hammer
x - Oriented core

YANKEE ATOMIC ELECTRIC COMPANY
Y utad

& A O v Gy

& - e

Date: January 10, 1974 Project 7288
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BORING LOCATION _sce Scotland Road site plan INCLINATION 45 - 46’ BRREARING _ 830k DATE START/FINISH _December 26, 1973 / January R, 1974
i3]
CASING ID 3 in. CORE SIZE 1-7/9 in. TOTAL DEPTH 197.7 it DRILLED BY Amcrican Drilling & Doring Co., T. Canning.
GROUND EL (MS5L) _17.6 ft DEPTH TO WATER/DATE 0.0 ft / IX;C 26, 1913 LOGGED BY  Sail - K. Polk; Rock - 1. R, Rand
WATER . STRIKE, DIP
EL. SAMPLE RATE contenT °F RRD| PRESSURE TEST ¥ = Folfation .2 S0O1L AND ROCK DESCRIPTIONS
MSL [Fepn Type | N OF Compute J = Jomnt = : (Weathering, defects, ctc.) {Type, taxture, mineralogy,
and | or |ADV. Epm .k C = Contact C o enlor, hardneas, ete.)
f ft No. | Rec. jmin/tg 1 Graphic psf f1n  em/spe] B Rodding (Y &
TTIYrrTTY —
17.6 100 S - al
9 3} - 3
F Nonc - 3
F - <
L [ 3
C - . 3
F 1o - -
L L R
[ b 3
o o 3
[ 2) [ p
20 o -
y - 4
o-é. - 3
4 : 3
30 o -
[ 3
Eu TOP OF ROCK : ]
r N - o - =
9 ! ) o Moat pa:‘ting! Fresh with minor powde iy x w x S_m“mm”te'd Typlcal_Nevlk 3
S NQ-1 sl s n 40" E are joints wx eflects on joint surfacd %_w “:c?;::n; e m:}:i'::e: .1’\_:‘
— m gray, & nia
40 - Joint surinces are not -~ P
4 NQ-2 | 100 1.5 58 r slickensided. ¥ oy % gray hue, nod pink feldspar 3
5 - e | % x spotting. Generally massivce]
- 02 R . I ¢ Chlorite :‘ . Lacally shows foliated zoncs]
5 NQ-3 1.6 2 [ - Cut by fused feldspar quartz 4
E L » i ]
E co V - Rusty nint- - siringors, Bintite §|x-cklmg_‘
r NQ-4 100 1.7 50 F 8 iStrikes * NW W o Recames medium -fine -
20f H L ' T e e, grained at 56, foliation do- 3
F o v YN velops Jocally vague.  Fiest
E NQ-5 88 | 1.0 70 . . f:‘_ (’ir’"""d mechanical effects af faalt i.
L B! 7 I 11 Rusty joint Fresh. Drillg well. Joint] wo « (‘I:nCI:« g 7one apparently at around ]
=60 =t and partings show minar |» =« 7 MY 5g 50 -
3 - 95 .0 7 - -~ : b
E | NQ-6 2 ki 10" | Minor ruBtY  oyrface wx cffeets. Nnt _» X " Pyrrhotite 3
E o E slickensided, 3
r NQ-7| 75| 2.0 s o v Ty ]
[ o x_v 3
2. H b » « ¥ Fused [aul
L Ng-8 | 100 | 2.5| s2 25" 8 Minor rusty A gnaterial
L [ & .
H o= - i Diorite, Medtum-fine p
- - H . e b grained. Medium greenish J
o |Ing-s| o3 ] 25| s /// : Fresh. Partings loeally | 7 - | gray. Locally foliated. 3
FoL o rhow minor wx effects, RN Foliation is s ot" o8 3
F =ML but nat sltckensided. = 1on 16 sometim B
w0 POl veao| o5 | 28| 28 // ' F mor ety 7 o = drag-folded, Rock is 3
B ¢ Ll o -, mechanically deformed, ap- 3
- . oL proaching lault-cnrhon:tc -]
F|ing-1l o8 | 35| 27 // Minor rusty L~ veinlets, 3
o A - A 3
E L e
E a0 - 2. -
- NQ-12] 87 | 3.8] © Vi o S0 . ) 3
M 4° Fresh, Not wx, hut is N 5" Cherty 1-;rc-§rn‘\2(.:ri roc:‘.l wlthl 3
o - R chlarite speckling. Lo- 3
altered hvidroth ally -
E [ [vo-1al 97 | 4] oas // . F drothermally jmVein  (olly foliated, cut through- 3
FoU LT o to lighl greenish gray e at by § cinl 3
,Lwc - color. Partings are not £ I,-l out hy feldspar veinlets. 3
F NQ-14] 100 | 1,7| 35 35° E B Minor rusty slickensided. ES g Contactumem dips 4¥ 3
o / C : PRI '(-r'\nrxlmrllt;‘ Medwm grained, ;n(-d;:‘
o — XS
b NQ-1sf 100 } 3.6 72 : s bam, groenis) rgﬁ';vpr?:;?(nc. chiorit ]
F 4 - "; Z1ogr Contact dips 20
-GO-'—lld - o i — s Fine-grained rpck fused
r NG-146] 100 1.6 72 . F Minor rustv  Fresh and homie Drills —550 “‘”-luml'ucl dips 500 -
E W 23 F well. Relatively minor ru . Ll p
9 o atters LR s . ium- b
F ng-17] 98 - a5 - hydrothe rmat alteration A ranodiorite.  Mediam 3
o o [ grained. Locally shows ten- 3
FoM o Minor rusty yev deney 1a foliation. Mediam 3
- - Feww
E12 g1l 10z | v] @ n F Bleached A greenish grav. =
: b4 - X nw ‘ 3
- n o 253 vl iated-fuaced ]
C -1 100 a8 5o Yo% bl J
- Neg-? 1.7 g 2 ICataclastic 9
13 Ineg-2o 100 | 18] 78 LB Meached Frosh and hard,  Lneat™ 3
: -2 . o . minor hleaching. 'art~ . : : b
SR L Jaints strinted i h N Granodiorite,  Medium- 3
o B Rough not slfck- ngs show minor graincd, medium greenish
- Ng-23] 100 } 1.0 12 o effeets, lut are not . s .
- . = o ensided. ahickenaided ; gray.  Fairly massive, Darty
-804+ b4 F ) ) " Y., chlorite apeckling. (Chior- o
aphll NG-22] 100 | 2.0 a2 / / - Fine itea nat altered appreciablyr]
F F p
L M / o Minor wx fy » ilnclulinn ]
- - o 3
Ng-2Y NR |22 MR - 3
F 14 ! B Minor blcached l T B
L S0 3
N - Standard penetration resistance, blows/ft NOTES )
Rec - Length recovered/length cored, ¥ 1) Depths noted were measured “along the S AB ROOK STATIO N
RQD - Length of sound core 4 tn. and longer/length cored, 3 horing”, not verticallv PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
als - Split spoonr pl Gr d
Zlu - Undisturbed samples 21 Washed through clay 10 34.0° « no YMNKEE ATOMIC ELECTRIC COMPANY
7] samples taken wnitad
9 S - Shelby tube N - Dentaon privtovmbivk. apietaiah i
F- Fixed piston P - Pitcher * - Roller bitted to 36. 07
O- Oaterberg G- GEI A Naclays present; theretare no water Date:  January 11, 1971 Project 7288
D - Driliing break k - Coefficient of wontents were determined.
wx - Weathered, westhering permeability 1) Ratler litted 10 52. 0 1. PAGE 1 of 2 I LOG OF BORING _ SR} 5§
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BORING LOCATION _ Sce Scotland Road rite pian INCLINATION __ 45 - 48 NEARING DATE START/FINISH December 26, 1973/ January A, 1074
CASING [D 1 in. CORF SIZE 1-7/4 in. N TOTAL NFPTH _197.7 DRILLED BY  Amecricnan Drilling & Boring Co., 7. Canning.
GROUND EL (MSL) _17.6 1t DEPTH TO WATER/DATE 0.0 1/ dwe, 26,1978 LOGGED BY  Soil = K. Polk; Hock - J. R, Rand
WATER P STRIKE, DIp
EL. SAMPLE RATE conTent °F B4D| PRESSURE TEST F = Faliation Ju 2 SOIL AND ROCK DESCRIPTIONS
MSL [Feptn] Type | N OF Computed | J = Joint = < (Weathering, defectr, etc.) (Type, textire, mineralogy,
and or (ADV. gpm o C = Contaét 8 : color, hardnesa, etc.)
ft ft No. | Rec. tmin/fd % Graphic pri {10 em/aec] B = Dedding o
\RAMAARRAT S Slichrns e CONTINUED FROM PREVIOUS PAGE
L 3 B
[148 : N -
15 — » v -
F 'd Np-24 97 | 2.5 70 I Fresh and haed,  Partings | * : " Chlorites are still dark green.
L u o ane nol stickenside. . vy ]
Fo | Ingo2® 100 [ 27 6o C e 3
' H r o . ¥y »ox 3
- I Stight wx R vi Heenmes vaguelv foliated. Ap- 1
160 INg-26, 07 | 3.t 68 [ A parently cataclastic.  Light B
o L] I greenish gray. s
- Ny p
- LR -
-1004 NQ-27] 98 | 3.4 47 o7 3
- - bR 4 Fresh and hawl. Parlings ’\-‘:"._ 3
74 - F 4 sided. -
:—’1 NQ-28' 102 | 3.2 47 E ! Shight wx are not alickensided i:_: ]
- - o ATp% prpeen contact dips 0 7
-+ >
= NQ-29 92 3.5 KEd // o ',',.. :‘7(‘4 Itiabese, Dark gray,nat alteretd. 7]
- o F i Ulpcn contaet dips 50, Not glicken=
r - 30 o sided. Cataclastic, 1.t greenish E
180 N3 93 | 2.1 59 - . gray, finc-grained, foliated. -
o . e ~ -
o R o A 1617 Fused, breccinied contacl, Dia- 4
- r s hase, dark grav, unaltered. ]
o NQ-2Y 87 | 3.1 A2 o ~ ]
r 1 10 : Note: At 171,27 Fresh dinbase batts] > ¢ [Note: At I81.7', contact of diabasc is
wp bl NQ-33 100 | a2 62 HION v against I»uzhl rreen ﬁnv-.:rm'm“tl -_- ® hreeciated, and re-cemented hy™]
o H I cataclasite jealeite] strimger in | " ' caleite,  Ilinhase is not appreci-J]
204 ! i . Rl diahase docs not exiend across | L7 abiy altered. =
F Ng-aaf 100 | 2.5 53 o inlo eataciagite, Pl ]
= 3 = .
I~ ROTTONM | OF BORING E' =
: : ]
- - 3
o o 3
L o 3
- - -
" o 3
L P
3 3 ;
[ E 3
[ F -
t‘ - 4
s F P
< F p
o [ 3
o - B
C - P
£ F ]
o I ]
- - -
o + p
E 3 E
o - 3
s L ]
9 F p
- - <4
r F p
- o 3
L o 3
C g 3
- e J
E o 3
F F 3
F - 3
= - 3
o - B
: F E
N - Standard penctration resistance, blows‘(t NOTES
Rec - Length recovered/length cored, f S E'A B RO 0 K S T A TI 0 N
RQD - Length of sound core 4 in. and longer ‘length cored, © PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
ats -~ SF‘d“ oo ! 'l ¥ Groundwater YANKEE ATOMIC ELECTRIC COMPANY
wtv ~ Undlatur samples
© % g tited § somncnry e
] S - Shelby tube N - Denison o b W Rar Compens
¥ - Fixed piston P - Pitcher
O- Osterberg G - GEl Date: JSanuarv 11, 1974 Project 7286
D - Drilling break ¥ - Coefficient of
wx - Weathered, weathering permeahility PAGE 2 af 2 l LOG OF BORING __ SRF 5
——— —
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¢ GEITECHMICAL RNGINERRS {NC.

BORING LOCATION See Scotland Rd. site plan INCLINATION _Vertical BEARING DATE START/FINISH Jan. 4, 1974 /_JJsn. 8, 1974
)
CASING D 3in CORE 81ZE _ 1-5/8 (o, BX TOTAL DEPTH 58,0 ft  DRILLED BY _American Drilting & Boring: Manco
GROUND EL (MSL) _17.8 1t DEPTH TO WATER/DATE 0.0 ft /_Jan, 30, 1974 LOGGED BY Soil - K. L. Polk; Rnck - J. R. Rand
WATER STRIKE
EL SAMPLE  |RATH cgATiky orRQD| PRESSURE TEsT | ST ‘Fnl;.gz "B SOIL AND ROCK DESCRIPTIONS
MBL ol Type | V| OF Tomputed | J = Joint = % {Weathering, defacts, ato.) (Type, texture, minerslogy,
and | or |ADV. Bl Lk C = Contact 8 I~ color, hardnese, etc.)
ft ft No. | Rec. jmin/fd % Graphic pei 110 cm/pec] B = Bedding L
MRARSAS 8 = Qlickangid
1.8 1A 3 L 8‘ ~Brown org: 1c silt, SIA - Motiled gra l.mfbrovm sl c]l{\ Tow plasticity. e
1% - ive rown c\ny. Stiff to very stiif; |nsﬂc|tx somew f{ “blocky structure,
15 - Sxmllar to Samp e §2 t fewer brown upmu 7]
18 - Olive-brown slity chsy. V. stiff; low {o med. plnnuclty. w lbove PL; somewhat blocky. =
13 o Stmilar to Sample S4. a,(tor}™> 1.0 tal 3
3 - Simllar to Sample 84, but also containa some gray streaks up to 3 mm thick. ]l
5 . Similar to Bample 84, but medium stiff. l“(tol‘) = 0,45 tsf. -t
: ]
3 o Gray ality ciny. SoR: medium plasticity; slightly atioky. nu(tnr) = 0,26 taf 3
[ F 3
4 C | 18imilar to Sample S8, but more aticky. s“rlur) «0.15 tof 3
o e
3 E. Similar to Sample SR, hut more aticky. tu(!or) = 0,14 tal E
- =
5 4 Stmlilar to Sample S8, but more sticky. su(!or) * 0,20 taf b
5 [ | |Stmilar to Sample 88 s (tor) = 0.25-0.30 taf 3
-20 o E
4 TOP OF SAND L Similar to Sample $8, few silty fine sand lavers to 1 mm thick. & (tor) = 0,30 tsf 9
1375 - Tayered gray slity clay and ailty line sand. Clay 18 soli; Jow fo = medium plastic 5
o in layers up to 10 mm thick. Sand ig uniform; tn layers up to 10 mm thick. -
o M2 TOP | OF TILL o -
r Gray-brown silty medium to coarse sand. Widely graded; fines are nonpiastic; sub-~ 3
51/06" =1 jangular to subrounded grains; contains a few gravel pieces up to 8 mm (n aize, 3
85, TOP { OF ROCK =
92 | 3.0 |57 / o Minor rusty Not wx. Altered by hydro-| \\' 3 Cataclastic, foliated. Fused _J
. Minor rusty thermal bieaching. \ breccia, medium- light greenish-
-40 V. N £ray.
BOTTOM | OF BORING :_ 3-
< Note: Casing bent atl 14 #t while driving Note: Rock is medium-fine grained, ]
- and hale cound not accept N- groundmasg contains sub- -1
- barrel for 5 ft onilv. Could not rounded fragments and micro-
o risk a second run due to caving taulted piece. All fused. 5
E:‘ potential at base of caming. Joints show minor rusty surface]
o wx effects. Not slickensided. J
- =
3 -3
- 3
9 p
< 3
- -
L 3
L p
[~ -
C B
S 4
- p
< 3
- -
b p
F p
- -
F ]
[i_ 3
L p
[ 3
9 E
L 3
< 3
- -
< p
- -4
[ 4
: i
N - Standard penetration resistance, blows/ft NOTES
Rec - Length recoversd/length cored, % SEABROOK STATION
RQD - Langth of sound aore 4 in. and 10.,‘"/).3‘“ cored, % 1} S ftor) = Sl:::l.'rlﬂ'!nzlh measured PUBLIC SERVICE COMPANY OF NEW RAMPSHIRE
rvane
I8 - ol apoce sumple Gr vith To YANKEE ATOMIC ELECTRIC COMPANY
) - tarbed ssmples
Q m e T
“ 8 - Sbelby tube N - Denlscn ey 1 Revenenn Compeny
F- Fixed plstom P - Pitcher
O - Osterberg G- 6l Date: March 8, 1974 Project 7288
D - Drilling break k - Cosfficient of
wX - Waathered, weathering permesbility PAGE __! of 1 ] LOG OF BORING SRF 6



BORING LOCATION Sce Seotland Road site plan MNCLINATION 45 BEARMNG S11g n[].’llf T DATFE START/FINISH Jan. R, 1974 /  Jan. 18, 1474
CASING D 3in, CORE SIZE 1-7/% in, TOTAL DEYTH 255, 0 f DRILLED BY _Amcrican Drilling & Boring; T. Capning,
GROUND EL (MSLy 17.5 £ LEPTI TO WATFR ‘DATE n. T dan, 1M, 18T LoGGED BY  Soil - K, Path, Rock - J, R, Nand
WATER 3 S TFS STRIKE. i
EL. SAMPLE RATH -ORTENT or RYD| PRESSURE TEST F = Folintion |u 9 SO AND ROCK DESCRIPTIONS
MSL Pepth] Tvpe | ~ ”". Computed b= Joint S iWeathering, defrets, cte.) {Iypre, texture, mineralogy,
and | or fADV. AT o K ¢ = Contact O oo, hardners, ete.)
ft ft Nn. | Ree. pnin/id - Graphic pei 1o emimee| 1o Bedding “ o
1.5 MRAAAR 'lﬂll S Sl
4 n 3
q Nane o * E
of 2) o 3
20 : E
I L j*
4 E 3
[ F
F o 3
‘ 3 ]
E b
20 o .
of o 3
[30 - -
[ r 3
F I ]
- - =
[-40 - -
F F E
F o 3
o P~ -
=40 e -
E L p
-20 ,:_ N 3
o - ]
3 3 3
-l - -
:“.‘,) Tor | oF ROCK o "
E ] Nig-i 92 1.5 12 / 7 - Minor rusty Fairty rerh ane T Catnclastic,  Folisted, saus- E
F oo < Minor rusty hard throughout bat :‘ - . suritized, deformed dinrite. p
- NQ-2[ 83 [1.3 47 / [~ 1’ core lost altered by hleaching. -« —-r Fine to medium grained, light 3
I o Partings are not o greenigh to tannish gray. 3
E [ Minor rusty alickensided. = 3
F NQ-3 | 100 1.3 | 13 / / o ! — p
E I - {5 ‘;Z—: Aphanitic- 3
40 =80 INg-4| 77 |13 23 / - a Driller broken ~z T yellow-green -
E 3 - |5 at close Intervals Ngp wx. Care hroken™ ¥ Cataclastic. Fairly fine- ]
o - i throughout into 1! te =~ = grained, light greenish gray. _'1
- - .4 - (2 y— - ’
- NQ-51 100 |1 8 // - 4' pieces by poar - Foliated. Apparent dark b
L H L e drilling. R (chlorite 2) mincrals scattered 3
- :. EI ——— 3
—-on NQ-6G | 100 |1.4 0 /// o= ey locally. -
E . " E! Discontinuous :‘_; Al 3
:_ 4 - vertical joint == -% 5 Fused intrusive contact, NE strike
o NQ-7] 93 |2.0 25 " strikes NW LR .2 nhase. Dark gray line graie
o - e Cnleile Youngor than alteration in 4
F 1 VI L = Not ws. Bleached by & x ‘écg"‘ couptry rock, Calelte veinlets.
=100} INQ-8§ 100 (2.1 55 - hydrothermal alter- > ;—x " R . -3
o o Striated . K- Cataclastic. Medium grained J
ation to greenish~ X X% X e S
F Ll / - aray « =5 - faliated diorite tn 103'. Fine- o
- Ng-9| o7 l1.9 41 - i _:7:.3'] grained, foliated with amall =
- : - =T quarts cyes below, Becomes
.60 : m.— / E :_ s very fine-gralned. _::
E‘ NG-10] 85 J2.1 | 12 / 1Bl 2+ core Tost N2 te 110 care ST 3
- - - Soft, some talc tost in soft zonc. —_— b
- / - Minnr rough alick- :l 14.04 -
o NQ-11] RO [2.1 7 / o ensides. P77 Greenish tan (biabase (%)-Bleached
L - E X 4 |t greenish tan, aphanitic. May be p
F 120 . - Nt wx. Hydrothernn- 0y myjqnitg. Jinirtine foliation, -
- INQ-12[ 100 {2.2 55 8 " shickenalded- ally "'“V""'" through- = % welded hreccin Catnclastie, Fine- ]
:*. 1 NAIKE, RINW . - minor polieh ;:"I'" I~n|::v :“”;l‘ s : ¢ Welded brecedn grabned, meium light J
RE 2 GRW BRNE B il well. Patings 9 e recntsh prave boen
SR ACat B EL B / RAGE: N 1B intormat aticke o £ parallel foli- & S B b
M NAtE, aaiw B R ondien pavafiel o, 5 © :" e ": e "" ‘,""" -3
o )} N§ - rreg, veilning 6 ldkg,
A0 ING-14] 93 [ 13 /// Ndtib, 85 £ 10 foliatson o thremit e
o | ; Fumed Lght greenish (nn E
o I a3
- NQ-10] 07 L6 [543 ol Marde~pranadiorite. Medium -4:
r I I - grained, light greeanish gray. o
-a0 F k|| Mintateh Nof ws. Hviratherm- 7 5 3 Lovally foliated, 3
=411 5 a 13 - 1 eore lost allv alteved,  Light aewy s
[ ppva-16) 83 2.7 ! A b | B Somewhat softened 4n bleach. Joints  —w T Granodiorite. Light lannish
[ £ | B by alteration and partings are not  x 3 3 gray (extensive bleaching), ]
- - ) . 3
o NQ-17] 92 2.0 23 / - slickensided. “x o falinted, medium grained. =
by K - oo he
N - Standard penetration resistance, blows/ft NOTES
Rec - Length recovered/length cored, 7 1) Angle hale S E AB RO OK ST ATIO N
RQD - Length of sound core 4 1n. and longer/length cored, & PUBLI SERVICE COMPANY OF NEW HAMPSHIRE.
218 - Spllt spoon sample Groundwater 2) Washed through soll from 0-65.8" - YANKEE ATOMIC ELECTRIC COMPANY
=12l - Undisturbed samples
S no sample taken, wnited .
- seowncwnenc
] § - Shelby tube N - Denison 3) Roller hitted to (6.0 * o trens 0 Aeriec Company
F - Fixed piston P - Pitcher . h (
- 4Y Nna elavs preseat; therefore, no water
O- Osterberg G - GEI e Date: Fehruary 13, 1974 Project 7288
D - Drilling break k - Coefficient of graleml® wene et rmmed.
) ) %) This 1s oanly o partial st of dtip and
wx - Weathered, weathering permeability strike data. PAGE 1 of 2 LOG OF BORING SRF 7
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BORING LOCATION Sec Scotland Read sHe plan

