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1.0 INTRODUCTION 

During the period of July, 1975 to October, 1975, 

Dames & Moore conducted a supplementary geologic investigation 

of the Indian Point Generating Station site and surrounding area 

(Plate C3-1). The investigation was authorized by Consolidated 

Edison Company of New York.  

The intent of the investigation was to obtain addi

tional evidence to establish, if possible, whether or not there 

is any evidence of recent displacement along the N-S trending 

fault identified onsite north of reactor unit No. 3.  

The purpose of the study was to identify all signifi

cant site-associated structural features and to establish the 

origin and history of these features. The immediate objectives 

were to: 

1) Determine whether or not there is any evidence 

of recent displacement along the N-S-trending 

fault identified onsite north of unit No. 3.  

2) Explore the possible relationship of the fault 

onsite to any other significant faults in the 

region; and 

3) Determine the date, absolutely or relatively, of 

the fault onsite and any others found to be as

sociated with it or, alternatively, generate a 

sufficient weight of circumstantial evidence to 

resolve questions which may be raised by govern

mental agencies concerned with the safety aspects 

of these faults.  
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To achieve these objectives an integrated program of 

geological and geophysical investigations was conducted. This 

program included: 

1) A review of the literature.  

2) The preparation of lithological and structural 

plans of outcrops onsite.  

3) The examination of available drill cores and 

foundation records onsite.  

4) The generation of a geologic map of the site and 

surrounding area.  

5) The study of fractures and faults both onsite 

and offsite.  

6) Petrographic, mineralogic and fluid inclusion 

studies.  

7) A regional reconnaissance of rock types, frac

tures and faults within a 10-mile radius from 

the site.  

8) Radiometric dating of rock samples onsite and 

offsite.  

9) The identification of linear features on remote 

sensing imagery.  

10) The investigation of Pleistocene deposits and 

geomorphological features within a 10-mile radius 

of the site.  

11) Seismic profiling in the Hudson River; and 

12) A ground magnetic survey immediately northeast 

of the site.
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Consultants with specialized technical skills were 

retained to supplement the investigations. Principal among 

these were: Dr. Lowell A. Douglas, consultant in pedology; 

Dr. Andreas Haji Vassiliou consultant in x-ray diffraction 

mineral identification; Krueger Enterprises, Inc., radiometric 

age determination; Dr. H. L. Barnes and Mr. R. K. McLimans 

consultant for fluid inclusion analysis and E.G.&G., contracted 

to perform marine seismic survey under Dames & Moore's super

vision.  

This report is presented in two parts. The first 

part, Introduction and Summary (Section 1.0 and 2.0), describes 

Dames & Moore's conclusions and interpretations in general 

terms - an overview, not an in-depth evaluation. The second 

part, which include all Appendices, is technical and provides 

the documentation necessary for a thorough evaluation.  

1-3



2.0 SUMMARY 

2.1 GENERAL 

The Inwood Marble and Manhattan Schist Formations of 

the Manhattan Prong are the dominant litho-stratigraphic units 

cropping out at, and around the Indian Point Generating Station.  

These metasediments were initially deposited (during upper Pre

cambrian and Lower Paleozoic) as flat lying undisturbed sedi

mentary layers on an existing metamorphosed and deformed Pre

cambrian basement surface. Since their deposition, these rocks 

have been metamorphosed, folded, intruded by igneous rocks, 

faulted, and fractured during several orogenic and tectonic 

events.  

During this study, the relative sequence of the de

velopment of fractures and faults that have affected these rocks 

since their deposition has been established. This was done to 

identify the nature and character of the youngest tectonic 

movement that has affected the area. The successively younger 

deformed rocks of the late Ordovician Cortlandt complex, the 

Devonian Peekskill Granite, and the sediments and intrusives 

of the Triassic Newark Basin were also studied to provide, when

ever possible, a definite time correlation to a radiometrically 

dated geologic event.  

It should be noted that the summary presented here is 

a synthesis of Dames & Moore's field effort integrated with the 

available published information on the geology of the region.
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2.2 SEQUENCE OF REGIONAL DEFORMATION 

Subsequent to sediment deposition and induration, the 

lithologic layers, which today are represented by the rocks of 

the Inwood and Manhattan Formations, were deformed. This ini

tial phase of ductile deformation (F1 ) developed isoclinal folds 

by passive flow, and a dominant axial plane foliation parallel 

to layering. F -deformation was coeval with the most intense 

period of metamorphism that these rocks have undergone. The 

minimum age for this event has been dated at 450 m.y. in the 

literature. A possible minimum age of 514 m.y. was obtained 

(by radiometric methods) during this investigation. West

striking normal faults, which produced monoclinal flexures in 

the overlying rocks were recognized in the Fordham Gneiss. Due 

to the ductile behavior of the overlying rocks, these faults are 

inferred to have formed during cooling following the peak of 

regional metamorphism and represent the initiation of brittle 

deformation within the Manhattan Prong.  

A second period of folding (F2 ) refolded the Flfolds 

and is characterized by more open, concentric folds. The F2

folds formed by flexural slip, implying a relatively brittle 

fold mechanism. The following fault and fracture directions 

were correlated with F 2-folds: 

I) A conjugate pair of faults and fractures ori

entated about a compression direction that is 

normal to the layering and foliation (S o/S )
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2) Fractures oriented NW parallel to the extension 

direction; and 

3) Thrust faults and extension fractures striking 

northeast and parallel to the strike of S0/SI.  

The Cortlandt Complex was intruded during the period 

of F2-folding. Locally, within the site area, it appears that 

both the fractures described above and the F2-structural ele

ments (axes and axial planes) have been equally rotated in the 

same direction by this intrusion. A radiometric age determina

tion of 435 m.y. for the Cortlandt intrusion provides a minimum 

age for the genetic development of these fractures and faults 

onsite.  

Regionally, conjugate strike-slip faults oriented 

WNW and NS, and orthogonal vertical extension fractures that 

bisect the acute and obtuse angles of the conjugate fault sys

tem may also be interpreted as being related to F2-folding.  

Although the period of F2-folding and fracturing was initiated 

prior to the intrusion of the Cortlandt Complex, it is possible 

that the stress system responsible for these faults endured 

long enough to have also affected the rocks of the Cortlandt 

Complex (Plate 1A).  

Post-Cortlandt, the effects of a counterclockwise ro

tation of the regional compression direction resulted in the 

development of the following fractures and faults: 

1) A conjugate pair of faults in which the dextral 

set strikes ENE to EW and the sinistral set
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strikes WNW to EW. Regionally, these faults are 

also interpreted to be associated with local 

small-scale reverse faulting in Silurian rocks 

(Plate 1B).  

2) A conjugate pair of faults in which the sinistral 

set strikes ENE to NE and the dextral set strikes 

NS to NNE (Plate IC). Regional relationships 

also indicate that this conjugate pair is younger 

than the F2-related fractures.  

3) Steeply dipping to vertical extension fractures 

trending NW and NE (Plate IC). Andesitic, dia

basic, rhyolitic and lamprophyric dikes fill 

predominently steeply dipping NW-trending frac

tures and a few steeply dipping NE-trending 

fractures. A NW-trending lamprophyric dike has 

been dated at 398 m.y.  

4) Shallow dipping NE-trending fractures which to

gether with steeply dipping NW-trending frac

tures are intruded by pink granitic to pegmatitic 

dikes (Plate IC). These dikes have been recog

nized in the area of the Cortlandt Complex. It 

is therefore inferred that these fractures were 

open prior to the intrusion of the Peekskill 

Granite.  

Most of the faults and fractures described above may 

be interpreted as being geometrically related to open, concen

tric, steeply plunging F3-folds. Although these folds have not
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yet been recognized in the study area, they have been described 

in other areas, one being the New-York City area.  

Both left-lateral and right-lateral senses of move

ment have been recognized along NNE and NNW-trending faults on

site and nearsite. Cross-cutting relationships onsite suggest 

that left-lateral NNE and right-lateral NNW may constitute a 

conjugate fault system with the regional compression direction 

oriented approximately NS (Plate 1D). The intrusion of the 

Peekskill Granite, which has been dated at 369 m.y., is inter

preted to have occurred beforethe dissipation of the NS com

pression. Steeply dipping NNE and NNW fracture orientations 

have been recorded in the Peekskill Granite as joints only and 

no definite conjugate pair relationship can be established be

tween these two trends. Extensional EW-striking fractures were 

also recognized in the Peekskill Granite.  

Reactivation of the tectonic stresses occurred during 

the Lower Triassic and resulted in the development of the Tri

assic Newark-Basin. The Triassic sediments were deposited 

against the footwall of a normal fault, referred to in the lit

erature as the Triassic Border Fault. This normal fault strikes 

northeast with the downthrown side to the southeast (Plate 2A).  

The Newark strata unconformably overlie pre-Triassic rocks 

along the northeastern and eastern margins of the basin.  

The initial deformation of the Triassic rocks within 

the Basin was in response to a regional compression oriented 

approximately N250 to 30*E. A conjugate pair of faults de-
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veloped, in which the sinistral set strikes NE to ENE and the 

dextral set strikes NNE. The regional distribution of this 

conjugate pair within the Triassic Basin makes it likely that 

rocks outside the Basin experienced the same deformation. It 

can also be postulated that the Triassic Border Fault exper

ienced left-lateral, strike-slip movement at this time. Addi

tionally, extensional fractures and normal faults striking be

tween WNW and EW developed (Plate 2BY.  

Based on the structural interpretation of deforma

tional features observed in the Manhattan Prong at and near the 

Indian Point Generating Station, the last tectonic event appears 

to have been in response to a simple shear system of sinistral 

polarity. The main shear of this system is oriented northeast.  

As a result, left-lateral reactivation of movement occurred 

along many northeast-trending faults (main shears) and numerous 

minor NNE to NNW-trending associated faults (synthetic shears).  

It should be mentioned, however, that during this investigation 

no left-lateral movement has been recognized on NNE to NNW

trending faults in the northern terminus of the Triassic Newark 

Basin. It is also interpreted that as deformation progressed, 

small increments of finite normal movement eventually occurred 

on NS- and NW-trending faults. Numerous NS-trending faults 

with steep-to-vertical slickensides have been recorded in the 

Hudson Highlands and lend support to this hypothesis. Some 

pre-existing WNW to EW-trending fractures and faults may also 

have inherited some of the tensional component associated 

with antithetic shears (Plate 2C).
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To date, no unconsolidated deposits or soils older 

than Late Wisconsin (15,UOO to 17,000 years old) have been 

identified in the area. These Late Wisconsin deposits consist 

mainly of thin glacial deposits on interstream uplands, and 

thicker, more extensive morainal, glacio-fluvial, glacio

lucustrine and ice contact deposits confined to the bottoms and 

walls of the principal valleys. Most of the faulting and fold

ing observed in the unconsolidated sediments can be attributed 

to sedimentary and early diagenetic processes. The origin of 

a few faults and diapiric structures, described in detail in 

Appendix D, has not been determined conclusively.  

Field and aerial photographic examination has re

vealed the presence of bedrock benches along the Hudson River.  

These benches represent remnants of an old, relatively flat 

valley bottom on strath which was cut by lateral planation 

of the Hudson River. The age of this bedrock (strath) terrace 

can be definitely shown to predate the Late Wisconsin ice ad

vance, indicating a minimum age greater than 10,000 to 20,U00 

years. It appears that the bedrock terrace can be traced on 

both sides of the river from Cold Spring to Peekskill and on 

the east side of the river from Peekskill to Haverstraw. This 

terrace, which crosses several regional faults, occurs at about 

the same elevation (+10-20 feet) on opposite sides of the river 

and appears to have a constant uninterrupted slope between Cold 

Spring and Haverstraw.
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Glacial striations on polished bedrock surfaces have 

been observed in the region. No vertical or horizontal dis

placement has affected the glacial features which extend across 

the faults. In one case, a half-inch vertical offset of 

striations on polished red sandstone does not appear to be the 

result of fault displacement (see Appendix D).  

A soil horizon over the exposure north of reactor 

unit No. 3 developed as a result of the alteration of the under

lying bedrock. Since the area was glaciated some 15,000 years 

ago and since the accumulation of clay is a time-dependent 

property, it is interpreted that the soil is 8,0 00 to 10,000 

years old. The NNW-trending fault mapped in the trench at the 

foot of the exposure north of reactor unit No. 3 splays into 

two branches. The horizonation of the soil over one branch 

indicate that the soil has not been displaced by faulting (this 

determination has a precision of about +2 inches). Because of 

soil creep and differences in the rate of erosion of the under

lying bedrock, no conclusion could be arrived at from soil 

information over the second branch.  

2.3 SITE 

The N-S striking fault described at the outcrop north 

of reactor unit No. 3 lies inbetween and terminates along two 

parallel NNW-trending faults. It is interpreted that the last 

movement on these faults occurred as a result of left-lateral 

reactivation along pre-existing faults in response to left

lateral displacement along northeast-trending shears.
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Small euhedral crystals of undeformed calcite occur 

within the NS and NNW-trending faults north of reactor unit 

No. 3. 'Samples were collected from both the NNW and NS fault 

planes. The crystals are small (1 mm) and display well de

veloped crystal faces. Textural relationships indicate post

tectonic formation in an open-fracture system. The results of 

homogenization tests, performed during fluid inclusion studies, 

yielded filling temperatures of 1600 to 170WC. The minimum 

corresponding depths (pressures) to attain such boiling points 

is on the order of 150 feet.  

The undeformed nature of the calcite crystals and the 

range of depths required for their formation indicates that the 

faults containing these crystals have not moved since they were 

buried at those depths. By applying a denudation rate of 2.7 

inches/1000 years (Judson and Ritter, 1964) to the correspond

ing depth required for the formation of the fluid inclusions, 

the time required to unearth these crystals is 730,000 years.  

Meade (1969) contends that a denudation rate of 2.7 inches/ 

1000 years is too high by a factor of two. This area was sub

jected to glacial scouring and the rate of erosion cannot be 

precisely determined. However, by using a conservative esti

mate of 6 inches/l,000 years, to qualitatively account for un

knowns such as glacial scouring, it can be concluded that the 

NS to NNW-trending faults north of reactor unit No. 3 have not 

moved during the past 330,000 years. In addition, the sugges

tion of an even older age cani, at the present time, be predica

ted on the filling temperatures of primary inclusions in un-
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strained crystals (1600 to 1700C). These temperatures reflect 

a significant thermal episode probably related to igneous ac

tivity-which is not known to have occurred in this area during 

the last 500,000 years.
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APPENDIX Al 

GENERAL STATEMENT 

The Indian Point Generating Station of the Consolida

ted Edison Company, Inc. of New York is located approximately 

two miles southwest of the City of Peekskill, Westchester 

County, New York, on the east bank of the Hudson River.  

The following 7-1/2' U.S.G.S. Quadrangle maps, sur

rounding the site area, served as base maps for the geologic 

investigation: 

Cornwall West Point Oscawana Lake 

Popolopen Lake Peekskill Mohegan Lake 

Thiells Haverstraw Ossining 

These maps cover the area between latitude N41'07'30" 

and N41*30', and longitudes W73°45' and W74°07'30".  

This section presents a summary of the geologic lit

erature that discusses the rock types and stratigraphic rela

tionships as well as the geologic structures and isotopic age 

determinations of the rocks that crop out at and around the 

Indian Point Generating Station.
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APPENDIX A2 

ROCK TYPES 

A2.1 MANHATTAN PRONG 

The Inwood Marble and Manhattan Schist Formations of 

the Manhattan Prong crop out onsite. Hall (1968) studied the 

stratigraphic relationships of the Manhattan Prong in the White 

Plains area. He recognized a gneiss complex, consisting pre

dominantly of the gneisses and amphibolites of the Yonkers 

Gneiss and Fordham Gneiss, and a sequence of cover rocks con

sisting of lowerre Quartzite, Inwood Marble, and Manhattan 

Schist.  

The Yonkers Gneiss is granitic in composition, where

as metamorphosed clastic sedimentary rocks compose most of the 

gneisses in the Fordham Gneiss. The gneiss complex, then, is 

interpreted as a predominantly clastic and volcanic eugeosyn

clinal sequence that has undergone high-grade metamorphism.  

The Yonkers and Fordham Gneisses are truncated at the 

Inwood contact which is interpreted as a major angular uncon

formity. The scattered distribution of the Lowerre Quartzite

in the Manhattan Prong is the result of deposition on an ir

regular topographic surface with high areas shedding clastic 

debris into local low areas. The Manhattan schist is in con

tact with different members of the Inwood Marble and locally 

even with the gneiss complex. This discordance between the 

base of the Manhattan and the older rocks, as well as the gneiss 

complex, is interpreted as another angular unconformity.
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Since both the Inwood Marble and Manhattan Schist 

crop out onsite, the detailed stratigraphic classification 

presented by Hall (1968) for the White Plans area is included.  

A2.1.1 Inwood Marble 

The Inwood Marble is composed predominantly of clean 

dolomite marble and clean calcite marble with smaller amounts 

of calcite-dolomite marble, tan-to-brown weathering granular 

calcite marble, tan weathering calc-schists and, granular 

dolomitic siliceous rocks as well as some tan mica schist. The 

maximum apparent thickness of the Inwood Marble is 2000 feet 

(600 m) in the White Plains area. The Inwood Marble has been 

divided into five members, in the White Plains area. The 

following brief description of each member is in order of 

sequence from the base: 

1) Inwood-A - White, gray, or bluegray dolomite 

marble composes member A of the Inwood.  

2) Inwood-B - Interbedded white, gray, buff, or 

pinkish dolomite marble, tan and reddish-brown 

calcschist, purplish-brown or tan siliceous 

calc-schist, and gray calcite-dolomite marble 

are common. Bedding is one-half inch (1 cm) to 

3 feet (1 m) thick. The upper and lower con

tacts of Inwood-B are gradational.  

3) Inwood-C - White or blue-gray clean dolomite 

marble in beds 6 inches (15 cm) to 8 feet (2.4 

m) thick are characteristics; in some places, 

member C is massively bedded and it is locally 

fetid. Irregular pods and lenses of quartz may 

be present.  
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4) Inwood-D - This consists of thin-bedded, tan 

dolomite marble, gray calcite marble, and tan 

calcschist.  

5) Inwood-E - Gray or white calcite marble that 

commonly weathers tan is characteristic of 

member E.  

Units B and C are the most commonly exposed members of 

the Inwood. There are some places where, apparently as a re

sult of sedimentary facies changes, one or more of the Inwood 

members were not deposited. Such lensing in and out is appar

ently common for Inwood members D and E.  

A2.1.2 Manhattan Schist 

This is an assemblage of schists, schistose gneisses, 

and amphibolites. Three members of the Manhattan have been 

recognized and mapped in the White Plains area. These three 

members are here briefly described, beginning with the oldest.  

1) Manhattan-A - Manhattan A is a predominantly 

gray or dark-gray fissile sillimanite-garnet

muscovite-biotite schist with interbedded white 

calcite marble at the base. It should be noted 

that these marble beds have heretofore been 

considered part of the Inwood Manhattan Schist.  

The schist is locally rusty or brown on the 

weathered surface. The entire unit has an ap

parent maximum thickness of 900 feet (300 m).
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2) Manhattan-B - Dark greenish-gray or black amphi

bolite makes up member B. This unit is dis

continuous, being absent or only a few feet 

(meters) thick in many places, but as much as 

100 feet (30 m) thick elsewhere.  

3) Manhattan-C - Brown weathered garnet-muscovite

biotite schist or schistose gneiss characterizes 

Manhattan C. These rocks are typically feldspar 

rich and commonly contain sillimanite nodules.  

Bedding is distinguished with difficulty in most 

exposures, but siliceous beds are prominent in 

some places.  

Prucha (1956) studied the stratigraphic relationships 

of the metamorphic rocks in southeastern New York, south of the 

Hudson Highlands. He considers the Fordham, Inwood, and Man

hattan conformable. These Formations can be traced almost 

continuously from New York City to Danbury, Connecticut. Some 

workers have suggested that this conformity is structural; but 

Prucha believed it unreasonable to expect that this conformity 

would be so complete and persistent over 60 miles, if due solely 

to deformation. Furthermore, he argued that the stratigraphic 

position should not be so consistent if conformity were due only 

to tectonism. He considers the local presence of Inwood and 

Manhattan type rocks in the Fordham to be due to tight infold

ing. He also prefers not to consider the Lowerre Quartzite as
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a Formation but as the upper quartzitic facies of the Fordham.  

The Fordham, Inwood, and Manhattan are considered to be part of 

the New York City Group.  

Ratcliffe and Knowles (1969) studied the strati

graphic relationships in the Manhattan Prong, along the western 

edge of the Cortlandt intrusives. They described the following 

rock types: 

1) Fordham Gneiss (Basement Rocks) 

"Pinkish gray, poorly foliated, K-feldspar

quartz-biotite gneiss, granitic gneiss or 

granulite layered, biotite-plagioclase-quartz 

gneiss; massive, hornblende-biotite-plagioclase 

gneiss and related layered hornblende gneisses 

and amphibolites.  

2) Lowerre Quartzite 

White quartzite - weathers tan to pinkish-tan.  

Possible basal conglomerate present closest to 

the contact with the underlying Fordham Gneiss.  

No actual contact with Fordham seen.  

3) Inwood Formation 

Due to varying degrees of metamorphism, the 

Inwood differs from place-to-place in color and 

crystallinity.  

Unit A "White to gray crystalline dolostone or 

dolomitic marble, without sandy or 

argillaceous impurities."
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Unit B - "Gray to dark-gray, layered dolostone 

with thin, orange, weathering quartz

ite in one-inch beds, and numerous 

phyllitic partings... Minor three-to

five-foot thick quartzites along with 

biotitic, mottled calc-dolstone." 

Unit C - "White crystalline dolomitic marble, 

locally sandy at base..." "...tremolite

diopside rich bed near the top at 

Crugers." 

4) Manhattan Formation 

A dark to light-bluish gray crystalline lime

stone or marble occurs at the base of the 

Formation. This basal carbonate thins or is 

absent where the Manhattan and Fordham are in 

close proximity. The Manhattan can be sub

divided into two units: 

The Lower Manhattan (Unit A) is principally a 

dark colored graphitic" biotite-rich phyllite 

or schist containing interbedded black, calcite 

quartzites, calcareous phyllite, and phyllitic 

marbles. Rustyweathered sooty-black schists and 

calcareous graywackes occur near the base.  

Based on fossil content and lithologic charac

teristics, this unit is considered correlative 

with Annsville Phyllite of the Peekskill Valley.
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Upper Manhattan (Unit B) is lighter colored than 

the Lower Manhattan. The Unit is characterized 

by abundant garnets and larger mica crystals.  

Biotite-muscovite-quartz-plagioclase granulites 

are common and account for a considerable 

thickness of this unit.  