INCLINATION _ 45

BEARING §44E qrlas

DATE START/FINISH Jan. R, 1971

/__Jan. 1R, 1974

CASING TD 3 in, CORF. RI1ZE 1-7/R in, TOTAL DEDPTH 255, 0 ft DRILLED BY _American Drilling & Boring; T. Canning,
CROUND ELIMSLY 17,56t NEPTH TO WATER'DATE 1 ft Jdan, 1R 1074 LOGGED MY Safl = A L. Dobh s Roek - J, R Rand
AMD WATER  ar D] PRESSURE TEsC ] STRIKE, DIP
r::sLL SAMPLE __|RATH conrpnt 77 14P] ! LLAMALEGLE IR I SUIL ANTY ROCK DESCRIPTIONS
Depth Typ: N ADV e Computed J 'J‘olnt = ‘: {Weathering, defrrta, ee,) (Typo, texture, minersiogy,
an or ' . 44 - C = Contnct 8 1 enlar, hardnesr, eic.)
ft ft No. { Rec. pnin‘ig % Graphic pri 1107 em/aec] B * Bedding ]
MAAMARANT T S - Sligkenald CONTINUED FROM PREVIOUS PAGE
[ 9 3
b 9 Rrokcen contact. No visible attitud
5d 1407
F—lo NQ-]% 92 2.0 35 / 'J - Less Catacinstic. Fine-grained. J
< < Nal wx, Minor e~ hlénched medium gray fused hreecia, J
F NQ-14 100 {2.4 | 4R F [k Breccia-fused surface we effeets g0 2 flairlinc veinicts. Medium
s L [ on partings, Part- ~ 2 Epidote  dark green (epidote) begin- ]
: 7 + ings generally para-asass ning 155' 3
L."mn - Driller ground 11et ta fatintion - - —
NQ-20] 100 [2.2 | 3 n ation. -,
I Q 2 3 Not «o bleached as %" 7 3
r 3 above. Not slick- o~ '— 5
-100 f Me-21] 100 1.9 45 o ensided, ST ) 3
3 L - a4 Offset Cataclastic. Fine-grained, 4
170 F - ‘5:‘ . toeally foliated and brece:- 4
- NQ-22[ 97 [1.9 28 F - ‘;f’ ";‘ " ated (funed). Medx‘um-.iark-i
. E 4 a4t Fuse greenish gray. Epidotized.]
= | INg-23| 100 {2.0 | s - - ]
F H o Slight wx Not wx. Some mna = Catnclasti 5 ined '-'_-
sl - Not extensively wx effeets focally pR—"— ataelastic.  Fine-grainec g
F'7] vq-24) 100 f2.3 ] 35 ; v ’ S enty e g somi ntly -
- ! F hicached, moderate ininls,  Tends to LA ‘wL.m“InE pram wently 1
. { - . Ly - foliated, breceiated. Noto
- L alteration only part parallel to foli- ="', . b o ) 4
- INQ-25| 100 1.7 2R [ ation. Nt shiok- cut by cross-cutting vein- 1
o - o ensided,  Competent Fused ]rc"s" Hnrll.,h;rcu:\n :s' :
5 o " ; hreccia used (annenledy.  Not fis-
L4 a0 . - fairly hayd. Drills
3 NQ-26} 100 J1.6 72 o [nirly well. throughout rite ar stickensided. =]
. o I Medium greenish grav., 3
.120 = ING-27[ 100 {1.7 25 - 3
o EINQ-2R{ 100 11.8 40 N5ar, 2anw JF Moderate Net we.  Atinor 3
:eﬂnx Q-20] 100 |1.0 w7 g '.v e hieaching surface w eflents Cataclastic, Finc-grained_]
b _{F MOB: EQR‘L #_" altcration on fointa and part- matrix, cpidote banding, 3
o "' g 48k E g Not sHeken- Extensive fused breecia
o No-30] 100 [1.7 a0 N“"“v. '42NF Fi sided. fabrie. Light yellow- greery
U ﬁ;g}}: e (s mvlnnit;; (nghnni!ic} at 3
F I o 210.6-211.6, Fused
fﬂo Q-31]| 100 1.9 52 L Smonth. Mderate . mvlonitt throughout. Not slicken- I~
[ NGGE s ab . ) Not wx mternally. . 3
q b, 17NW SE wx, minor striated | . . 3 sided. ~
4 flovizontal rE Stickensided Joints ancl partings 21,7 e -
E a-22] 100 |23 55 E';gt“ 7%“&: g}.__ |lL Cns on not polishad. Some 9] Clinton-Newbury (ault. Contact -
t Lr‘ / ok, SON S {nh.'!ﬂon slickensides. Some % = fused, Moderate wx at 213.2° ]
~ [ |B Pyrite stals slickonsides nad % Diorite. Slight alteration J
F INQ-331 100 |2.1 53 | ] Smooth, aoft ook v and faliation to about 218", 7]
I o softened rock ot v
-140 § b t Moderate wx 222,19, () Medium grained, medium
o ; , cht roi -
[ kINQ-34] 100 2.7 90 S2NW S Smooth, chiorite A grav. Veined helow 218", 7
r H 7ENw gF | Fresh and hard, v w ]
o N sgg}\} :,- Drilis well, Jonta ¥ % Diorite.  Medium grained, 1
23 NG-35) 100 J2.5 54 ‘ E and parlings shaw <. %% medium dark to dark gray.=
- o minor surface wX. '\:\’A Not altered hydrothermafily 3
o . f“‘:"{ ::_ Not slickensided. ¢ « Irregularly caleite-veined J
F ANQ-361 100 |2.6 65 ',l‘_;’sw :\‘i P throughout. Fysed. -4
I -1 L OF X oy 3
L L 2 J
Eﬂ“;\ F«Q-av 100 [2.3 | so / c P 3
E -1 E Nematite Frosh and hard. “‘ ‘\k Niorite. Mixed medium- ]
E o LNG-3s) 100 (2.6 13 . ‘“?N“{ o Malorate wx Lacal zones af P gm'"“'_‘ d’"_k Kray vd|nrxtc J
L - . "[’N“‘ ; Minor alickengided &light ta morderate ¢ w enclosing fine-grained, 3
r A . . . :;"wvt: 1 Moderate wx wx. Not hydrother- £ % dark grav diarite mclunlmsj
160 :'25 (INQ-39) 100 |2.6 Al / siNw s mally altered. A X Extensively trregularly ~
n . 4INW I X % velned, 3
55 B INQ-10] 64 [2.5 18 [// o 9' lefl in hale Cox 3
- 2
E BOTTOM {OF HORING s
- -
E g ?
L F
E E- 3
e - -3
: o ]
- .
- - 3
: : :
- - -
3 s 3
y of 3
b £ 3
L 3
N - Standard penetration resistance, hiows ft NOTES
Rec - Length recovered length cored, '/ x - Orfented core SEAB RO OK ST ATIO N
st
RQD - Length of sound core 4 in, and longer/length cored, % PWBLIC SERVICE COMPANY OF NEW HAMPSHIRE
Bls - Split » mample Groundwater e
- L:d‘mmrbe’d remples ¥ YANKEE ATOMIC ELECTRIC COMPANY
v}
Qg § - Sheloy tube N - Denison Y \rod ENOINOOMS . crercen =
F - Fixed pinton I - Pitcher
- O -
O - Onterberg G - GEl Date:  April 18, 1973 Project 7288
D - Drilling hreak k - Coefficient of
14
wx - Weathered, weathering permenhility PAGE 2 aof 2 I LOG OF BORING SKRE 7
e ————
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BORING LOCATION _ See Scotland Rd. site plan INCLINATION _Vertical BEARING DATE START/FINISH Jan. 25, 1974 /_Feb. 18, 1874
CASINC ID 3 in. CORE SIZE 1-7/8 8. TOTAL DEPTH 172.0 DRILLED BY _Americen Drilling & Boring; T. Canning
GROUND EL (MSL) _17.6 ft DEPTH TO WATER/DATE Tidal ft / - LOGGED BY Soit - K. L. Polk; Rock - J. R. Rand
——
ATER ; STRIKE, DIP
EL SAMPLE RATH contenT °F RQD| PRESSURE TEST F = Foliation | 3 SOIL AND ROCK DESCRIPTIONS
ML Ieh Type | N oF Computed | 3 « jotnt =S (Westhering, defects, stc.) {Type, texture, minerslogy,
and | or |ADV. Epm Lk C = Contact 8 = color, hardness, etc.;
ft I3 No. [ Rec. dmin/td % Graphic pel | 10" 4em/eec] B = Redding m
Trorrrr 100 —— s x
176 SL.SA 0,5 3 r 2 g
52 24 29.4 F | [Similar to Sample S14, but very stifl, s , (tor) >1.0¢sf 7]
r S3 29 27.4 - Simflar to Sampie S1A, but very atiff. = (torl > 1.0 tsf E
o S4 14 33,8 o -
4 S8 i 40. 4 - Similar to Sample 84, but fewer brown sputu. softer, a {tor) = 0,54 taf e
r S6 4 41.9 - Similar u .
=10 [ ]s7 2/18" 48.9 - Gray sllty clny. Soft; medium plasticity; slightly sticky; contains one brown spot 10 mm-
" [ { |inaize. s ttor) = 0.15 tsf ]
F L u ]
o C S8 0 51.1 r Simtlar to Sample §7, but contains some alightly darker and lighter colored layering. 7
[} E t su[torlro.lsuf 3
‘.‘“ QSs 3 33.1 | [Simitar to Sample §7, but contains some darker and lighter colored layers dlpplnrl(f’-'
E o sunnr) =0.18 tsf 3
F qsw 8 43.3 - Simllar to Sample S7, but contsins a silty fine sand layer: sticky (very disturbed). 3
[ - |- p
F o 3
30 gsu 2 44.3 [ [Similar to Sample S7, hut very soft and sticky (very disturbed), -
2 TOP OF SAND o 3
t33. 0 p
o CSI! 5 L Grav-brown alightly sllty fine ta medium asnd. Uniform; fines are nonplastic. 3
.20 | o : p
[-40 E s13 0 E- Similar to Sample §12, but contring a clay layer and few gravel pisces upto 5 mm in 3
[ [ size. ]
o E Si4 39 o Stmilar to Sample §12, but contains a clay layer and u few gravel pieces up to 15 mm 7
q TOP OF ROCK E in size. 3
F48.0
E_so 1 - [igrgpe —
L —
L P G lly not wx inter- ~» . — Cataclastic. Fine-grained, 3
r _ i F Slght wx encrally no nter
E L NQ-1{ 52 | 1.5 0 Y4 " nally. Freaks on foll- 2577 bieached to light tan-green 3
< [ [ E]Slight wx ation with slight powdery Pl gray. .
40 E NQ-2| 85 | 1.3 25 y [ on partinga wx effects on partings - Ta- p
60 " - 1gpo surfaces. Medium l;?‘;; -]
= NQ-3 | 58 § 1.4 83 b £} slight wx greenish-gray hydro- L a%a 3
o o thermal alteration. o 3
= - s 3
F LNQ-4 100 | 1.4 | 74 s TR ]
L o -z s d 3
C o 3) E{H stight wx l:“; o Highly deforme =
F NQ-5| 83 | 1.5 82 NT8W, 5INE F [ R Not wx. Minor wx ef- ;An 2 welded breccia R
I [: fectr on some partings : Welded breceia .
F o pNQ-6 | 100 | 1.0 | 95 N8SE, 50NW F - a8 well as some striated, Z i~ throughout 1
.60 F 1 NS1E, 368W J but not polished uurhces —_—= Less bleached 3]
[ k|NQ-7 | 100 | 1.0 B6 N36W, 42:[‘: FL i) Fused contact, deformed dgs 60°
80 [ o ::g:' ZZSSEE SJ - ! - 80. 0" “TaTacTastic. Medum dark b
q NQ-8 | 100 { 1. 63 . - == ! 3]
F i Q N79W, S4NE J Fallation - ae greenish gray. Deformed velnsn:
o N36W, 20NE J [ Not wx, Drills well.  a a2 « . .
E king-e ] 100 | 1.1 82 < Light green-gray hydro= -;:, ’ ]
Lao H " o t thermal alteration. (e 4= Fused breceia -
NBTW, 75NE J [ Soft, powdery zone at . Cataclastic. Fine- 3
E k|NQ-10} 100 | 1.1 87 [ |g|soft-striated 96 & probably wx associ;—~ s — Epidote grained, medium green- ]
- N a ggg;v ';Z_SE S I {E]l powdery surface 8tert with foint. Local : = ish gray. Follated. 3
-80 [ x|NQ-13 100 | 1.2 | 31 N AR L | 1Bl onips ‘"r""‘“’“ '°‘"""°“ ol =7 Dronte Local fused breccia 3
- -t o 2 LR -— 4
=100%{NQ-12{ 83 | 1.2 75 N-7E, 358E J = partings ususlly parts ‘;', ; Dtorite 7ones, -
o 12 N * ATNW o on foliation. T AT Cataclastic. Fine- :
F K[NQ-1Y 100 . 78 N_l,  29NE f o Not wx. Jaints show &y s grained, medium green-3
- N54W, 47NE F £ minor slippory chlorite- ‘::1_. iah gray. Zones of 3
o C ! talc coatings. Not pol- e p
F KINQ-14 98 | 1.2 93 C & —te—- welded breccla, hair-
o N&zE, 378w J £ |IE imhed. Subject to hydro—.ﬂ « T Welded line epidote str! b
C1r04 N70E, 36NW J =] P ingers.
114 | NSRE' 25N ‘[. - thermal alteration, breceln .
I king-18l 100 | 1.0} =m0 MW" HNE j o epldotization. Welded hraccla 1
F M ' - 4 throughout 3
- - 4
~100 ¢ NQ-1] 92 [1.0] 23 C {PIChipa b
at Q - Nat wx. Minor surface Cataclastlc. Fine~ b
F120NQ-17 100 { 1.0 | &3 - ;x::k\ctu ‘m\ pnhnlnns. grained, medium light ™3
[ 9 artings also show R he p t 3
[ NQ-18 100 } 0.8 | SR = _aa greeniah-gray. Locsl J
3 1 - sr;:ne striated, not pol- 2 ° = Light tan welded breccias. Fairl
3 E iahed surfaces. - wall foliated.
- NQ-1% 100 | 1.0 | 100 L
F1307 - E
o NQ-2 100 | 1.1 | 82 < - 3
- a
o E— g Not wx, Medium-gray -~ 3
-1z0 | ne-21f 100 [ 1.1 ] 70 dap green bleaching due to =~ - = Cataclastic. Fine- 3
| r Minor rusty — - . B
L 40 - g )‘xz':iro(hen;\l] nlurntlon.:,;: % Medium grained, fused brecaia -3
E 2d 100 | 1.0 | 62 : § focts on partinge, es«mf- PO Chi throughout. Medium
L - . L n pa . e = 4% . p
C14s i ! / E | Chlortte _Partings Siristed. 4~ . Freenish-gray. 3
[ - 3
3 E 3
N - Standard penetration resistance, blows/tt NOTES
Rec - Leagth recovered/length cored, & 1)  Roller bitted to 53 A, SEABROOK STATIO N
- [ . 1 d PUBLIC SERVICE COMPANY OF NEW
:QD - ;'i"u": o '::: l:“ ‘ h;ladrm::::/tl?m cored: % 2} e (tor) = Shear strength messured * 1 A HAMPSHIRE
2 plit apoco samp u with Torvane YANKEE ATOMIC ELECTRIC COMPANY
n{ v - Undisturbed samples -
o ) is iv only a partial Hst of dip and wnitad ]
] S - Shelby tube N - Dentscn atrike data. pyivesngbint. oioveiiehiubaiont
F- Fixed plston P - Pltoher
O - Osterberg G - GEt Date: March 9, 1974 Project 7284
D - Drilling break k - Coefficient of
wx - Weathered, westbering permeability x - Oriented core PAGE 1 of 2 —I LOG OF BORING SRF @
——
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BORING LOCATION _ See Scotland Rd. site plan_~ INCLINATION _Vertical  BEARING DATE START/FINISH __ Jan. 25, 1974 /__Feb. 19, 1974
CABING ID 3. CORE SIZE __1-7/8 in. TOTAL DEPTH ___172.0 ft  DRILLED BY _American Drilling & Boring;T. Canning
GROUND EL {MSL) _17.5 1t DEPTH TO WATER/DATE Tidal ft / - LOGGED BY _ Soil - K. L. Polk; Rock - J. R. Rand
WATER STRIKE, DIP
EL | SAMPLE  |RATH coyrpny °TR9P| PRESSURE TEST | 0 o | B SOTL AND ROCK DESCRIPTIONS
MSL IeoilType | N | °F Computed | J = Joint &s {Woathering, defects, etc.) (Type, textre, minerslogy,
and | or [ADV. om 4k C = Contact 8 = color, hardness, etc.)
tt t No. jRec. min/t§ % Graphic pal |16 cm/aec| B = Bedding o
MAAARMARATY T § = Slickenside CONTINUED FROM _PREVIQUS PAGE
E . E
145 o - -
[ NT2E, 68NW J,FE |7 Not pollshed. 4 .4 Intenskly deformed, re- ]
< INQ-~-23 1.1 s7 4 2.2 ~4
4 PN 100 ﬁ:g&,; %E‘,‘g ‘l E £ AfA- welded. Not cut by cross-]
[-15¢ 74 F —. cutting veinlets. No =
s NQ-24|100 | 1.2| 78 NB6W, ONE F | et observable calcite. E
E 7[ NB2E, 28NW J | Not wx. hydrotherm- = Lo .
140 | vo-251100 | 1.2] 77 N59W, d0sw J | ) ally altered t0 163, 6'. 4se,0 0 o\ gf:slt::ﬁ":""ﬁ.ﬁ.ﬁﬁzed p
o ~ ! ) Nﬂi‘l;.‘/. 51‘;':; ; o Chips Fresh, essentially un- =+ =~ 160’4' epidote, Medium greenlu}ﬁ
1601 7 ;‘(,3,5}_". JONE - P altercd below partings === Myllomte gray-tan at 159-150.6 ft .
r aR -y -
b INQ-26/ 88 1.21 47 F Chlps ger?ernlly paraliel STRas Fault zone-tranaitional-not slick. ]
F M Nesw, SONE F E E {Not slickensideq foliation. A few stri- —,%2 Diorite. Slight alteration—
o NZIW, 35w 5 ¥ ated surfaces, not Mt and foltated to about 158 ft]
E Ldng-27] 98 | 1.5 s7 - Hiahed e rottane st 168 1
17 N27E, 70Nw F [ [E|smooth joint P ‘ * % Medium-fine grained,
g Iz -
E’ dNg-281100 | 1.24 71 NB9E, 46NW F [ |* (ol medium gray. 3
[ 172 I p
o BOTTOM | OF BORING [ =
E - 3
- - -4
E - .
o 9 ]
o 3 3
= b= -
- - -
o [ 3
o C ]
- - -
3 9 :
< - ]
- - e
r s -
b o 3
3 L -
L r ?
- - -
n - p
- [ -
L - ]
9 o R
L s ]
u o 3
r L ]
o o 3
- - 3
E I . 3
b r p
< o h
- - -3
o o ]
3 - ]
C o 3
L. o -
- - -
2 F ]
b 3 ]
2 E, 3
a F p
- o b
< o 3
o 3 3
L o p
PE E. ;
- = ]
: g 3
- ~ -
: : ]
E 3 3
- < 3
r a ]
: E 3
- o 3
3 C e
- - -
< - ]
2 of 3
F s 3
N -~ Standard penetration resistance, blows/ft NOTES
Rec ~ Lemgth recovered/length corsd, & SEABROOK STATION
RQD ~ Length of sound core 4 in. and longer/length cored, % PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
s ~ Split spoon sample Groundwater - YANKEE ATO!
MIC ELE C COMPANY
S u ~ Undisturbed samples 1 CTRI MPAN
©
[ S - Shelby wwbe N - Denlacn LB BIQINOENS « v
F- Fixed piston P - Pitcher
O - Osterberg G - GEI Date: March 9, 1974 Project 7286
D - Drilling break k - Coefficient of B
wx - Weathered, weathering permesbility PAGE 2 of 2 LOG OF BORING SRF 8
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BORING LOCATION _ See Scotland Rd. site plan INCLINATION _ Vertical BEARING DATE START/FINISH _ Dec. 20, 1973 /. Jdan. 3, 1974
CASING ID 3 in. CORE SIZE _1-7/R in, TOTAL DEPTH _ 1!8.3 DRILLED BY American Drilling & Boring; T.Canning, T. Paqu-tte
GROUND EL (MSL) _17.8 ¢ DEPTH TO WATER/DATE 0.2 ft /_ Dee. 20, 1073 LOGGED BY Soil - K. 1.. Polk; Rock J. R. Rand
WATER  »rRQD STRIKE, DIP
EL. SAMPLE _ IRATE| cONTENT D] PRESSURE TEST | ' rotiation |u B SOIL AND ROCK DESCRIPTIONS
MSL Mepth| Type | N Computed J = Joint z < {Weathering, defects, eic.) (Type, texture, mineralogy,
and | or |ADV, Epm .k C =Contact  |Q & color, hardness, etc.)
ft | ft | No. {Rec. pmin/i{ % Graphic | pst [1079cm/sec| B =Bedding |¥ m
1" B TTVTFT VT — S = Sl
[ 1,514 hd dDark brown clinyey topsoil: eﬁmc small roots; srganic odar. EIA ~Mottled gray,brown, o
3 52 27.4 and rusty-hrown silty chv Low plasticity. s (tor)> 1.0 taf.¥S2-Similar to Sample SfA,-
o 33 28.2 o wlth bincky mtructurc, s, qtor) > 1,0 tsf, 3- ive-hrown silty c]gv, Lou tg medium 3
= S4 a3.0 - Inshcl!{ w ahove PL; v“mn( cky; -omew at biocky ltructure 5 VT, u(. 54 -
L S5 37,9 3 lmllnr ° -mple 3P «nr)> taf, S5-SimllaT to s-n] e q:}‘ but stiff 1
- w03 o Oilva-bro\\n to olive-gray ai lay. Medlum plntlcity. o
4 Sh . o nl‘hstlcky utmtnhu & few lil! Inyers< 0.5 mm thick. a or) = 0.96-0,42 taf, * -
:.10 57 40,0 [~] |S7-Similar to Ssmple 36, but slightly sticky. s, (tor} = B, 32 taf. =
d o 3
o E S8 0 45.R r Gray silty clay. Soft; medium to high plasticity; sticky. nuuar) = 0.15 tr!f “1
of F p
f20 =1l 3
P sg k] 41.9 o Similar ta Sample 88, but har r blocky structure; appears diaturbed., s {tor) = 0,23 tefl P
F E 810 a 44,1 r Simlinr to Sample SR, but has n hlocky mtructure; appears very distu rb(-d.s“((or)w.lotﬂ:
o C ) j
-3¢ Osn a 29.5 n Similar to Sample S8, tut medium stiff; blocky structure; appears very disturbed. -
- L s, (tor) = 0,43 tsf 3
9 - 4
','Tmc s12 9 29.6 Top OF SAND o Slml]ar to Sample S8, but has a blocky structure; containa layers of gilty fine sand up
-20 [°* - to 20 mm thick. -
F-40 - . -
o E 513 11 3 Gray fine sand. Unlform; clean; very fast reaction to shaking test. ]
F o 3
S < 3
E [: s34 ] o Similar to Sample S13, hut also containa a layer of coarse sand. -
s [ p
50 - ; -
b E 8§15 24 o Light gray fine to coarsc sand. Widcly graded; very alightly aflty; subangular grains; =
o < contains a few gravel picces up to 15 mm in size. p
[ss. TOP OF TILL o K
ts,m TOP OF ROCK - R
-40 ; NGQ-1 90 . Not wx internally, but is Welded Cataclastic. Generally
.-—60 H — hleached hy hydrmhermnl., A : breccia fine-grained, medium J
- / E E Chi alteration. Minor wx ef- 34 rxy throughout  greenish gray (epldotized]
L NQ-2| 100 | 1.0 33 L e P8 fects on partings. Paris ::; Predominantly welded J
9 ol on foliation. No polllhcdb & breccia throughout .
- E
L NQ-3} 100 | 1.2 26 o % slickensides. Some part- 2 quartz velnlets x-cut b B
o o / F_[=] Chips ings striated. Moderate I foliation. b
=70 - . -
[ / - 72.5' wx 72.5' to 74.5". B
4 NQ-4| 100 | 1.2 7 o Ground chips b
F - [E| 74,5 .
o b kNe-s{ 97} 12| 43 // F E Chlorite Ayt 3
F a0 H NBIE, SSNW r o Chipa Not wx internal. Joints :;-'-" Tan nght‘yvllo'w-grccn al- =
L b i~ mylionite teration 80' to 1. 7", p
L 3 - and partings arc nat p
F Ng-6| 100 { 1.5 ] 28 i E oy .
o /] e o Chips- polishad. Some strinted T *_ 3
- H NBEW df'SW Fi P X ¥ % -
F / o slight wx surfaces. Ly .
P king-7] 100 | 1.8{ 53 / NISE: S58¥ St rtrx Diorite. Medium- 1
90 b ’\.’:"’F’ grained, medium gray.
o Notth, 78E J I Chlorite- k% Unaltered rock - feldepard
I K| NQ-8| 96| 2.0 65 A 3 o »
FH ast, 'Sggﬁ i‘ o atriated L veinlets. Foliated to o
- - * ";“ about B9' depth. =
80 [ [|Na-e| o820 98 3 Fresh and hard. Drills > 7% 3
- . int, 1 parti 9
:"°‘_NQ-10 100 ] 2.0 ] 100 N34W, SENE F FE(D AL salm mrfmg! ity Diorite ~ amphibolite. 3
K4 R not slickensided. Not % N p
- S Driller Medium-grained, dark J
o - . affected by hydrothermal w 3
o NQ-11 64 | 1.9 7 - mislatch gray, irregular felds- ]
T - alteration or mechanical Rr¥ox -
E n deformation. . x pathic veinlets, .
E lve-12] 100 | 1.8 | 48 /| o " e 3
:-110 r_ Slight wx x> -
r NQ-13| 100 ] 2.0 83 o Fresh and hard., Not Y ¥ Diorite - amphibolite. 1
o M o deformed or altered by, x yy Pink Medium-grained, dark ]
- - faulting effects. 1Rt gray, not foliated. -
o NQ-14] 100} 2.0 62 o Cw w % quartzite (7) -
-100 Fgs / L xx> ]
- BOTTOM OF BORING - 3
- - 3
E 3 p
- o .
3 2 E
< F 3
£ E :
- -
L o 4
[ [ E
3 d 3
- -
< < p
3 F .
[ F 3
< - p
- - p
N - Standard penetration resistance, blows/ft NOTES
Rec ~ Length recovered/length cored, % 1) 8 ftor) = Shear strength measured SEABROOK STATION
RQD - Length of aound core 4 in. n.nd |°n‘er/]gnm cored, ¥ u with Torvane. PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
als - Split spoon ! * 1-103.4, 1A -130.6 YANKEE ATOMIC
. . ELECTRIC COf
Zlv - Undisturbed samples KE! T MPANY
Q wited
q 5 - Shelby tuibe N - Dentson puwoitngh i oipieioi
F - Fixed piston P - Pitcher
- Osterbe -
° rherg G~ GE! Date: _May 8, 1974 Project 7286
D - Drilling break k - Coefficient of
wx - Westhered, ing per bility x - Oriented core PAGE 1 of 1 I LOG OF BORING SRE 9
A ——
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SUMMARY

The petrography of eight samples of drill core from the
vicinity of the Scotland Road fault, Newburyport, Massachusetts 1is
described in this report. The samples (with the important ex-
ception of sample SRF-5B) all show evidence of dynamic deformation;
That is, cataclasis, brecciation, and intense crushing--all
probably due to motion along the fault. The deformation clearly
took place after the regional metamorphism of the rocks (which
was probably associated with the Devonian Acadian orogeny) .

The microcracks produced in the deformational events appear in
thin section to have either annealed, or have been filled by
secondary minerals. There is no firm petrographic evidence

of recent deformation of these samples.

Sample SRF-5B may be a very important clue to the history
of movement on the Scotland Road Fault. It is an altered olivine
basalt that seems to be completely free of deformation. If the
thin section is representative of a significant volume of this
rock, then it may show that no deformation has occurred on the
Scotland Road Fault since this rock last cooled below about 500°C.
An even stronger statement can be made with respect to movement
on the fault after the alteration of the rock was completed:
Because the strength of diabase decreases with alteration and
because of the absence of deformational features in Sample
SRF~5B, we are guite sure that no movement occurred on the
fault after the alteration was completed.

Table 1 is a summary of the rock types in the Scotland
Road fault suite. Detailed petrographic descriptions and
photomicrographs of textural features are given on the
following pages.

Table 1. Summary of Samples

Sample # Rock Type

SRF-1A ' Amphibolite breccia

SRF-2A , Mylonized quartz-musco-
vite schist

SRF-2B Brecciated quartz-mus-
covite schist

SRF-3A 67" Muscovite mylonite

SRF-4A 43" Chlorite augen gneiss

SRF-5A 42 Sheared granodiorite

SRF-5B 175° Altered olivine basalt

SRF-7A 116’ Ultramylonite

SRF-8A 155! Brecciated quartz-muscovite

SRF-8B 146.5' Brgggigged quartz-muscovite
schist '

SPE-9A 80' Brecciated cuartz-muscovite

schist
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PETROGRAPHY OF SAMPLE SRF-1A

Name: Amphibolite breccia

Macroscopic Description

This sample is a coarse-grained dark green breccia.
Large (to l.5cm) angular fragments of dark green amphi-
bole appear set in a finer matrix of crushed amphibole
and finer—-grained white minerals. Zones of continuous
mylonized and sheared materials cut across the sample.

Microscopic Description

Texture

The texture of the thin section is very complex.
Large single crystals can be seen to be split, sheared,
rotated, and crushed. The original foliation of the schist
is totally disrupted and the crystals are now randomly
oriented. Multiple sets of fine parallel cracks and/or
inclusion trains can be traced from an amphibole crystal
into an adjacent feldspar grain. Coherent fragments of
crystals can be "fitted" back together by eye, but they
are separated by fibrous chlorite. Large cystals have
cataclastic material along grain edges. Calcite viens
which crosscut the breccia are themselves deformed, and

crosscut by thin veins of undeformed plagioclase.

Mineralogy

Hornblende is the dominant constituent of the rock. It
is optically negative with a large axial angle, and

pleochroic from pale green to dark greenish brown.
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Crystal fragments range in size from 0.0lmm 1.5cm.
The crystals contain abundant inclusion trains and
cataclastic material occurs within crystals and
bevels grain boundaries. The hornblende appears to
be unaltered except for a few overgrowths of blue-
green amphibole.

Plagioclase is the second most abundant mineral in the
rock. It occurs as untwinned crystals which were
probably a part of the original amphibolite schist.
Plagioclase formslarge (0.5 - 1.0mm) crystals which
are completely covered with linear sets of dusty in-
clusions. Most crystals appear strained and broken;
healed fractures are marked by strings of quartz,
calcite, and fresh plagioclase.

Chlorité forms pale green, fibrous, slightly pleochroic
aggregates. All crystals display a consistent anoma-
lous "tiger eye" brown interference color. Some of
the chlorite seems to be post-brecciation recrystallized
mylonitic material which appears to be stretched be-
tween cystals. A lesser amount of chlorite appears
to be retrograded biotite which is recognized by small
amounts of relict biotite and remnant pleochroic
haloes.

Calcite appears in veins and fills interstices in the

matrix of the rock. Most of the calcite in the veins
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is highly distorted and elongated; but there are also
minor amounts of undistorted calcite in thin younger
veins.

Sphene occurs in accessory amounts as small nodular crys-
tals associated with fuzzy aggregates of leucoxene.
Opaque minerals form stringy aggregates in the mica flakes
and more rarely occur as roundish single crystals in

the matrix of the rock.
Apatite and Cordierite occur as small euhedral crystals
in the matrix of the sample.

Estimated modal composition

amphibole 45%
plagioclase 30%
calcite 15%
opagque 5%

accessories 5%
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PETROGRAPHY OF SAMPLE SRF-2A

Name: Mylonized quartz muscovite schist

Macroscopic Description

Sample SRF-2A is a light greenish-grey rock. It appears

in hand specimen to be a brecciated cataclasite; in other
words, it has a very complex texture which may be the re-
sult of multiple deformations. The sample can be separated
into different domains of fragments of coarser and finer
grained material. The fragments are separated by fine-
grained, lighter colored material.

Microscopic Description

Texture
The domains mentioned above appear in thin section as
very fine mosaics of granular quartz grains and scaly
muscovite. The average grain size is about 0.Omm.
The coherent fragments are separated by shear zones
of chlorite, calcite, sphene and ultrafine material which
is unresolvable with high magnification.

Mineralogy

Quartz is abundant in the rock fragments and occurs as
small (0.2mm) roundish grains. Many grains appear to
be crushed and granulated. Most grains have undulose
extinction. The quartz crystals are almost always
separated from each other by a film of minute mica flakes,
. except in the coarser grained fragments where they are in

direct contact along sutured grain boundaries.
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Muscovite occurs as small scaly clusters of crystals.
Muscovite is a major constituent of the rock and has
three modes of occurrence -- 1) as minute aggregates
completely replacing what was probably feldspar, 2)
as thin films around individual quartz crystals, and
3) as part of the shear zones between the rock frag-
ments.

Calcite forms small aggregates in the shear zohes and
small veins which cut the rock.

Chlorite occurs in the shear zones between the fragments
as irregular stringers.

Estimated modal composition

guartz 40%
muscovite 35%
calcite 15%
chlorite 5%
unresolvabile

material 5%
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PETROGRAPHY OF SAMPLE SRF-2B

Name: Brecciated quartz-muscovite schist

Macroscopic Description

This sample is a medium greyish green brecciated rock
which is very similar to sample SRF-2A in hand specimen.
It is slightly coarser grained than the latter sample
but is has a similar texture of sheared and brecciated
metamorphic rock fragments up to 2cm in size.

Microscopic Description

Texture

The thin section shows a complex texture of brecciated

guartz-muscovite rock. The fragments are of various

sizes but have an internal uniform grain size of 0.lmm

or less. The fragments are separated by zones of un-

resolvably fine minerals mixed with calcite.

Mineralogy

Quartz is one of the most abundant minerals in this rock.
It occurs as irregular but generally ovoid grains
which appear to be highly strained and are 0.lmm
in size. Most of the gquartz grains are not in contact
with other gquartz grains, and contain relatively few
inclusions and bubble trains.

Muscovite forms small scaly masses which thinly separate
guartz grains. The muscovite contains many small in-

| clusions of opaques. Muscovite is a common mineral

-

in the shear zones where it has a weblike pattern.
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Chlorite is not very abundant in the main body of the
rock but it is quite common in the sheared zones be-
tween the rock fragments. It is generally very pale
green, only slightly pleochroic, and very weakly bi-
refringent.

Biotite occurs as a few relict grains associated with
some of the chlorite.

Calcite, clouded with fluid inclusions, fills the shear
zones and younger veins. It is also present in the matrix
of the fragments as small subhedral crystals.

Opaque grains are widely dispersed throughout the thin
sections as minute single crystals and aggregates.

Garnet crystals are present in the sample but are very
rare. Crystals <0.lmm in size appear brownish at
the core because of tiny opaque inclusions.

Estimated Modal Composition

quartz 35%
muscovite 40%
calcite 15%
chlorite 5%

opagues &
accessories 5%
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PETROGRAPHY OF SAMPLE SRF-3A 67'

Name: Muscovite Mylonite

Macroscopic Description

This sample is a massive rock, mottled light and dark
grey, and almost gneissic in texture. Most grains are
too fine-grained to be recognized although enough larger
qguartz grains are visible to give the sample its banded
appearance.

Microscopic Description

Texture

The sample is very fine-grained (-0.0lmm) and vaguely schistose
in thin section. Very faint outlines of lenticular

shapes seem to mark former brecciated fragments. These
fragments are obscured by a fine network of stringy mica

which have a preferred orientation in another direction.

The complex texture of this sample suggests multiple

periods of deformation.

Mineralogy

Muscovite is abundant in this sample as ultrafine crystals
which are often optically aligned to give a weblike
appearance of the mineral. Muscovite is very finely
mixed with quartz in the matrix of the rock. It is
the major mineral in the sample, although one cannot see
it in hand specimen.

Quartz occurs as isolated fragmental crystals in the

-

sample. It generally has indistinct grain boundaries.
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Quartz also appears to be mixed with the muscovite at
a very fine scale.
Calcite occurs commonly as 0.5mm roundish crystals in
the matrix and as thin aggregates following the schis-
tosity.
Opaque grains occur in small knots with streamlined out-

lines, and small crystals following schistosity.

Estimated Modal Composition

muscovite 70%
quartz 15%
calcite 10%
opagques 5%

Note: Another thin section from this core exhibits similar

textures but contains small domains which are calcite

rich.
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PETROGRAPHY OF SAMPLE SRF-4A 43'

Name: Chlorite augen gneiss

Macroscopic Description

This sample is a fine—grained augen gneiss. It has a
dark green matrix of indistinguishable minerals and
0.5mm "eyes" of white crystals. The sample shows strong
directional foliation which is crosscut by younger veins
of 1light colored ﬁinerals.