Lithostratigraphic mapping along the western border 

of the Cortlandt Complex (Ratcliffe and Knowles, 1969) supports 

the correlation of metasediments at Crugers, south of Cortlandt, 

with the rocks exposed at Verplanck Point, Tomkins Cove, and 

Stony Point. The following mineralogical assemblages were 

recognized within the Manhattan: 

1) In the Tomkins Cove - Stony Point area: quartz

muscovitechlorite-opaque (Annsville, equivalent 

to Lower Manhattan); quartz-muscovite-biotite

plagioclase-opaque (Lower Manhattan); quartz

muscovite-biotite-plagioclase-garnet (Upper 

Manhattan).  

2) At Verplanck Point: quartz-biotite-muscovite

plagioclasegarnet-opaque and quartz-biotite

muscovite-garnet-staurolite-calcite (Lower 

Manhattan); quartz-biotite-muscovite-plagio

clase-garnet-staurolite (Upper Manhattan).  

3) At Crugers: Quartz-biotite-muscovite-plagio

clase-garnet-staurolite, quartz-biotite

muscovite-plagioclase-K-feldspar-calcite-
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epidote, and quartz-biotite-muscovite-plagio

clase-calcite-actinolite (Lower Manhattan); 

quartz-biotite-muscovite-plagioclase

staurolite-garnet-kyanite (Upper Manhattan).  

These mineralogical changes appear to indicate nor

mally progressive regional metamorphism to the east-southeast.  

Further southeast sillimanite was reported. The contact meta

morphic effect induced by the Cortlandt Complex is local.  

A2.2 HUDSON HIGHLANDS 

The Precambrian rocks of the Reading Prong extend 140 

miles from Reading, Pennsylvania, north to Connecticut. The 

metamorphic complex of the Hudson Highlands extends northeast

ward from Peapack, New Jersey, across the Hudson River, to 

Connecticut (Ratcliffe, 1970). Whereas Dallmeyer (1968) con

sidered the Hudson Highlands to be part of the Reading Prong, 

Harwood and Zietz (1974) suggest that the weakly magnetic rocks 

of the Hudson Highlands appear to extend westward and overlie 

the more magnetic rocks of the main mass of the Reading Prong.  

The mineral assemblages of the Highlands rocks are 

typical of the upper amphibolite-lower granulite facies of 

regional metamorphism. The metamorphic rocks in the Bear Moun

tain area are inhomogeneous and can be classified as: 

1) biotite-quartz-feldspar gneiss; 

2) hypersthene-quartz-oligoclase gneiss; and 

3) hornblende-quartz-feldspar gneiss.
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The predominant rock type is a rusty-weathering, well

foliated, biotite-quartz-feldspar-gneiss. Lenses of marble and 

local gradation into lenses or layers rich in sillimanite, gar

net and/or graphite have been recognized. The hypersthene

quartz-oligoclase-gneiss has a faint foliation, is gray green 

on fresh surfaces and light gray on weathered surfaces. Free 

K-feldspar is rare. The hornblende-quartz-feldspar-gneiss is 

greenish, well-foliated, and shows a strong compositional layer

ing.  

Dallmeyer (1968) considered the biotite-quartz-feldspar 

gneiss a metasediment and the hypersthene-quartz-oligoclase

gneiss a meta-igneous rock. The hornblende-quartz-feldspar

gneiss is of unknown origin. Both the paragneiss and horn

blende-quartz-feldspar gneiss were metamorphosed to the silli

manite-almandine subfacies of the almandine-amphibolite facies.  

The orthogneiss was metamorphosed to the granulite facies.  

Although the effects of retrogressive metamorphism have been 

recognized in the orthogneiss, these effects are localized and 

only one period of regional metamorphism is implied.  

A2.3 MAJOR IGNEOUS INSTRUSIONS 

The Storm King Granite is a hornblende granite that 

intrudes the Canada Hill Gneiss of the Hudson Highlands. Per

thite, quartz, plagioclase and hornblende are the major con

stituents, and clinopyroxene, apatite, zircon, biotite, sphene, 

and opaques are accessories. A weak foliation, defined by horn

blende, biotite, and flaty quartz crystals, is most conspicuous
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near the contacts. This foliation is conformable to that in the 

surrounding gneisses (Dallmeyer, 1968).  

The Canopus Pluton, a highly differentiated dioritic 

to quartz monzonitic pluton, approximately 3.5 km long and 0.5 

km wide, was emplaced as an elongated sill within an already 

well-developed fracture zone in Canofus Hollow. Ratcliffe and 

others (1972) considered this fracture zone part of the Ramapo 

fracture system. Northwest-southwest trending shears that 

cross the igneous rocks are filled with undeformed, late-stage 

pegmatitic differentiates, ranging in composition from horn

blende diorite pegmatite to granite pegmatite.  

The diverse igneous rocky types, ranging from diorite 

to peridotite, that make up the Cortlandt complex near Peeks

kill, New York, are intrusive into a series of metasedimentary 

rock of lower Paleozoic or late Precambrian age (Ratcliffe, 

1968). Based on. his mapping, Balk (1927) considered the com

plex to represent the upper part of a funnel-shaped magma 

chamber. Biotite diorite, remarkably uniform in both texture 

and composition, constitutes the earliest part of the pluton.  

This rock as well as the metasediments are intruded by layered 

cortlandite, pyroxenite, hornblende, pyroxenite, and horn

blendite. Lamprophyre and diorite dikes and sills occupy def

inite joint sets in the biotite diorite and follow axial plane 

cleavage or compositional layering in the metasediments. Aplite 

dikes, several inches thick, cross the dikes in both the biotite
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diorite and the phyllite. Late-stage serpentinization of the 

Cortlandite is restricted to local areas and is of minor sig

nifance (Ratcliffe, 1968).  

The Rosetown is a composite pluton which has an older 

funnel-shaped mass of hornblendite and hornblende diorite. This 

older pluton and the surrounding Precambrian gneisses have been 

fractured along a shear zone that trends N40°E, coplanar with 

the nearby Ramapo Fault at Tomkins Cove (Ratcliffe, 1971).  

Blocks of Precambrian geniss, rocks of the older pluton, Waffin

ger limestone, and Annsville phyllite are found as xenoliths in 

the younger diorite that forms the major part of the Rosetown 

pluton. North and south of the pluton, unsheared lamprophyric 

dikes (largely spessartites) and small pods of diorite intrude 

the shear zone. These dikes intrude gneissic rocks in the vicin

ity of the Ramapo Fault near Tomkins Cove. Although foliated 

near the fault, these dikes and small diorite pods have not 

been as intensely mylonitized as the country rocks.  

The Peekskill Pluton has an irregular, elongated shape 

aligned approximately east-west. Except for contacts with the 

Inwood Marble, there are no physiographic expressions of con

tacts between the Peekskill Pluton and adjacent rocks. Grano

diorite occupies the center and western portions of the pluton.  

Eastward, it grades into a granite. Because of poor exposures, 

contacts are not accurately located. Inclusions from the Cort

landt Complex are rare and no xenoliths of Inwood have been 

found.
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The granodiorite is'a light-colored, fine-to-medium 

grained rock, generally massive, though locally a slight-to

moderate foliation can be recognized. The rock is more notice

ably foliated and richer in biotite near the contact. The 

granite phase is a massive, high, fine-to-medium grained rock 

which is homogeneous in most places but locally shows a slight 

foliation due to the orientation of mica flakes.  

A series of isomineralogical contour maps, showing 

the distribution of quartz and feldspar, suggest that the pluton 

is a skewed body. Espejo (1969) concluded that no evidence of 

faulting exists at the borders of the pluton, and interpreted 

the truncation of the isomineralogical contours to tilting of 

the pluton towards the northeast.
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APPENDIX A3 

STRATIGRAPHIC RELATIONSHIPS 

Many geologists have proposed that the cover rocks of 

the Manhattan Prong correlate with the Cambrian and Ordovician 

clastic and carbonate sequence north of the Hudson Highlands.  

The Lowerre Quartzite correlates with the Poughquag Quartzite as 

well as the fossiliferous Dalton and Cheshire further north.  

Therefore, the Yonkers-Fordham gneiss complex is, therefore, 

Precambrian, but not necessarily coeval with the gneisses of 

the Hudson Highlands.  

Prucha (1956) doubted that any definite stratigraphic 

correlation of the New York City Group can be made directly 

across the Hudson Highlands. However, he thought that, ulti

mately, some units may be proved to be correlative with the 

Cambro-Ordovician rock north of the Highlands. Paige (1956) 

mapped the rocks along a northeast-trending strip extending 

from Tomkins Cove, west of the Hudson River to near Annsville, 

east of the River. He accepted unequivocally as Cambro

Ordovician the Poughquag Quartzite (200+ feet), Wappinger Lime

stone (200+ feet), and the Hudson River Phyllite (Annsville, 

thickness unknown).  

The sequence and thickness of many units are striking

ly similar among .rocks of the Stony Point-Tomkins Cove area, 

Verplanck Point, and Crugers. All workers agree that marbles 

and schists exposed South of the Cortlandt Complex (at Crugers) 

belong to the Inwood Marble-Manhattan Schist sequence that was 

developed in the type sections in Manhattan. The carbonate 
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rocks and schists at Verplanck Point are generally thought to 

belong to the Manhattan Schist and Inwood Marble sequence. The 

discovery of Pelmatozoan columnals in the lower part of the 

Manhattan Schist (Ratcliffe and Knowles, 1969) strengthens the 

conclusion that the lower part of the Manhattan is Middle Ordovi

cian at Verplanck Point. However, bedrock continuity of this 

fossiliferous unit to Crugers and to Tomkins Cove is everywhere 

broken by the Hudson River. At Tomkins Cove, the fossiliferous 

Trenton limestone indicates that the base of the Annsville Phyl

lite is also of Middle Ordovician age and may be correlative 

with the Manhattan Schist.  

The Cambrian and Lower Ordovician deposits, repre

sented by the Inwood Marble, comprise a sequence of clean 

dolomite and calcite limestone with some argillaceous and ar

enaceous beds. The thickness of the carbonate section beneath 

the Manhattan is highly variable, ranging from at least 400 

feet at Crugers to total absence at Maiden Lane. At Maiden 

Lane the basal Manhattan is in contact with Unit A of the In

wood. Furthermore, at Maiden Lane the combined Inwood and 

Lowerre are only 45 feet thick, and are situated between the 

basal Manhattan and the Fordham. An unconformity beneath the 

basal Manhattan is, therefore, consistent with the regionally 

unconformable relations known in the Middle Ordovician of ad

jacent areas of New York State and New England (Ratcliffe and 

Knowles, 1969).
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APPENDIX A4 

ISOTOPIC AGE DETERMINATIONS 

Isotopic mineral ages in the Manhattan Prong indicate 

that the rocks underwent a final thermal event involving pegma

tite formation at about 360 m.y. ago. Ages obtained from vari

ous pegmatites and the Peekskill Granite support the conclusion 

that they were not emplaced later than 360 m.y. (Long and Kulps, 

1962). They use the K-ar ages of 480+ 15 m.y., 455 m.y., and 

445 m.y. for the Fordham Gneiss near Crotonville and at Terry

town, and the 43.5 m.y. age of the Cortlandt Complex to suggest 

that the 360 m.y. event was superimposed on an existing meta

morphic terrane. The minimum age of this terrane must have 

been 460 to 480 m.y. Pb-Pb and U-Pb ages of detrital zircons 

(well-rounded) from the Fordham Gneiss indicate a time of forma

tion at about 1,150 m.y. It should be noted that this isotopic 

information does not establish a Precambrian age of either the 

original sedimentation or the metamorphism(s) of the Manhattan 

Prong.  

Pb-Sr whole rock analyses of Pound Ridge Granite 

Gneiss, within the Fordham Gneiss, indicate that the granite 

gneiss formed 596+19 m.y. ago. This age is very similar to the 

Rb-Sr whole-rock isochron age of 575+ 30 m.y., obtained from 

the Yonkers Granite Gneiss by Long (1969). The Yonkers and 

Pound Ridge Granite Gneisses, therefore, constitute an accumu

lation of Avalonian migmatitic fluids that permeated the pre

Avalonian Fordham Gneiss (Mose and Hayes, 1975). They also 

indicate that, on the basis of 40Ar/ 39/Ar incremental heating
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studies, the 360 m.y. regional metamorphism reported by Long 

and Kulp (1962) took place about 450 m.y. ago. The 360 m.y.  

age represents the time at which the micas were uplifted and 

cooled enough to retain radiogenic argon.  

In the New Jersey-New York Highlands west of the Hud

son River, concordant U-Pb ages from zircon suggest that the 

Highlands were metamorphosed at about 1,150 m.y. ago. A later 

metamorphism or reheating is suggested by K-Ar and Rb-Sr mica 

ages which agree at roughly 835+35 m.y. The Storm King Granite 

north of Bear Mountain, which intrudes the 1150 m.y. old "Canada 

Hill Gneiss", yields discordant zircon ages. The Pb 207/Pb206 

age of 1060 m.y. was considered a minimum for the Storm King by 

Long and Kulp (1962).  

Dallmeyer (1972) noted that retrograde alteration is 

locally developed in the Highlands, west of the Hudson River 

(particularly in paragneisses), and is more widespread to the 

east. Total gas 40Ar/ 39Ar biotite ages from western paragneiss

es are 799+10 m.y.; 805+10 m.y.; and 810+15 m.y. Hornblende 

ages range from 915 to 950 m.y. (Sutter and Dallmeyer, 1972).  

Pb207/pb 206 Zircon ages are 1150 m.y. 40Ar/ 39Ar incremental 

gas release patterns show negligible variation in the 40Ar/ 39Ar 

ratio, and the total gas and incremental ages are similar. This 

correlation is not consistent with episodic gas loss (i.e. a 

distinct 800 m.y. retrograde event) but suggests the discordancy 

between Zircon and biotite ages resulted from continuous gas

diffusion during slow uplift. Biotite 40Ar/ 39Ar total gas ages 

also decrease in age from west to east, whereas coexisting
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hornblendes generally record slightly older ages. In the easter

most areas, both biotite and hornblende show plateau incremental 

release patterns. In the western areas, incremental release 

patterns (345-380 m.y.) with hornblendes give older total gas 

ages (545-580 m.y.). The release patterns and age distribution 

suggest only one Paleozoic thermal event increasing in intensity 

from west to east. The range of ages in easternmost areas sug

gests that this occurred prior to Late Ordovician (Dallmeyer 

and others, 1974 and 1975).  

A whole-rock isochron, based on samples ranging from 

pyroxene diorite to quartz morzonite, yields an age of 1032+ 

45 m.y. for the Canopus Pluton. Biotite separated from the 

Canopus diorite yielded a K-Ar minimum age of 700+28 m.y.  

(Ratcliffe 1971, 1972). Therefore, this pluton postdates the 

1150 m.y. dynamo-thermal event that affected the Precambrian 

gneisses. A phlogopite K-Ar age of 893+10 m.y. from the fault 

zone at the west side of Canopus Hollow is probably a minimum 

age for Precambrian fault activity on the Canopus Fault (Rat

cliffe and others, 1972).  

Biotite from biotite norite of the Cortlandt Complex 

near Montrose Station, on the east side of the Hudson River, 

yielded an age of 435 m.y. Long and Kulp (1962) concluded that 

this date represents the minimum age of intrusion of the 

Cortlandt Complex. K-Ar ages of 810+ m.y. on hornblende from 

the older part of the Rosetown Pluton and 580+ 20 m.y. from the 

diorite were interpreted as excessively old ages because 

xenoliths of Annsville phyllite and Wappinger limestone occur
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in the diorite (Ratcliffe, 1971). Therefore, the Cortlandt and 

the Rosetown may be, at least in part, correlatives.  

The youngest granitic type rock recognized in this 

area is the Peekskill Granite. Concordant K-Ar and Rb-Sr mus

covite ages of 355+15 m.y. were obtained from this Granite 

(Ratcliffe, 1971). Mose and others (1974) also reported that 

a five-point isochron from the Peekskill Granite yielded an 

age of 369+27 m.y. with an initial Sr87 /Sr86ratio of 0.7076+ 

0.0005.
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APPENDIX A5 

STRUCTURE 

A5.1 PRECAMBRIAN 

Dallmeyer (1972) recognized that the first event in 

the tectonic history of the Bear Mountain area, in the Hudson 

Highlands metamorphic complex, was the formation of east-north

east plunging isoclinal folds (B1 ) that eradicated most of the 

primary structures and produced a well-developed axial plane 

foliation. The foliation is mostly, but not always, parallel to 

compositional layering that reflect either original sedimentary 

layering or metamorphic differentiation (Dallmeyer, 1968). The 

axial planes of B1 strike northwest and dips 300 to 500 north

east. Various lineations (bondinage, sillimanite and hornblende 

C-axes, and rodding of quartz and feldspar) are associated with 

B1 -folding. Sillimanite lineations display a maximum of S80E

250, whereas bondinage lineations trend nearly N75E-350 . The 

others are randomly oriented.  

A subsequent increase in rock competence led to the 

superposition of a set of more open folds (B2 ) which distorted 

the earlier fold set. The northeast trend of these structures 

(N350 to 450E, plunging 300 to 450) is the dominant structural 

orientation in the Highlands. Most lineations are related to 

B 2-folds. These lineations are: preferred orientation of 

sillimanite and hornblende C-axes, and crests and troughs of 

mesoscopic B2-folds. These lineations define a single N36E-350 

maximum. Megascopic folds show that 8 + B2 and that B2-fold 

axes and B2-lineations are nearly identical in orientation
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implying that B2 was cylindrical.  

The tightness of the B -folds, plus their strong 

axial plane foliation, suggest that the first movements in the 

Bear Mountain area consisted of slip (shear) folding during 

which S0 -surfaces were passively folded. Rodding parallel to 

B1 indicates some translation of material along B1-axes, most 

likely due to dehydration that left the rocks mobile and in

capable of supporting laminar-glide movements. Consequently, 

the early shear folding gave way to a transitional stage 

where movements were accomplished by a combination of shear 

and flexural-slip folding. This increase in competence, during 

the transitional period, was accomplished by a reorientation 

of the regional stress field which is recorded in the spread 

of quartz and biotite girdles in the petrofabric projections 

and in the elongated maxima of Bl-projections. The transitional 

period was followed by development of B w-folds. B1-axial plane 

foliation is rotated about the B2-folds. All Bl-lineations 

and fold axes were rotated along a small circle during B2, 

indicating flexural-slip folding (Dallmeyer 1968).  

The B1 and B2-folds recognized in the Bear Mountain 

area of the Central Highlands (Dallmeyer 1969, 1972) are cor

relative with the F2 and F3 features described by him in the 

Sloatsburg-Ramsey area (Dallmeyer, 1972). Mesoscopic F -folds 

related to the earliest deformation throughout the Highlands 

were identifield in the Bear Mountain area by Helenek (1971), 

and in the Sloatsburg-Ramsey area by Dallmeyer (1972). These 

folds are typically appressed, nearly recumbent, often rootless
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isoclinal folds whose axial planes parallel or subparallel the 

southeast dipping foliation (Dallmeyer, 1972).  

The folding events occurred during a single episode 

of regional metamorphism at upper amphibolite to lower granulite 

facies intensity (Dallmeyer, 1972). The Canopus Pluton cross

cuts F l-folds in the Precambrian gneisses and crystallized dur

ing a phase of right-lateral, strike-slip faulting which accom

panied F2-folding along a N40 0E trend. At Bear Mountain the 

Storm King Granite forms a phacolith that is believed to have 

intruded the keel of a N401E plunging synform (Lowe, 1950).  

Similarly, a large "phacohithic" hornblende granite body 

occupies the core of the High Torne (F3 ) synform. Th granite 

was either synchronous with F 3-folding or at least mobile at 

that time (Dallmeyer, 1972). Consequently, the F1 and F2

folds in the Precambrian rocks did not form during a Phanerozoic 

orogenic event (Ratcliffe and others, 1972). Detailed struc

trual studies at the northern end of the Highlands may reveal 

Paleozoic refolding of Precambrian structures.  

A5.2 PALEOZOIC 

In the Tomkins Cove dolomite quarry, west of the Hud

son River, the rocks are isoclinally folded. The axial planes 

of major and minor folds are overturned to the northwest. Beds 

strike N35' to 400 E, and dip approximately 700 SE. Dips on the 

eastern limb of folds are gentler than those on the western 

limb. Phyllites and mica schists appear in the northeast part 

of the quarry and dip steeply southeast. The dolomites and 

phyllites are interpreted to be on the western flank of a major
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tight, overturned fold. In a quarry north of Verplanck, on the 

east side of the Hudson River, closely folded dolomites strike 

N35 0 to 450E, and dip approximately 700 SE. The dolomite is 

interpreted to occupy the eastern limb of an overturned fold.  

Mica schists overlie the dolomites and also dip 700 SE. The 

dolomites on both sides of the Hudson River differ only in the 

degree of recrystallization, with the dolomite on the east side 

being more recrystallized than that on the west side. This 

difference is interpreted to have resulted from the contact 

metamorphic effect imposed by the intrusion of the Cortlandt 

Complex (Paige, 1956). Paige was convinced that the dolomites 

and phyllites (schists) on both sides of the Hudson River are 

correlative and that the Cambro-Ordovician sequence is iden

tical to the InwoodManhattan sequence of the Peekskill area.  

He also thought that some evidence existed for a second period 

of folding.  

Mapping by Ratcliffe (1968) supports Paige's conten

tion that Stony Point represents the upright limb of a major 

northeasterly trending anticline that runs through the Tomkins 

Cove quarry. A calcite marble, interbedded at the base of 

the dark phyllite, which, in turn, rests on dolostones just 

west of Stony Point, forms a unique three-part stratigraphic 

sequence that is repeated on the west limb of the proposed 

structure at the Tomkins Cove quarry. This correlation is 

further supported by right-side-up, southeast facing crossbeds 

in the dolostone on the southeast limb of the anticline west of 

Stony Point. The anticline is interpreted as an F1-structure 

with an axial trace that extends from Verplanck through Tomkins 
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Cove to Crugers (Ratcliffe, 1968).  

The orientation of the axial planes of F -folds is 

not consistent, owing to a later phase of folding that warped 

the earlier axial planes. F2-folds vary in intensity and ori

entation from one locality to the next. These late structures 

seem to be genetically related to the intrusion of the Cortlandt 

Plutons. Indeed, F2-structures may have resulted from inter

ference between small "mushrooming" plutons (Ratcliffe, 1968).  

The effects of three phases of folding with associated 

fabric changes have been recognized in the Manhattan Formation 

of Manhattan Island and in the Schists of the Bronx, in New 

York City (Bowes and Langer, 1969; and Langer and bowes, 1969).  