Microscopic Description

Texture

In thin section, the sample shows a complex, almost‘chaotic
texture. It is basically a mosaic of fragmental gquartz

and feldspar crystals and aggregates with lenticular shapes
sandwiched by shear zones of chlorite, calcite, and
opagues. Thin veins of calcite cut the foliation.

Mineralogy

Chlorite is the most abundant mineral in the rock.
It is pale green, pleochroic, and exhibits anomalous
brown intefference colors. Very fine, scaly aggregates
of chlorite are commonly finely mixed with quartz and
opaque grains. Larger crystals of chlorite show small
amounts of relict biotite.

Plagioclase occurs as intensely sericitized, poorly twinned,
fragmented crystals in the augen.

Quartz has three modes of occurrence in this sample: 1)

‘large broken crystals in the augen,'2) very finely
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mixed in the matrix, and 3) fresh crystals in thin
veinlets.

Calcite is a very common mineral in the matrix, shear
zones, and in veins. It commonly has deformed twin
planes.

Orthoclase occurs in accessory amounts as anomalously
fresh appearing fragmental crystals in the augen,
Opague grains are widely dispersed throughoutbthe thin

section as minute crystals.

Estimated Modal Composition

chlorite 35%
plagioclase 20%
quartz 15%
calcite 20%
orthoclase 5%
opague 5%
Note -- the bulk mineral composition of this sample suggests

that its protolith was a mafic igneous rock.



-13-

PETROGRAPHY OF SAMPLE SRF-5A 42'

Name: Sheared granodiorite

Macroscopic Description

This sample appears in hand specimen to be a massive,
coarse—-grained igneous rock with no evidence of defor-
mation. The average grain size is appfoximately lmm.
Visible in hand specimen are pink feldspar, white quartz,
and an unknown green mineral.

Microscopic Description

Texture

The thin section has the hypidiomorphic granular texture
typical of plutonic rocks. Egquidimensional crystals
showing varying degrees of alteration are crosscut by
thin veinlets. The major deformational features in the
thin section are: healed cracks, undulose extinction of
the minerals, and a narrow shéar zone.

Mineralogy

"Plaéioclase", once a major component of this sample, has
been completely kaolinized with only a few rare traces
of the original twinning or textures left. The kao-
inization reaction produces excess Sio2 which can be
seen in the thin section as a thin rim around each kao-
linized grain. These peculiar rims are optically uni-
form around each crystal. The rims only occur along

lfeldspar—feldspar contacts but do not occur along feld-

spar—quartz contacts.
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Quartz occurs as 1 mm blocky crystals with undulose
extinction and numerous inclusion trains. Quartz-
feldspar boundaries are generally smooth whereas
qguartz-quartz boundaries are sutured, a sign of par-
tial recrystallization. Quartz also occurs in the
rims around kaolinized feldspar grains as mentioned
above.

Microcline occurs as slightly altered crystals with a
microperthitic texture.

Chlorite forms pseudomorphs after biotite and amphibole.
It is medium green, weakly pleochroic, and contains
abundant needles of opaques.

Calcite occurs as small clusters of crystals finely mixed
with kaolinite alteration products, as thin wveinlets,
and as aggregates in the matrix. Calcite also fills
the one shear zone in the thin section.

Accessory minerals in this rock are opaques, apatite, and
sphene.

Estimated Modal Composition

"plagioclase" 40%

microcline 20%
quartz 25%
chlorite 12%
opaque &

accessories 3%
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PETROGRAPHY OF SAMPLE SRF-5B 175'

Name: Altered olivine basalt

Macroscopic Description

This is a massive, dark greenish grey aphanitic rock.
Small dark phenocrysts (0.5 - 1.0mm) and 0.5mm white
amygdules are visiblé in the black groundmass. There
are no signs of deformation such as shear zZones or even
veins.

Microscopic Description

Texture

The sample has a very fine-grained (<0.lmm) intersertal

texture. The matrix texture is somewhat obscured by

partial alteration of the minerals. The vesicles are
rimmed with fibrous minerals. The phenocrysts are com-
pletely replaced by alteration minerals.

Mineralogy

Plagioclase occurs as small (0.lmm or less) laths in the
matrix of the rock. It does not form any phenocrysts.
The plagioclase is generally poorly twinned and par-
tially altered to a sericitic product.

Pyroxene crystals occur as small roundish grains with
small scale intergrowths with opaque réds. It is
pinkish brown in color and is probably augite.

Serpentine completely replaces roundish 1l.0mm phenocrysts
of olivine. Serpentine also occurs as fibers in
the matrix of the rock, and as the lining of the

amygdules.
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Calcite forms twinned single crystals in the amygdules
and is otherwise rare in the matrix.

Estimated Modal Composition

plagioclase 35%
pyroxene 35%
serpentine 10%
calcite 10%
sericitic
alteration 10%

Note -- This sample is probably from a dike which post-dates
movement along the Scotland Road fault since it is

completely undeformed.
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PETROGRAPHY OF SAMPLE SRF-7A 116'

Name: Ultramylonite

Macroscopic Description

This is a compact, extremely fine-grained, mustard colored
rock. A few small whitish augen (0.5 - 1.0mm) are visi-
ble in the hand specimen. The matrix is buff colored,
highly sheared looking material.

Microscopic Description

Texture

This is an ultrafine-grained crush breccia. The original
texture of the rock is totally obliterated. The apparent
mineral layering is due to 'smearing' of the grain in
local shear zones.

Mineralogy

The rock is so fine-grained that individual crystals are
difficult to discriminate, except in the few augen of
quértz, calcite, and opagque minerals. The matrix is ex-
tremely finely—ground quartz, mica, calcite, sphene, apa-
tite, and opaque minerals. Calcite occurs in small nod-

ules which show some signs of recrystallization.

Note =-- the fine-grained nature of this rock precludes any

further discussion of its mineralogy or texture.
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PETROGRAPHY OF SAMPLE SRF-8A 155"

Names Brecciated gquartz-muscoOvite schist

Macroscopic Description

This sample is a dark ereenish grey rock. On a fresh
surface it appears to be a fine grained quartzite cut by
narrow black shear zones and mottled tan zones. The wet
sawed surface shows the texture of a breccia with distinct
fragments ranging in size from 1mm to lcm. The fragments
are separated by the tan material; both are cut by the black
shear zone.

Microscopic Description

Texture

The texture in thin section is similar to other samples
in the suite. Lenticular fragments of various sizes of
quartz muscovite rock are separated by ultrafine-grained
shear zones. Average grain size is O.lmm. The relative
proportions of quartz and muscovite varies from fragment
to fragment.

Mineralogy

Quartz occurs as roundish grains which are almost always
isolated from each other by varying amounts of musco-
vite. Some of the crystals appear to be broken.

Muscovite forms scaly masses which are vaguely schistose.
Muscovite is a major component of the rock, filling
interstices, between quartz grains, shear zones. It

forms the bulk of several lithic fragments.
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Chlorite is a major constituent of the sheared zones
between lithic fragments although it is not abundant
in the frasments themselves. It is pale green, slightly
pleochoic, and exhibits anomalous blue interference
colors.,

Opaque grains, finely mixed with leucoxene, form intricate
integrowths pseudomorphous after tabular biotite plates
and occur as euhedral crystals in the lithic fragments.

Calcite is common in the shear zones as elongate crystals.
It also occurs as minute single crystals in the lithic
fragments, and in a few thin, undeformed veins.

Sphene forms fine granular aggregates in the matrix of the
fragments and occurs as stringers in the shear zones.

Estimated modal composition

Quartz Lg%
Muscovite 30%
Chlorite 10%
Opaque 5%
Calcite 5%

Sphene 5%
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PETROGRAPHY OF SAMPLE SRF-8B 146.5'

Name: Brecciated gquartz-muscovite schist

Macroscopic Description

This sample is strikinely similar to SRF-8A in hand
specimens It is dark greenish-grey in color. On a fresh
‘broken surface, it appears fine grained and structureless.
On the sawed surface, one can see lenticular fragments of
various sizes, thinly outlined by lighter colored material.
The core is broken along a major fracture surface.
Microscopic Description
Texture
The texture of the sample is variable and complex.
The rock fragments consist of roundish quartz grains and
scaly mica; the grain size and composition of the fragments
vary. The lithic fragments are separated by mylonite
which consists of ground quartz, mica, chlorite, and
calcite.
Mineralogy
Quartz is the most abundant and most coarsely grained
mineral in the rock. It occurs as roundish grains which
vary in size (0.1-0.3mm) and abundance (60%-40%) in the
different lithic frasments. The crystals commonly con-
tain inclusions. Quartz crystals are rare in contact
with each other. A minor amount of quartz occurs in
thin vgins which cut the rock and probably'post-date
the brecciation. |

Muscovite occurs as scaly aggregates whose crystals are
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much less than O.lmm in size. The argrepates form
most of the matrix of the lithic frasments. Submicro-
scopic muscovite appears to occur in the mylonized zones.
Chlorite forms pale zreen O.lmm crystals in the shear zones.
Chlorite less commonly occurs in the matrix of the lithic
fragments.
Opaque grains occur in the shear zones, in the matrix and
in a few rare veins.
Carbonate forms irrecular clusters of crystals in the
shear zones but does not occur in the lithic frasments.
Sphene occurs in minor amounts as grainy aggregates in the
matrix of frasments and in the mylonized zones.

Estimated modal composition

Quartz Lo%
Muscovite 407
Chlorite 10%
Calcite 5%

Opaques 5%
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PETROGRAPHY OF SAMPLE SRF-=9A 80°

KRame: Brecciated guartz-muscovite schist

Macroscopic Description

T"he texture of this sample is similar to that of samples

8A and 8B, although the rock is liesht tannish-grey in color.
Lenticular and irregularly shaped fragments O.l-lcm in

size are recognizable in a highly sheared matrix. Indi-
vidual minerals are too fine-grained to recognize in hand
specimen. Thin veins of light-colored minerals and, more
rarely, opaques are present,

Microscopic Description

Texture
The thin section exhibits the chaotic texture of the
rock. Lenticular quartz-muscovite lithic fragments are
elongate parallel to foliation. Mylonized zones appear
to be structureless. Irregular semi-parallel veinlets
cut the foliation.
Mineraloesy
Quartz occurs as roundish grains in the lithie fragments.
The grains appear to be highly strained and in places
broken. They commonly contain linear arrays of in=-
clusions. Very finely eround quartz is apparently
a constituent in the mylonite zones. Several thin
veins of quartz cut the rock. The margins of the
veins are commonly sutured and show signs‘pf recrystalliza-
tion; in some places the vein quartz is optically

continuous with quartz orains which it cuts,
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Muscovite forms scaly masses between quartz erains in the
lithic fraements. The individual crystals are minute
but seem to show a general preferred orientation parallel
to the foliation. Muscovite appears to be relatively
more abundant in the finer-esrained lithiec fraegments
than in the coarser-grained frarments.

Calcite is prominant in the mylonized zones and in a few
veins. It occurs less commonly in the matrix of the
rock fragments.

Sphene aggregates are also common in the shear zones but
sparsely distributed in the rest of the rock.

Opaques seem to be concentrated in the shear zones between
lithic fraements in clusters of O.lmm crystals. They
also occur in a few veins and as euhedral crystals
in the fragments.

Estimated modal composition

Quartz 35%
Muscovite 30%
Calcite 20%
Sphene 5%
Opaques 10%

Note: The light color of this sample is apparently due to the
virtual absence of chlorite in the shear-zones coupled with

the relative abundance of calcite.



Photo 1. Sample SRF-1A.
Amphibolite breccia. Plane
polarized light. Width of
field l.5mm. This photo-
micrograph shows a typical
field of view of this sample.
Note that the large dark-
ish hornblende crystals

are sheared. The lighter
grey crystals are plagio-
clase. See also Photo 2.

Photo 2. Sample SRF-1A. Amphi-
bolite breccia. Crossed polarized
llght. Width of field 1.5mm.

This photomicrograph shows a

ma jor shear zone in the rock.

The elongate crystals are de-
formed calcite. See also Photo 1.



Photo 3. Sample SRF=-2A.
Mylonized quartz=-muscovite
schist. Cross polarized

light. Width of field l.5mm.

This photomicrograph shows
one large lithic fragment
covering 3/4 of the photo-
graph and consisting of
roundish quartz grains and
fuzzy muscovite. The dark
zones around the fragment
are shear zones of chlorite
and other unresolvable min-
erals. See Photo 4 for

an enlargement of the
lithic fraement.

Photo 4. Sample SRF-2A., My~
lonized quartz-muscovite schist,
Plan? polarized light. Width

of field O.5mm. This photo is
an enlarcement of the

large lithic fragment shown in
Photo 3. The roundish grains
are gquartz, and the matrix is
scaly muscovite, opaques,
sphene, and tiny euhedral crystals
of calcite as in the left center
of the photo.



Photo 5. Sample SRF-2B.,
Brecciated quartze-muscovite
schist. Plane polarized
1ighto Width of fiEId l.Smm.
This photomicrograph shows
the chaotic texture typical
of this rock. Note the len-
ticular fraements of vary-
ing grain sizes. The round
white crystals are quartz;
the darker minerals are

scaly muscovite, sphene,
calcite and opaques. See
also Photo 6, an enlarzement
of a part of this field
magnified. Note the similar-
ity of this sample with
SRF-2A. :

Photo 6. An enlargement of

a portion of Photo 5. Sample
SRF=-2B. Brecciated quartz-mus-
covite schist. Plane polarized
light. Width of field 0. 5mm.
This photomicrograph shows the
chaotic texture typical of this
rock. The round white crystals
are quartz; the darker minerals
are scaly muscovite, sphene, cal-
cite and opaques. Note the

similarity of this sample with
SRF"ZA []



Photo 7. Sample SRF-3A 67°',
Muscovite mylonite. Crossed
polarized light. Width of
field l.5mms This photo-
micrograph shows the

typical texture of this

very fine-gsrained sample.
The few lareger grains are
frarmented quartz crystals.
They are set in a finely
ground matrix of quartz,
muscovite and lesser amounts
of calcite, sphene, and
opaquess

Vel
%

Photo 8. Sample SRF-4A 43,
Chlorite augen gneiss. Plane
polarized light. Width of field
l.5mm. This photomicrograph shows
a polycrystalline ‘'eye' (lower
half of photo) in a crushed and
§heared matrix., The licht grains
in the photo are mostly plagio-
clase and quartz. The larce
darker grey crystals are chlorite.
Note the concentration of

opaques in the shear zone in the
upper right corner.



Photo 9. Sample SRF=5A 42,
Sheared granodioritg.
Crossed polarized light.
This photomicrograph shows
a typical field of view

of this sample. Note

the large fuzzy gralnS.
They are kaolinizgd plagio~
clase crystals which have
narrow rims of optically
continuous quartz. These
rims were probably pro-
duced as a result of the
kaolinization. Note that
the rims do not contlnue
along a gquartz-plagioclase
grain boundary at the left.
The medium zrey grains are
microperthite, and the

1ight grey grains are quartz.

Photo 10, Sample SRF-SB 175°'.
Altered olivine basalt. Plane
polarized light. Width of field
l.5mme. This photomicrograph is a
good example of the texture of
this samples In the upper left

is an amysdule filled with twinned
calcite and lined with fibrous
serpentine, At the right is a
phenocryst of olivine which has
been completely replaced by serpen-
tine. The matrix consists of
laths of plagioclase (white) and
darker crystals of pyroxene and
black opaquges. See also photo

11, an enlargement of the matrix.



Photo 11, an enlarcement of
A portion of photo 10,
Sample SRF-5B 175'., Altered
olivine basalt. Plane
polarized lisht, Width of
field O«5mms This photo-
micrograph is an enlarge-
ment of the matrix.

Photo 12. Sample SRF=-7A 116°'.
Ultramylonite. Plane polarized
light. Width of field 1l.5mm.

This photomicrozraph shows
typical texture of this rock.

Dark shear zones can be dis-
tinguished against the back-
ground of highly crushed minerals.
See also photo 13.



Photo 13. an enlargement of

a portion of photo 12, §ample
SRF-7A 116'. Ultramylonite.
Plane polarized light. Width
of field O.5mm. The rock 1s
so pulverized that only a
few grains can be jdentified
with certainty--some dark
nodular sphene, a few

quartz grains and a few
ageregates of calcite.

Photo 14, Sample SRF-8A 155°.
Brecciated quartz-muscovite schist.
Plane polarized light. Width

of field l.5mm. This photomicro-
graph shows a typical field of
viewe Two large lithic fragments
are separated by a dark grey shear
zone consisting of chlorite, cal=~
cite, and finely sround quartz and
muscovite, The white grains in
the rock fragments are quartz
which are surrounded by darker
muscovite, calcite, sphene, and
opaque grains.,



Photo 15« Sample SRF-8B
146,5's Brecciated quartz
muscovite schist. Cross
polarized light. Width of
field l.5mm. This photo-
micrograph shows parts of
three lithic fragments.

Two of the fragments are
coarser-grained than the
fraement in the lower right.
The larger roundish grains
are quartz and the fuzzy
material is fine grained
masses of muscovite. A
thin black line of chlorite
and opaques Sseparate the
three frasments. Note

the similarity of this
sample to SRF-8A.

Photo 16« Sample SRF-9A 80°'.
Brecciated quartz-muscovite

schist. Cross polarized lieht,
width of field l.5mm. The left
hand gide of the photomicrograph
shows a lithic fragment of roundish
quartz grains surrounded by scaly
masses of muscovite. A+ the

right is a stringy mylonite zone
consisting of pulverized quartz

and muscovite with carbonate and
opaquess This sample is similar
to samples SRF-8A and 8B

except for the absence of chlorite.

-



ATTACHMENT No. 4

K-Ar AGE DETERMINATIONS OF SIX SAMPLES
FROM THE SCOTLAND ROAD FAULT ZONE

GEOCHRON LABORATORIES DIVISION,
KRUEGER ENTERPRISES, INC.
CAMBRIDGE, MASSACHUSETTS 02139
for
WESTON GEOPHYSICAL RESEARCH, INC.
WESTBORO, MASSACHUSETTS 01581



KRUEGER ENTERPRISES, INC,

GEOCHRON LABORATORIES DIVISION

e AL NS e B Y O, ARSI T AR e < KEYY S

24 BLACKSTONE STREET @ CAMBRIDGE, MASSACHUSETTS 02139 ‘o (617) B75.3691

16 May 1974

Richard J. Holt
Weston Geophysical
P.0. Box 364
Weston, MA 02193

Dear Mr. Holt:

Enclosed are the analytical reports of the K-Ar age determinations on
two (2) of the six (6) samples sent to us by Gene Simmons at M.I.T. I
have already given these results to you by telephone.

We analyzed sample 5B as a whole rock and obtained an age of about 199
m.Y., and we analyzed a sericite concentrate from 8A and obtained an
age of about 248 m.y. This latter concentrate contained a significant
amount of feldspar, but with a sample of this sort it is often not
possible to obtain a high quality mica concentrate. The measured age
of sample 8A should be a reasonably good metamorphic age for the rock.

If you have any questions, please do not hesitate to contact me. In

the meantime, I am enclosing our invoice for this work. I will contact
you as soon as the remaining samples have been analyzed.

A foswizer

encl: 2 reports & invoice #4401

Sincerely,

Richard H. Reesman
General Manager

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY
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24 BLACKSTONE STREET o CAMBRIDGE, MA 02139 » (617)-876- 3691

POTASSIUM—ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

" QOur Sample No.  R-2813 Date Received: 22 April 1974
Your Reference: SRF 5B (175"1') Date Reported: 14 May 1974
Submitted by:

Richard Holt

Weston Geophysical Res. Inc.
P.0. Box 364

Weston, MA 02193

Sample Description & Locality: Dark basalt drill core, SRF 5B (175.1'")

Material Analyzed:  Whole rock, crushed to -40/+100 mesh.

Ar0x/K*% = 01230 AGE= 199 + 9 M.Y.

Argon Analyses:

Ar‘°* ppm. Ar4%*/ Total Ar 4° Ave. Ar*°* ppm.
.01647 686 .01638
.01628 645

Potassium Analyses:

% K Ave. %K K", ppm
1.095 1,091 1.331
1.087

Constants Used:

A =4.72x107'%/ year AGE =

Ae = 0.585x 107 %/ year
K4°/K=1.22x10"*g./g.

_ |n[>‘{3+ he | Arfor 1J
K40

Note: Ar*°* refers to radiogenic Ar“°,
M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC.
(GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET » CAMBRIDGE, MA, 02139 e (617)-876- 3691

POTASSIUM—ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. M-2820 Date Received: 26 April 1974
Your Reference: SRF 8A Date Reported: 15 May 1974

Submitted by:  Richard J. Holt
Weston Geophysical
P.O. Box 364
Weston, MA 02193

Sample Description & Locality: Sericitized meta-sediment, drill core {#SRF 8A.

Material Analyzed: Sericite concentrate with substantial feldspar remaining.

Ar*0*/K % = 01550 AGE= 248+ 9 M.Y.

Argon Analyses:

Ar®°* ppm.. Ar 49*/ Total Ar*° Ave. Ar*°* ppm.
.09410 .891 .09629
.09848 | .791

Potassium Analyses:

% K Ave. %K K*°, ppm
5.086 5.092 6.212
5.099

Constants Used:
M+ A 40
A3=4.72x107'°/ year AGE = ~——— Iﬂ[ B Re  Ar + 1]

7\6 + )\e
Ae = 0.585 x 1079/ year
K*°/K =1.22x 107 g./g.

Note: Ar“4°* refers to radiogenic Ar *°.
M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC,

GEOCHRON LABORATORIES DIVISION

-———— B L

24 BLACKSTONE STREET ¢ CAMBRIDGE, MASSACHUSETTS 02139 & (617) 876.3691

s

31 May 1974

Richard Holt

Weston Geophysical Research Inc.
P.0. Box 364

Weston, MA 02193

Dear Mr, Holt:

Enclosed are the analytical reports of the K-Ar age determinations on
the remaining four (4{ samples of the six (6) we received from Gene
Simmions last month,

The amphibole in SRF 1A gave an age of 324 m.y. Samples SRF 2A,
SRF 3A, and SRF 5A 42' were analyzed as whole rocks and gave indist-
inguishable ages of 256 m.y., 269 m.y., and 272 m.y. respectivg]y.

Judging from past analyses we have done for you I suspect these numbers
are about what you expected.

If you have any questions, please do not hesitate to contact me. In
the meantime, I am enclosing our invoice for this work. We look forward
to serving you again in the near future.

Sincerely, ;
a:chard H. Reesman /

General Manager

RHR/dm
encl: 4 reports & invoice # 4414

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY
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\\)/ GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA. 02139 e (617)-876-3691

POTASSIUM—-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. A- 2814 Date Received: 22 April 1974
Your Reference: SRF 1A up Date Reported: 31 May 1974
Submitted by:

Richard Holt

Weston Geophysical Res. Inc.
P.0. Box 364
Heston, MA 02193

Sample Description & Locality: Coarse-grained amphibolite

Material Analyzed: Amphibole ooncentrate, -40/+100 mesh.

Ar40*/K4% = 32069 AGE =

324 + 14 M.Y.

Argon Analyses:

Ar4°* ppm. Ar4°*/ Total Ar 40
01967 .679
.01981 .704

Potassium Analyses:

% K Ave. %K
. 786 . 782
.778

Constants Used:

Ave. Ar*°* ppm.

.01974

K*°, ppm
. 954

1
N =4.72x1071%/ year AGE = n + ?\ﬁ'
Ae = 0.585 x 107'°/ year
K% /K=1.22x 10" g./g.

Note: Ar %°* refers to radiogenic Ar 49,
M.Y. refers to millions of years.

In[)‘[3+ Re AT, 1]

K4O
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POTASSIUM—ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No.  p-2817 Date Received: 26 april 1974
Your Reference: SRF 2A Date Reported: 4, May 1978
Submitted by: Richard J. Holt

Weston Geophysical

P.0. Box 364
Weston, MA 02193

Sample Description & Locality: Sericite schist

Material Analyzed: Whole rock, crushed to -60/+100 mesh.

Aro* /K% = 01604 AGE= 256 + 10 MY,

Argon Analyses:

Ar4®* ppm. Ar4%*/ Total Ar4° Ave. Ar*°* ppm.
.03235 .676 .03307
.03378 | .807

Potassium Analyses:

% K Ave. %K K 4%, ppm
1.699 1,689 2,061
1.680

Constants Used:

Agt+ A 40 *
A8 =4.72x 10719/ year AGE = ——— In [i e x AT, 1}

Ae = 0.585 x 10719/ year
K40/K = 1.22 x 107 g./g.

Note: Ar?"* refers to radiogenic Ar*"”,

M.Y. refers to millions of years.
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POTASSIUM-ARGON AGE DETERMINATION

' KRUEGER ENTERPRISES, INC.
/ GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET e CAMBRIDGE, MA. 02139 @ (617)-876. 3691

REPORT OF ANALYTICAL WORK

QOur Sample No. R-2818 Date Received: 26 April 1974
Your Reference: SRF 3A Date Reported: 331 May 1974
Submitted by: Richard J. Holt

Weston Geophysical

P.0. Box 364

Weston, MA 02193
Sample Description & Locality: Sericite schist
Material Analyzed: Whole rock, crushed to -60/+100 mesh.
Ar0*/K*0 = 01690 AGE= 269 + 10 M.Y.
Argon Analyses:

Ar4°* ppm. Ar49*/ Total Ar 4° Ave. Ar%°* ppm.
.07748 .913 .07756
(07763 .787

Potassium Analyses:

% K Ave. %K K%, ppm

3.782 3.761 4,589

3.741

Constants Used:
1 Agt A 40 %
N =4.72x 1079/ year AGE = Y ln[Ji}\ e y Ar + 1}
B [ K 40

Ae = 0.585 x 1079/ year
K2%9/K =1.22 x 107 g./g.

Ar 17 * refers to radiogenic Ar
M.Y. refers to millions of years.

Note:

a0



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA. 02139 o (617). 876- 349)

POTASSIUM—ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. R-2819 Date Received: 26 April 1974
Your Reference: SRF 5A 42' Date Reported: 31 May 1974

Submitted by: Richard J. Holt
Weston Geophysical
P.0. Box 364
Weston, MA 02193

‘Sample Description & Locality: Altered granodiorite

Material Analyzed: Whole rock, crushed to —60/+100 mesh.

Ar40*/K40 = 01710 AGE = 272 + 10 M.Y.

Argon Analyses:

Ar4°%* ppm. Ar4°*/ Total Ar %° Ave. Ar4°* ppm.
.06782 .879 .06893
.07003 872

Potassium Analyses:

% K Ave. %K K*?, ppm
3.341 3.304 4.030
3.267

Constants Used:

1 Ag+ A Ardor
= -10 AGE= ———— In [J £ x + 1]
A3 =4.72x107"'/ year e + )‘ﬁ Ae K 40

Ae =0.585x 10719/ year
K*/K=1.22x10"*g./g.

Note: Ar *%* refers to radiogenic Ar “°,
M.Y. refers to millions of years.



GEOLOGICAL INVESTIGATIONS
of the

PORTSMOUTH FAULT
{(Novotny - 1963)

PORTSMOUTH-HAMPTON, NEW HAMPSHIRE

PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE

SEABROOK STATION

SEPTEMBER 1974



II.

III.

PORTSMOUTH FAULT INVESTIGATIONS

CONTENTS

DEFINITION OF THE PORTSMOUTH FAULT
INVESTIGATION PROCEDURES
A. PRELIMINARY - GENERAL AREA
B. DETAILED - BREAKFAST HILL ROAD, GREENLAND
1. COAKLEY SAND PIT
2. LOCH-COOMBS RECLAIMED BORROW AREA
a. GROUND MAGNETOMETER SURVEY
b. BORINGS INVESTIGATIONS
c. PETROGRAPHIC EXAMINATIONS
RESULTS OF INVESTIGATIONS ALONG THE INFERRED FAULT
A. NOVOTNY'S "FAULTED" OUTCROP EXPOSURES
1. ROUTE 1 BY-PASS, PORTSMOUTH
2. GOAT ISLAND, NEW CASTLE
3. BRUMLEY HILL, NORTH HAMPTON
B. GRANITE IN THE RYE FORMATION
C. UNCONFORMABLE RYE/KITTERY STRATIGRAPHY

D. RADIOMETRIC AGE DATING

IV. CONCLUSIONS

REFERENCES

10



MAP

FIGURE 1
FIGURE 2

FIGURE 3
PIGURE 4
ATTACHMENT 1
ATTACHMENT 2
ATTACHMENT 3

ATTACHMENT 4

CONTENTS (CON'T.)

SURVEY CONTROL, GREENLAND-McKENNA ASSOCIATES

PORTSMOUTH FAULT INVESTIGATIONS-SITE TO GERRISH
ISLAND, MAINE

PORTSMOUTH FAULT INVESTIGATIONS-GREENLAND TO
GERRISH ISLAND, MAINE

COAKLEY SAND PIT, GREENLAND

COOMBS POND AREA, GREENLAND

GROUND MAGNETOMETER SURVEY, GREENLAND

GEOLOGIC BORINGS LOGS

PETROGRAPHIC EXAMINATIONS

RADIOMETRIC AGE DETERMINATIONS

ii



PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
SEABROOK STATION

PORTSMOUTH FAULT INVESTIGATIONS

Investigations have been conducted along the general path of the in-
ferred Portsmouth fault between Portsmouth and Hampton, New Hampshire,
in an attempt to locate and define the inferred feature, and to examine the
nature and structure of unconsoclidated Pleistocene deposits which overlie
bedrock in the area. (Figure 1)

All investigations have failed to locate or to suggest the existence of
the Portsmouth fault. Well-stratified outwash sand deposits of Pleistocene
age, as exposed in the walls of a number of gravel pits at scattered loca-
lities along the general trend of the inferred fault, show no evidence of
tectonic faulting subsequent to their deposition.

Consideration of all available facts leads to the conclusion that the
Portsmouth fault does not exist.

I. DEFINITION OF THE PORTSMOUTH FAULT

The Portsmouth fault was originally postulated by R. F. Novotny to
trend southerly in an arcuate path for a total length of 123 miles from
Pierce's Island, Portsmouth, to the Taylor River, Hampton, New Hampshire
(Novotny; 1963). Novotny's bases for postulating the fault include:

1) brecciated and faulted rocks in the Kittery formation in an exposure on -
Route 1 By-pass, Portsmouth; 2) brecciated and partly silicified Kittery
formation rocks exposed on the southeastern shore of Goat Island, New
Castle; 3) brecciated and partly silicified Kittery formation rocks exposed
near the east end of Brumley Hill, North Hampton; 4) the presence of
granitic intrusives in the Rye formation near the Kittery contact; 5) an
apparently unconformable stratigraphic relationship between the Rye and
Kittery formations along the trend of their contact zone.

Novotny further interpreted the Portsmouth fault to form the steeply
west-dipping contact between the Rye and Kittery formations. Displace-
ment was inferred to be down on the west, suggesting a normal fault.
Qutcrops were reported to be too few and too poor to attempt calculation
of fault displacement.



II. INVESTIGATION PROCEDURES

A. Preliminary - General Area

As a preliminary investigation of the Portsmouth fault, J. R. Rand
walked portions of the fault trace as it was defined by Novotny, and
examined gravel pits and highway road cuts and construction excavations
in a strip about 2 miles wide overlapping the postulated trace of the fault
from Portsmouth to Hampton. Each specific outcrop cited by Novotny as
proof of faulting was also examined. R. J. Holt of Weston Geophysical
Research, Inc. and J. R. Rand together viewed by helicopter the in-
ferred trace of the fault between the Seabrook site and Gerrish Island,
Maine. J. R. Rand also studied commercial aerial photographs covering
the zone from the site to North Hampton, and his own color photographs
taken along the path of the zone during the helicopter inspection. Back-
hoe trenching and ground magnetometer surveys have alsc been conducted
in Greenland, New Hampshire, 8 to 9 miles north of the Seabrook site, in
an effort to locate the fault (Point "A" on Figures 1 and 2). Several bed-
rock samples were taken along the zone for radiometric age dating.

B. Detailed - Breakfast Hill Road, Greenland

Just to the northeast of the intersection of the New Hampshire Turn-
pike and Breakfast Hill Road, Greenland, a wide area of outwash sands,
ice-contact gravels and cobble till deposits was excavated for Turnpike con-
struction subsequent to Novotny's field studies in the area (Point "A" on
Figures 1 and 2; Figure 3; Figure 4). Within this large area, numerous
low, glacially striated surfaces of Rye formation bedrock are now exposed
in the floor of the reclaimed borrow area, in contradiction to Novotny's in-
terpretation of Kittery formation terrane in this area. Survey control for
investigations was provided by McKenna Associates, Portsmouth (map
attached) .

1. Coakley Sand Pit

As shown on Figure 3, backhoe trenching in an operating sand pit
at the northwest corner of the area exposed additional outcrop of the Rye
formation bedrock. Boring PF-1 was drilled on a N50W (True) bearing
at an inclination of about 43° to a depth of 276', taking oriented core samples,
in a search for a possible Rye/Kittery contact in an apparent folded structure
which underlay well-stratified and undisturbed outwash sands exposed in
the north wall of the pit.



Boring PF-1 encountered only interbedded gneiss, fine-grained
schist and thin interbedded quartzites of the Rye formation, and was
terminated as it passed to the west of the edge of the sand pit. The
structure of the Rye formation in the boring, as indicated by orienta-
tion measurements of bedrock foliation, is that of a tight syncline which
dips steeply to the west. Five zones of welded breccia were encountered
in the boring, the thickest of which included 7.5' of welded quartzite
breccia at 249.5' to 257' depths in the hole. The brecciated rock in
PF~1 was fresh, compact, thoroughly welded or annealed, and did not
show polished or slickensided surfaces on partings.

No mineralization, hydrothermal alteration, shear zones, or other
evidence of major faulting was encountered in the boring. The welded
brecciation is of the type found frequently in borings in metamorphic
rocks in the region, and is interpreted to be associated with strains
developed at the time of folding and metamorphism of the region during
the Acadian orogeny. Two diabase dikes encountered in the boring were
fresh, unaltered, and showed normal intrusive contacts.

2. Loch-Coombs Reclaimed Borrow Area

As shown on Figure 4, three core borings (PF-2, PF-3, PF-3A)
were drilled across the property line between lands of Anthony Loch
and Richard Coombs, at the north edge of a reclaimed borrow area to the
north of Breakfast Hill Road, to investigate the western boundary of a local
magnetic anomaly.

a. Ground Magnetometer Survey

Because the bedrock exposed throughout the Breakfast Hill study
area is represented only by Rye formation metavolcanic rocks for as
much as one-half mile to the west of Novotny's fault trace, and com-
prises no outcrops of Kittery formation quartzites as had been inter-
preted by Novotny, the presence of a fault contact between these two
formations in this area cannot, by definition, exist. Having no forma-
tional contact to investigate for these current studies, Weston Geophysical
Engineers, Inc. undertook a ground magnetometer survey to determine
whether any anomalous magnetic features might occur which could sug-
gest faulting within the Rye formation itself. Technical details of this
survey are presented in a report by Weston Geophysical Engineers, Inc.,
attached herewith.



The magnetometer surveys show no anomalous magnetic intensities in
the zone of Novotny's fault trace in five profiles which were conducted ac-
ross the inferred trace at intervals influencing a zone of almost 4, 000’
along the trace from north to south. In the area of Coombs Pond (Figure 4),
a local magnetic anomaly high was detected on 3 survey lines (Lines 6, 2NR
and 2R). The apparent alignment of this anomaly is about N10E, parallel
‘to the strike of bedrock foliation in the area. Novotny's inferred fault trace
in the same general area strikes about N40OE, transverse to foliation.

b. Borings Investigations

Two borings, PF-2 and PF-3A, were drilled at approximately 40° in-
clination to the southeast to investigate bedrock conditions at the western
boundary of the local magnetic anomaly. A third boring, PF-3, was drilled
vertically to determine bedrock depth prior to drilling PF-3A. The results
of these borings are generalized in cross section on Figure 4, on which also
is projected the magnetic profile of Mag. Line 6.

Overburden, which was not specifically sampled in these three borings,
is comprised of outwash sands overlying a sandy boulder till. Boring PF-2 was
drilled to a depth of 271' (about 201' in bedrock), in light gray banded gneiss and
dark green amphibolite, intruded locally by weakly magnetic diabase dikes. PF-3
was drilled to a depth of 50' (10' in bedrock) in gray and greenish gneiss. PF-3A
was drilled to a depth of 204.3' (124' in bedrock) in gray banded gneiss, dark
green amphibolite and, at the bottom 5' of the boring, notably magnetic, salmon-
feldspar gneiss, with a single diabase dike. The location of the basal magnetic
gneiss in PF-3A conforms reasonably with the downward projection on the local
bedrock structure of the magnetic anomaly found by surface surveys. The
weakly magnetic dikes in the borings conform with a slight increase in magnetic
intensity found by surface surveys.

The condition of bedrock in PF-2, PF-3 and PF-3A was weakened by
weathering effects on moderately closely-spaced jointing to about -70' Eleva-
tion. In no boring, however, were there slickensided or polished joint sur-
faces, gouge zones, hydrothermal alteration or any other visible evidence of
bedrock faulting.

C. Petrographic Examinations

The petrography of three samples of drill core from Boring PF-2 has
been described by Professor Gene Simmons and Dorothy A. Richter of
Massachusetts Institute of Technology.



Sample Depth Field Description Petrographic Description

PF-2A 99.5 - 99.9 Gneiss Felsic Metatuff
PF-2B 136.0 - 136.5' Diabase Metabasalt
PF-2C 262.0 - 262.4' Amphibolite Fine Grained Amphibolite

Simmons and Richter conclude from their studies that "Evidence for dyna-
mic structural deformation, either recent or ancient, is entirely absent. In sum-
mary, we find no petrographic evidence that these three samples are associated
with a fault. If a fault does exist in the region from which these samples were
obtained, then either its deformation was not so pervasive as to effect these
three samples, or else the deformation occurred before metamorphism and all
petrographic evidence has been erased by the last metamorphic event".

The full report by Simmons and Richter is attached herewith.

III. RESULTS OF INVESTIGATIONS ALONG THE INFERRED FAULT

None of the current investigations along the path of the inferred Portsmouth
fault has detected or suggested the presence of a through-going fault structure
along the zone of the Rye/Kittery contact between Portsmouth and Hampton. No
exposure of Pleistocene deposits seen along this zone has shown internal structures
suggestive of tectonic fault displacement.

A. Novotny's "Faulted" Outcrop Exposures

1. Route 1 By-pass, Portsmouth (Point "B" on Figures 1 and 2)

Novotny cites a road cut on the north side of the Route 1 By-pass in
Portsmouth as suggesting the presence of the Portsmouth fault nearby, but
not within, the road cut exposure. This exposure shows two steeply west-
dipping zones of weathered and rusty rock material interlayered in gneiss
and quartzite. In one of these weathered zones, an open drag fold was
interpreted by Novotny to represent differential movement, down on the west.
This folding could also represent simple folding of the beds, signifying an
anticline to the west.

The rock materials within these two weathered zones are not slicken-
sided or mineralized, and the rock adjacent to the weathered zones shows no
hydrothermal alteration. Very similar open folding can be seen in an un-
weathered exposure of quartzitic rock near the Rye/Kittery contact, 3.54 miles
S52W of this locality, on the west right-of-way of the New Hampshire Turn-
pike, where there is no evidence of fracturing. Told structures of the type



seen at the Route 1 By-pass and on the New Hampshire Turnpike right-of-
way are most logically explained as simple small-scale drag folding formed
during the regional folding of the Rye anticline. The exposure on the

Route 1 By-pass is suggestive of faulting only because it is weathered. Rye
formation rocks occur on both sides of the weathered zone at the Route 1
exposure.