The first recognized phase of deformation was characterized by 

isoclinal folds (F1 ) with a strong axial planar foliation, 

associated with regional metamorphism. The most prominent and 

commonly developed folds, which deform both the lithological 

layering and the dominant foliation, were formed during a sec

ond phase (f2). The fold axes of these second-phase folds 

consistently plunge at a moderately shallow angle, and their 

trend generally correspond with that of the Appalachian Moun

tain belt. Deformation took place by both flexural-flow and 

flexural-slip mechanisms; there was some new mineral growth 

and the development of pegmatitic material. In a third phase 

of deformation (f3 ), open, steeply plunging, symmetrical folds 

were formed. The major structures in the New York City area, 

shown to be the result of deformation during F2 (Langer and 

Bowes, 1969), can be traced northwards through the White Plains
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district to the Peekskill district (Bowes and Langer, 1969).  

A5.3 FAULTS 

The term "border fault system" is used by Ratcliffe 

(1971) to describe collectively the various faults that trend 

N301 to N50°E, and either mark the northwest border of the Tri

assic sediments or lie close to the depositional edge of the 

Newark Basin. He considers that the Ramapo Fault proper, a 

part of this sytem, extends for 50 miles from Stony Point, New 

York to Peapack, New Jersey.  

At Stony Point the Ramapo Fault downdrops both Tri

assic and Paleozoic rocks against the Precambrian on the west.  

This portion of the fault extends across the Hudson River to 

the Peekskill Hollow area. From Annsville, New York, a complex 

fracture zone along Canopus Creek extends northeastward across 

the entire width of the Hudson Highlands. The Ramapo Fault 

proper and the northeastern extensions are referred to collec

tively as the "Ramapo fault system" (Ratcliffe, 1971).  

Estimates of maximum dip-slip displacement on the 

border fault in post-Brunswick time range from 30,000 to 200 

feet. In support of a maximum 200 to 500-foot vertical net 

slip, Ratcliffe (1971) observed that the Triassic fanglomerate 

is only in fault contact for a distance of 700 feet. Paleozoic 

rocks form the hanging wall along most of the fault. Moreover, 

the strike of the Triassic rocks parallels its contact with the 

Paleozoic rocks, thus suggesting it is an erosional-depositional 

contact rather than a faulted contact. This interpretation is 

consistent with the observation that the Triassic fanglomerate
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within 50 feet of the fault are noncataclastic and are un

deformed except for small west-dipping antithetic faults.  

Pre-Triassic fault movements-along the north end of 

the Ramapo Fault are inferred predominantly from the relation

ship of igneous intrusives to regional faults. The eastern and 

western contacts of the Canopus Pluton with the bordering Pre

cambrian gneisses are extensively mylonitized along N30* to 

400E right-lateral transcurrent faults. Biotite separated from 

the Canopus diorite yielded a K-Ar minimum age of 700+28 m.y.  

The filling of subsidiary right-lateral shears by late differ

entiates suggest that faulting was active at the time of in

trusion, in late Precambrian (Ratcliffe, 1971).  

The Rosetown is a composite pluton which has an older 

funnel-shaped mass of hornblendite and hornblende diorite in 

the southeast. This older pluton and the surrounding Precam

brian gneisses have been fractured along a shear zone that 

trends N400 E, coplanar with the nearby Ramapo Fault at Tomkins 

Cove. To the southeast of this zone, Precambrian hornblende

biotite-granite gneiss trend N40 0E, whereas to the northwest 

these gneisses trend N45 0W. Rb/Sr whole-rock studies indicate 

that this older part is coeval with the Reading Prong-Grenville 

rocks: paragneiss = 1,141+60 m.y. old; metavolcanics = 1,141+ 

111 m.y. old; and hornblende granite = 1,061+12 m.y. old (Mose 

and others, 1975). Blocks of Precambrian gneiss, rocks of the 

older pluton, Waffinger limestone, and Annsville Phyllite are 

found as zenoliths in the younger diorite that form the major 

part of the Rosetown pluton. Therefore, the age of the diorite
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is post-Middle Ordovician. Rb/Sr whole-rock studies also show 

that the younger part of the Rosetown Complex was emplaced in 

the Ramapo Fault zone 444+15 m.y. ago, indicating that this part 

of the fault zone ceased movement by ordovician time (Mose and 

others, 1975). North and south of the pluton, unsheared lam

prophyric dikes (largely spessartites) and small pods of 

diorite intrude the shear zone. These dikes intrude gneissic 

rocks in the vicinity of the Ramapo Fault near Tomkins Cove.  

Although foliated near the fault, these dikes and small diorite 

peds have not been as intensely mylonitized as the country 

rocks. Ratcliffe (1971) thinks that the 810+8 m.y. K-Ar ages 

on hornblende from the older part of the pluton and the 

580+ m.y. age from the diorite may be excessively old (because 

xenoliths of Annsville phyllite and Wappinger limestone occur 

in the diorite). Therefore, Ratcliffe believes that the Cort

landt and the Rosetown may be, at least in part, correlatives.  

The change in the basal limestone facies in a north

west direction as the Ramapo Fault is approached (at the lati

tude of Tomkins Cove) suggests that an uplift area existed in 

that direction during Middle Ordovician time. This evidence 

and the observable unconformity at Annsville (reported by 

Bucher, 1957) suggest that block faulting may have been active 

on the Ramapo system in pre-Middle Ordovician time.  

The following tectonic history along the Ramapo frac

ture sytem has been suggested by Ratcliffe (1970):
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1) Fault activity along the Ramapo trend began as 

late as Precambrian time, when right-lateral, 

strike-slip faulting was important; 

2) Middle Ordovician normal fault activity produced 

uplift along the Ramapo fracture system at Anns

ville, N.Y., and the unconformable relationship 

cited by Bucher; 

3) Post-Annsville (Middle Ordovician) right-lateral, 

strike-slip faulting resumed in Late Ordovician 

but pre-Devonian time, producing cataclasis of 

rocks ranging in age from Precambrian to Middle 

Ordovician; and 

4) Triassic faulting followed the older, well-estab

lished trends and downdropped the Newark Basin 

along a system of hinged normal faults.  

On the basis of bedrock mapping in the area, Ratcliff 

(1975) classified the faults he recognized into three relative 

age groups, described below.  

A5.3.1 Precambrian to Ordovician Faults 

These faults are largely confined to Precambrian 

rocks. They trend N40 0E and are curvilinear in map trace.  

Cataclasis is pronounced in the faults, and dioritic, andesitic 

and locally diabasic dikes intrude the shear zones in the Dun

derberg area. They are commonly healed and show positive 

topographic expression. Locally, zones of tightly appressed 

folds parallel the faults with axial planes dipping in the 

same direction as the faults. The Canopus faults, the Lake 
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Peekskill fault, and the Gallows Hill fault belong to this 

group.  

A5.3.2 Devonian Fault 

The Peekskill fault, which trends N60 0E from Peekskill 

and extends southwestward across the Hudson River, is regarded 

as Devonian in age. The displacement on the fault is unknown, 

but the slickensides and geology would be consistent with a 

normal fault with a large component of left-lateral, strike

slip movement. This is supported by the apparent left-lateral 

offset of older faults west of the Hudson River.  

A5.3.3 Young High-Angle Faults 

These faults offset older faults and commonly are 

topographically expressed by narrow zones of deep weathering.  

A large component of dip-slip movement is indicated for most 

of these faults, although, locally, strike-slip movement pre

dominates. The "Triassic border fault" at Tomkins Cove has 

downdropped the Annsville Phyllite against Precambrian gneiss.  

This fault forms the northern extension of the Ramapo Fault as 

classically interpreted and may extend northward as the Dickie

busch Lake Fault. North of Tomkins Cove numerous N10 0 to 30°W 

trending cross-faults extend up Dunderberg Mountain. Slicken

sides indicate dip-slip and right-lateral movement. A north

south, steeply west-dipping normal fault crosses Jones Point, 

and may extend southward across the river and continue through 

Verplanck to Greens Cove. The fault cutting the norite of the 

Cortlandt Complex and a group of four north-south high-angle 

faults extend from Buckberg Mountain northward to the Doodletown
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Bight. These faults have left-lateral and west-side-down dis

placement senses, contrary to the sense of movement on the 

"Triassic border fault." 

A small north-south trending fault, dipping to the 

southeast with approximately two feet of offset measured in the 

direction of the northeast plunging slickensides, is exposed in 

the rockcut between Units No. 2 and No. 3.  

The preliminary data indicate that the Triassic border 

faults and related fractures, when traced northeastward, pass 

into a north-south series of faults that may extend north

northeastward along the Hudson River, rather than extending 

N450E as previously assumed (Ratcliffe, 1975).  

A-30



APPENDIX A6 

TRIASSIC 

A6.1 INTRODUCTION 

The question of whether the Triassic rocks of the 

New Jersey Basin and the Connecticut Valley were deposited in 

two separate basins or in a larger connected basin has been re

viewed by deVries Klein (1969). He concludes that a "half

graben" distribution of sedimentary facies can occur in a sim

ple graben where structural and physiographic boundaries do not 

coincide. He favors the deposition of Triassic sedimentary 

rocks in separate basins, and adds that care should be exer

cised when reconstructing the location and size of fossil 

faults in the Triassic basins of Eastern North America.  

What is known (or hypothesized) about the structure 

of the Triassic rocks in Rockland County is directly related 

to the origin and history of the Palisades intrustion. Dalton 

R (1890) and Kummel (1900) noted that there are relatively sharp 

changes in elevation of the intrusion across present topo

graphic breaks in the ridge. They attributed this to a change 

in the mode of intrusion. As one proceeds northward from New 

Jersey, the sill either changes to a dike or to a step-like 

configuration of dike-sill-dike which migrates upsection to the 

north and west. Lowe (1959) believes that north of Nyack the 

intrusion is a wing dike which dips to the southwest. Thompson 

(1959) believes the intrusion remains a sill and is faulted.  

All seem to agree that there is a fault at Short 
if 

Clove. Kummel interpreted an oblique slip fault at Sparkill 

A-31



Gap and discussed the possibility of a fault at Trough Hollow.  

Lowe described minor north-south faults at West Nyack. He con

ceded the possibility of faulting at Long Clove and Trough 

Hollow, but feels there are insufficient data to substantiate 

faulting at these localities. Thompson interprets all topo

graphic gaps and the topographic expression of Little Mountain 

and the end of the ridge, at Mt. Ivy, New York as related to 

block faulting. He also postulates a northwest-trending set 

parallel to South Mountain.  

Thompson (1959) and Lowe (1959) noted glacial stria

tions in valleys which were eroded in fault zones prior to gla

ciation.  

A6.2 EVIDENCE OF FAULTING 

Thompson (1959) pres ents four lines of evidence of 

faulting in the Triassic basins of Eastern North America.  

1) Joint Spacing, Patterns and Attitudes 

In undisturbed portions of the Palisades, col

umnal jointing is classic: columns are generally 

1 to 3 feet in diameter, normal to the upper and 

lower sill contacts, and are broken by cross

joints parallel to the sill contacts at several 

feet. In faulted areas, columnal jointing is 

obscured by closely spaced secondary (i.e. tec

tonic) fractures. The most common secondary 

fractures are:
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"(1) a steeply dipping set of platy joints that 

may be regarded as subsidiary faults parallel to 

a high-angle normal fault; (2) flat-lying, sheet

like fractures that are typical tension (feather) 

joints of high angle reverse; and (3) diagonal 

shear fractures that may accompany either normal 

or reverse faults ....  

2) Size, Shape and Abundance of Talus Fragments 

Unfaulted areas have large columnal blocks. In 

faulted areas talus is much more abundant, con

sisting of smaller, often wedge-shaped blocks.  

3) Fault Plane Phenomena 

Slickensides, breccia, gouge and mineralized 

joints occur in the faulted areas.  

4) Topography 

Faulted zones, being broken, are more easily 

eroded. Thus, the gaps in the ridge indicate 

where the faults are. If the changes in dia

base elevation are due to stratigraphic migration 

of the intrusion (dike), the rock would not be 

broken. Also, the surrounding sediments would be 

strengthened by contact metamorphism.  

Lowe (1959) points out that all the topographic gaps 

have roughly the same elevation at the ridge crest, and believes 

they are related to a higher (Pleistocene) base level of ero

sion.
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Lowe states categorically that he saw no feather 

joints. He believes that Thompson's diagonal shear fractures 

are widely spaced, primary fractures which may have taken minor 

movements during later tectonic events (i.e. slicks do not al

ways prove major faulting). Breccia, gouge and "platy joints" 

are observed within only a few feet of faults of minor displace

ment, i.e. if they are found in the talus near a gap, they do 

not signify a major fault in the gap.
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APPENDIX A7 

PLEISTOCENE 

Flint (1963) attempted to correlate midwestern glacial 

stratigraphy with features in Eastern New York and New England.  

He pointed out that the general knowledge of glacial stratigra

phy in the northeast is poor because of a lack of end moraines 

and stratigraphic sections that include deposits from more than 

one drift sheet. The lack of moraines results from great re

lief, steep slopes, resistant bedrock, and thin glacial drift 

which are unfavorable conditions for unhindered ice flow, and 

the creation and preservation of thick stratigraphic sections.  

Two main Wisconsin advances were followed by a read

vance in the New York-Long Island area. A retreat in the 

Connecticut River Valley and a readvance to Middletown fol

lowed; these were characterized by till and ice-contact drift 

overlying disturbed varved sediments in a 16-mile wide belt 

grading northward to kame terrace deposits and a pitted out

wash valley train (terrace remnants). Another retreat fol

lowed and extensive lacustrine varved clay and silt were laid 

down in Northern Connecticut, Massachusetts, Vermont, and New 

Hampshire. Similar histories are indicated in Massachusetts 

and Eastern New York, but direct correlation has not been 

accomplished. The readvance to Middletown, in Connecticut 

(Cary substage) is thought by Flint (1963) to have been syn

chronies with an advance into the Hudson Gorge between New

burgh and Peekskill. No deposits remain above river level to 

prove this correlation. Flint does not recognize a Lake Hudson,
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only a Lake Hackensack extending from New York City to Haver

straw, and a later Lake Albany extending from Newburgh to Glens 

Falls. He tentatively correlates Lake Albany with the large 

Connecticut Valley Lake.  

In a study of the pleistocene geology at Croton Point, 

New York, Markl (1971) describes deposits of deltaic sediments 

and till. The materials consist of till, deposited as a 

terminal or lateral moraine, overlain by glacial lake clays 

and deltaic sand. Other till deposits were found overlying a 

sand terrace on the south bank of the Croton River. Clays, 3 

to 10 feet thick, were observed at Croton Point. However, 

Markl thinks that much greater thicknesses probably existed at 

one time. Similar clays, up to 200 feet thick near Haverstraw, 

are referenced and lesser thicknesses near Ossining and Peek

skill are also mentioned. Stratified sands overlie the clays 

and occur as terraces with surfaces up to 100 feet in elevation 

from Croton-on-Hudson to Harmon Park, Harmon, and Crotonville.  

Contorted beds were found to be common and were explained in 

terms of cohesion and high-flow velocity. Microfaults (less 

than five inches of displacement) of both normal and reverse 

senses of movement were observed in a sand pit. Markl (1971) 

speculates that the Croton Point deposits represent delta 

deposits in glacial Lake Hudson at the mouth of the Croton 

River. Some of the materials further north, near Croton-on

Hudson and Harmon, may represent sediments deposited by a 

stream emerging from a small valley followed by Highway 129, 

through Croton-on-Hudson. The deposits of Lake Hudson, cropping
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out "near Haverstraw" or "near Peekskill," are described as 

stratified sand and gravel (2 to 25 feet thick) resting on varved 

clay delta deposits. At Croton Point, Harmon, and Peekskill, 

the deposits rise to elevations of a little over 100 feet, which 

make up the approximate shoreline of Lake Hudson (Reads, 1972).  

A summary of Lake Wisconsin glacial history was pre

sented by Weiss (1974): 

1) 20,000 B.P. - Late Wisconsin glacial maximum in 

New England and Long Island.  

2) 17,000 B.P. - Beginning of ice retreat from the 

Harbor Hill moraine on Long Island.  

3) 15,000 B.P. - Wallkill moraine formed, the Lower 

Hudson Valley is ice-free south of New York High

lands, glacial Lake Hudson formed.  

On the basis of pollen and forams studies in cores, 

taken between Peekskill and the Narrows of New York Bay (Weiss 

1974), the following additional events were recognized: 

1) Well before 12,000 B.P. - Dissipation of glacial 

Lake Hudson and establishment of tidal condi

tions in the estuary.  

2) 11,500 B.P. - Increased salinity, high enough to 

support foraminifers.  

3) 10,000 B.P. - Slightly decreased salinity, fol

lowed by an increase to previous level by 9,000 

B.P.  

4) 6,500 B.P. - Maximum transgression of brackish 

water into the estuary.
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5) 3,000 to 1,500 B.P. - Decrease in salinity due 

to a faster sedimentation rate, and a slower rise 

in sea level or crustal subsidence.  

In a study of the Hudson River gorge in the Highlands, 

Thompson (1936) recognized the following apparent erosion lev

els: 

1) 400 to 480 ft. - Presumably correlative with the 

Harrisburg Peneplain.  

2) 220 ft. - A bench and terrace bordering the river 

in the Highlands.  

3) 160 to 199 ft. - Includes a narrow bench and 

stratified Pleistocene deposits along the Hudson 

River around Newburgh and Cornwall.  

4) 140 ft. or less - Terrace deposits around Peek

skill and at Verplanck.  

Thompson (1936) also noted that no upland (Schooley) 

peneplain is evident in the area, and points out that summit 

elevations are discordant and lithologically controlled. He 

concludes that the present course of the Hudson River follows 

joints, faults, foliation, and basic dikes.  
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APPENDIX Bi 

INTRODUCTION 

This report documents the results of a comprehensive 

geologic field investigation, laboratory research program, and 

presents new information pertinent to the Indian Point Gener

ating Station site geology.  

The principal objectives of the study were to: 

1) Determine if there exists any evidence of recent 

displacement along the recently identified N-S 

trending fault north of Unit No. 3; 

2) Explore the possible relationship of the fault 

onsite to any other significant faults in the 

region; and 

3) Determine, absolutely or r elatively, the age of 

last movement of this fault and any other faults 

found to be associated with it; or alternatively, 

generate a sufficient weight of circumstantial 

evidence to resolve questions which may be raised 

by governmental agencies concerning the safety 

of these faults.  

Comprehensive geologic field investigation and labora

tory programs were implemented to address the above stated ob

jectives. The program consisted of the following tasks: 

1) Review of available published and unpublished 

geologic literature, geophysical and geological 

maps, photographic records of containments,
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excavations, and logs of existing borings; 

2) Detailed geologic mapping at a scale of 1:30 and 

1:60 of all rock exposures present within the 

site proper; 

3) Surficial geologic mapping at a scale of 1:2,400 

and 1:6,000 of the area situated east of the 

Hudson River and west of the New York-Albany 

Post Road; 

4) Mapping at a scale 1:24,000 and examination of 

the Pleistocene sediments and geomorphic fea

tures within a 4-mile radius of the site; 

5) Study of folds development in the rocks of the 

Cambro-Ordovician Inwood and Manhattan Forma

tions.  

6) Study of joints, fractures, and faults.  

7) Laboratory analyses of representative samples of 

whole rock and mineralization along joints, 

fractures and faults. X-ray diffraction, micro

scopic petrography, geothermometry and geobaro

metry, and isotopic age determination were used 

for these analyses; 

8) Hand-held magnetometer survey to establish the 

accurate position of geologic contact between 

the Cortlandt Complex and Manhattan Schist; and 

9) Data reduction, analysis, and interpretation.
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APPENDIX B2 

STRATIGRAPHY, PETROGRAPHY, AND MINERALOGY OF THE 

ROCK UNITS AND THE FRACTURE-FAULT FILLING MINERRALS 

B2.1 GENERAL 

The-site is located upon the Cambro-Ordovician schists 

and dolostones of the Manhattan Prong. The older unit, the In

wood Formation, consists of dolostones and marbles that are ex

posed onsite and along the Hudson River to the southwest. The 

dark schists of the Manhattan Formation lie unconformably, and 

are probably in fault contact, above and to the east of the In

wood Formation. Both of these formations were regionally met

amorphosed to medium grade prior to the intrusion of the 

Cortlandt Complex, now exposed to the north, east, and south 

of the metasediments. The emplacement of this complex has re

sulted in the overprinting of a contact aureole of variable 

width and intensity upon the regional metamorphism.  

Several periods of hydrothermal activity, either re

lated to these metamorphic episodes or to later intrusive 

events, have caused the deposition of minerals along fractures 

and faults onsite. Detailed field observations and results of 

laboratory analyses related to metamorphism and hydrothermal 

activity are reported in Attachment B5.4. Plate B5-1 is a 

diagramatic stratigraphic column which shows the general re

lationship between the rock units in and around the Indian Point 

Generating Station. Plate B3-1 and B3-2 show the areal data 

gathered during the mapping program, and Plates B3-3 and B3-4
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suggest, as of to date, the most probable interpretation.  

B2.2 STRATIGRAPHIC AND PETROGRAPHIC DESCRIPTIONS OF. THE ROCK 
UNITS 

B2.2.1 The Inwood Formation 

The oldest of the three major rock types in the site 

area, the Inwood Formation, consists of dolostones which were 

probably deposited in a shelf environment during Cambrian 

through Early Ordovician time (Hall, 1967). This unit is ob

served to overlie unconformably the Fordham Gneiss in other 

parts of the Manhattan Prong. Onsite, the Inwood consists of 

buff to blue-gray dolostones, dolomitic limestone, and white 

marble, with small layers of chert and siliceous phyllite. The 

dolostones are commonly siliceous and/or feldspathic in some 

beds. The common minerals are dolomite, calcite, muscovite, 

quartz, pyrite, and microcline. Lithologic layers range in 

thickness from 0.5 to 15 feet.  

Hall (1967) has divided the Inwood into five members 

in the White Plains area and suggests that it reaches a maximum 

thickness of 2000 feet. The exposures in the site area were not 

divided and classified but a correlation between the rock types 

here and at White Plains can be made. Hall's two most common 

units were the B and C members. Calc-schist, typical of the B

member, does not occur onsite but does crop out to the south

west (down section). Therefore, the rocks onsite probably are 

correlative to the C member of Hall's classification.  

Texturally, the Inwood is a medium-grained, recrystal

lized, micaceous dolostone that contains no observed index min

erals. It is, therefore, difficult to define the grade of
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metamorphism that it reached. At localities where the dolo

stones are adjacent to an intrusive contact, they are meta

morphosed to a diopside or tremolite zone of contact meta

morphism.  

B2.2.2 The Manhattan Formation 

The metamorhpic rocks of the Manhattan Formation re

flect an original sequence of trough-type shales, feldspathic 

sands, and volcanics. These rocks are shown to lie unconform

ably on the Fordham Gneiss, the Lowerre Quartzite, and the 

Inwood Formation. Therefore, they have been interpreted to be 

younger than the Middle Ordovician regional unconformity. A 

recent interpretation by Hall (1967) suggests that the Lower 

Member of the Manhattan is indeed of Middle Ordovician age, but 

that the Middle and Upper Members are possibly the trough equi

valents of the Inwood Formation and have later been thrust into 

their present position. A younger limit for the age of the 

Manhattan is obtained from the age of regional metamorphism 

(450 m.y.) as interpreted from 40Ar/39Ar incremented heating 

studies (Mose and Hayes, 1975).  

From the geologic mapping performed during this study, 

three members of the Manhattan Formation have resulted, any 

one of which may not always be present.  

The Lower Member of the Manhattan consists of thin 

interbeds of white marble, gray quartzite, and fine-grained 

metapelite. This distinctive unit is commonly up to 30 feet 

thick and is fairly continuous north of the site, but does not 

occur at the Verplanck Quarry. Instead, at this locality, a
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blue dolostone with Pelmatozoan columnals, as reported by 

Ratcliffe (1968), crops out at the contact and is less than five 

feet thick. It is probable that the Middle Member of the Man

hattan (with calc-schist lenses) is in thrust contact with the 

Inwood Formation, and the distinctive unit of the Lower Member 

is faulted away in the Verplanck area.  

The Middle Member commonly overlies the Lower Member, 

but the nature of the contact is not known. Its observed maxi

mum outcrop thickness is 200 feet, consisting of a commonly 

rusty-weathering, fine-grained, biotite-quartz schist and a 

two-m ca schist. The rocks are occassionally quite dense, 

sulfidic and magnetic, and relict euhedral garnets reflect a 

medium grade of regional metamorhpism. These denser, more 

magnetic horizons are non-continuous and probably consist of 

metavolcanics.  

The Upper Member overlies both other members, but it 

has been observed to be in conformablecontact with the Middle 

Member. The Upper Member consists of a gray, two-mica, garnet 

schist with feldspathic-quartzite laminae. Wherever observed, 

this member was affected by the contact metamorphism of the 

Cortlandt intrusions. The rocks closest to the intrustion have 

been partially melted, and a fairly broad band of sillimanite 

grade metamorphism occurs around the central body of the Com

plex. Two cases of relict grains of minerals, reflecting an 

earlier medium grade regional metamorphism, were observed in 

these rocks. One case was a relict staurolite grain that is 

now surrounded by fresh recrystallized sheets of muscovite and
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biotite. The other example was the ghost outline of a euthedral 

garnet with only a core of the relict garnet left surrounded by 

quartz and feldspar.  

Hall (1967), mapping in the White Plains area, has de

fined very similar rock types within the Manhattan. The subdi

vision suggested for that area differs slightly from the ones 

presented in this report in that the Middle Member, B, in the 

White Plains area is reserved for just the metavolcanics. This 

unit is discontinuous however, and is not useful as a persistent 

stratigraphic marker. Hall's Lower Member, A, has two distinc

tively different rock types included within it. These two units 

which are much more persistent and, therefore, more useful as 

stratigraphic markers, should be divided in the site area. In 

this study the upper part (rusty schist) of Hall's A member and 

the B member (dense rusty schist - metavolcanics), both of which 

are similar in appearance in the field, are grouped into the 

Middle Member of the Manhattan Formation. The Lower Member in 

this report consists only of the basal unit of Hall's, which is 

a very distinctive lithology.  

B2.2.3 The Cortlandt Complex 

The Cortlandt Complex consists of mafic and ultramafic 

igneous rocks that were emplaced in multiple injections. Balk's 

(1928) classical study of the igneous foliation defined two main 

funnel-shaped intrusions and a large basinal pluton. Shand 

(1942) mapped the rock types according to the occurrences of 

critical mineral phases such as hornblende (poikilitic or pris

mortic), olivine, hypersthene, and augite. He found that the

B-7



magmatic rock types that were defined reflected the borders of 

the different intrusions defined earlier by Balk.  

The rock types encountered within the Cortlandt during 

these investigations were a medium to very coarse-grained, bio

tite, hornblende gabbro, and a two-pyroxene norite which common

ly had large poikilitic hornblendes. Most samples of the Cort

landt are fresh and have not experienced a later metamorphic 

event. Where faults cut the complex, severe alteration has oc

curred.  

A biotite from the biotite norite in Montrose has been 

dated at 435 m.y. by the K/Ar method (Long and Kulp, 1962).  

They suggest that this is probably a minimum age for the in

trusion. Biotite from the contact aureole was dated by the 

K/Ar method and yielded an age of 405 m.y. A maximum estimate 

for the age of the Cortlandt comes from the 450 m.y. interpreted 

age of the regional metamorphism that occurred prior to the in

trusion and metamorphic overprinting by the Cortlandt (Mose and 

Hayes, 1975).  

Along with causing a narrow-to-broad contact aureole, 

the main bodies of the Cortlandt partially melted the metasedi

mentary country rocks. Hybrid rocks along the margins reflect 

assimilation of the restites, yielding anomalous mineralogy.  

Late granitic dikes have intruded along fractures 

within the Cortlandt. These dikes are composed of the typical 

granitic phases: quartz, two feldspars, and muscovite.
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B2.3 STRATIGRAPHIC CORRELATION OF THE INWOOD AND MANHATTAN 

FORMATIONS 

The lithologic descriptions and divisions of the rock 

units, mapped onsite and in the surrounding area match quite 

well the classification of Hall (1967) from the White Plains 

area. These also appear to be very similar to the descriptions 

of rocks at Tomkins Cove, Stony Point, Crugers, and Annsville, 

mapped by Paige (1956) and Ratcliffe (1968). A limestone unit 

has been mapped at the base of the "Manhattan - Annsville" 

unit, near Annsville (Bucher, 1951), at Verplanck Quarry (Rat

cliffe, 1968), and at Tomkins Cove (Ratcliffe, 1968). At all 

three places, a regional unconformity has been interpreted to 

underlie this basal limestone. Middle Ordovician fossils in the 

latter two localities were identified in the limestone (Bucher, 

1957 and Ratcliffe and Knowles, 1969).  

It is apparent that the correlation from the site area 

to White Plains, Tomkins Cove, and to Annsville is quite sound, 

and that the Inwood and Manhattan Formations are correlative to 

the Wappinger and Annsville Formations.  

The main argument against correlation from Verplanck 

Point to Tomkins Cove has been the grade of metamorphism ex

hibited by the rocks. It has been argued that the gradient 

across the 1-1/2 miles of the Hudson River is too steep to ac

count for by regional metamorphism (Berkey and Rice, 1919).  

Ratcliffe explained that the higher crystallinity of the rocks 

at Verplanck is due to the contact effect of the Cortlandt.
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Even though the contact aureole is large, the rocks were at 

medium grade of regional metamorphism prior to the intrusion.  

In fact, the phyllites at Tomkins Cove and the fine-grained 

schists at Verplanck Quarry are not drastically different in 

regional metamorphic grade. It is also possible that a post

regional-metamorphism structural event, such as F 2-folding or 

subsequent faulting, could have shortened the distance.  

B2 .4 MINERALOGY OF THE FAULT-FRACTURE FILLING MATERIAL 

Veins and coarsely recrystallized concentrations of 

minerals occur along many of the faults and fractures onsite.  

The fracture planes that appear to be mineralized are commonly 

parallel or subparallel to the bedding. The minerals that are 

abundant in such associations are calcite, muscovite, phlogo

pite, quartz, sulfides, feldspars, amphiboles, and zeolites.  

The uni- or polymodal mineral concentrations, commonly 

found along fractures in the Inwood Marble onsite, occur most 

frequently along NNW to NE fractures and faults. In several 

cases the polymodal concentrates are the result of metamorphism 

of a quartz-feldspar-muscovite-rich horizon within the dolo

stone. More commonly, material has been transported by hydro

thermal activity. This transport could be very local in extent, 

being related to either regional or contact metamorphism, since 

all the mineral phases are common constituents in the local 

dolostone wall rock. During such a thermal event, the partial 

pressures of several different fluid phases increase, and 

material is "sweated out" of the rock and deposited along open
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surfaces, where the pressure is lower.  

Several periods of hydrothermal acitvity have been 

differentiated on the basis of the overgrowth of different min

eral phases. These events are probably related to the igneous 

activity during Silurian, Devonian, and Triassic times.  

Muscovite and phlogopite commonly occur as medium-to

coarse disseminated grains, coating a fracture surface. They 

also occur intergrown with either quartz or calcite in more 

massive deposits. Both sheet silicates have generally been de

formed in the fault zones that were examined. Sulfides occur 

as coatings on fracture surfaces or as pyrite crystals inter

grown with other mineral phases. Amphiboles are rare and com

monly weathered, but appear to belong to the tremolite-actino

lite family. Feldspars occur as large crystalline growths and 

as medium-grained intergrowths with quartz, calcite, and musco

vite. The least deformed occurrences have growth twins which 

fade away, suggesting slight deformation.  

Both deformed and undeformed quartz crystals occur 

onsite. The undeformed crystals are not associated with faults.  

At least three periods of calcite growth can be defined onsite 

and in the surrounding area. The first, and commonly the most 

massive, is a generation of pink calcite. Onsite it is deform

ed, and has been overgrown by a second generation of deformed 

white calcite and a later third generation of undeformed cal

cite. But in the Verplanck Quarry, a large breccia zone, at 

the intersection of E-W and N30E faults, is healed with massive
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pink calcite that is zoned and commonly contains vugs with very 

coarse, undeformed crystals.  

Undisturbed zeolite crystals have grown along frac

tures onsite and in the Cortlandt Complex.  

In conclusion, most of the mineralization is deformed 

onsite except for the last generation of calcite and the zeo

lites.
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APPENDIX B3 

STRUCTURAL SETTING OF THE INDIAN POINT GENERATING STATION 

B3.1 GENERAL 

The rocks of the Manhattan Prong outcropping at and 

near the Indian Point Generating Station have a long and complex 

history of multiple deformation. The rocks comprising the In

wood and Manhattan Formations were originally deposited as sedi

ments in Late Cambrian to Middle Ordovician time with intermit

tent periods of uplift and erosion. These rocks were subse

quently metamorphosed, folded, intruded by igneous rocks, fault

ed, and intensely fractured during several episodes of regional 

crustal compression. This polyphase deformation has resulted 

in a very complex tectonic picture composed of many structural 

elements of different age, orientation, and character. The fol

lowing discussion consists of a general description of these 

different structural features as well as the geologic history 

of their development.  

B3.2 THE STRUCTURAL ELEMENTS 

B3.2.1 General 

The tectonic emplacement of the Cortlandt pluton 

caused a local rotation of structural elements formed during the 

initial phases of deformation. Thus, the structural elements 

recognized in the area may be conveniently subdivided into two 

groups: 

1) structural elements which have been rotated by 

the effects of the Cortlandt intrusion; and

.B-13



2) structural elements which have not been rotated 

and are younger than the Cortlandt Complex.  

B3.2.2 The Pre-Cortlandt Structural Elements 

B3.2.2.1 F1-Folds 

Field work in the rocks of the Manhattan Prong within 

two miles of the site has revealed a number of mesoscopic folds 

which have been termed F -folds, i.e. first-phase folds (see 

Attachment B5.2). The folds of this early phase are commonly 

asymmetric, tight-to-closed, isoclinal folds, and locally they 

are symmetric folds whose axes correspond to the true dip of 

bedding. These folds formed as a result of passive flow folding 

in the Inwood Formation and passive slip folding in the Manhat

tan Formation. Continuous slip along the dominant axial plane 

foliation to F -folds, Sl, has resulted in the unfolding of the 

tight isoclinal folds (Bowes and Langer, 1969). The strikes of 

the axial planes to F1-fOlds vary as a result of subsequent 

folding, but they generally trend NNW to NE. Additionally, 

Fl-fold axes, where they are relatively undeformed, plunge 30
° 

to 500 ENE to SSW. There are no fractures genetically asso

ciated with the F1-folds because of the ductile nature of their 

formation.  

B3.2.2.2 F2-Folds 

The second-phase folds, F2, are typically small, 

asymmetric concentric folds which have locally folded the older 

F1 structures and regional foliation, Sl* These folds occur in 

several orders, of which the lower order folds have axial planes 

that fan around the higher order F2-folds (Plate B5.2-3). In
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the Indian Point area, F2-fold-axes have variable trends and 

plunge from 100 to 300 north or south.  

This phase of folding was semi-ductile in nature, re

sulting in an incipient axial plane foliation and (on the lower 

order folds) an axial plane fracture cleavage which strikes N20 

to 60E and dips 300 to 600 NW or SE, thus forming a cleavage fan 

around a NE-striking, upright axial plane to F2 -folds. In addi

tion to these axial fractures, there is a set of conjugate 

shears, faults, and fractures about a compression direction 

which is consistently normal to S0/S I . These shear planes have 

a 20 to 30-degree dihedral angle and are oriented generally from 

ENE to NW. They are characterized by strike-slip movement and 

healed breccias where exposed in the Inwood Formation, with some 

calcite and minor mineralization in the fault zones. Examples 

illustrating this relationship are discussed in greater detail 

in Attachment B5.3.  

B3.2.3 Rotation by the Cortlandt Intrusion 

The structural featues described above have been 

locally rotated by the intrusion of the Cortlandt pluton. The 

geologic maps (ref. Plates B3-1 through B3-4) of the Indian 

Point area show the rotational effect of the Cortlandt Complex 

on the rocks of the Manhattan Prong. This rotation is par

tially responsible for the variable orientation of fractures 

parallel to the axial plane of the f2-folds and the conjugate 

shears normal to S0/SI.
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B3.2.4 Post-Cortlandt Structural Elements 

B3.2.4.1 General 

There are three major groups of faults with associated 

fractures that postdate the intrusion of the Cortlandt Complex.  

These structures have the common characteristic of a consistent 

orientation in the Indian Point area, i.e. they have not been 

rotated by the Cortlandt intrusion.  

The three major fault groups are oriented ENE-WNW, NE, 

and NNE-NNW. All of the post-Cortlandt faults found in the area 

can be classified into one of these three major groups. Subdi

vision into these groups has been made on the basis of a frac

ture study made in successively younger rocks of Cambro-Ordovi

cian to Triassic age (see Attachment B5.3). The general char

acteristics of the faults and fractures comprising each group, 

as well as the major faults of each group found at or near the 

site are discussed below in their interpreted sequence of devel

opment.  

B3.2.4.2 ENE-WNW Faults 

The rocks of the Indian Point-Verplanck area are de

formed by numerous faults which have an average E-W strike.  

This major group consists of a system of conjugate faults where 

the sinistral set strikes E-W to N70W dipping southward, and the 

dextral set strikes E-W to N75E dipping southward. With very 

few exceptions, faults of both sets are offset or truncated by 

younger faults. The E-W striking faults in the Inwood Formation 

are typically characterized by breccias which have been healed 

by a re-crystallized calcite cement.
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There are four major zones of E-W faults near the In

dian Point site that have been mapped (ref. Plates B3-1 through 

B3-4). The northernmost zone of E-W faults is exposed in a se

ries of railroad cuts in the Cortlandt Complex at Travis Point 

and at the Peekskill Railroad Station. Several faults, 1 to 3 

feet thick, were observed at this locality. Breccias were pre

served in some of these faults, but not in others. Fault 

strikes in this locality averaged N80E. Two N75W faults with 

preserved breccias were found. One fault with a preserved brec

cia was observed to be crosscut by a granitic dike 1-foot thick.  

Another fault was found to offset a granitic dike, but 

there was no preserved breccia present. The E-W fault struc

tures cannot be traced across a N30E trending fault exposed 

along the railroad tracks. They are traceable and exposed 

to the west of this northeast-trending fault.  

A second major fault zone is exposed at Lent's Cove, 

and also at the roadcut beside the exit ramp off the New York

Albany Post Road at Welcher Avenue in Buchanan. This fault zone 

does not contain a preserved breccia, but consists of closely

spaced fractures with interstitial crushed rock. The fault at 

Welcher Avenue strikes E-W to N80W, and at Lent's Cove it 

strikes N80E to N70E. The geometry of fractures and the shal

low plunge of slickensides suggest a dextral strike-slip move

ment.  

The third major fault zone is exposed at the corner of 

Bleakley and Broadway Avenues in Buchanan. Remanants of this 

fault zone are exposed again 400 feet eastward near the pond.
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This fault consists of a zone of closely-spaced fractures strik

ing E-W to N80E, with interstitial crushed rock and subhorizon

tal slickensides. This fault zone cannot be traced westward; 

however, there appears to be a dextral offset of the Cortlandt

Manhattan contact on the south side of Bleakley Avenue.  

The fourth major E-W fault zone occurs in the Ver

planck Quarry and possibly again to the west on the west edge of 

Lake Meahagh. The fault strikes N80E and dips southward. It is 

exposed on both the east and west faces of the quarry, and con

tains a sheared, healed breccia. On the shear planes of the 

fault, pink and white crystalline calcite has been sheared with 

subhorizontal slickensides visible on the shear surface as well 

as minute grains of pyrite. Crystals of free-growing, zoned, 

dogtooth calcite crystals (up to 1.5 inches long) are present as 

overgrowths on older pink and white calcite. This major fault 

zone appears to be offset dextrally across the quarry. The 

movement sense of this fault appears to be sinistral, based on 

offset of the Inwood-Manhattan contact at the quarry and the 

Manhattan-Cortlandt contact near Lake Meahagh, where small fel

sic veins of the contacts are sinistrally offset along a small 

N80 to 90E trending fault. At the quarry, the strike of bedding 

rotates near the fault zone in such a manner as to suggest drag

ging due to dextral movement along the fault. This may indicate 

that the latest movement on this fault has the opposite sense of 

the genetic movement.

B-18



The four fault zones described above are genetically 

the oldest post-Cortlandt structural features in the vicinity of 

the Indian Point site. Regardless of their age of development, 

their existance is important because they may have been reacti

vated during later fault movements.  

B3.2.4.3 Northeast Faults 

The next successively younger faults are part of a 

conjugate system with a N50 to 60E sinistral set and a N20 to 

30E dextral set. Faults of this conjugate system consistently 

offset the ENE-WNW faults. The sinistral set is characterized 

by healed breccias and white calcite mineralization, slicken

sides, and gray-green gouge. The dextral set is characterized 

by healed breccias and soft, loose, crushed breccia and gouge.  

The faults themselves exhibit both dextral and sinistral strike

slip movement senses with numerous subhorizontal slickensides.  

Numerous faults of each set are present as can be seen on the 

geologic plans of the rock exposures onsite (see Attachment 

B5.1). An analysis of fractures in the Inwood, Manhattan, and 

Cortlandt rocks has shown that there is a set of N40 to 60W 

east-dipping fractures which are approximately orthogonal to the 

compression direction which formed the NE conjugate faults. The 

orientation of these fractures is similar to that of the axial 

plane of F3-folds recognized in New York City (Bowes and Langer, 

1969). There are a few NW-striking fractures which exhibit 

gently plunging slickensides indicating some strike-slip shear 

fracturing.
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Numerous granitic veins and dikes were measured in the 

outer zone of the Cortlandt Complex. One set strikes NE and 

dips gently NW, and the other strikes NW and dips steeply NE.  

Two interpretations of these veins are possible. They may have 

formed along axial plane fractures and low-angle release frac

tures during F3-folding. On the other hand, they may have form

ed during emplacement of the Peekskill Granite in Devonian time.  

The proximity of the Peekskill Granite suggests this body as the 

source of granitic fluids which filled these fractures.  

B3.2.4.4 NNE-NNW Faults 

All of the structural features described above, both 

pre- and post-Cortlandt in age, are offset by younger faults 

whose strikes range from N40E to NI5W. Fracture studies have 

shown that this major group consists of three sets of faults: 

N15W to N-S, N5E to NI5E, and N20E to N40E (Attachment B5.3).  

Faults of all three sets have been mapped in detail in the rock 

exposures at the Indian Point Generating Station, as well as in 

the rocks of the Inwood, Manhattan, and Cortlandt Formations 

which crop out near the site (ref. Plates B3-1 through B3-4).  

Fault relationships onsite and in the region have shown both 

dextral and sinistral movement senses on faults of this group.  

Faults of each set also offset or are offset by other faults 

of this group. These faults are rarely healed; breccias are 

commonly soft, and one or more sets of slickensides are 

common. Both pink and white calcite, and, less commonly, 

mica, pyrite, feldspar, and quartz occur in some faults.  
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Field mapping at and near the site has identified sev

eral major faults of each set in this group which may be through

going structures: 

1) NlOW to N-S Set. Excavations between Nuclear Re

actors No. 1 and No. 3 in the Inwood Formation 

have revealed a zone of faulting bounded by two 

NlOW striking faults. Both of these faults con

tain healed breccias which have been sheared; 

gray-green and orange gypsiferous, clayey gouge, 

and pyrite, mica, feldspar mineralization. The 

movement sense along these faults is both dextral 

and sinistral. Structurally associated with 

these faults is a N-S fault which was first de

scribed by Ratcliffe (1975). This N-S sinistral 

fault terminates within the zone bounded by the 

NNW faults. The NNW fault zone is traceable 

southward to the edge of Nuclear Reactor No. 3, 

and northward apparently to the gas turbine 

building of Nuclear Reactor No. 1.  

2) N5E to N15E Set. A N5 to 10E striking fault in 

the rock exposure beside Nuclear Reactor No. 3 is 

traceable up to 6 feet from the containment 

structure (see Attachment B5.1). This fault 

clearly truncates a N50 to 60E sinistral fault 

zone, and a number of NNW striking shear planes, 

one of which demonstrates 5 to 6 inches of dex-
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tral displacement. The movement sense of this 

fault is uncertain, although a sinistral sense 

may be interpreted. This fault may be exposed 

further north in the rock cut beside the gas tur

bine of Reactor No. 1 (Fault 17, Attachment B5.1).  

This fault contains pyrite and mica, and sinis

trally offsets a dextral N-S fault.  

Another prominent N5 to 10E dextral fault is ex

posed in the southernmost outcrop onsite (see At

tachment B5.1). This fault contains breccia, 

mica, and feldspar. The continuity of this fault 

is not known.  

3) N20E to N40E Set. Four major N20 to 40E en eche

lon faults, two of them bordering the site and 

the other two transecting the site, have been 

recognized in the Inwood, Manhattan, and Cort

landt rocks (ref. Plates B3-1 through B3-4).  