2. Goat Island, New Castle (Point "C" on Figures 1 and 2)

Bedrock structure on the southeast shore of Goat Island is a complex
jumble of brecciated Rye formation metavolcanics and quartzite. The breccia
is welded, and is intruded by diabase dikes. No "trend" of faulting is ap-
parent at this locality to suggest a through-going fault plane which might
connect this exposure with the exposure cited on the Route 1 By-pass,

2.1 miles to the southwest. The apparently random distribution of meta-
volcanics and quartzite breccia blocks suggests that fault structure in this
area may represent explosion breccia, which Hussey (1962) has also found
as discontinuous masses 3 miles to the east on Gerrish Island, Maine.
Hussey suggests that the breccia at Gerrish Island may relate to volcanic
activity associated with the Cape Neddick and Tatnic volcanic complexes,
southwestern Maine.

3. Brumley Hill, North Hampton (Point "F" on Figure 1)

The brecciated quartzite cited by Novotny for the east end of Brumley
Hill showed some healed fracturing and rusty staining in a dark, fine-
grained quartzite. Billings (1956) interpreted this area to lie in a broad
fold zone in the Rye formation. No through-going shears were apparent
in the exposure to suggest the presence of faulting. The exposure no longer
exists, having been removed during construction of a new north-bound lane
of the New Hampshire Tunrpike.

B. Granite in the Rye Formation

Novotny states (1963; p. 147): "Although metamorphic zones are
apparently not displaced because of the fault, the presence of concordant
foliated and granulated Breakfast Hill granite only in the Rye formation and
near the Kittery formation contact supports the hypothesis of a fault de-
veloped during the Acadian period of orogeny, along which deeply buried
and intruded portions of the Rye formation were elevated". (Point "D" on
Figures 1 and 2)



Foliated granite, seen in a number of places in the Rye formation,
appears to be a primary metamorphic constituent of that formation, having
formed by recrystallization ("granitization") of the inherently feldspathic
Rye formation rocks. These granitic masses appear genetically related
to a process of metamorphism within the Rye, rather than to plutonic in-
trusions from a separate deep-seated source. Because of the fundamental
lack of feldspar in the Kittery formation, furthermore, no comparable
granitization of the Kittery could have occurred at the time the Rye was
being recrystallized and granitized.

Whereas the granites of the Rye formation to the east of the Rye/
Kittery contact do not in themselves offer any proof that the Rye has
been elevated relative to the Kittery, plutonic intrusives of the Exeter
diorite are found in the Kittery formaticn to the west of the Rye/Kittery
contact, tending to negate an hypothesis of fault displacement based on
the presence or absence of igneous rocks in the metamorphic terrane.
(Point "E" on Figures 1 and 2)

C. Unconformable Rye/Kittery Stratigraphy

, Whereas Novotny interpreted an unconformable stratigraphic rela-
tionship between the Rye and Kittery formations in the area between Ports-
mouth and Hampton, outcrops of the two formations are widely scattered,
and the contact between these formations is nowhere exposed along the

123 mile path of the inferred Portsmouth fault. On Gerrish Island, Maine,
about 5 miles east of Portsmouth, Hussey (1962) interprets the Rye/Kittery
contact to be conformable, grading upward through progressively less
feldspathic gneisses of the Rye formation into biotite quartzites typical of
the Kittery.

Novotny, Hussey and Billings (1956) all define the Rye formation as
metavolcanic and the Kittery as metasedimentary, predominantly quartzite.
" Novotny interprets the contact between these two formations to be defined by
a major fault structure, while Hussey and Billings do not. Novotny, further-
more, defines the geographic location of the Rye/Kittery contact as much as
three-quarters of a mile to the east of the contact trace defined by Hussey
and Billings. Figure 1 shows by a dotted line the contact between the Rye
metavolcanic member and the Kittery formation as defined by Billings to
the southwest and by Hussey to the northeast.



Current investigations have indicated that Novotny's contact trace
trends from Portsmouth to North Hampton through a terrane characterized
only by bedrock exposures of the Rye formation metavolcanic member.
Since the metavolcanic member of the Rye is made up of an original
sequence of different types of volcanic rocks and interbedded sedimentary
units, unconformable stratigraphic relationships might be expected in the
zone where Novotny has defined the Rye/Kittery contact. Such relation-
ships would not, however, signify the presence of a major fault zone.
Furthermore, foliation structure symbols shown on Figure 1 (after Novotny and
Hussey; and J. R. Rand reconnaissance) indicate a reasonable parallel-
ism of bedrock structure along Novotny's inferred fault trace in this area,
with no suggestion of the alledged formational unconformity.

D. Radiometric Age Dating

Four outcrop samples (PF-S1, -S2, -S3, -S4) were taken at intervals
along the path of the inferred fault for radiometric age dating (K-Ar). The
locations and K-Ar ages of these samples, along with three other samples
taken from Borings B2, B4 and B9 at the site area in 1969, are defined on
Figure 1. Age determinations were obtained by Geochron Laboratories,
Division of Krueger Enterprises, Inc., Cambridge, Massachusetts.

Sample Location Rock Type Material K-Ar Age

PF-S1 Towle Road, Hampton Quartzite Biotite 268+10 M.Y
PF-S2 Rte. 151, North Hampton Quartzite Amphibole 308+14 M.Y
PF-S3 Rte. 1, Portsmouth Gneiss Muscovite 294+10 MY
PF-54 Rte. 1, Portsmouth Quartzite Mica~-Quartz 262+11 M.Y.
B2 129.5' - Boring B2 Qtz. Diorite Biotite - 294+ 9 MY
B4 93.0' - Boring B4 Schist Biotite 254+ 9 MY
B9 12.3' - Boring B9 - Bio. Diorite Biotite 284+ 9 M.Y

No anomalously young ages were found in this dating program. All ages found
conform to previously reported regional data which indicates a Permian thermal
event for the area (Zartman et al, 1970). The lower ages obtained in this
investigation (PF-S1, PF-S4 and B4) are mineral dependent, with argon loss
assoclated with the fine-grained materials analyzed.



IV. CONCLUSIONS

Field investigations have shown that

, 1. The graphic trace of the alleged Portsmouth fault bears no meaning-
ful spatial relationship to the contact between the Rye and Kittery formations,
along which the fault was postulated by Novotny to trend.

2. There is no evidence of the alleged unconformabie relationship be-
tween the Rye and Kittery formations.

3. There is no evidence of anomalous magnetic intensities on the in-
ferred fault trace in Greenland, New Hampshire.

4, Examination of drill cores in the area of the alleged fault trace in
Greenland, complimented by petrographic studies of core samples, indicate
no evidence of faulting in that area.

5. There is no evidence of a through-going fault structure associated
with the specific bedrock exposures cited by Novotny as indicating the
presence of the Portsmouth fault.

6. There is no justification for ascribing the presence of granitic rocks
at ground surface in the Rye formation terrane to the differential uplift of
these rocks along a nearby fault.

7. There are no meaningful variations in radiometric ages of rocks
along the alleged fault trace.

8. Ground and aerial examinations have failed to detect any anomalous
landforms or stream patterns along the trace of the alleged fault.

9. Pleistocene deposits exposed in road cuts and gravel pits along the
alleged fault trace show no features which might imply tectonic faulting in
the area.

The current investigations have concluded that the Portsmouth fault does
not exist.

John R. Rand
Consulting Geologist

-

September 1974
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GROUND MAGNETOMETER SURVEY
BREAKFAST HILL ROAD AREA

GREENLAND, NEW HAMPSHIRE

SUMMARY

This report details a ground magnetometer survey conducted by
Weston Geophysical Research, Inc. in the vicinity of Breakfast Hill Road,
Greenland, New Hampshire. This study was completed in conjunction
with a general geologic investigation of the inferred Portsmouth fault, as
proposed by Novotny (1963).

Five separate magnetic lines were run across the trace of the in-
ferred fault. No magnetic evidence for faulting was found on any of the
profiles.

INSTRUMENTATION

The survey was begun with a vertical field, torsion magnetometer
(Askania, Model Gfz), which is tripod mounted and must be leveled prior
to each reading. Because this procedure is difficult in soft or swampy
ground, which is extensive in the investigation area, the vertical field mag-
netometer was replaced with a total field, proton precession magnetometer

(Geometrics, Model G-816), which requires neither tripod nor leveling.



METHOD ..

The survey method consisted of making total magnetic field intensity
measurements at paced intervals along a predetermined line. The interval
used varied from 50 to 100 feet. The magnetic sensor was oriented north
- (magnetic) for each reading, and readings were repeated to insure precision.
A base station was established, and base station readings were taken reg-
ularly to determine the diurnal variation of the earth's magnetic field during
a given portion of the survey. The diurnal variation has been removed from
the final profiles. Careful notes were taken during the survey so that the
presence of magnetic interference sources (i. e., power lines, buried metal,
houses, parked vehicles, etc.) could be considered in the final analysis.
RESULTS

Total field intensity magnetic profiles were made from data for five
traverses iﬁ the area of investigation. As shown in Figure Ala, Profiles ZR,
2NR and 6 are located at distances extending up to approximately 2,500 feet
northeast of Breakfast Hill Road, near Coombs Pond. Profiles 4 and 5 are
located at distances extending up to approximately l,.SOO feet southwest of
Breakfast Hill Road. All five magnetic profiles crossed Novotny's inferred
fault trace at nearly perpendicular angles. Any magnetic expression of
Novotny's inferred fault (within the Rye formation) should, therefore, have

been readily apparent.



Figure Ala locates the inferred fault trace relative to magnetic pro-
files reported in Figure Alb at or near the following profile points: 3+0
on Line 6, 145 on Line 2NR, 16+0 on Line 2R, 15+0 on Line 4, and 13+0 on
Line S.

No evidence of the postulated fault was found. Further examination
of the profiles indicates that localized anomalies, probably due to local
variations in magnetic mineral concentrations known to be present in the
Rye formation, appear on each of the traverses near Coombs Pond. Pro-
files 6, 2NR and 2R show such an anomalous condition, which appears to
trend NI1OE in the vicinity of the three lines. It should be noted that this

strike is parallel to the bedrock foliation of the area.
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ATTACHMENT NO. 2

GEOLOGIC BORINGS LOGS

BORINGS PF-1, PF-2, PF-3, PF-3A



BORING LOCATION _See Braakfast HIll Rd. aite plan INCLINATION 485" BEARING _N 50 W DATE START/FINISH 19, 1974 /__March 21, 1974
CASING ID 3 in, CORE SIZE 2-1/8t01-7/8 in. TOTAL DEPTH 276.0 11 DRILLED BY _Amecrican Drilling & Boring Co.; K. Allen
GROUND EL (MSL) _73.1 it DEPTH TO WATER/DATE 2.1 ft/ - LOGGED BY _Soil - K. Polk; Rock - J. R. Rand
— —
WATER RQD STRIKE, DIP
e M N jcONTENT ™ QD] PRESSURE TEST | . Folistion |u 8 SOIL AND ROCK DESCRIPTIONS
MSL {Teneh ‘r,p.d N o Computed .(I: .'(’:Mm no':: (Weathering, defects, etc.} (Type, texture, mineralogy,
an or . k = Contact =
ft | n | No. [Rec. fmin/td 3 | Graphic | wpsl [10™ cm/aec] B =Dedding {05 color, hardneas, etc.)
1‘ 3 Trrryererr l1 - g m
3 »
0.5 A’NX-1] 100 . [] TOP OF ROCK Minor rusly Fresh and hard. Local .r:ﬂrag fnlde - sense of _a
Nx-2§100 | 4.7] 21 I (B Stight wx on S <.+« movement west side up tn B
F follatl nd minor rusty and surface - B ~
NX-31 100 64] 2% / « ntiation e wx effects on iaints and - the cast - ayncline to west 3
M r Inints =nme partings. Partinga bl Rye formation. Fincto ]
10 | [NX-4§ 100 | 4.1] 74 - Shight w nt slickensided. ";»Vemf-d very fine-grained, med- 3
H 1 i - breccia fum dark gray. Thinly 3
[ and evenly foliated, meta-]
- 6.8 * 1
| NX-5{ 100 50 - E ;:n:: r:ﬂ‘ volcanic. Fine feldapathit]
. F Rht w quartzite. Breceiated
- 1 0 i
0 NX-6| 100 % 56 o Modcrate wx  Fresh and hard. Minor fractures welded with ]
] s calcite, B
< rusty, vuggy zoncs as- E
NX-7¢ 100 5,0 89 - Moderate wx soclated with jnints and ’ _:
Hxesl 100 | 2.7 a5 9 CTAte WX partings not slickcnaided.) ; ]
+50 7 ° / . 3 D ; ]
0 linx-9]100 | s.1] 62 EH|o [(inciss Fine-very fine foldspathia]
1 [ ;’""f‘“ quartzite with imterbeds of]
- HNC I8N H -4
- Minor rusty R itght gray feldspathic 3
| NX-10 96 5.6 62 / o . gneiss. Merdium-grained 7
Nx-11] 100 | 5.5 12 7/ | siient wx Fresh and hard. Local Gnetas 1
0 FNX-]Z 100 5.0 ° va - Minor rusty  zones of slight ta mader- 40,50 Broken cnntjuc(—mmnr rusty ]
“' // 9 ate wx on |nint surfaces. L g"‘h""' h"‘" dark yray. E
-NX-I.'! 100 L0 43 / a Moderate wx Not slickennided. ‘ ense ol Grag 16lds SUgZCsts
Nx-14] 92 |15.5] 42 /A 4 Quartzite syncline to west. 4
" * < Quartzite Rye metavoleanics. Fine,]
¢ | |dNX-15} 96 |13.1 22 // - ° Quartzite evenly iaminated felde
M v 85" jotnt Fresh and hard, Joints T fquanat spathic quartzite. Dis- ]
NX-16f 100 7.3] ™ F and partings are clean, |To7 u? X c crete fairly pure quartzitd
= - . —~ - IMedium _
r not slickensided. o heds.
- " grained N -]
O NX-17] B4 5.8 70 o Caleite Hard, dense, : Ryc {nrmation. Pr('dnml-_‘
50 | o - A Gneiss nantly fine-graiaed, dark_J
Nx-18] 100 7.9] 95 - coating ! ) grav hornfelsic schiat. 7
HNx-19| 100 ‘0'0 100 o o - 1Quartz- Very dense texture, lnlcr:
’ oo w -.|feldspar layered with zones of -4
NX-20{ 100 | 5.0} 100 E .| gneiss quarttzosc. Feldspathic J
70 4 - - Freah and hard, JIninis . gneiss, medium tn cnnrn(‘;
Nx-21] 100 [11.2] 92 o and partings arc clean Garnets (7) grained, light gray. A1l
* A oy except In narrow rustye Dark line contacts are tight, fused.
! 1 - stained zone at R0.5- " |leldspathic  Semewhat transitional. 3
INX-22( 100 {12.8]| 88 r 80.8'. Not slickensided, ! homfels 3
L] [} o Madorate wx v Interlayered fine-grained
80 I~ =] Rusty stain [ tuartzite feldepathic gneiss. Light=
NX-23{ 97 J18.41 73 NATE, TANW F 2 o — gray, and fine-grained, b
H NGOE, J25E S [ dark gray hornfelsic 3
50 9 :
{Nx-24f 100 | 8.0} 65 M3k 2 Ik schist. 3
420 L 7 o Fresh and hard, Somc ¢ I welded ]
0 Nx-2¢] 100 s.6l 83 NSH::V, ‘N:; ‘i - thin caleite coatings on 7 | micro-fault Scnsc of samc open drag™]
" :::Slw. ]:’:”__ J - jolnts. Joints and part- falding suggests that p
r ST TR Ings not slickensided, synctlince is to the west, 3
Nx-2d 96 [17.4| a6 NS2E, TANW F[ *~ Fald senae 100k fabric offsct loeaily 3
E o * | syneline to hy welded micro fanlts.
00 llorizontal S [ wost -3
dnx-2q 100 | 7.2} N4SE, ASE T £ ] vaggy ' 3
M - Micro fault- _j
Aqtk, 32SE J [ ’
q{rx-2q 100 | 551 85 NAaE, B2SE I b ¥resh and hard through- f“"'""" Rve farmation. Dredomi
- P s B -
H o aut. Jnints and partings § nantly finc-grained, dark J
114 - are generally clean, Not IQ“'"I'M gray Mmomieclsict felds- ~7]
INX-29| 100 7.4 91 F wx. Surfaccs are not pathic schist, Very hardJ
1 N 6W, 10NF J - D slickengided. Quartzite Almost massive texture. J
3 o Lime Interhedded locatly a8 3
 NX-308 100 | 24.4 ™ E M = E
0 . f m’ab' %EE j P ~1silleate shawn with fairly pure
20 NISE, 73NW F - ot white quartzite heds. =
Nx-30 99 | s.6] 92 { N20E, 62NW F[ Quartzite 3
1 - Fresh and hard hrongh- |2 sl Quartaite 3
{NX-331 97 ] 4.0] 95 N1Oow, 118w Minor chlarite nut.  Jnints and partings Ry {ormation, 28 ahove ]
|} NAIW, G6NE S Pyrite costed are clean. Not siicken- .y_ ) \ .1;1 l ]
e N‘mE,' RINW F P sided, Has only very ::::IV;:Y[‘)\:' r:nnu‘t e
Y NX-2F 100 c.2| 90 / NGRE, TANW F: minor tendency to part aminate oupd .
14 4 N ! although laminac ferally
E on (olintion, 3
N33E, 69NW [T are wavy, some complex—
-144 100 6] 100 o B
N X 1 5 1 E o Wetded folding. 3
49 N47E, 35SE J ["|El On foliation hrecela -
Jux-sf 100 [ 12.8] 58 / E gncias 3
- Minor vy, . p
- B
o 3
-20 o P
N - Standavd penetration resistance, blows/ft NOTES
Rec - Length recovered/length cored, F 1} No clays present; therefore na water S E A BRO OK ST ATIO N
RQD ~ Length of sound core 4 In. and longer/length cored, % contents were determ ined, PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
8] - #elit epoon sample ¥ Groundwater \ YANKEE ATOMIC ELFECTRIC COMPANY
MU ~ Undisturbed samples
T : > ¢ \nitad BnQINBErs . .. ~
5 S - Shelty tabe N - Dentsan O Bvintuins-sinsstis :
F - Fixed piston P - Pitcher
O - Ostarbery G - GEl Date: May 14, 1974 Project 7288
D - Drilling break k - Coefficiant of
wx - Wealhored, weathering permeability x - Oriented core PAGE 1 of 2 LOGOF BORING __ k]
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BORING LOCATION See Breakfast Hill Rd. site plan INCLINATION 46, 5° BEARING _N5gWw DATE START/FINISH Feh, 19, 1074 / March 21, 1974

CASING I atn, CORE S§ZE 2-1/8 to 1-1/9 In. TOTAL DEPTH 276.0 ft DRILLED BY _American Drilling & Roring Co.; K. Allen
GROUND EL (MSL) _ 79.1_ft DEPTH TO WATER/DATE 13,7 ./ - LOGGED RY Snil - K. Polk; Reck - J, R, Rand
r———— e — -
WAT ER STRIKE, DIP
EL. SAMPLE __ |naTH SgATELy orRQD| PRESSURE TEST F e Fol ol SOIL AND ROCK DESCRIPTIONS
MSL oot yme | N | OF Tomputed | J = Joint S (Wenthering, delects, etc.} {Type, texture, mineralogy,
and or [ADV. gem _k C = Contact 8 = calor, hardness, etc.)
1t fl No. [ Rec. Jmin/ty % Graphic pel |10° cm/sec| B = Bedding e
MAAAARATTN ' § = Slickenside CONTINUED FROM PREVIOUS PAGE
3 ]
i .
L Mislatch 3
[ NQ-34 100 9.2]{100 b Fresh and hard. Some ]
-20-§ 1] N . minor powdery wx effeets) - b
s 23E, TANW F D powdery 8 4
150, bo-371 100 | 4.8 a9 NR2W, 42SW J on same Jaints and part- Predominantly quartztte. 3
F Q . NE 3 ings. No polishing Very fine-grained, medium
3 I N3IZW, 28 * gray. Fairly massive, ]
- Local interbeds of (clds-  ~
I NI2E, 628E  J p
] kiNg-38{ 100 | 5.0] 87 ngli. o o pathic gnciss, Fused fault 3
E169 Nasw, 1088 3 E Eilp piane at 155. 3" .
"kNQ-39l 100 | 5.2] 100 -
Fresh and hard, Joints . o, .
Rye formation., Finc-grained]

and partings show only
local minor wx effocts,
Partings arc not polished

N1BW, 2INE I
INQ—40| 96 | s.4) o6 NGSW, 61SW I

N40E, BISE  J
M | a6l M

LQ-42 100 5.6] 95 N3SE, 165E  J

N4BE, 48E
NAROE, S7SE  J
INQ-41| 100 4.0 50

}:o-u 9 | o8| o1

dark gray fcldspathic quart-]
2ite. Fairly evenly, but
vaguely foliated,

<
=]

X _ 1T " T > 1T > 1%
k4
°
-

Minor rusty

T Kuartzite

-40-

@™
2.

Fresh and hard. Joints [Gneina

and partings show only
b locat minor wx cffects.
Not stickensided or
polished, % Medtum
a~——|charsc
' Diabaae

Ryc formation, as ahove
with locat zones of felds-
pathized quartzite and feld-
spathic gnelss.

lvvn'rvv-l--rrr-vlnvvnnv

©
=9
rx 1.X

\

INQ-45| 100 6,0] 58

NH2E, GONW

NTIW, 15SW
ho-16] 02 | 7.8} o / NA2W, 595W
NQ-47[100 | 18.0] 52 /

[

AR AN RIS AR AR AN R AN A R RS RARSS AR AN RARAS BRI LR ARARS RARAS AAAES RARR RS LARASSAARS AARSRRRANS AARAR LA RARAS LASRS RARRRRARAS RALRS S M

X

Chips-slight |l = Welded breecia at contact
o
wx effecta Fresh and hard, Excell- N

TN IVTTE SUWIT FUUTE FUNTE FUUTI FUST)

ff\

o
F
200 t dril ings i .
1 PUAL IR Y S —
F kg-salioo | 6.6 100 core. Not Jointed. Not |+ ©F ::"‘:“;‘Yﬁ‘:’““ Ve pheno- 3
. wx or slickensided. t+tr ca{;lt(cpo ng. Yo
-60 + - ]
Ly |NQ-4 100 | 3.6]100 + f_: 3
. r Diabaze, as above. 3
E M bt ]
E NQ=5 0 " Slight wx + J
o hne-so 1o 4.2 10 e 3
M ba i Lad Fused contact 3
o " Fresh and hard.  Only » X xy B18. 7'
':220,,‘ NQ-511 100 6.61 65 minor aurface wx effects Rye formation. Finc- =3
o - ) on joints and partings. grained, medium to dark B
[ king-52) 100 100 o Not slickensided. gray. Feldspathic, evenly
- Q g.0
L follated hout.
E 1 Ni5E, 85SE F throug ]
s [NQ-53 100 | 14,6 100 NROE, 11SE § D 3
S NGAW, 65SW J Pyrite xtals b
[
9 p
" kINQ-54{ 100 5.0{ 40 //A Chips-fresh s
X M N 5E, 86SE F Slight wx Fresh and hard. Only . Rye formation. Fine- 3
-80F  Llng-ss|100 | 4.0f o8 NROE. 18SE § n 3
_“0" Q . . minor surface wx cffects (J—, grained, dark gray. Evenly-
o n 2SE T Pyrite on joints and partings. foliated fcldspathic quartzite 4
- NISE, A7SE F i N -5
[ KiNg-se[ 98 | s.0f 97 N31E, 70SE, § Stight wx Not slickenaided. GQuartzite. Fine, medium 3
T . N3OW, 1SNE ' § RN £ray. ]
b Ja . b
L MINQ-5TF 100 7.0] 45 / yrrery TN Fused contact
:').5(1_‘ N24F, 18SE § Not wx »Aq"éA' Welded breccia. {uartzite 1
o N2OE. 158E 1 s g {ragments, angular with somy
E o {NQ-54 100 8.0 33 be T3 Vugry At o, veining. Anncaled rock e
- -4 d=& '>57 o (hrmlém L  {
- A2 et .
[  king-so 100 | s.6] 43 //Z N13E, Horiz. F :nl;::: :::‘:::d;‘o:r]im s [Quartzite Rye tarmation. Predomi- J
:-zsd~ ) i r",'; nantly finc-grained, dark 4
E N75W, SNE J Chips-alight plingid gray leldspathic quartzite. ]
S 5 i RUGN B N25E, Vert  tE {Hcurtace w . 3
M YT | Diabase p
o N1ok, 185 +f |H L e p
-100F  kdnQ-syf 100 | &.0] 88 * ht 3
"'270_1 N42W, SONE S % Diahase, -
5 ==E%— Fuscd 4
k{NQ-63 100 G.A§ 100 “____“".:'. 3

BOTTOM OF BORING

LARAS RAALE LAAS S RARA)
iy
ES

FUVSIFNTTH ITHY

N - Standard penetration resistance, blows/ft NOTES SEABROOK STATION
Rec - Length recovsred/length cored, %
RQD - Length of sound core 4 in. and longer/length cored, % PUBLIC SERVICE COMPANY OF NEW HAMPSHIRE
gls - Spiit mpoon pl Ground YANKEFE ATOMIC ELECTRIC COMPANY
g u « Undisturbed aamples > . .
] S - Shelby tube N - Denison = JELCER S
F - Fixed piston P - Pitcher
O - Quterberg G - GE1 Date: May 14, 1971 Project 7286
D - Drilling break k - Coellicient of
WX - Weathered, wedthering permenbility PAGE 2 of 2 1 LOG OF BOR[NG PEA
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Breaklast 1HI) Raad
BORING LOCATION _Grgenland, New ltampshire INCLINATION 40 ° REARING _ 350F DATE START/FINISH July 9, 1974 /__July 21, 197}
CASING D aln CORE S[ZE _2-1/8in, TOTAL DEPTH 271.0 n DRILLED RY Amcrican Drilling & Bortng Cn.: K, Allen
GROUND EL iMSL) @62, 0 [t DEPTH TO WATER/DATE -2.1 ft /_ _ulv 19, 1974 LOGGED BY  Soll - K, [, Palk: floek - 1 R, Mand
—
{ WATER - g STRIKE, Dip
EL. SAMPLE RATH conrenr °F R9D| PRESSURE TEST F = Foliation | 2 SOIL AND ROCK DESCRIPTIONS
MSL Depth]{ Type [ N cr:’; - Computed J = Joint o : {Weathering, defects, cte.) (Type, texture, mineralogy,
and | or [ADV. &pm Lk C = Contact Se color, hardneas, etc.)
it ft No. [ Rec. Imin/fq 1% Graphic pri 10" Vem/eec) R = Nedding @
TTrrrT Ty
2,0 oo slickensidl
4 F 3
= § b 4
+ o 3
- - -
F I 3
F - 4
3 4
3 E
o b F R
o S p
L - .
< F 3
< - E
-l - -
F F 3
+ - p
Fan - -
a0 r F ]
10 - 3
o u 3
s L 3
+ x P
- - -~
] F ]
5o - =
an F Y ]
¢ o S 3
- - N B
=an - ]
[ F R
L 65 IQP QF ROCK. o R
L F |2 sard seam suhiect Lo slight wx e Niahase and mmetss baulders () e
L . - L [=
- NX-1 30 2.7 20 | I] Mexlerate we throughout and paris 2 :
F - o Pt - " N
=70 —1{ 4] slight 1o readily an faliatton, [ 7N’ Teopof rack (72) —‘q‘
r NX-2)] 9 2.0 o - maderaie wi Cnre charactertred hrag  Omeiss, Banded Hpht 2nd med3
E 4 o J thraughous v dlisks 1727 tn 27 in folding  tum grav. Uinc-rrained, ]
NX-? an a.n n o ‘l Minor viggy Jenzth, Aflnor 1an thinl laminated,  Fosed dia- <]
E 1 o ruaiye siaining nn base inelasion ar 797, ]
i / E 1 Sight wx lr::‘m(;. Nmuwl}l’:vn- T g Contaet broben, Nol fichensinedJ
- - o . . sided or nalis . LT oAliabae doe gdael
L NX-1{ 100 Ao 0 ) Vemey 1.5 Contact broken, Nat <lekenstded. ]
9 Al I Mexerare wx Quart ]
- M - uartz
s / C bl sitght we \ " g
C o I subiee! ta <light wx o quartz
:—q() NX-5] 100 3.7 ] - A smatt thraurhout on fafintton) - 7 - Gnrtss,  Banded ta (hinty e
o a-E Yy i . Characierized hy pep-] , ~ Taminated light and medium ]
9 Z P ojopporvasive vaes e small vogs, |~ gras. [ine to cery fine b
- - [ | i throughout X S X . -
- 1 Mris an (nHation at - gratned, teldsparhic with lnea™]
F / o | 172" 1o 1 Intervals, prozy rizfiic ar eherty handing.
I . — o= Nefinitelv ant Rittery Quart - 4
P NX-6| 1o 2.4 a2 ‘Aare o y :
a0 F 10 ' I~ I Core coniatns " -7 rite. DPrebably metamarphoscod
L / [ | fumerous sma -~ - acid valeanics, 3
o . - ’ vags _1
o - I Frosh perite tresh internaliv, hut o p
o + | ] xtels ahioe . 3
[.”n -7 ny ol m t— i <sthiect 1o vug devednpd . 3
3 iy ment (hroughout, Slad Recomes more leldspatide 3
o H Fi: he wx caleite ") Jain 4 at 110,50 p
o o nd partimgs ave not e 1
o NX-4] 100 1,9 63 E Fi sevore we and partings are nof 3
o o R sllekensided or pal- . 3
q LINX-0] 100 i8] a2 / r ’{ ™rte Tshesd, L, 19 1,,anlwn cnnacl, Nt slichensided, ]
124 = . N s -
n F - \ 1\|‘vldnw ¥ r" shaml hard, omly x‘ Y»' t Diabase,  Fine-medinm ]
" - [ - g g i M -4
£ -1 tna 5.7 40 Y Minor vaggy ninor lToval solition ) srined, dark gras, ]
E i Feets, Clase ©ot .
r [ g Y tpidate ¢ fleers. Clasely Disnhase,  Medium-genined, ]
L L] ioitted, Jainis are P X . p
N / L1 ek ensidon L dark grav, Massive, sompe ]
. Nx-11 ow 5.3 FL nal <tickenstdid or Incal porphyritie lexture, 3
"""'W -l potlshed [ -
r ol . ! <mall phennervsis, 4
] : R 3
E 7 A - ~
- N N {7 bt wx P prean Beeames finer-grained. -':
[ -1z} o 5. : ; TR P K
r Ebilnie ! Chill zone 9
IR -
- E p
q 2 ]
N - Standard penctration resistance, hlous -t NOFES
Rec - Lemgth recovered. 1ength chred. t SEABROOK STATION
RQI) - Leagth of sound core 4 in. and Jonger . length cored, ' PURLIC SERVICE COMPANY OF NEW HAMPSHIRE
9 S - Split apoon aample Groundwater YANKEE ATOMU HLECTRIC CDMPANY
wf - Uindinturbed samples
0 UWtad BNGINBOIB . ... - s -«
n) S - Shelby tube N - Denlann PR v
¥ - Fuxed piston P - Pitcher
O - Osterherg G- GEE 1hste Augnst 15, 1471 Project 7286
n Drilling hreak k- Coefficient of -
wr - Wenthered, weathering permenhility AT 1 of 2 1LOG OF BORING __ Pt -2
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RAreakfast Hill Rosd
BORING LOCATION _Creenland, New Hampshire INCLINATION __ 40« BEARING _ SSOE DATE START/FINISH Juiy 9, 1974 /___Julv 24, 1874
CASING D alg CORE SIZE 2-1/8in, TOTAL DEPTH 271.0 it DRILLED BY American Nrilling & Boring Co.: K. Allen
GROUND EL (MSL) ;40 o ft DEPTH TO WATER/DATE -2,1 n’/ July 19, 1974 LOGGED BY Soll - K. [. Pnik; Hock -~ J. R, Rand
——— e
WATER STRIKE, DIP
EL SAMPLE ag;gﬂ conteny °FRQD] PRESSURE TEST | ° 17 Foliation 1w SOIL AND ROCK DESCRIPTIONS
MSL Dapth{ Type | N Computed J = Joint = S {Weathering, defects, etc.) (Type, texture, mineralogy,
and | or {ADV. om _k C = Contact 8 « color, hardneas, etc.)
tt |t | No. IRec. Inin/t{ % | Graphic | pel |10 4cm/sec| B = Bedding &
MBASAREA - Slickepsld CONTINUED FROM PREVIOUS PAGL
9 - B
3 F 3
[ r 3
FIR S —— — 1 - oo i - =
r“d NX-13 90 4.5 " ( / ( - [Chips Slightly wx throughout, [ ~. —-] Ahadt 139,45 contact hroken .
9 L4 777 o Not slickenstded, R
L NX-14 93 4.4 0 S Chipy . 3
- : \ \Vu, Gnetas, feldspathic, J
] - o r} RV Generally [resh Quartritt Incally quartzitic. ]
[ NX-15 100 ’ u £l inte rnally, Jusrizitlc Light to medium grav, 7
- 1 -
=150 C i brilling ) irregular gnetesosite, =3
g H Eolid hette Some Incal minor vug Incally schistose, b
b E é\ ] T development, Jotnts Quartzitic Medium grained. 3
b NX-14 100 | 6.4 41 F Rl and pariings are not =
4 CE slickencided, :‘
F1nof 1 Y enine Quarizose Becomes darker arav, o4
b NX-17 62 7.5 28 F oIy P Falrlv fresh intermally, finer grained trregularivy
L A < same minnr local vug Follated schist, b
F 14 development, Nal feldepathic, =
3
t o slickenstded. E
irol V-1 98 0 s} st - . ]
E— / 0 E 1 Chips Fairly fresh {nternally, == = Prag Folds Schist, gneissic- ]
L WVugey Same minor vuggy tex- {1 ¢ 7 feldspathie as abave, 3
- w-ts] 34 | eol 12 ’E ! z:mued jalnt tures, and pawdery we A Approximatelv 177, 5! presumewx 3
L ifNot polished elfects on jnints and contact. Nat slickensided, 3
9 r' [ |1 Rods dropped  partings, .Ioints are b
Fro! [nxc-20{ 100 | a6 24 F1:wx zone ' not polished. Diabase. bark grav.
o ] C ! Pyrite medium grained, p
-F [ 17]stcht wx gravellv tn ftne grained. J
ol Cly SHoht wx (Chil]) at top and hottom<]
Eoolxen) e ) 2s] 1 E T 190,1° Fused ehoaSh W paraitet 3
190 2076 | 1| Sicep inint _ta follatian =
3 T'Nx-zz 100 | 9.0 o [ 77 F f Rough surface Metaguartzite to meta~ 3
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. SUMMARY
In this report we describe three samoles of drill core
from the vicinitv of the alleaged Portsmouth fault near Green-
land, New Hampshire. The three samples are metamorphic rocks.
The pronounced laminations in sample PF-2A appear to be of
primary depositional origin rather than of tectonic origin.
The peculiar arcuate structures common to both samples PF-2A
and PF-2C are reminiscent of glass shards, which suggests that
the rocks are totally recrystallized meta-tuffs or reworked
volcanic detritus of different compositions. Sample PF-2B is
a partially recrystallized basalt which is probably younger
than the other two samples. All three samples lack substantial
preferred orientation of their minerals. Evidence for dynamic
structural deformation, either recent or ancient, is entirely
absent. In summary, we find no petrographic evidence that
these three samples are associated with a fault. If a fault
does exist in the region from which these samples were obtained,
then either its deformation was not so pervasive as to affect
these three samples, or else the deformation occurred before

metamorphism and all petrographic evidence has been erased bv

the last metamorphic event.
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PETROGRAPHY OF SAMPLE PF-2A 99.5-99.9'

Name: PFelsic metatuff

Macroscopic Description

This sample is a finely laminated schist. It is light
grey in color and fine grained. Layers of alternating
light and dark colors are probably due to segregation

of mineral phases. Euhedral crystals of pyrite (-~ 1/2 mm)
are abundant. The texture is punctuated by light col-
ored augen and irregular 0.5 mm pores. This 5 inch

core shows no veins, folds, and only a few large cracks.

Microscopic Description

Texture
The average grain size is less than 0.05 mm. Lamina-
tions are the product of the effect of variations in
grain size, in the pProportions of quartz to mica., and
ﬁhe abundance of opagues. Micas tend to show a pre-
ferred orientation of flakes at an angle of about 60°
to the laminae. Most of the veinlet-like seams of
quartz follow the foliation; althoﬁgh a few seams cross-
cut the foliation they are not common and their margins
have recrystallized to blend with the rest of the rock.
The augen are pods of fine grained quartz. Some of the
pores have minor amounts of weathering products around
the rims.
A few large microcracks that are now completely healed

were observed in the thin section. They are marked by
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chlorite, qua;tz, and trains of discrete grains of
opaques (probably pyrite). However, there is no
other textural evidence of penetrative deformation.
The thin laminations and indications of flow structures
imply that this sample is a recrystallized silicious
tuff or reworked volcanic detritus.

Mineralogy

Quartz is the most abundant mineral in the thin section.
It occurs in very fine (0.01-0.1 mm) anhedral aggre-
gates. The individual crystals appear strained and
have sutured grain boundaries. Coarser grained quartz
occurs in thin seams and pods which are generally
parallel to the layering.

Muscovite occurs as small flakes between quartz grains.

It commonly shows a preferred orientation at about
60° to the layering. Muscovite rarely occurs in
multigranular aggregates.

Chlorite occurs scattered through the matrix, in minor
amounts in thin seams both with and without quartz, and
in a few of the darker laminae in the sample. It is
pale green, fibrous, and exhibits blue and brown inter-
ference colors.

Opaque grains occur in thin, discontinuous layers in the
sample. Some seem to be dendrites parallel to the
layers, and others are small nodules. Many crystals

can be seen in hand specimens to occur as well formed



cubes.
Calcite and sphene occur in accessory amounts in some
of the layers.

Estimated Modal Composition

guartz 60%
muscovite 15%
chlorite 15%
others 10%

100%
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PETROGRAPHY OF SAMPLE PF-2B 136-136.5'

Name: Metabasalt

Macroscopic Description

This massive dark grey sample has a fine grained, uniform,
phaneritic texture. Felty plagioclase crystals (1-2 mm
size) set in a dark groundmass are easily recognized with

a hand lens. The plagioclase (Hardness 6) is evidently
quite altered since it is readily pulverized by probing
with a knife point (Hardness 5.5). In the black ground-
mass biotite flakes are large enough to be seen. Pyrite is
present as widely dispersed anhedral grains. There are no
veins or major cracks visible in the core. A few open
pores are present.

Microscopic Description

Texture
| The thin section displays a primary intersertal

texture which is partially masked by secondary minerals.
Plagioclase laths (0.5 mm) form a mat with ferro-
magnesian and secondary minerals filling the inter-
stices. Cleavage cracks are not abundant. There is no
evidence of healed cracks, no veinlets, and no other
signs of structural disruption. Even the larger feld-
spar crystals are remarkably free of all types of micrb-
cracks.
The absence of deformation structures in this rock in-

dicates that no significant non-hydrostatic stress has
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existed after the last metamorphic event. Hence, if a

-
-

fault is present in the vicinity of this rock, stresées,
if any, have been small since the time of last meta-
morphism of the rock.

Mineralogy

Piagioclase originally composed about 40% of the rock. It
is now very highly altered to sericitic products. Most
of the lath-like crystals have a turbid appearance,
and are uniform 0.5 mm. There are a very few larger
crystals which are now sericitized. \

Clinopyroxene (probably augite) occurs as abundant round-
ish grains 0.1 - 0.3 mm in diameter. The crystals have
poor cleavage and weak zonation. The clinopyroxene is
interpreted to be relict in this biotite grade meta-
morphic assemblage.

Opaque grains are relatively abundant in thin section.
They commonly have square outlines, and occur in
clumps with pyroxene and biotite.

Biotite occurs as subhedral crystals in the matrix. Basal
sections are reddish brown while other orientations are
pleochroic from yellowish brown to dark brown. The
biotite is probably metamorphic in origin.

Chlorite is a common mineral in the matrix of this rock.
It is pale green and fibrous. There are a few ovoid
mats of chlorite about 1 mm in diameter which may

represent replaced olivine crystals.
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Apatite is an accessory mineral in this sample. Euhedral
crystals are minute but common.