The westernmost fault is exposed on the eastern 

bank of the Hudson River in the Inwood Formation 

approximately 1500 feet south of the site. The 

fault zone is about 10 feet thick, intensely 

brecciated with numerous subhorizontal slicken

sides, and contains soft clay matrix in the brec

cia. The geometric arrangement of shear frac

tures along the fault zone suggests sinistral 

movement. The southwest projection of this fault
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coincides with a strong topographic depression 

between the northwest side of the Verplanck Quar

ry and the river.  

The easternmost fault (NE striking) is ex

posed in a railroad cut in Cortlandt rocks 

across Travis Point up to the Peekskill Rail

road Station. The same fault was mapped as a 

sinistral oblique-slip fault by Ratcliffe 

(1975). The southwest projection of this fault 

passes through a linear belt of glaciofluvial 

sediments which may have filled a topographic 

depression (see Attachment B5). Further 

south, a strong photolinear at Verplanck lies 

along the projection of this main N20 to 30E 

fault.  

Two faults which appear to pass through the site 

area are exposed in the north wall of the Ver

planck Quarry. The largest fault is exposed in 

the northeast corner of the quarry as a 50-foot 

thick limestone breccia in the Inwood Formation 

with several smaller parallel faults. The move

ment sense is apparently dextral based on the ap

parent offset of a large N80E fault zone which 

transects the quarry. Parallel to this fault 

along the east wall, a discontinuous breccia oc

curs just below the Inwood-Manhattan contact, and 

the contact itself is a highly weathered zone. A 
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quartz-muscovite vein crosses this zone and sug

gests mineralization there. This contact zone 

is traceable southward halfway to the south wall 

where the zone intersects a N80E fault which has 

offset the contact. This zone is not exposed to 

the north except at the site where the Inwood

Manhattan contact has been located by drilling 

near Unit 2 (see Plate B3-2). The other N30E 

fault is exposed approximately in the center of 

the north wall of the Verplanck Quarry. This 

fault is exposed further north also in the Inwood 

Formation, just outside the north end of the 

Georgia Pacific property. This fault is 4 to 5 

feet thick with a sheared, healed breccia at the 

edges, and a central crushed breccia in a soft 

clay matrix. Gash veins indicate an old dextral 

movement sense, but the geometric arrangement of 

frictional shears indicates a later sinistral 

movement sense. This fault may coincide with 

the N30E fault found on site in the trench which 

was mapped in detail (see Attachment B5.1). The 

fault in the trench also exhibits an old dextral 

and a later sinistral movement sense, based on 

the geometry and cross-cutting relationship of 

associated frictional shear fractures' The true 

size of the fault in this trench is not known,
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but the continuity and the physical and geometri

cal properties of the fault are very similar to 

the other two exposures of this zone further 

south. A N40E striking fault is exposed in the 

rock cut beside Nuclear Reactor No. 3.  

B3.3 FRAMEWORK OF FAULTING IN THE VERPLANCK PENINSULA 

A series of en echelon faults striking between N20 to 

40E have been mapped in the Verplanck Peninsula. These faults 

have a predominant strike-slip component of movement and dip 600 

to 900 east. A sinistral sense of movement, indicated by the 

offset of stratigraphic rock units, is interpreted as the latest 

sense. Some of the faults also show evidence of older dextral 

movement. Generally, the N20 to 40E faults offset numerous ENE

WNW striking faults (ref. Plate B3-2). Also, a number of N-S 

striking faults are interpreted as being terminated at each end 

by a N30E fault (ref. Plate B3-4).  

Irrespective of exactly when they developed, the N-S 

and WNW faults are favorably oriented for reactivation by sinis

tral simple shearing of the N30E main shears. The pervasive na

ture of the main shears partly explains the abundance of these 

associated faults.  

The site is bordered by two main N30E shears and is 

transected by at least two others (ref. Plates B3-1 through 

B3-4). The westernmost N30E fault is located on the east edge 

of the Hudson River, and is exposed in the Inwood Formation just
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south of the site area. It projects southward to a zone of 

faults in the Inwood Marble, exposed near the river just west of 

the Verplanck Quarry.  

Several hundred feet east of this fault is a smaller 

but pervasive N20E sinistral fault, which is exposed near the 

center of the north wall of the Verplanck Quarry; it is also ex

posed in outcrops bordering the north side of the Geogria Paci

fic Company, and again at the site in a trench mapped immediate

ly west of the rock cut beside Reactor Unit No. 3. Field obser

vations at two exposures show that younger sinistral movements 

along this fault have been overprinted on older dextral move

ments.  

There are several major faults exposed in the rock cut 

immediately north of Reactor Unit No. 3, but one N40E fault ap

pears to be through-going. The northern extension of this N40E 

fault coincides with a possible dextral displacement of the 

Manhattan-Cortlandt contact (see Attachment B5.4 and B3-4).  

This fault probably passes through Reactor Unit No. 3, but has 

not been found again further south, possibly because it merges 

with the N30E-trending fault located further west.  

The second main N30E shear occurs parallel to and, in 

places, coincident with the Inwood-Manhattan contact which bor

ders the eastern edge of the site. The only exposures of this 

fault occur at the Verplanck Quarry, but it trends northward 

toward a possible sinistral offset of the Manhattan-Cortlandt 

contact north of the site (see Attachment F). Where this fault
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coincides with the Inwood-Manhattan contact, the basal member of 

the Manhattan Schist appears to be either absent or anomalously 

thin.  

The most pervasive N30E fault in the en echelon sys

tem occurs between Travis Point and Verplanck Point. This fault 

appears to be a major sinistral shear which truncates or offsets 

numerous ENE to WNW fault zones (ref. Plates B3-1 through B3-4).  

The sinistral fault at Travis Point is exposed in the Cortlandt 

Complex. A projection of this fault coincides with a possible 

sinistral offset of the Manhattan-Cortlandt contact near the 

Bleakley-Broadway intersection (see Attachment F and Plate B3-4).  

Further south, the fault is aligned with a linear belt of glacio

fluvial sediments which appear to have filled an old topographic 

depression (see Appendix D and Plate B3-4). Still further south, 

between the quarry and Verplanck Point, the fault is aligned 

with a pronounced photolinear which coincides with a major off

set of folded Inwood and Manhattan rocks (ref. Plates B3-1 and 

B3-4). All of these features are along a N30E trend and have 

been interpreted as resulting from a major N30E shear in this en 

echelon system.  

It should be noted that this system of en echelon 

shears transects two prominent E-W fault zones. One E-W fault 

zone occurs at the corner of Broadway and Bleakley Avenues, but 

cannot be found west of the Travis Point-Verplanck Point fault.  

This fault was mapped as dextral based on the possible displace

ment of the Manhattan-Cortlandt contact (see Attachment F). The
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intensity of shearing along this fault suggests that it may have 

been reactivated during sinistral movement on the main shears.  

Another continuous E-W fault extends from Lake Meahagh to the 

Verplanck Quarry. This fault is sinistral, but is offset by at 

least two of the en echelon main shears (ref. Plate B3-2).  

In summary, the overall structural framework indicates 

a 1000 to 2000-foot zone of subparallel, en echelon N30E shears, 

with smaller associated faults trending N-S and WNW-ENE. Al

though they are genetically old, they are pervasive and may have 

been used for the youngest tectonic movements in response to re

gional sinistral simple shearing.
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THE YOUNGEST TECTONIC MOVEMENTS
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APPENDIX B4 

THE YOUNGEST TECTONIC MOVEMENTS 

B4.1 IDENTIFICATION OF THE YOUNGEST TECTONIC MOVEMENTS 

The structural significance of the N-S-trending 

fault, identified north of Reactor No. 3 (Ratcliffe, 1975), 

can be better understood if it is related to the detailed field 

observations made during this investigation.  

As has been described in the preceding sections 

major, through-going NNE-NE faults have been mapped in the 

vicinity of the Indian Point Generating Station. These faults 

have experienced, predominantly strike-slip movements and show 

evidence of both dextral and sinistral senses of movement.  

They were developed in response to a roughly NE-directed 

principal horizontal compression, resulting in the development 

of NNE-NE dextral and NE sinistral conjugate shears and a 

system of orthogonal extensional fractures trending NE and NW.  

These extensional fractures are common in the Appalachians.  

Lamprophyre dikes are commonly emplaced along these trends. A 

potassium-argon age determination on kaersutite, from a lam

prophyre dike in Orange County, New York (Monroe Quadrangle), 

yields an age of 398+17 m.y.; this represents the minimum age 

of emplacement of the dike. Thus, it is reasonable to con

clude that the tectonic system, which includes the dextral NNE

NE trending faults, was developed during a Lower Paleozoic 

tectonic event, prior to 400 m.y. ago.
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These faults, however, have experienced sinistral, 

strike-slip movements subsequent to their formation. It has 

been explained that these movements could correspond to the 

youngest tectonic event recognized in the area, based on the 

cross-cutting relationships between different faults recorded 

and mapped at and near the Indian Point Generating Station.  

This youngest tectonic event could be correlated with the 

tectonic event postulated by de Boer, based on a paleomagnetic 

study of Mesozoic dikes (de Boer, 1967). A simple shear system 

of sinistral polarity was interpreted by de Boer, for the 

northern Appalachians on the basis of the fan-shaped distri

bution of Mesozoic mafic dikes. This approximately NE-oriented 

stress system would have been operative in the northeastern 

Appalachians during Jurassic and possibly Early Cretaceous 

times. This shear system could have been responsible for 

the emplacement of the mafic dikes and caused the sinistral 

reactivation of pre-existing NNE-to-NE trending faults. Such 

strike-slip movements could also induce synthetic shearing and 

dip-slip movements along faults and fractures oriented NNW

NNE.  

B4.2 INTERPRETATION OF THE MINIMUM AGE OF THE YOUNGEST TECTONIC 
MOVEMENT 

It is reasonable to propose that the stress system 

which would facilitate the sinistral strike-slip faulting along 

faults trending NNW-NE has dissipated in Early Cretaceous time, 

when dike development ceased (approximately 100 m.y. ago).  

This conjecture suggests an old age for the youngest
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tectonic movements recognized in the vicinity of the Indian 

Point Generating Station, including the NS trending faults.  

As mentioned in Appendix B2 and described in Attach

ment B5.4, a principal characteristic of the NNW-NE trending 

zones is the presence of hydrothermal mineralization. De

tailed descriptions of this mineralization are given in At

tachment B5.4. Briefly, this mineralization consists of ran

domly oriented medium to coarse-grained muscovite and phlogo

pite, crystalline growths of feldspar (adularia), and inter

growths of feldspar with quartz, calcite, pyrite and muscovite.  

Although, in all fault zones that were examined, this mineral

ization has been deformed by subsequent faulting, its presence 

indicates that the NNW-NE trending faults formed in the dis

tant geologic past, possibly in Lower Paleozoic. Commonly, 

however, free-growing, dogtooth calcite crystals were observed 

along several onsite faults trending NNE-NE and E-W. These 

crystals are undeformed. Because many of them occur as deli

cate forms in vugs, on open faces and in unconsolidated fault 

gouge, and since they are highly prone to disturbance by the 

most minor movement, their lack of deformation indicates that 

no movement has occurred along the faults since their deposi

tion. Therefore, the age of this calcite-mineralization pro

vides a minimum age of last movement.  

Fluid inclusions in these calcite crystals indicate 

that their growth was initiated under conditions of elevated 

temperature and pressure. Avereage filling temperatures of 

primary inclusions from unstrained crystals, collected from 
t
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several onsite faults, ranged approximately between 1600C 

and 170 0C (see Attachment B5.4). These temperatures reflect a 

significant thermal episode not known to have occurred in the 

region since Late Mesozoic (over 70 m.y. ago). According to 

Hadley (1964), the frequency distribution of a comprehensive 

collection of radiometric dates of the entire Appalachian 

region shows that the last recognizable thermal episode peaked 

in the mid-Mesozoic. This is further substantiated by the 

absence of any sign of post-Mesozoic igneous activity through

out the northeastern United States (Brown, 1968). Broughton 

and others (1966) verify the absence of such activity in New 

York. Current regional thermal conditions appear completely 

normal. Analysis of limited heat flow data from deep regional 

wells (Urban, 1972) indicates no abnormality. Furthermore, the 

only thermal spring in the state occurs at'Lebanon, New York, 

east of Albany (Peterson, 1970). Even there, the constant 750 

Fahrenheit temperature is probably due to ground-water 

plumbing, unrelated to a geothermal abnormality. A minimum 

age of crystallization on the order of 330,000 years has been 

estimated for these undeformed calcite crystals (see Attach

ment B5.4).  

Soil and weathering profiles developed over some 

NS-trending faults, situated northwest of Reactor No. 3, do 

not appear to have been disturbed by faulting. It is inter

preted that this soil is 8,000 to 10,000 years old (see Ap

pendix E).
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ATTACHMENT B5.1 

DETAILED GEOLOGIC MAPPING AT THE 

INDIAN POINT GENERATING STATION 

B5. 1.1 INTRODUCTION 

This attachment describes all pertinent geologic in

formation obtained during the detailed geologic mapping of five 

bedrock exposures at the Indian Point Generating Station. Lith

ologic, stratigraphic, and structural data gathered during this 

mapping combined with previous investigations were utilized to 

produce the interpreted geologic map, shown on Plate B5.1-1.  

Outcrop locations, shown on this geologic map are referred to 

as: Outcrop North of Nuclear Reactor No. 2; Outcrop in the 

Trench Northwest of Nuclear Reactor No. 3; Outcrop Adjacent to 

Turbogenerator Building No. 1; Outcrop North of Nuclear Reactor 

No. 3; and Outcrop South of Nuclear Reactor No. 3.  

Detailed geologic plans were prepared for each of 

these outcrops, at scales of 1:30 or 1:60. These plans are pre

sented on Plates B5.1-3 through B5.1-7 (at a reduce scale).  

Base lines, gen erally outlining these exposures, were measured 

by steel tapes and oriented by compass to facilitate mapping.  

Brunton compasses were used for structural measurements. At the 

western portions of the out crop north of Nuclear Reactor No. 3, 

in the trench located northwest of Reactor No. 3 and at the 

outcrop adjacent to Turbogenerator Building No. 1, abnormal mag

netic fields, produced by electric currents, dictated the use of 
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an alternative method of mapping. At locations, where ab

normal magnetic fields were produced by electric currents, 

a steel tape and a protractor were used to measure the acute 

angle, in a horizontal plane, between the projection of struc

tural features and the base line. As a result of this tech

nique, the accuracy of these measurements can only be con

sidered to be within +100.  

All other pertinent structural data, recorded at each 

outcrop, have been plotted on lower hemisphere, equal area pro

jections, illustrated on Plates B5.1-8 through B5.1-12. This 

data consist of poles or planes representing foliation and/or 

bedding, the axial planes and plunges of folds, lineations and 

slickensides, slickensided surfaces, fracture planes, fault 

planes, and an interpretation of fault and fracture geometry 

based on information contained in Attachment B5.3.  

The locations of samples taken for laboratory examina

tion and analysis are shown on the geologic plans. Information 

regarding the results of this laboratory investigation is 

presented in Attachment B5.4.  

B5.1.2 LITHOLOGY AND STRATIGRAPHY 

The Indian Point Generating Station is underlain by 

two Cambro-Ordivician rock formations, the Inwood Marble and the 

Manhattan Schist. The Inwood Marble is exposed at all outcrops 

examined onsite, while the Manhattan Schist outcrops only north 

of Nuclear Reactor No. 2.
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At the site, the Inwood Marble is composed of three 

interbedded lithologies, a blue grey-to-light grey (often buff

colored) dolostone; a limestone similar in appearance to the 

dolostone; and several thick beds of white marble. These rocks 

exhibit a weak mineral foliation defined by light-colored micas.  

Within these lithologies are minor layers of chert and phyllite, 

which are usually folded and boudined.  

Within approximately 20 feet of its contact with the 

Inwood Marble, the Manhattan Schist includes thinly bedded car

bonates and biotite quartzite, with minor phyllite layers.  

Further upsection, the Manhattan Schist is a coarse grained two

mica schist with minor quartzite layering. The presence of 

garnet and staurolite in this schist indicates a medium grade 

of regional metamorphic recrystallization.  

Hydrothermal activity in this area has deposited a 

variety of minerals along fault and fracture surfaces (see At

tachment B5.4). Pyrite, both pink and white varieties of cal

cite, as well as brown, white, and green micas are associated 

with these hydrothermal deposits. Zeolites were observed as 

fracture-filling material in the Manhattan Schist.  

A variety of fault-filling material occur onsite, con

sisting of healed and unhealed breccias, gouges, and hydrother

mal mineralization. Several faults in the outcrop north of 

Nuclear Reactor No. 3 are coated by a black greasy substance, 

which was determined by laboratory analysis to be rock flour 

(Attachment B5.4). All materials sampled along fault planes
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show some degree of deformation, except for a few occurrences 

of calcite.  

B5.1.3 'STRUCTURAL FABRIC 

B5.1.3.1 General 

Faults are described specifically and in detail for 

each outcrop. They are referred to by numbers shown on the 

geologic plan of each individual outcrop (see Plates B5.1-3 

through B5.1-7). All other structural elements, such as bed

ding, foliation, folds, and fracture and fault geometry are 

described in general terms.  

B5.1.3.2 Folds 

The structural elements related to folding at individ

ual outcrops are presented on lower hemisphere, equal area pro

jections, illustrated by Plates B5.1-8 through B5.1-12, and are 

represented diagrammatically on the geologic plans of each out

crop, illustrated by Plates B5.1-3 through B5.1-7. A more de

tailed study of folding observed at and around the Indian Point 

Generating Station is contained in Attachment B5.2.  

The orientation of the axial plane cleavage (Sl) in 

the rocks at the site is generally subparallel to the orienta

tion of large-scale compositional layering original bedding 

(SO). In the eastern portion of the site, S0/51 generally 

trends NE to NNE, while in the western areas SO/S1 is oriented 

NNW to NW. These surfaces dip moderately to steeply eastward 

in both cases.
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The orientation of SO/Si in some areas changes rapidly, 

within a few feet. At the outcrop north of Nuclear Reactor 

No. 2, the orientation of SO/Si changes from about NIOW to N40 

to 50W, across the contact of the Inwood Marble and the Manhat

tan Schist. This change in strike over a short distance may be 

due to faulting.  

Detailed geologic mapping at the site has revealed 

two generations of folding. The character of the older genera

tion (F1 ) is generally tight-to-closed isoclinal folds. Local

ly, these folds are symmetric with axes roughly corresponding 

to the true dip of bedding. A weak mineral alignment (Sl), 

parallel to the large-scale compositional layering (SO), repre

sents the axial plane foliation of the Fl-folds. Continuous 

slip along this dominant axial plane foliation has resulted in 

unfolding some F1 isoclinal folds. The orientation of the axi

al planes of the F -folds varies as a function of subsequent 

folding and faulting, but generally trend NNE to NE.  

The second generation of the F 2-folds, best exposed 

north of Reactor No. 2, are commonly concentric folds which 

locally fold the F1 structures and SO/S1. At this exposure the 

axes of the F2-folds generally trend N40 to 50W, and plunge 100 

to 300 to the southeast. Their axial planes strike NW and dip 

gently to the north or south.  

An analysis of folding at the outcrop north of 

Nuclear Reactor No. 2 is presented on Plates B5.1-8A and B5.1

8B. It should be noted that a total of 72 fractures were ob-
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served either parallel to the axial planes or perpendicular to 

the axes of F 2-folds. These fractures probably represent ten

sional and extensional fracturing, genetically related to F2

folding. Spatial geometric relationships also reveal that when 

the axial planes and axes of the F2-folds change orientation, 

there is a directly related change in the orientations of these 

fractures.  

B5.1.3.3 Faults 

B5.1.3.3.1 Outcrop North of Nuclear Reactor No. 2 

The geologic plan of this outcrop is illustrated on 

Plate B5.1-3. All structural elements from this outcrop are 

represented on lower hemisphere, equal area projections, illus

trated on Plates B5.1-8A and B5.1-8B.  

Six faults were observed in the Inwood Marble at this 

outcrop, and two were recorded in the Manhattan Schist.  

The orientation of the F -fault varies from N85E to 
1 

N85W, dipping 800 to 850 southward. This fault is characteriz

ed by occasional breccias, between one and three inches thick.  

Deformed and undeformed calcite crystals were observed along 

this fault; the latter were sampled for laboratory examination 

(Samples D-1 and D-6). The sinistral movement sense along this 

fault is established by stratigraphic offset and fracture geo

metry. A calcite vein, parallel to bedding, is displaced about 

seven inches along F1* A second-order fault, truncated by Fi, 

is oriented N70E - 85'N and displaces two one-inch calcitic 

beds in a sinistral sense. Another fault, oriented N15W - 700N,
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also truncated by the main shear, is interpreted as exhibiting 

a dextral movement sense on the basis of the relationship be

tween this fault and the fractures (oriented NS to N20E) it 

truncates.  

The F 2-fault consists of several parallel and subpar

allel planes oriented about N30E 800S. Numerous patches of 

deformed and undeformed calcite were observed along this trend.  

The undeformed material was sampled for laboratory examination 

(Sample D-2). Two instances of stratigraphic offset define the 

sinistral nature of the movement along this fault. A one-inch 

thick siliceous limestone bed and the F1- faultwere both obser

ved to be displaced by the F2-fault.  

Fault F 3 trends about N73E and dips 650 to 850 to the 

south, and is characterized by discontinuous healed breccias 

and lenses of deformed and undeformed calcite. The undeformed 

calcite was sampled (Sample D-3) for laboratory examination. A 

2-1/2-inch wide, white limestone bed, offset about four inches, 

defines the dextral movement sense of this fault. The cross

cutting relationship between this fault and F2 is unknown. How

ever, fault F3 bears an apparent conjugate relationship to 

fault F1.  

The F4-fault zone trends generally E-W and dips 80° to 

850 southward. It is characterized by patches of calcite that 

appear to be deformed. Stratigraphic offset, as well as asso

ciated fracture geometry, define a sinistral sense of movement 

along this fault. A folded dolostone bed, about one-inch thick, 
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is displaced approximately one-half inch, and N50E-trending 

fractures are truncated by this zone.  

Fault F5 is a 2 to 3-foot wide zone of closely spaced, 

parallel-to-subparallel fractures oriented about N75 to 80E, 

dipping 800 to 850 to the south. Some of these fractures are 

filled with deformed calcite. Movement sense along this zone 

was interpreted as dextral, based on the similar observed dis

placement along the nearby subparallel fault. This smaller 

fault truncates a N65W - 65*N-trending fault, demonstrating a 

sinistral stratigraphic offset.  

The F6-fault is a well-defined plane oriented N85E 

780 S, characterized by occasional healed breccias up to 1-1/2 

inches thick. Calcite along this plane appeared deformed and 

was sampled for laboratory examination (Sample D-5). Ten to 12 

inches of stratigraphic offset of a one to two-foot wide marble 

bed establishes the sinistral movement sense of this fault.  