Actinolite needles are dispersed through the section.
Incipient blue green actinolite also seems to be
present in some chlorite mats.

Minor amounts of sphene and hematite are also present in
the rock.

Estimated Modal Composition

plagioclase 40%
(plagioclase
+ sericite)

clinopyroxene 15%
opaque 10%
biotite 15%
chlorite 15%
apatite anq 5%
accessories

100%
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PETROGRAPHY OF SAMPLE PF-2C 262.0-262.4"

* .

Name: Fine Grained Amphibolite

Macroscopic Description

This specimen is a very fine grained dark green rock.

The individual minerals are too small to identify with

a hand lens. The rock is massive and non-foliated. It

is cut by a weblike network of calcite and quartz veinlets.
Small clots of pyrite are visible.

Microscopic Description

Texture
The sample displays a complex texture in thin section.
The average grain size is about 50 microns. There is
no preferred orientation or systematic foliation
although the constituent minerals are metamorphic.
There is a vague layering to the rock marked by
arcuate clumps and thin layers of epidote and calcite.
Calcite-quartz veins which randomly crosscut the rock
are partially recrystallized.

Mineralogy

Amphibole (probably hornblende) and chlorite, in about
equal proportions, are in the sample. The amphibole
occurs as brownish green stubby, poorly formed crystals
finely mixed with chlorite. The crystals are pleochroic
from pale green to brownish green. There is no apparent
preferred orientation of the grains.

Chlorite is also a major phase in the rock. It is generally



_9_
pale bluish green and forms both platy mats and stringy
aggregateé.

Epidote occurs as minute granular crystals clustered in
veins, in arcuate clumps, and scattered through the
matrix.

Quartz forms spongy crystals in the matrix barely re-
solvable at high magnification, and clear 0.1 mm crystals
in veins.

Sphene is widely distributed as nodular aggregates and a
few 0.1 mm subhedral crystals.

Apatite is present as accessory crystals.

Calcite is common in fine grained veins and in lesser
amounts in the matrix.

Opaque grains are usually associated with veins and are

not common in the matrix.

Estimated Modal Composition

amphibole 25%
chlorite 25%
epidote 20%
quartz 20%
calcite 5%
opaque

sphene & 5%
apatite

100%



Photo 1. Sample PF-2A 99.5-
99.9'. Felsic metatuff. Plane
polarized light. Width of
field 1.5 mm. The photo-
micrograph shows the fine
grained nature of the sam-
ple. Roundish white spots
are quartz which are ob-
scured by muscovite and
chlorite. The thin discon-
tinuous laminae are composed
of sphene, calcite, iron
oxides, and chlorite. (The
black circles are bubbles

in the epoxy.) '

Photo 2. Sample PF-2A 99.5-99.9°'.
Felsic metatuff. Plane polarized
light. WwWidth of field 0.5 mm.
This photomicrograph is an en-
larged view of the matrix and
shows one of the few quartz vein-
lets which crosscuts the laminae.
The thin, discontinuous laminae
are composed of sphene, calcite,
iron oxides, and chlorite. 1In
this view, the dark laminae are
almost opague because the indi-
vidual grains are only about
1-2y.

Photo 3. Sample PF-2B 136-
136.5'. Metabasalt. Plane
polarized light. Width of
field 1.5 mm. This photo-
micrograph shows the typical
textures observed in this
sample. The light grey
dusty looking background is
altered plagioclase. Ovoid
darker grains are relict
clinopyroxene. Note the
abundance of black grains;
they are both opagque miner-
als and iron-rich biotite.
See photo 4 for the details
of the fabric.



Photo 4. Sample PF-2B 136-136.5'.
Metabasalt. Plane polarized
light. Width of field 0.5 mm.
This photomicrograph shows the
typical details of the fabric.
Note how pervasively altered the
plagioclase is. Note also the
hexagonal biotite plates; the
euliedral form implies that the
biotite is metamorphic.

Photo 5. Sample PF-2C 262-
262.4'. Fine grained amphi-
bolite. Plane polarized
light. Width of field 1.5

mm. This photomicrograph
.shows a typical view of this
sample. The fine light and
medium grey crystals are in-
tergrown amphibole and
chlorite; the white grains are
quartz; and the darkest aggre-
gates are clusters of epidote-
calcite-sphene. Note the
abundant arcuate quartz and
epidote shapes; these are all
polygranular. :

Photo 6. Sample PF-2C 262-262.4"'-
Fine grained amphibolite. Plane
polarized light. Width of field
0.5 mm. This photomicrograph

shows the intimate amphibole-
chlorite intergrowths, and a granu-
lar epidote-sphene seam which
arches across the field of view.




ATTACHMENT NO. 4

K-Ar AGE DETERMINATIONS OF SEVEN

SAMPLES RELATED TO THE INFERRED PORTSMOUTH FAULT

GEOCHRON LABORATORIES DIVISION
KRUEGER ENTERPRISES, INC.

CAMBRIDGE, MASSACHUSETTS

for
WESTON GEOPHYSICAL RESEARCH, INC.

WESTBORO, MASSACHUSETTS



KRUEGER ENTERPRISES, INC,

GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET ® CAMBRIDGE, MASSACHUSETTS 02139 @ (617) 876-3691

‘20 August 1974

Richard J. Holt

HWeston Geophysical Res. Inc.
P.0. Box 550

Westboro, MA 01581

Dear Mr. Holt:

Enclosed are the analytical reports Mr. Rand requested. They are B-1236,
B-1237 and B-1238 which were submitted for analyses on 20 January 1969.

Please forward these reports to Mr. Rand and if we can be of any further
assistance, please do not hesitate to contact us.

Sincerely,

Ok St

Derreth McStowe
Office Manager

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY
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f o ,W\,r \ KRUEGER ENTERPRISES, INC.
S v .\~ GEOCHRON LABORATORIES DIVISION

\‘ d/l /
o ’ 24 BLACKSTONE STREET o CAMBRIDGE MA 02139 o (617)-&76-3691

POTASSIUM—-ARGON AGE DETERMINA ™ Ok REFGRT OF ANALYTICAL WORK
Our Sample No. B-1236 Date Received: 20 January 1969
Your Reference: B2 129.5 Date Reported:31 January 1969

Submitted by: Ed Levine
Weston Geophysical Research Inc,

P.0. Box 364
Weston, MA

Sample Description & Locality:

Newburyport quartz diorite, biotite~bearing phase, drill core B2,
Seabrook, N.H.

Material Analyzed: .
Biotite concentrate, -20/+100 mesh

Ari®+/K*° = 0.0186 AGE = 294 (+ 9)x 100yre.
Argon Analyses:

Ar®°*® ppm. Ar®’*/ Total Ar*? Ave. Ar*°* ppm.
0.1431 0.950 0.1432
0.1432 0.953

Potassium Analyses:
% K ) Ave %K K*" ppm
6.295
6. 30t 1.693
6.316
Constants Used:
|8t Re Ardv* ]
A3=4.72x 10 '%/ year AGE= | ——- MLE. = x ———+ ]
Mot A, r, g ]

Ae = 0.585 x 107! %/ year
K9/K=122x10"g/g.

Bl

Note: Ar *°* refers to radiogenic Ar °".
M.Y. refers to millions of years.



24 Blackstone Street, Comrigpe, Mew (2139
. Telephone. TRowbridze $3601
AI’OI!

> éoralon'ed,

nc.

REPORT OF ANALYTICAL WORKX

POTASSIUM-ARGON AGE GETERMINATION

Our Sample No. ‘4131 _ Date Recsived: o Semmeny 1969
Your Reference: 3y g4 93¢ Date Reported: 33 Jesmary 1969
Submitted by: 10| B, Seviee

Yesten Research, Ims.

P. 6. Dax

Uesten, Whes,

Sample Description & Locality:

Metite-sich mstasedinmt of the Marrimnc Grenp,
Brill Core BE F4, 93°, Seakreeck, K. L.

Material Analyzed:
Blotits eoncsmtrete, ~60/+200 mash. The Melite was tec fine

greined te be complstely fres griins, therefure, & canesntirate of
the most bietite~rich grains was used. ZEstinsted JO-80F bickits.

Ar 40%/K40 = 0.0139 AGE = 5% (19) x 10 years.
Argon Analyses: /
Ar¢°* ppm. At 4°*/ Total Ar*° Ave. Ar*"*, ppm.
0.0M83 0.092
0.0483
0.0h83 0. 097
Potassium Analyses:
% K Ave. %K K", ppin
2.A% )
20% 3.013
2,542
Constants Used:

1
N =4.72x107'%/ year AGE = o k- ln[ X
Ae = 0.585 x 10 !9/ year

K*/K =1.22x 107 g./g.

Note: Ar “°* refers 10 radics enic 2 "



24 Blackstone Street, Cambridge, Mass. 02139
' Telephone TRowbridge 6-3691
) Aron

*’aéora lortes,

-

it nc.

REPORT OF ANALYTICAL WORX

POTASSIUM-ARGON AGE DETERMINATION

Our Sample No. 3aass Date Received:
8 Jumwy 1960
Your Reference: pg 39 9% Date Reportedsy Jammexy 1969
Submitted by: ., B,
Tasten Mns., lab.
P, G0 Bex
Yorben, Mamn,

Sample Description & Locality:
P P ™' BMotite phase of Fovburypors Quarts &iorits, Drill eewe

39, Seadrock, X.H. Coarss-grained diarite in ignecus emtast
with davk, Sine-grsined roek.

Material Analyzed: Metite ssnssmbrete. ~A0/4100 mssh, fren coawse ignasus phase.
Presh MWatits, TS, hlarite, 15%; Asgliivale, 206,

Ar*0*/K4 = o,0179 AGE = 286 (89) x m‘ Jears.

Argon Analyses:

Ar4* ppm, Ari%*/ Total Ar ¢ Ave. Ar ““* ppm.
0,085k 0.935
0.0860

(*Foor gas semple -~ net weed in age ealsuladion).
Potassium Analyses:

% K Ave. %K K149, ppm
3.998
3,068 3.933 b 798
Constants Used:
1 gt A a0
A =472x10 '%/ year AGE - [T -7~ '”[ A U '.-!
Ae * )\B Ae K 40 J

Ae = 0.585x 10 'Y/ year
K*0/K =122 x10 *g./g.

Note: Ar*"* refers to radiogenic Ar 4",



KRUEGER ENTERPRISES, INC.

GEOCHRON LABORATORIES DiVISION

24 BLACKSTONE STREET ® CAMBRIDGE, MASSACHUSETTS 02139 & (617) B76.3691

19 August 1974

Richard J. Holt

lleston Geophysical Res. Inc.
P.0. Box 550

Hestboro, MA 01581

Dear Mr. Holt:

Enclosed are the analytical reports of the K-Ar age determinations on the
seven {7) rock samples described in John Rand's letter of 18 July 1974,

These samples were a little difficult to work with because of the type of
materials, however we did the best we could with them. The measured K-Ar
ages are about what I would expect for these rocks.

I will be away for a few days, but Hal Krueger will be here. I have dis-
cussed these results with him, and he is quite familiar with the geology
of the area in question and with the work we did for you in this area
several years ago. He will be happy to discuss these results with you in
greater detail if you care to give him a call.

In the meantime, I am enclosing our invoice for this work. We look forward
to serving you again in the near future.

A s

Richard H. Reesman
General Manager &¢Z)*Q

Sincerely,

RHR/dm
nelc: 7 reports & invoice #4473
cc: J.R. Rand (letter)

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA. 02139 o (617)- 876- 3691 -

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. B-2882 Date Received: 22 July 1974
Your Reference: PF = sl Date Repofted: 16 August 1974

Submitted by: Richard J. Holt
Weston Geophysical Res., Inc.
P.0. Box 550
Westboro, MA 01581

Sample Description & Locality: Kittery quartzite
Towle Road, Hampton-Exeter Expressway
Hampton, New Hampshire

Material Analyzed: Chloritized biotite concentrate, -80/4+200 mesh.

Ar40*/K40 = 01687 AGE= 268 + 10 M.Y.

Argon Analyses:

Ar4°* ppm. Ar4°*/ Total Ar*° Ave. Ar*°*, ppm.
.06717 .834 _ .06653
.06588 .862

Potassium Analyses:

% K Ave. %K K%, ppm
3.224 3.233 3.944
3.242
Constants Used:
1 Az + A 30 *
A3 =4.72x1071°/ year AGE = ———— '“[ﬁ X e x Ar + 1]
e B e K4()

Ae = 0.585 x 10!/ year
K4%/K =1.22 x 107% g./g.

Note: Ar*®* refers to radiogenic Ar?”.

M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA. 02139 o (617)-8764- 369}

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. A-2883 Date Received: 22 July 1974
Your Reference: PF - S2 Date Reported: 16 August 1974

Submitted by: Richard J. Holt
Weston Geophysical Res., Inc.
P.0. Box 550
Westboro, MA 01581

Sample Description & Locality: Rye fm. feldspathic quartzite
Winnicut Road, Route 151
North Hampton, New Hampshire

Material Analyzed: Amphibole concentrate, -80/+200 mesh. Estimated composition:
95% gray-black amphibole, 5 adhering groundmass.

Ar®O+ /K40 = 01960 | AGE= 308 + 14 M.Y.

Argon Analyses:

Ar4°* ppm. Ar4°*/ Total Ar*° Ave. Ar%°*, ppm.
.01794 674 01773
01752 .668

Potassium Analyses:

% K Ave. %K K %%, ppm
.752 .741 904
.731 .
Constants Used:
1 Aqg + A 49 »
A8 =4.72x1071°/ year AGE = ~— o '”[ 8 X e x Ar + 1}
e ﬁ e K4O

Ae =0.585x 107! 9/ year
K4°/K=1.22x 107 g./q.

Note: Ar*°* refers to radiogenic Ar*°.

M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA 02139 e (617)-876-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. M-2884 Date Received: 22 July 1974
Your Reference: PF - S3 . Date Reported: 16 August 1974

Submitted by: Richard J. Holt
Weston Geophysical Research Inc.
P.0. Box 550
Westboro, MA 01581

Sample Description & Locality: Rye fm. feldspathic gneiss
Route 1 Bypass, Lafayette Road
Portsmouth, New Hampshire

Material Analyzed: Muscovite concentrate, -80/+200 mesh. Estimated composition:
90% msucovite, 52 biotite, 5Z quartz and feldspar.

Ar0*/K4% = 01864 AGE = 294 + 10 M.y,

Argon Analyses:

Ar?°* ppm. Ar %%/ Total Ar*° Ave. Ar*°* ppm.
.1522 : .852 1500
.1478 .782

Potassium Analyses:

% K Ave. %K K 4%, ppm
6.563 6.597 8.048
6.631
Constants Used:
1 At A 40 %
A8 =4.72x10 '/ year AGE = "~ 'n[i S ey Ar + 1]
e ‘3 e Kd()

Ae = 0.585 x 10 7' °/ year
K4°/K =1.22x 107 g./g.

Note: Ar *°* refers to radiogenic Ar*°.

M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA 02139 o (617)- 876- 3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. M-2885 Date Received: 22 July 1974
Your Reference: PF - S4 Date Reported: 16 August 1974

Submitted by: Richard J. Holt
Weston Geophysical Res., Inc.
P.0. Box 550
Westboro, MA 01581

Sample Description & Locality: Rye fm. feldspathic quartzite
Route 1 Bypass, Greenleaf Road
Portsmouth, New Hampshire

Material Analyzed: Concentrate of fine-grained mica~quartz aggregates, -80/+200 mesh.

Ar 49*/K*% = 01645 AGE= 262 + 11 M.Y.

Argon Analyses:

Ar4°* ppm. Ar %%/ Total Ar¢° Ave. Ar*°* ppm..
.02042 +625 .02046
02049 645

Potassium Analyses:

% K ' Ave. %K v K*°, ppm
1.015 1.019 1.243
1.023

Constants Used:
1 Ag + A 40 ¥
A3 =4.72x 1071/ year AGE = T '”[ B S ey Ar + 1]
e 6 e

K4O
Ae =0.585x 107°'°/ year
K4°/K =1.22 x 107 g./g.

Note: Ar*"* refers to radiogenic Ar *".

M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET o CAMBRIDGE, MA. 02139 e (617)-876- 3691

POTASSIUM—-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. A-2886 Date Received: 22 July 1974
Your Reference: SRF = S1 Date Reported: 16 August 1974

Submitted by: Richard J. Holt
Weston Geophysical Res., Inc,
P.0. Box 550
Westboro, MA 01581

Sample Description & Locality: Diorite
Scotland Road, Interstate 95
Newbury, Massachusetts

Material Analyzed: Amphibole concentrate, -80/+200 mesh. Estimated composition:
85% amphibole, 107 biotite, 5% chlorite.

Ard0*/K*0 = 02764 AGE= 422 + 17 M.Y.

Argon Anal!ses:

Ar®°* ppm. Ar“°*/ Total Ar4° Ave. Ar*"* ppm.
,03714 .807 .03892
. 04070 .389

Potassium Analyses:

% K Ave. %K K%, ppm
1.154 1.154 . 1,407
1.154

Constants Used:
1 A+ A A 40 *
= - = = - ' e r
N3 =472x107'%/ year AGE A ”[ﬁke X + 1]

Ae = 0.585 x 10719/ year
K4%/K =1.22 x 1074 g./g.

Note: Ar *°* refers to radiogenic Ar*°.
M.Y. refers to millions of years.



KRUEGER ENTERPRISES, INC.
GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET » CAMBRIDGE, MA 02139 » (617)-876- 3691 7

POTASSIUM—ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sampie No.  A-2887 Date Received: 22 July 1974
Your Reference: SRF -~ 52 | Date Reported: 16 August 1974

Submitted by: Richard J. Holt
Weaton Geophysical Res., Inc.
P.0. Box 550
Westboro, MA 01581

Sample Description & Locality: Schist
Highfield Road, Abandoned RR grade

Newbury, Massachusetts

Material Analyzed: Chlorite - amphibole concentrate, -80/+200 mesh. Estimated
composition: 40% amphibole, 60% chlorite.

Ard0*/K40 = 01932 AGE= 304 + 15 M.Y.

Argon Analyses:

Ar‘°* ppm. Ar4°*/ Total Ar*° Ave. Ar*"* ppm.
,01162 | .381 ,01149
.01136 348

Potassium Analyses:

% K ~ Ave. %K K% ppm
<492 .487 «594
483

Constants Used:

A8=4.72x107"'°/ year AGE =

Ae = 0.585 x 10719/ year
K%%/K =1.22x107%g./q.

. In[:_i‘_ﬁ+ )\e X Ar‘”’* " 1}

}\e K40

Note: Ar*°* refers to radiogenic Ar %%,

M.V. refers to millions of years.



\ KRUEGER ENTERPRISES, INC.
'/ GEOCHRON LABORATORIES DIVISION

24 BLACKSTONE STREET » CAMBRIDGE, MA_ 02139 o (617)-876- 3691

POTASSIUM—ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK
Our Sample No. B-2888 Date Received: 22 July 1974
Your Reference: SRF = S3 ' Date Reported: 16 August 1974

Submitted by: Richard J. Holt
Weston Geophysical Res., Inc.
P.0O. Box 550
Westboro, MA 01581

Sample Description & Locality: Newburyport granodiorite
Parker Street, Little River area
Newburyport, Massachusetts

Material Analyzed: Chlorite-biotite concentrate, -80/+200 mesh. Estimated
composition: 70% chloritized biotite, 30Z quartz.

Ar40*/K40 = 01860 AGE = 294 + 20 M.Y.

Argon Analyses:

Ar‘°* ppm. Ar4°*/ Total Ar %° Ave. Ar*°* ppm.
.005765 +325 .005548
.005330 .370

Potassium Analyses:

% K Ave. %K K *°, ppm
245 244 298
244
Constants Used:
1 Aa + 40 *
A3=4.72x107'%/ year AGE = - In [—9 Ae x Ar + 1J
Ae t A Ae K 4°

Ae = 0.585 x 107! °/ year
K*4%/K=1.22x 107% g./g.

Note: Ar*°* refers to radiogenic Ar*°.

M.Y. refers to millions of years.
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