Fault F7 is composed of two faults which merge at the 

base of the outcrop. One is oriented N50E - 80*N and the other 

N30E - 860S. Shearing of of the healed breccia suggests a 

reactivation of movement. Oblique-slip displacement is inferred 

by slickensides plunging 550, as well as by the associated frac

ture geometry, while strike-slip motion could be interpreted 

from slickensides which plunge 150 to 200. No definite sense 

of movement could be established.  

The F8-fault is characterized by a one to six-inch

thick healed breccia, oriented N70W - 820S. Its movement sense 

cannot be defined.
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B5.1.3.3.2 Outcrop in Trench Northwest of Nuclear Reactor No. 3 

The geologic plan of this outcrop is illustrated on 

Plate B5.1-4. All structural elements from this outcrop are 

represented on Lower Hemisphere, Equal Area Projections, illus

trated on Plate B5.1-9.  

Throughout this exposure a total of four shear zones 

were mapped. Stratigraphic displacement was observed in only 

one case, the F3-fault. The other zones are considered faults 

because of the combined development of breccias, slickensides, 

and fracture geometries along them, suggestive of movement, such 

as frictional shears and feather joints. In the majority of 

cases, the character and sense of movement were interpreted on 

the basis of slickensides and associated fracture geometry.  

The F1-shear zone strikes N40E and dips 650 to 750 to 

the southeast. The breccia developed along this zone is healed, 

and consists of angular to subangular limestone fragments. A 

shear plane with slickensides developed on it, pitching 80 to 

160, and 250 to 40' toward the northeast, cuts across the brec

cia. The more steeply pitching slickensides appear to be young

er. The fracture geometry associated with this shear zone sug

gests, but does not prove that two senses of strike-slip move

ment occurred along this zone. The cross-cutting relationships 

between these fractures indicate an older dextral movement, 

perhaps related to the formation of the breccia and a younger 

sinistral movement.
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The F 2-shear zone is about eight inches thick, com

posed of three planes trending N82E, N87E, and N72W. Each of 

these planes contains completely healed breccia, similar to that 

along the F -fault. The N72W fracture is bounded by the ENE

trending planes. This geometry suggests a dextral sense of 

strike-slip movement, with the N72W fracture being the friction

al shear, and the ENE fractures, the main shear.  

The F3-fault zone consists of three sharp, well-de

fined planes trending about N30E, N33E, and N09E, dipping 600 

to 670 southward. The N30E-trending plane truncates the other 

two. This geometric relationship suggests that the N30E orient

ed plane is the main shear which truncates the other two fric

tional shears, and a sinistral sense of strike-slip motion. A 

two-foot stratigraphic offset of a one to three-inch bed of 

yellow sandy limestone supports this interpretation. The sin

istral shear plane cuts across the healed breccia along the main 

shear. Slickensides on this plane pitch 160 to 180, and 350 

to 400 to the northeast.  

The F4-shear zone is characterized by a yellowish red 

breccia about ten to twelve inches wide, oriented about N30 to 

35W, dipping to 760 to 780 northward, subparallel to the ori

ginal bedding. This ironoxide-stained, unhealed breccia con

sists of angular to subangular weathered limestone fragments and 

cobble-sized fragments of an older healed breccia. Slickensides 

are abundant on many planes, in the vicinity of this zone, with 

pitches that vary from 400 to 600 to the northwest, indicating 

an oblique-slip movement sense. Fracture geometry suggests that
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the northern side is down-dropped, and the strike-slip component 

of movement is sinistral.  

B5.1.3.3.3 Outcrop Adjacent to Turbogenerator Building No. 1 

The geologic plan of this outcrop is illustrated on 

Plates B5.1-5A and B5.1-5B. All structural elements from this 

outcrop are represented on lower hemisphere, equal area-projec

tions, illustrated on Plate B5.1-10.  

Fault F1 is oriented subparallel to bedding at about 

N50E - 680SE, and marks the eastern boundary of a similarly 

trending healed breccia. A finer distinctive breccia is devel

oped adjacent to the Fl-plane. Patches of deformed calcite on 

this surface exhibit slickensides which plunge 220 northeast.  

However, no movement sense could be established for this fault.  

The F 2-fault is oriented subparallel to bedding at 

about N50E - 600S, and is characterized by a three to four

inch thick healed breccia. Patches of calcite along the F2

plane exhibit slickensides plunging 170 northeast. Several en

echelon calcite-filled fractures are oriented N-S - 82*E. If 

these represent filled tension gashes, it is possible to inter

pret a sinistral sense of movement along this fault.  

Fault F3 is oriented N03E - 53*S, and is characterized 

by a healed breccia of variable thickness. Several en-echelon 

calcite veins are oriented N08E to N16E and are bounded by heal

ed breccias. These apparent tensional fractures, coupled with 

the orientation of smaller breccias, probably representing sec

ondary shears to F3 , suggest a dextral sense of movement along 

this fault.
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Fault F4 is parallel to bedding, oriented N4E - 53°S.  

This surface displays slickensides on calcite which plunge 350 

northeast.  

The F5-fault is characterized by a six-inch wide heal

ed breccia, oriented N54E - 660S. Several en-echelon calcite 

veins, oriented N-S - 800E, appear to be offset about three to 

six inches in a sinistral sense. This displacement, as well as 

the geometry of the veins themselves, indicates sinistral move

ment along this fault. An older healed breccia, generally 

trending E-W, is truncated by this fault.  

The F6 -fault trends generally ENE, dipping 750 to 850 

to the south., and is characterized by a two to three-inch thick 

healed breccia. The fracture geometry associated with this 

fault is suggestive of a sinistral sense of movement.  

Fault F7 is a zone of closely spaced fractures orient

ed about N-S - 750E. Calcite along some of these fractures ex

hibits horizontal slickensiding. About a six-inch displacement 

of the F6 breccia defines the dextral movement along this fault.  

Fault F8 is a one to two-foot wide zone oriented about 

N30E - 600S. This zone is characterized by fractured silice

ous, micaceous filling material, and soft fault gouge along its 

margins. It is possible that a number of minerals in this zone 

are of hydrothermal origin. Samples (CA-l, CA-2, CA-3, CA-4, 

and CA-7) were taken from this filling material for laboratory 

examination. The movement sense along this fault was not deter

minable, though it does truncate fault F7.  
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The F -fault is oriented about N04E - 680S, and char
9 

acterized by occasional healed breccias developed along this 

trend. Calcite lenses, on the order of one inch displaced by 

small shears associated with this fault, indicate a sinsitral 

sense of movement. A sample (CA-5) was taken from this fault 

for laboratory examination.  

Faults F1 0 and F11 are oriented N11W - 690E and 

N49E - 54°N, respectively. Both faults are characterized by 

loosely cemented breccias. These faults apparently merge, al

though their exact relationship is unclear.  

Fault F1 2 is a nearly vertical healed breccia oriented 

about N1W, which is sheared and offset by a number of faults, 

designated as FI3 These are a series of small discontinuous 

faults oriented about N05W - 640N, which show a consistent, 

down to the east "normal" sense of movement.  

The F 4-fault consists of a loosely cemented breccia 

parallel to bedding, oriented N07E - 63°S, which contains unde

formed calcite crystals. Secondary faults trending N34E - 830N, 

also characterized by loosely cemented breccia, contain vugs or 

undeformed calcite. This fault geometry is suggestive of a 

dextral sense of movement along fault F!4' 

Fault F1 5 trends generally WNW and dips about 600 

southward, characterized by a four-foot thick healed breccia.  

.This breccia is truncated by fault FI8 and displaced in a dex

tral sense by fault F16.
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The Fl6-fault plane is oriented N04E - 65°S and 

N06W - 670S, and is characterized by a healed breccia about six 

inches thick, exhibiting nearly horizontal slickensides. The 

stratigraphic offset by this fault of the F15 breccia, and a 

marble bed by about 4 inches establishes the dextral movement 

sense along this fault.  

Fault FI7 is oriented N06E - 64°E and is characterized 

by a two to four-inch zone of microbreccia, and an open breccia 

with pyrite aggregates along the fault zone. A sinistral move

ment sense along this fault is defined by its displacement of 

the F1 6-fault, as well as by its associated fracture geometry.  

The F1 8-fault is oriented parallel to bedding at about 0 

Nl7E-61 S, with possibly some hydrothermal mineralization 

along its trend. This fault truncates fault F1 5. Drag attri

buted to strike-slip movement along F1 8 suggests a sinistral 

sense of movement.  

0 Fault FI9 is oriented NI4E-63 S, or parallel to bed

ding. This fault is characterized by healed breccia, and at the 

base of the outcrop, by sand and silt-filling material. A 

sinistral sense of movement along this fault is suggested by its 

associated fracture geometry.  

Fault F20 is a healed breccia oriented about N02E
2 

52 N, and truncated by faults F18 and FI9. The geometric rela

tionship of these three faults implies that fault F20 is the 

frictional shear, with sinistral movement sense, developed by 

sinistral movement along the main shears F1 8 and Fl9.  
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The F 21-fault is a healed breccia oriented N32E

0 

82 S. This fault is truncated by Fault F20 and displaced in a 

dextral sense by several small faults trending about N26W.  

B5.1.3.3.4 Outcrop North of Nuclear Reactor No. 3 

The geologic plan of this outcrop is illustrated on 

Plates B5.1-6A and B5.1-6B. All structural elements from this 

outcrop are represented on lower hemisphere, equal area pro

jections, illustrated on Plate B5.1-11.  

Fault F1 is a two-foot wide zone of intensely weath

ered breccia, oriented about N35E-65S. Weathering of this 

breccia has produced grey, green, and orange silts and clays.  

This fault constitutes the southeast border of a larger, gener

ally northeast-trending breccia zone. The obvious difference in 

the character of the F1 zone leads one to interpret it as a re

activation along the margin of the larger, completely healed 

zone. The sinistral movement sense of F1 is indicated by about 

15 feet of offset of a two-foot wide, dark grey marble bed.  

The F2-fault is poorly defined, nearly vertical plane, 

trending about N20W. Near its intersection with F1 , its surface 

is coated with a dark green mineral. The relationship of F2 to 

F1 is uncertain. However, it appears that F1 is not offset by 

F 2  The dextral movement sense of F2 is defined by about 6 

inches of apparent offset of F3.  
o 

Fault F3 is oriented N45E-75 S. This fault is char

acterized by a healed breccia about six inches wide, defining 

the northwest border of the large, generally NE-trending breccia 

zone.
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The offset of a marble layer with several siliceous 

interbeds, by about two feet, defines the dextral movement sense 

along this fault. Fault F3 is truncated by fault F6, and is 

offset in a dextral sense by both F2 and F5* 

Fault F4 is a nearly vertical zone of closely spaced 

fractures, oriented N65E, that cuts through the central portion 

of the larger breccia zone. This zone is truncated by both 

F 2and F 3-faults, although its relationship to the surrounding 

faults is unclear. The two-foot wide dark grey marble bed 

appears to be offset about three feet along this zone, in a 

sinistral sense.  

Fault F5 is small, consisting of a single plane ori
0 

ented N20W-62 N, displaying subhorizontal slickensides plunging 

to the north. This fault is truncated by F6 and offsets F3 a 

few inches in a dextral sense.  

Fault F6 is a well-defined plane oriented NIOE, 55o 
0 

to 60 E, exhibiting subhorizontal slickensides. On the east 

side of this fault are several pods of breccia, up to six inches 

thick, whose counterparts cannot be located on the west side.  

The offset counterpart of the F 3-fault also could not be lo

cated.  

Faults a F7 , FII, F1 2 and F13 compose a zone of gen

erally NNW faulting, which closely parallels bedding, oriented 
0 0 

N05 to 1OW, dipping 60 to 70 eastward. Faults F9 and FI0 

appear to be related to shearing along two of the NNW-trending 

planes.  
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Faults F and F are oriented about NlOW-65 N. Fault 
7 11 

F is characterized by black, sheared material along its trend, 

which has weathered to silts and clays in places. The movement 

sense along these faults is interpreted as dextral on the basis 

of their relationship with faults F9 and F1 0 .  

Fault F8 consists of a sinle plane, oriented N05E to 
0 o 

N35E, dipping 65 E and 85 E, respectively. The upper surface 

exhibits subhorizontal slickensiding. This fault is truncated 

by a bedding surface, located between faults F7 and FII* Its 

cross-cutting relationship to F7 is unclear. However, neither 

fault appears to offset the other.  

Faults F9 and FI0 areoriented N26E and N17W respect
0 0 

ively, dipping 60 to 70 southward. Both faults exhibit minor 

stratigraphic offsets, indicating dextral movement senses.  

Fault F9 is truncated by both F7 and Fll. It appears that 

F9 is a frictional shear resulting from dextral shearing along 

F7 and Fll* 

Fault FI2 is oriented about NlOW-66 N. This fault is 

characterized by a continuous nine-inch wide bed of dark grey 

cemented breccia. A finer and more distinctive three-inch wide 

breccia is developed along its western edge, while its eastern 

border is defined in places by black sheared material. Locally 

this "breccia bed" has weathered to grey, green, orange, and 

black silts and clays.
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Fault F1 3 is oriented NlOW-72 N, closely paralleling 

bedding. Healed and highly weathered breccias were both ob

served between F12and F13 at their northern mapped extents.  

A dextral movement sense is interpreted for this fault on the 

basis of the position of the weathered breccia in this area.  

Fault FI4 is a zone of closely spaced fractures ori

ented about N30E-75 S. Movement sense along this trend is 

established as dextral by approximately two feet of displacement 

of a mineral pod. This fault is truncated by F12 and offset in 

a sinistral sense by F1 5.  

Fault FI5 consists of a well-defined plane oriented 

generally N-S-65E, exhibiting subhorizontal slickensides. The 

movement sense along this fault is defined as sinistral by three 

separate stratigraphic offsets on the order of two to three 

feet. Faults F1 4 and F17 are both offset in this manner,.as 

well as a two to three-inch wide mineralized bed of white marble.  

Undeformed crystals of calcite were observed over-growing de

formed calcite between two slickensided surfaces defining the 

F 5-fault. Samples (S-l, S-2, S-15 and B-31) of the mineral

ization along this fault were taken for laboratory examination.  
0 

Fault FI6 is oriented N53E-63 S, and exhibits sub

horizontal slickensiding. A small breccia zone is developed 

along this trend near the base of the outcrop. Sinistral move

ment along this fault is established by a one-foot offset of the 

previously mentioned mineralized bed of white marble.
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Fault F17 is a generally E-W oriented, nearly vertical 

healed breccia, approximately two feet wide. It is character

ized further by the mineralization that crosses its northern 

margin and meanders through its central portion. This minerali

zation resembles that along faults F24 and F22, as well as the 

irregularly shaped masses of minerals trending in a generally 

northwest direction from F24 ' This mineralization consists of 

disoriented micas, pyrite, quartz and feldspar (possibly the ad

ularia variety). Sample S-14 was taken from fault F17 for 

laboratory examination. Near its junction with F22 , a wedge of 

unbrecciated rock may indicate that two trends of brecciation 

merged to form FI7* This trend is offset in a number of places, 

possibly in a dextral sense by F1 3, definitely in a sinistral 

sense by F1 5 , and possibly in a dextral or a sinistral sense by 

F22.  

Faults F1 8 and FI9 are two very small faults consist

ing of single planes oriented N40 to 45E, and dipping approxi

mately 70 to the south. Dextral movement along these trends is 

defined by three to four-inch offsets of dark grey marble beds.  
0 

Fault F20 consists of two planes oriented N25W-62 N 

and N40W-80 N. Both planes exhibit slickensides which plunge at 

steep and shallow angles. It is possible that both strike-slip 

and dip-slip movements have occurred along these surfaces. The 

N25W plane truncates bedding in a manner that suggests normal 

movement. However, faults F11, F1 2 andF 13 do not appear to be 

affected by any displacement along the N40W surface.
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Faults F21, F22, and F23 are probably related faults 

composing a NNW-trending fault zone. These faults are generally 

characterized by healed breccia developed between them, nearly 

horizontal slickensides and a black greasy material. Fault F22 

contains hydrothermal mineralization along its trend. This 

mineralization and the black material was sampled for laboratory 

examination. Movement sense along these faults (F22 and F23) is 

probably dextral and sinistral. Fracture geometry and the 

established displacement of F1 5, which is probably a splay of 

F21, indicate a sinistral movement sense. The displacement 

across F22 and F23 of F17 can be interpreted as both sinistral 

and dextral senses of movement.  
o 

Fault F24 is oriented N8OE-82 S. This fault is char

acterized by a six-inch wide, well-defined healed breccia, 

marking the southern border of a large, poorly defined area of 

brecciation. There is some hydrothermal mineralization along 

the northern margin of this breccia. Stratigraphic displacement 

across this fault is difficult to define, but is interpreted to 

be of sinistral sense. It is possible that this fault is a 

counterpart of F1 7, offset along F22 and F23 in a dextral sense.  

Fault F25 is characterized by a well-defined healed 

breccia, about one-foot thick, oriented N85W-75 N. Strati

graphic offset across this fault appears to be about one foot in 

a sinistral sense. It is possible that this fault is a counter

part of F17 offset along F22 in a sinistral sense.
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Fault F26 and subparallel small faults (F2 7, and F28 ) 
0 

are a series of en-echelon faults oriented N-S to N05E-70 
0 

to 80 E. A breccia is developed between F27 and F 28 All of 

these faults demonstrate a minor offset of a NW-trending mineral

ized surface in a dextral sense.  
o 

Fault F29 trends N05E-71 E, and consists of a single 

plane exhibiting subhorizontal slickensides. This fault shows a 

definite sinistral movement sense indicated by about a six-inch 

displacement of a black marble bed, as well as a large N35W

trending zone of hydrothermal mineralization.  
0 

Fault F30 is a single plane, oriented NI5E-75 E, 

characterized by subhorizontal slickensides. This fault dis

plays a small stratigraphic offset, with a sinistral movement 

sense.  

Fault F31 comprises two subparallel planes oriented 
0 

about N35 to 40W, dipping 65 to 70 N. Steeply plunging slicken

sides indicate oblique-slip movement along these surfaces.  

B5.1.3.3.5 Outcrops South of Nuclear Reactor No. 3 

The geologic plan of this outcrop is illustrated on 

Plate B5.1-7. All structural elements from this outcrop are 

represented on lower hemisphere, equal area projections, illus

trated on Plate B5.1-12.  

Fault F1 is a healed breccia, oriented about N65E
0 0 

75 N. Slickensides on this surface plunge 15 to the northeast.  

A dolostone bed, which is displaced about three inches, defines 

the dextral movement sense of this fault.
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The F 2-fault is a well-defined plane, trending about 2o 

N65 to 70E, dipping 60 northward. Dextral movement along this 

fault is defined by about six inches of stratigraphic displace

ment.  

The F 3-fault consists of two healed breccias oriented 
0 0 

N80E-70 N and N85W-82 S. There is some calcite mineralization 

along these faults. However, no sense of movement could be 

established for these breccias.  
0 

Fault F4 is oriented about NlOE-65 S, and is charac

terized by a thick healed breccia with some mineralization a

long the fault surface. This mineralization was sampled (SA2-4 

and SA 2-5) for laboratory examination. This mineralization 

consists of medium-size grains of mica, probably phlogopite and 

muscovite, quartz, and possibly weathered amphybolites of the 

actinolite-tremolite family. Dextral movement sense along this 

fault was interpreted from its associated fracture geometry, 

and from the observed displacement along the nearby smaller 

fault F 4A* Fault F 4A displaces fault F5 about 1-1/2 inches in 

a dextral sense.  

Fault F5 is a single vertical plane oriented N80E, 
0 

exhibiting slickensides pitching 65 to the northeast. The 

geometry of fractures associated with this fault suggests a dex

tral sense of movement.  

The F6-fault is oriented N20E - 55S and is filled with 

a soft gouge material. The dextral movement sense interpreted 

for this fault is based on its associated fracture geometry.
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Fault F 7is also oriented parallel to bedding, about 
0 

N15E - 60 S. The soft gouge material filling this fault was 

sampled (SA2-6) for laboratory examination. No satisfactory 

determination of sense of movement along this fault could be 

made.  

B5.1.3.4 Fractures 

An interpretation of the fracture and fault data taken 

at each outcrop is presented on lower hemisphere, equal area 

projections, illustrated on Plates B5.1-8 through B5.1-12. The 

information and interpretations from this site do not differ 

significantly from those which are described in greater detail 

in Attachment B5.3. Their sequence of development can be sum

marized as follows: a conjugate set, bearing a consistent, near 

perpendicular geometric relationship to S0/51; a conjugate.  

oriented ENE and WNW; a conjugate oriented NE and NNE, frequent

ly bearing a near perpendicular relationship to a prominent NW 

group of fractures; and a conjugate oriented NNE and NNW.  

In addition to these groups, one other significant 

fracture trend is observed at the outcrop adjacent to Turbogen

erator Building No. 1 and the outcrops south of Nuclear Reactor 

No. 3. This fracture group is oriented generally N10 to 15E, 

dipping 10 to 30 northward and is similar to a group of frac

tures observed in the Cortlandt Complex, filled with granitic 

intrusives, possibly Devonian in age. In the eastern portion 

of the outcrop, south of Nuclear Reactor No. 3, these fractures 

cross cut the generally E-W trending fractures.. However, they
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do not cross cut fault F4 and F7 (Plate B5.1-7), and cannot be 

observed west of them. At the present time, it is not known 

what these fractures represent.
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ATTACHMENT B5.2 

FOLD DEVELOPMENT IN THE SITE AREA 

B5.2.1 GENERAL 

Folds were studied at four outcrops in the rocks of 

the Manhattan Prong located within 2 miles of the site. Loca

tions of these stations are shown on Plate B5.2-1 (Stations 1D, 

2D, 3D, and 4D). The objectives of this study were to determine 

the fold geometry and to provide a basis for evaluating the re

lationship between folding, fracturing and faulting.  

All folds encountered in this study are mesoscopic al

though within this category folding on different scales was ob

served. Two basic types of folds were recognized; they are 

shown diagrammatically on Plates B5.2-2 and B5.2-3. The first 

and more common type consists of tight, nearly isoclinal folds.  

The second is characterized by more open, concentric folds. Re

lationships between the two types, although not commonly seen, 

were recongized at Stations ID and 2D. It is evident that the 

isoclinal folds have been refolded by the more open structures.  

Therefore, the tight folds are classified as F 1-folds and the 

concentric folds are termed F2.  

B5.2.2 DISCUSSION OF THE RESULTS 

B5.2.2.1 F 1-Folds 

F 1-folds are either symmetrical or asymmetrical. The 

axes of the symmetrical folds correspond very closely to the
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true dip direction of the associated larger scale bedding, 

whereas the axial trends and plunges of the asymmetric folds 

approximate more closely the apparent dips. In both cases, how

ever, the larger scale bedding or foliation is axial planar to 

Fl; hence, the trends of the fold axes are essentially parallel 

to the strikes of the bedding or foliation. All F -fold data 

are plotted on Lower Hemisphere, Equal Area Projections (see 

Plate B5.2-4). Both symmetrical and asymmetrical F -folds were 

seen at Station 1D. Symmetrical folds occur with the north

striking bedding, and asymmetrical folds are associated with 

northwest-oriented bedding. The significance of this relation

ship, if any, is unknown.  

B5.2.2.2 F 2-Folds 

The F2-folds recongized in this study are inclined 

mesoscopic structures in which the axial plane is approximately 

normal to layering. In this area, the F2-fold axes plunge gen

erally toward the southeast at 100 to 300. Data on F2 -folds are 

plotted on lower hemisphere, equal area projections, Plate B5.2

4.  

Several orders of F 2-folds were observed at Station 

1D, with the orientations of the smaller folds controlled by the 

larger scale structures. The axial traces of the smaller folds 

are essentially normal to the layering, defining the larger 

scale fold regardless of the attitude of the layering.* This 

geometry implies that, although F2-folds at all scales formed in
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response to the same protracted stress system, the smaller 

structures developed earlier and were later rotated by the lar

ger folds. It is thus inferred that the mesoscopic F2,folds are 

inclined due to rotation about megascopic folds, the axial 

planes of which are probably upright.  

B5.2.2.3 Age of Folding 

The F 2-fold trend in the area of study is approximate

ly normal to the regional grain, implying that subsequent defor

mation produced a local rotation of the mesoscopic folds. Mini

mal evidence exists in the restricted study area for postulating 

the age of folding. However, a small F2-fold occurs in the In

wood Marble at the contact with the Cortlandt Complex. This 

contact which trends 350 to 600 is straight and appears to have 

been unaffected by this folding. It is, therefore, suggested 

that, at least, small-scale F2-folding predated emplacement of 

the Cortlandt Complex.
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ATTACHMENT B5.3 

JOINTS, FRACTURES, AND FAULTS STUDY 

B5.3.1 INTRODUCTION 

This attachment documents the results of the joints, 

fractures, and faults study undertaken in the vicinity of the 

Indian Point Generating Station.  

The purpose of this study was to determine the se

quence of development of fractures and faults, in and around 

the Indian Point Generating Station, in order to define, if 

possible, the orientation, character, and extent of the youngest 

deformation in the area. These objectives were implemented by 

studying the senses of movement, the character of filling ma

terial, and the cross-cutting relationships of fractures and 

faults. It should be noted that in some cases there exist 

overlap between this Attachment and Appendix C.  

This study involved collecting fracture data from 17 

stations situated within the region adjacent to the Indian 

Point Generating Station. These data were collected from 

successively younger deformed rocks: the Cambro-Ordovician 

Inwood Marble and Manhattan Schist, the late-Ordovician in

trusive Cortlandt Complex, the Devonian Peekskill Granite and 

the sediments and intrusives of the Triassic Newark Basin.  

Station locations are illustrated on Plate B5.3-1.  

Stations are designated by a letter indicating lithology and a 

number indicating the sample of that rock type. For example, 

Station I-1 indicates the first sample of the Inwood Marble.  

Fracture strike frequency diagrams, generated from data at these 
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stations, are also represented on Plate B5.3-1.  

B5.3.2 METHODOLOGY 

B5.3.2.1 General 

Four major operations were performed during this 

study: 

1) D-~ta collection - field measurement of fractures 

and other accessory structural elements; 

2) Data compilation - presentation of data on lower 

hemisphere, equal-area projections.  

3) Data analysis - determining the orientation of 

data concentrations and correlating fractures 

and faults of similar orientations and charac

ters.  

4) Data interpretation -determining the relation

ship between fractures, faults and folds and 

interpreting the relationship on the basis of 

known experimental and tectonic models.  

B5.3.2.2 Data Collection 

The length of exposures selected as station-locations 

was on the order of 100 to 200 feet. When the character of the 

outcrop permitted, sampling was conducted along three relatively 

orthogonal orientations. The average number of fracture read

ings recorded at an outcrop was 200, varying from 134 at Sta

tion M-1 to 400 at Station 1-2.  

Fracture orientations were recorded in terms of 

strike and dip, using a Brunton compass. An arbitrary char

acter notation of "major", "signigicant", or "minor" was also
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assigned. If observed, more specific characterization was 

recorded; for example, any indication of the shear or exten

sional nature of the fracture, plunges of slickensides, or 

mineralization, i.e. quartz, calcite, mica, or clay was noted.  

Two other accessory structural elements consistently measured 

were foliation and/or bedding and faults. The axes of F1 and 

F 2-folds in this area have been shown to lie in the plane of 

the "large scale layering" (S0/S1 ) (see Attachment B5.2).  

These planes were also recorded in terms of strike and dip.  

Lineations on these surfaces were recorded in terms of trend 

and plunge.  

Where demonstrable displacement was indicated, faults 

were defined as dextral or sinistral, normal or reverse. In 

cases where stratigraphic displacement across the fault could 

not be established with confidence, no movement sense was 

assigned. In addition, mineralization and/or breccia charac

ter, as well as any observed cross-cutting relationship, were 

also recorded.  

B5.3.2.3 Data Compilation 

All station-data are plotted on lower hemisphere, 

equal area projections (see Plates B5.3-12 through B5.3-19).  

In general, the following plots were generated: a plot of 

poles to all fracture planes, a contoured plot of poles to all 

fracture planes, a plot of poles to foliation (S0/SI ) planes, 

a plot of poles to slickensided planes, a plot of poles to 

mineralized fracture planes, and a plot of poles to fault 

planes. In some cases where foliation varied across an 
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outcrop, separate plots were prepared to define the relation

ship between fractures and foliation.  

Plots for each location are designated by a plate 

number prefixed by B5.3, indicating this attachment. Plots of 

fault data collected from the Triassic rocks and the rocks ex

posed at the Indian°Point Generating Station are presented on 

Plates B5.3-2 and B5.3-3.  

B5.3.2.4 Data Analysis 

Data analysis initially consists of plotting on sep

arate diagrams the planes that correspond to the centers of 

maxima defined by the contoured plots of poles to fractures.  

The accessory structural information is then used to determine 

the relationships of dominant fracture concentrations to other 

collected structural elements such as foliation, observed 

faults, slickensided planes, and mineralized fractures. In 

many cases, it becomes possible to establish the shearing or 

extensional character of a significant fracture trend.  

B5.3.2.5' Data Interpretation 

The final interpretation of the characterized data 

was based on observed or deduced field relationships between 

fractures, faults, folds and igneous intrusive bodies and on 

the principles of rock mechanics. Summary plots of interpreted 

fracture and fault orientations and interpreted senses of 

movement are presented for each station on Plates B5.3-2 to 

B5.3-9 and Plates B5.3-11 to B5.3-19.
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B.5.3.2.6 Method Limitations 

In applying the principles of rock mechanics to in

terpret field data, it should bb realized that we are dealing 

with a-natural system rather than with samples deformed under 

controlled laboratory conditions.  

The character of the large-scale deformation was ar

rived at by the examination of mesoscopic structural features.  

In some cases, it may happen that the fracture pattern at a 

specific outcrop is controlled by a dominant local structure.  

This can either mask or confuse the regional pattern. There

fore, caution must be exercised in interpolating between meso

scopic and macroscopic scales (see Section B5.3.4.2).  

A biased sample can be produced by the preferred ori

entation of an outcrop, and sampling in three orthogonal dimen

sions is not always possible. This should not be considered a 

serious problem since data from more than one outcrop were col

lected for each rock type sampled.  

Despite the limitations mentioned above, the inter

pretations and conclusions should be reliable.  

B5.3.3 DESCRIPTIONS OF DATA 

This section describes the relationships between 

faults, prominent fracture trends, and the accessory structural 

information.  

B5.3.3.1 Fault Data 

This discussion summarizes the relationships between 

all fault-orientations observed during the course of this 

study. As illustrated by Plates B5.3-2 and B5.3-3, the
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range of fault orientations encompasses nearly the entire 

perimeter of a stereonet. This fan of poles to faults was di

vided for analysis on the combined basis of orientation, sense 

of movement, mineralization and breccia character, offsetting 

relationships, and persistent angular relations to other ob

served structural elements.  

Division of this fan yields four major groups of pre

dominantly strike-slip faults: a NNW to NW group; an ENE to 

WNW group; a NE group; and a NNE to NNW group. Each group is 

discussed separately and subdivided further, as warranted.  

The NNW to NW group ranges in strike from about N20W 

to N60W, primarily dipping to the north. This group was initi

ally separated on the basis of an observed field relationship 

at Station 1-3 (Plates B5.3-1, B5.3-7 and Section C2.5.1).  

These faults occur as a conjugate pair at high angle to the 

foliation. This group can be subdivided on the basis of pre

dominant sense of movement. The two resulting faults are a 

sinistral set trending N20W to N35W and a second dextral set 

trending N40W to N60W. Both sets of faults are characterized 

by healed breccias, some calcite mineralization, and one occur

rence of pyrite mineralization along a dextral fault.  

The ENE-WNW group trends from N70E to N70W with pre

dominantly southward dips. This group is identified by the 

outstanding similarities in their character. In a majority of 

cases, these faults are characterized by healed breccias.  

Where cross-cutting relationships were observed, only one 

member of this group was not offset by a younger fault. Con-
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tinued subdivision of this group yields, on the basis of pre

dominant sense of movement along a.given orientation, two sets 

of faults with opposite senses of movement can be recognized.  

The sinistral faults of this conjugate pair are oriented 

between N80E and N70W, while the dextral set of faults trends 

from N85E to N70E (see also Section C2.6).  

The NE group of faults is oriented between N40E and 

N60E, and dips consistently to the east. The majority of faults 

in this group display sinistral movement senses, and are charac

terized by both healed breccias and calcite mineralization.  

Left-lateral faults of this group were observed to consistently 

offset other faults, whereas right-lateral members were, in 

some cases, offset by other faults. This group has not been 

subdivided any further because no significant differences in 

character appear to warrant this.  

The NNE to NNW group of faults fans from N30E to NI5W, 

and dips primarily to the east. These faults are characterized 

by one or more of the following: healed and unhealed breccias, 

gouge, and hydrothermal mineralization. Various members of 

this group were observed to either offset or be offset by other 

faults. Based on fault-plane characteristics and on cross-cut

ting relationships, three sets of faults can be separated within 

this group: a N20E to N30E set, a NO5E to N15E set, and a 

N-S to N15W set. All three orientations contain member faults 

showing right-lateral and/or left-lateral senses of displace

ment (Plate B5.3-3).
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Faulting in the Triassic basin is described separately 

because it may reflect the most recent tectonic event.  

On the basis of orientation and movement sense and on 

information provided by the New York State Geologic Map (1970), 

Triassic faults can be subdivided into four groups: a N-S 

group; a NNE group; a NE group; and a WNW to NW group.  

The N-S group trends between N5W and NI5E. The 

faults that were observed'have a dextral sense of movement and 

are vertical or steeply dipping eastward (Plate B5.3-2).  

The second group, oriented about N30E, was derived 

entirely from the New York State Geologic Map where neither 

sense of movement nor amount of dip were indicated.  

The NE group trends from N50E to N70E, and all faults 

have subvertical dips. Faults of this orientation displayed 

sinistral senses of movement (Plate B5.3-2).  

The WNW to NW group trends from N45W to N70W. These 

faults have a predominant normal sense of movement and dip con

sistently to the southwest (Plate B5.3-2).  

B5.3.3.2 Fracture Data 

B5.3.3.2.1 The Inwood Marble and Manhattan Schist 

The major fracture trends of the Inwood Marble and 

Manhattan Schist are combined in this description. Information 

from five stations located on both the east and west sides of 

the Hudson River (Plate B5.3-1) provide the data base for this 

discussion. Combined data from all five outcrops (Plates 

B5.3-4 to B5.3-9) indicate five major groups of fractures: 

a group that has variable trends and fractures oriented ENE to
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WNW; NE; NW; and NNE to NNW.  

Over the areal extent of this study, foliation varied 

in trend from about N20W to N50E. At station 1-3 (Plate B5.3-7) 

these planes were nearly vertical, but everywhere else they 

dipped moderately to the east (500 to 70*). At most locations, 

S0/S1 displayed subhorizontal slickensides. Where the folia

tion was trending NNE to NE, some indication of faulting was 

observed along these surfaces. At station 1-2 (Plate B5.3-5) 

a number of foliation planes were coated with a soft, gray

green gouge.  

The first group of fractures has variable trends.  

The members of this group were identified on the basis of their 

consistent, near perpendicular relationship to S0/S I. The 

fractures in this group can be subdivided into two sets that 

constitute a conjugate pair. The basis for this division is 

the conjugate pair of faults observed at Station 1-3 that bear 

a similar relationship to S0/S 1 (Plate B5.3-7). Fractures 

of these sets at several locations exhibit subhorizontal slick

ensides. At locations 1-1, 1-2, and 1-3, this group represents 

a prominently filled fracture direction (Plates B5.3-4, B5.3-5, 

and B5.3-7).  

The ENE to WNW group of fractures varies in orienta

tion from about N75E to N75W, with predominantly southward dips.  

At Station 1-2 there are a number of faults which parallel this 

trend (Plate B5.3-5). There are several occurrences of sub

horizontal slickensides on fractures within this group. This 

group can probably be subdivided into two trends, oriented ENE 
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and WNW, reflecting the generally East-West trending conjugate 

pair of faults.  

The NE group of fractures range in orientation from 

about N40E to N60E, generally dipping to the east. This trend 

is characterized by subhorizontal slickensides, and is subparal

lel to the previously mentioned fault trend of primarily sinis

tral displacement. This group also represents a preferred trend 

of calcite mineralization. At Station M-2 several mafic dikes 

with sheared contacts follow this trend (Plate B5.3-9). Frac

tures of this group at Station 1-2 contain gray-green gouge 

material (Plate B5.3-5).  

The NW group of fractures, ranging from N40W to N60W 

and dipping both north and south, is probably associated with 

the NE group because of its orthogonal relationship to it. At 

Station I-1 this NW group represents a prominent pink and white 

calcite mineralization trend (Plate B5.3-4).  

The NNE to NNW fracture group trends from about N30E 

to NI5W, with generally eastward dips. This entire trend is 

characterized by subhorizontal slickensides, gouge, and some 

calcite mineralization. Faults paralleling this group display 

both dextral and sinistral senses of movement. On the basis of 

fracture character alone, it is impossible to subdivide this 

large group. However, it seems proper to divide it on the basis 

of fault group orientation as discussed in Section B5.3.3.1.  

This subdivision provides three narrower trends of fractures, 

oriented N20E to N30E; N5E to Nl5E; and N-S to NI5W, which 

parallel the fault trends.
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B5.3.3.3.2 The Cortlandt Complex 

Four stations were located in the Cortlandt Complex 

(Plate B5.3-1). At Stations C-1 and C-2 on the east side of 

the Hudson River, the rock is generally described as a Cort

landite of noritic composition. At Stations C-3 and C-4 on the 

west side of the Hudson River, the rock is a diorite intruded 

by various "lamprophyric" dikes.  

Two general trends of faulting were observed in the 

Complex: a generally East-West trend of which one was defined 

as sinistral (Plate B5.3-11), and a N50 to 60E trend also 

sinistral in character (Plates B5.3-13 and B5.3-14).  

Four major groups of fractures are reflected in the 

stereonets of the Cortlandt samples: an ENE to WNW group; a NE 

group; a NW group; and a NNE to NNW group. While the general 

trend does not vary across the river, the dips on the west side 

are generally lower.  

The ENE to WNW fracture group varies in strike from 

N70E to N70W, with generally subvertical dips. A number of 

lamprophyric dikes, faults, and subhorizontally slickensided 

planes parallel this trend. This group could be subdivided into 

two fracture sets, reflecting the previously discussed conjugate 

pair. These sets would trend ENE and WNW, or about N80E and 

N8OW.  

The NE group of fractures is also a prominent trend 

in the Cortlandt Complex. This group trends about N40E to N60E, 

and dips generally eastward. These are several sinistral faults, 

as well as surfaces with low-to-moderately plunging slickensides
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parallel to this direction. The majority of lamprophyric dikes 

are oriented parallel to this trend (Plates B5.3-13 and B5.3-14).  

A NW fracture group trending about N45W and dipping 

both north and south is characterized by planes exhibiting mod

erate to steeply plunging slickensides (Plates B5.3-11 and 

B5.3-13). This group is probably genetically associated with 

the NE group, based on their nearly orthogonal relationship.  

The'NNW to NNE group of fractures in the Cortlandt 

Complex trends from abut N15W to N30E, with predominantly east

ward dips. This group is characterized by sinistral faulting, 

a number of planes with low-to-moderately plunging slickensides, 

and a few lamprophyric dikes. Any subdivision of this group 

would be similar to that previously proposed for the NNE to NNW 

faults.  

A group of less significant NE trending fractures, 

trending from about N30E to N60E and dipping shallowly to the 

north, was observed only at Station C-1. This group constitutes 

an orientation of granitic vein intrusions in the Cortlandt Com

plex (Plate B5.3-11).  

B5.3.3.3.3 The Peekskill Granite 

Three stations were located in the intrusive Peek

skill Granite (Plate B5.3-1). Only one small fault was found 

during the sampling of this granitic body. It is oriented N8E 

and its sinistral movement was interpreted by offset fractures.  

No other accessory information was observed.
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There are two major fracture trends apparent in the 

plot of the Peekskill Granite data: an ENE group, and a NNE to 

NNW group (Plates B5.3-15 and B5.3-16).  

The ENE group trends from about east-west of N60E, 

dipping north and south. There is one occurrence of a south 

dipping N60W-trending fracture at Station P-2. Little more can 

be said of these fractures, considering the lack of accessory 

information.  

The NNE to NNW group varies from about N30E to N15W 

in trend, and dips mainly to the east. Based on previous infor

mation, it is probably correct to assume that this is the 

consistently occurring NNE to NNW group of fractures and faults, 

and to subdivide it similarly.  

B5.3.3.3.4 The Triassic Basin 

Three stations were located in the Triassic rocks 

(Plate B5.3-1). Sedimentary rocks were sampled at all three 

stations, with diabase being sampled at TR-3 as well. Stereo

plots from Triassic stations illustrate a fanning of fracture 

poles (Plates B5.3-17 to B5.3-19). Although no distinct clus

ters are apparent in this fan, subgrouping is performed on the 

basis of previously described Triassic fault information (Sec

tion B5.3.3). These groups generally trend NNW to NNE, NNE, 

NE, and WNW to NW.  

The NNW to NNE group ranges in orientation from NlOW 

to NI5E, and is subparallel to the direction of dextral faulting.  

This group is further characterized by calcite filled fractures 

(Plate 5.3-17), some of which were slickensided at low-to
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moderate angles of plunge.  

The NNE group trends about N30 to 35E and is parallel 

to a fault group of unknown dip and movement plan. This group 

is characterized by calcite mineralized fractures which display 

low-to-moderately plunging slickensides.  

The NE fracture group is subparallel to the NE trend 

of sinistral faulting, and is characterized by calcite minearli

zation and subhorizontal slickensides.  

The ENE to WNW group of fractures is somewhat similar

ly oriented to the WNW to NW group of dip-slip faults, and has 

little other characteristics associated with it.  

Two unique sets of fractures are apparent from plots 

of the diabase sampled at Station TR-3 (Plate B5.3-19). The 

average planes to these sets are oriented N85E to 50S and NIOW 

to 65N; both are characterized by quartz-filling material.  

B5.3.4 INTERPRETATION OF DATA 

B5.3.4.1 General 

The plots on Plates B5.3-2 and B5.3-3 represent the 

interpreted sets of fracture- and fault-planes, showing the 

sense of movement for each orientation. This interpretation 

was made on the combined basis of the analyzed fault and frac

ture data presented above.  

The sequence of development of faults and their 

associated fracture sets are presented from oldest to youngest.  

B5.3.4.2 Rotated Faults and Fractures 

The oldest group of fractures found in the Cambro

Ordovician rocks have a variable trend. These faults and their
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associated fractures bear a consistent sub-perpendicular re

lationship to the S0/S 1 surface and/or the overall gentle 

plunge of the F 2-folds to the south. This group of conjugate 

faults is interpreted as genetically associated with F2 

folding. The local change in the orientation of these frac

tures at and near the site was probably induced by the intru

sion of the Cortlandt Complex. Therefore, these fractures and 

faults can be dated as Pre-Cortlandt.  

The best example of these rotated faults was observed 

at Station 1-3, where S0/S 1 trends N50 to 55E. At this loca

tion, a definite set of conjugate faults is oriented about N20W 

and N50W. Indication of dextral movement was observed on the 

N50W faults, and sinistral movement on those oriented N20W.  

At location M-2, there are two basic trends of S0/SI, 

planes oriented N40E and N20W, both dipping eastward. Although, 

in this case, data collection was not designed to separate 

these rotated fractures. By separate fracture collection in 

areas of observably different S0/S 1 trends, two sets of frac

tures can be associated with each major S0/S 1 orientation. By 

sub-perpendicular relationship, a N30W and a N60W set is ap

parently associated with the N40E trending S0/S I  Sets ori

ented N65E and N85E are likewise probably related to the N20W 

trending S0/S I* 

Data collection at Station 1-2 was designed to detect 

this rotation by collecting data separately in areas of differ

ent S0/S 1 orientation (Plates B5.3-5 and B5.3-6). It is
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apparent at this station that, as S0/S 1 changes from NlOE to 

N30E, these fractures maintain their near perpendicular re

lationship to foliation (see also Plates B5.1-8A and B).  

B5.3.4.3 ENE to WNW Faults and Fractures 

The next oldest group of faults and fractures recog

nized in the area are consistent in orientation, ranging.from 

about N70E to N70W, and generally dipping to the south. This 

group is dated as Post-Cortlandt because of its occurrence in 

the Cortlandt Complex, and as Pre-Devonian because of its weaker 

expression (as joints) in the Peekskill Granite.  

The conjugate relationship of these fractures is 

established by fault data. Plate B5.3-3 illustrates the sin

istral nature of the WNW set and the dextral character of the 

ENE set. These faults are categorized as. the oldest group of 

constant orientation for two reasons. First, wherever cross

cutting relations could be observed, these faults were offset 

by younger faults. Secondly, their predominant character, con

taining healed breccias, indicates that they are primarily old 

faults.  

At Station C-1 there are four faults of this orienta

tion, one of which has been established to have a sinistral 

movement sense. None of them project across the railroad cut 

immediately to the west. It is indicated by intense slicken

siding and by this anomalous situation that a younger NNE 

fault, probably beneath the roadbed, has offset or truncated 

the E-W trending faults.
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A number of strike-slip ENE-WNW trending faults were 

observed at location 1-2. Movement senses could not be de

termined.. These faults consist primarily of healed breccias.  

Observation at this station also revealed the presence of a 

number of normal faults along this same trend, with a con

sistent down to the south movement plan.  

B5.3.4.4 NE Faults and Fractures 

The next successively younger fault and fracture 

group is oriented generally NE. This probable pair of con

jugate faults is oriented N20 to 30E, and N40 to 60E. It is 

probable that the development of this group was initiated in 

Pre-Devonian time because of its lack of consistent expression 

in the Peekskill Granite. The conjugate relationship of these 

two sets was established by interpretation of the fault data.  

The N40 to 60E trend is characterized primarily by 

sinistral movements, healed breccia and/or calcite mineraliza

tion. Where cross-cutting relationships were observed, faults 

of this trend were either offset or did offset other faults.  

This fracture trend is well reflected in plots from stations I

1, M-2, C-2, and C-4, commonly exhibiting subhorizontal slicken

sides.  

The N20 to 30E trend is characterized by healed and 

unhealed breccias, and displays both dextral and sinistral 

movement senses. This trend of faulting is predominantly 

offsetting in nature. The associated fracture group is well 

reflected at stations I-1 and C-1. At both locations, these 

fractures are characterized by subhorizontal slickensides.
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Another fracture trend oriented N40 to 60W is inter

preted as genetically related to the NE conjugate faults, be

cause of its orthogonal relationship to the acute bisectrix of 

the conjugate pair. This trend is interpreted as the direction 

of extensional fracture. At C-1 and C-3, NW fractures display 

steeply plunging slickensides. At stations I-1 and 1-2, this 

NW trend represents the predominant direction of calcite fil

ling.  

B5.3.4.5 NNE to NNW Faults and Fractures 

The next youngest group of faults and fractures is 

oriented NNE and NNW. Because of its consistent occurrence in 

all rocks studied, little can be said about its age and origin, 

except that it is most likely Devonian or younger.  

This conjugate pair is oriented N-S to NI5W, and N20 

to 30E. Each set of the conjugate pair demonstrates both dex

tral and sinistral movements. Offsetting and offset relation

ships are also common to both NNE and NNW-trending faults.  

NNE and NNW trends of fracturing are well developed 

throughout the study area, and comprise the major fracture ori

entations in the Peekskill Granite and Triassic rocks. At sta

tion 1-3, both sinistral and dextral faulting were observed 

along the NNW trend. At station M-2, this trend is associated 

with a number of subhorizontally slickensided planes, one of 

which was recognized as a dextral fault. The NNE trend of 

fractures at Stations I-1 and 1-2 display some subhorizontal 

slickensiding. At the same location, numerous faults, paral

lel to this trend, were observed, one of which was sinsitral in 

B5.3-18



character.

At station C-I, slickensides plunging at low angles 

were observed on NNE-trending fractures, and at station C-4 a 

sinistral fault trends NNE.  

B5.3.4.6 Identification of the Youngest Deformation 

B5.3.4.6.1 General 

One of the principal objectives of this study was to 

determine the orientation, character, and extent of the youngest 

deformation in the area. It was not within the scope of this 

study to define movement along fault and fracture systems beyond 

their genesis. Utilizing the methods of this study, it is im

possible to determine the exact sequence of multiple movement 

along pre-existing fracture planes. In addition, it was not 

within the scope of this study to perform the large-scale map

ping required to define a regional fault system and determine 

its cross-cutting relationships. Thus, the information in this 

study can only lend itself to an interpretation of what the 

youngest deformation may have been. The youngest rocks involved 

in this study are of Triassic age. Because their deformation 

may reflect the last tectonic event in this area, they are 

discussed separately.  

B5.3.4.6.2 Interpretation of the Triassic Deformation 

The fault data presented in Section B5.3.3.2 suggest 

that the Triassic basin has been deformed by a compression 

oriented NNE to NE. This compression produced a conjugate 

fault system composed of dextral faults oriented NS to NNE and 

sinistral faults oriented NE. There are a number of dip-slip
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faults oriented approximately orthogonal to this conjugate 

pair, or about WNW to NW. Furthermore, there are several 

faults of unknown movement sense and character paralleling this 

compressional direction.  

Although there are fractures in Triassic rocks which 

parallel these N-S, NNE, NE, and generally E-W fault trends, 

there is no well-defined clustering of these orientations. The 

trends of subhorizontally slickensided, generally calcite

filled fractures vary from NNW to ENE. In addition, the poles 

to the fractures are distributed along the trace of the bedding 

plane which probably indicates that the fractures developed 

prior to the general tilting of the basin.  

B5.3.4.6.3 Interpretation of the Youngest Deformation 

Deformation of the Triassic rocks by NNE to NE ori

ented compression does not explain several observations that 

are listed below: 

1) Plots of fracture poles in Triassic rock show 

a fanning of orientation. In a conjugate shear 

system, concentrated groups of fracture poles 

would be expected; 

2) The presence of subhorizontally slickensided, 

calcite-filled fractures, as well as several 

faults oriented parallel to what is an expected 

extension direction of the conjugate system; 

3) The existence of NNE to NNW sinistral faults 

that are not observed to be offset both onsite 

and in the vicinity of the site.
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Therefore, it is hypothesized that another tectonic event fol

lowed the development of this NE-oriented conjugate fault sys

tem that affected the Triassic rocks. Two possible hypotheses 

are presented here, the second of which is more plausible, 

since it explains more of the anomalies previously stated.  

The first hypothesis is that frictional shearing ac

companying the conjugate system produced the fanning of ori

entation noted above. The second, and preferred, hypothesis is 

comparable to that proposed by Jelle de Boer (1967). According 

to de Boer, a simple shear system of sinistral polarity was 

dominant in the Northeastern Appalachians during the late 

Paleozoic and Mesozoic. The main shear direction was oriented 

about NE. The existence of that system can satisfactorily ac

count for most of the observations made onsite and in the 

Triassic Basin.  

Assuming this hypothesis is correct, this simple 

shear system resulted in the emplacement of Late Triassic to 

Early Cretaceous mafic dikes. It then might be possible to 

extrapolate further and propose that this shear system dis

sipated in the Lower Cretaceous, when dike emplacement ceased.  

This conjecture indicates that this proposed tectonic event 

occurred between Late Triassic to Early Cretaceous.  

Irrespective of these hypotheses, it is probably 

accurate to state that the youngest tectonic fractures are 

oriented between the NNW to NE.
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B5.3.5 CONCLUSIONS 

The conclusions stated herein are summarized from 

the previously stated interpretations supported by direct field 

observations.  

At least four genetically unique fault systems are 

reflected in the fracturing of the Inwood Marble in and around 

the Indian Point Generating Station. These fault systems are 

listed below in their proposed sequence of development: 

A rotated pair of conjugate faults, of variable ori

entation, related to F2-folding. These faults are dated as 

Pre-Cortlandt, because their rotation was probably induced 

by the intrusion of the Cortlandt Complex. This rotation could 

have also been induced by subsequent deformations.  

A non-rotated conjugate pair of faults, oriented ENE 

to WNW, is dated as being Post-Cortlandt and Pre-Devonian in age.  

A conjugate pair of faults, oriented generally NE, is 

also probably of Pre-Devonian age, but younger than the ENE 

to WNW system, as demonstrated by observed cross-cutting 

relationships.  

A conjugate pair of faults, oriented about NNE and 

NNW, can only be dated as Post-Devonian.  

The last two fault systems, proposed to be Post

Triassic, are: (1) A conjugate pair of faults that developed 

in response to a principal horizontal compression oriented 

NNE; and (2) A fault system that developed in response to 

simple shear of sinistral polarity. This stress system, in
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which the main shear was oriented NE, reactivated many pre

existing fractures and faults.  

Conflicting senses of movement along NNE (N20E to 

N30E) trending faults can be interpreted as follows: Genetical

ly, these faults were developed as the dextral component of a 

generally NE-oriented conjugate fault system, with the sin

istral component oriented N40E to N60E. Following this, the 

N20E to N30E fault trend was reactivated as the sinistral 

component of a NNW to NNE-oriented conjugate fault system, with 

the dextral component oriented NNW. The proposed Triassic 

deformation contributes further to this reactivation scheme by 

initiating dextral faulting along a generally N-S trend related 

to the NE conjugate fault system. Sinistral simple shear along 

a N30E trend with possibly syntectonic, sinistral synthetic 

faulting along NNE- to NNW-trends reverses once more the sense 

of movement.
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ATTACHMENT B5.4 

MINERALIZATION OF FAULTS AND METAMORPHISM 

B5.4.1 INTRODUCTION 

The objectives of this phase of the investigation 

were: 

1) Evaluate methods of dating the different periods 

of tectonic activity; and 

2) Determining if possible, existence of anoma

lous patterns in the apparent geometry of re

gional metamorphic isograds, and if these anoma

lies could-be interpreted to have resulted from 

faulting.  

To accomplish objective 1), all exposed faults at the 

Indian Point Generating Station were examined for the presence 

of fault-filling material. The mineralogy, textures, and para

geneses of the mineral assemblages along the faults were studied.  

Key samples were collected, thin-sectioned, and analyzed by use 

of a petrographic microscope. Dr. A. Haji-Vassiliou, of Rutgers 

University, performed X-ray diffraction studies on select min

eral and fine-grained aggregates. Dr. H.L. Barnes and R. Mc

Limans, of Pennsylvania State University, performed fluid in

clusion studies on calcite crystals.  

Location of samples is shown on the Geological Plans 

(see Attachment B5.1 and Plate B5.4-1). Samples were collected 

from Verplanck, Tomkins Cove, and Annsville Creek to determine
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metamorphic grade and identify anomalous geometric conditions 

of the regional metamorphic isograds. Due to the interference 

caused by thermal overprinting of the Cortlandt Complex, in the 

Verplanck Area, a total of twenty-five samples were needed from 

that area. These samples represent several grades of contact 

metamorphism. They were examined under the petrographic micro

scope to ascertain if the grade of regional metamorphism that 

existed prior to intrusion could be determined from relict 

minerals.  

B5.4.2 COMPARATIVE STUDY OF THE REGIONAL METAMORPHIC GRADES 
ACROSS THE HUDSON RIVER 

B5.4.2.1 General 

Cambro-Ordovician rocks on both sides of the Hudson 

River appear to be stratigraphically correlative, but show 

different degrees of metamorphic recrystallization. The dif

ference in metamorphic grade appears to change quickly over an 

anomolously short distance (1.5 miles). Therefore, this study 

was performed to determine if the apparent rapid change in me

tamorphic grade could be attributed to: 

1) Contact metamorphism caused by the emplacement 

of the Cortlandt Complex; 

2) Structural shortening of regional isograds, or 

3) Both 1) and 2) above.
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The units of importance are: (1) the Inwood and the 

Manhattan Formations, and (2) their postulated equivalents, 

the Wappinger and Annsville Formations. Preliminary analysis 

of the Inwood and Wappinger Formations showed that these dolo

stones lacked index minerals. Therefore, their usefulness to 

this phase of the study was restricted. The metapelites of 

the Annsville and Manhattan Formations were used in this com

parative study. Table B5.4-1 lists the mineral assemblages 

studied.  

B5.4.2.2 Metamorphism at Verplanck 

Samples of various metamorphic grades, as defined in 

the field, were collected at Verplanck for thin-sectioning (see 

Plate B5.4-1). These samples were studied microscopically in 

an attempt to differentiate the effects of contact metamorphism 

from that of regional metamorphism.  

The following metamorphic zones were identified to be 

the product of contact metamorphism associated with the intru

sion of the Cortlandt Complex: 

1) Inner Zone - variable in width consisting of par

tially melted granofelsic rocks; 

2) Broad sillimanite schist zone; 

3) Two-mica garnet schist + staurolite zone; and 

4) Outer Zone - not characterized by a persistent 

new mineral phase, but the breakdown of the re

gional metamorphic minerals is observed.  
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The Inner Zone is composed mainly of granofelsic and 

very coarse grained, schistose rocks with high concentrations of 

garnet, locally developed. Anatectic melting has resulted in 

mobilization of felsic components and concentration of the mafic 

mineral residuum.  

In the sillimanite zone, sillimanite is of fibrolitic 

habit, commonly associated with biotite, but also occurs as 

"mats" and scattered needles. Coarse muscovite is ubiquitous 

and tends to be discordant to the biotite foliation. Muscovite 

is commonly porphyroblastic or poikiloblastic. Petrographic 

evidence indicates that the muscovite formed during either 

late-stage regional metamorphism or contact metamorphism asso

ciated with the intrusion of the Cortlandt. The latter alter

native is the preferred interpretation.  

The two-mica garnet schist zone is characterized by 

finer texture and less mobilized micaceous schist with disse

minated garnets.  

The Outer Zone rocks commonly are two-mica schists with 

garnet and staurolite occurring locally.  

Relics of the regional metamorphic assemblages persist 

within the higher grade Cortlandt aureole. Under the near ther

mal conditions, staurolite became unstable and, in one observed 

case, remnants of staurolite are surrounded by recrystallized 

mica.  

The garnets associated with the two-mica garnet zone 

and the sillimanite and muscovite zone are fresh; while in the
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outer portions of the Cortlandt aureole, at Verplanck Quarry, 

garnets show definite signs of instability. Frequently, the 

outlines of original euhedral garnets are preserved. Residual 

garnet grains are surrounded by feldspar, quartz, and opague 

impurities.  

Deformed grains of biotite and muscovite that have 

not recrystallized occur just north of the site in staurolite 

schist. This texture suggests post-crystallization movement.  

The information presented above suggests that this 

area had experienced a regional metamorphic grade that crystal

lized garnet and staurolite prior to the emplacement of the 

Cortlandt Complex.  

B5.4.2.3 Metamorphism at Tomkins Cove 

The contact aureole of the smaller intrusions at Tom

kins Cove has similar mineral assemblages to the one at Ver

planck; however, the gradient is much steeper. The phyllites 

of the Annsville Formation, away from the intrusions, reflect 

the true grade of the regional metamorphism in the area. These 

rocks are very fine grained phyllites that contain only low

grade mineral assemblages such as sericite and chlorite and 

quartz. The metamorphic foliation is defined by the sheet sil

icates.  

The rocks of the Annsville Creek area are similar in 

texture and mineralogy to the rocks at Tomkins Cove. These oc

currences of phyllites are on strike with one another and prob

ably belong to some low-grade regional metamorphic isograd.
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B5.4.2.4 Conclusion 

Even though the Cortlandt Complex has increased the 

metamorphic grade of many of the rocks at Verplanck, it appears 

that the regional metamorphic grade of these rocks, determined 

from the relict mineral assemblages prior to the Cortlandt Com

plex, was medium grade.  

The difference in metamorphic grade between the medium 

grade rocks at Verplanck and the low-grade equivalents at Tom

kin's Cove would indicate a temperature difference in excess of 

100*C. Considering the distance between these locations, it 

would appear that the metamorphic gradient is too steep to be 

representative of normal regional metamorphism.  

Therefore it is proposed that structural shortening, 

post-dating regional metamorphism, could have produced what now 

appears to be an anomalously steep regional metamorphic gradi

ent.  

B5.4.3 MINERALIZATION ALONG FAULT ZONES 

B5.4.3.1 General 

Many of the NS to NE faults onsite contain crystals 

and mineral aggregates. Some of these mineral occurrences lie 

along bedding planes and could be interpreted to be the result 

of metamorphism of a more pelitic or feldspathic layer within 

the dolostone. It appears, however, that most of the examples 

studied were deposited along open faults and fractures by hydro

thermal fluids. Many of the mineral phases have been deformed, 

but there are generations that have formed after the last move-
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ment along the surface of interest. Samples of vein materials 

were collected from the site and their locations are marked on 

the geologic plans (see Attachment B5.1).  

The structural setting and location for each sample is 

described in Table B5.4-2. Thin sections were prepared from key 

samples, and were examined microscopically to identify the gen

erations of crystal growth and to determine whether the crys

tals were deformed. X-ray diffraction analysis of certain min

eral phases was performed to aid in their identification.  

Subsequent subsections of this attachment are divided 

into three parts. The first subsection describes the various 

generations of mineral deposition. The second subsection des

cribes the results of X-ray studies, and the third describes 

the fluid inclusion studies on the undeformed calcite crystals.  

B5.4.3.2 Mineral Assemblages Along Faults 

The observed mineral assemblages are as follows: 

• Calcite + muscovite + pyrite; 

• Quartz + phlogopite + muscovite + calcite + 

pyrite + amphibole; 

* Adularia (?) + calcite + muscovite + pyrite + 

quartz; 

. Calcite + gypsum + illite + paragonite + pyrite; 

• Stilbite + heulandite (aeolites); and 

• Calcite.  
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In the NS fault zone recognized in the rock cut north 

of the Nuclear Reactor No. 3, hydrothermal activity altered the 

host rock and formed a coarse crystalline incrustation of potas

sium feldspar (adularia variety), calcite, quartz, muscovite 

and pyrite (Sample SB-3). Large anhedral to euhedral crystals 

of potassium feldspar (1 to 2 cm) are penetrated and overgrown 

by pink calcite. Calcite, in turn, is overgrown by a large 

muscovite (up to 1 cm) intermixed with recrystallized irregular, 

randomly oriented mass of muscovite and microcline plus massive 

pyrite.  

Under the microscope, large crystals of adularia show 

patchy extinction and faint "microcline" like or diffused poly

synthetic twinning, which appears to be identical with-combined 

albite and pericline twinning of microcline.  

In the NNW fault plane at the same exposure, Sample 

B-20 contains less ordered white micas (than those found in the 

wall rocks) associated with calcite and minor brown micas.  

Table B5.4-2 presents the results of the mineralogical 

identification of fault-filling material samples gathered during 

the course of these investigations.  

B5.4.3.3 Summary of X-ray Studies 

X-ray diffraction studies were conducted to aid the 

field study and microscope identification of certain minerals.  

These studies were performed by Dr. A. Haji-Vassiliou of Rutgers 

University. Several mineral phases were X-rayed to check their 

composition.
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Green, elongated prisms of "actinolite" from a NE 

fault in the outcrop adjacent to Turbogenerator Building No. 1, 

and from a NS fault in the outcrop south of Reactor No. 3, were 

found to be an altered hydrous Mg-Al silicate (samples SCA-10 

and S-2). These samples were of limited use in the study of 

paragenesis. Pink calcite from NS faults at both exposures was 

checked for the presence of isomorphous MnCO 3 which is useful 

in determining the depth of formation. None was found in this 

sample.  

White and 6rown mica samples (SCA-2 and SB-3) from the 

outcrops, adjacent to the Turbogenerator building and north of 

Nuclear Reactor No. 3, were checked for composition and the 

degree of crystallinity. X-ray analysis identified two phases 

of muscovite, metamorphic and hydrothermal, and confirmed the 

presence of only one pleochroic phlogopite. Two dark, very thin, 

fine-grained gouges along the NS faults north of Reactor No. 3, 

were analyzed.  

The basic mineralogy of this cohesive material is: 

• Quartz + microcline + dolomite + paragonite/ 

phengite; 

Quartz + microcline + dolomite + pyrite; and 

* Quartz + dolomite + gypsum + kaolin.  

The use of these assemblages to aid in our interpreta

tion appears to be restricted at this point.
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Feldspar from a NS zone in this exposure was X-rayed 

to determine the state of ordering and, therefore,.the tempera

ture of crystallization. A diffractogram pattern for the X-ray

ed portion of this sample infers a triclinic lattice. This sug

gests a primary origin for the triclinic adularia, which crysta

lized at temperatures far below the order-disorder transforma

tions temperature.  

A sample from a NNW striking fault plane north of the 

Reactor No. 3 shows that the fault plane is coated by two gener

ations of white muscovite plus pyrite and calcite.  

In the NNE striking fractured zone in the exposure 

adjacent to the Turbogenerator Building, the observed mineral 

assemblage consists of: phlogopite + muscovite + quartz + 

pyrite + calcite and amphibole (samples SCA-2, SCA-10). Phlo

gopite occurs here in large deformed aggregates (up to 2 cm) 

with characteristic curved cleavage traces. Highly strained, 

pseudo-mosaic textures of quartz, deformed pyrite and calcite, 

and fine muscovite are the common constituents.  

North of Reactor No. 2 in the Manhattan Schist, sever

al fracture planes of different orientations are coated with 

zeolite mineralization. Stilbite crystals occur in the form of 

fibrous and radially arranged crystals up to 1-cm long. Heu

landite occurs in small clear prisms. Stilbite and heulandite 

belong to the group of platy zeolites which exhibit a strong 

property for base exchange, permitting the replacement of the 

cations by others (potassium among others).
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B5.4.3.4 Fluid Inclusion*- Geothermometry and Geobarometry 

B5.4.3.4.1 General 

Fluid inclusion studies (Appendix H.2) were performed 

to obtain an estimate of the minimum age of last movement on 

specific faults. The faults studied contained undeformed cal

cite crystals which are interpreted to have been deposited on 

the fault surfaces after last movement. Analysis of the fluid 

inclusions within the calcite crystals provide temperature-pres

sure relations which can be converted to depth of burial. A 

summary of the fluid inclusion studies is given in Table B5.4-3 

with sample locations.  

B5.4.3.4.2 Theory and Method 

The presence of fluid inclusions in crystals infers 

that the depositing brine was at its boiling point when the cry

stals grew. To determine what these temperatures were, samples 

were placed in a microscope heating stage, and the temperature 

was increased until homogenization of fluid and gas was obtained 

within the inclusions. This work was done by Dr. H.L. Barnes 

and R. McLimans of Pennsylvania State University, discussed in 

greater detail in Appendix H.2.  

Once the homogenization temperatures are obtained, 

pressure conditions for formation can be interpreted from know

ledge of the salinities and by use of a genetic model. None of 

the fluids present in inclusions in the calcite contained daugh

ter minerals. This indicates that the salinity of the fluids is 

between 0 and 26 weight percent equivalents. Values of 2 wt.  

percent and 25 wt. percent NaCl were used in estimating depth 

of burial.
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A hydrostatic model is the most applicable to the 

data, due to the open nature of the fault zones and the continu

ous deposition of the mineralization by hydrothermal fluids.  

Since hydrostatic conditions are assumed, Haas' curves (1971) 

can be used to obtain depths of burial from our data (Plate 

B5.4-2). The most conservative values are used in all computa

tions, and values for both end memb ers of salinity content are 

presented below.  

B5.4.3.4.3 Results 

Calcite is the only mineral which is both suitable as 

a host for fluid inclusions and present in the undeformed state 

along faults at the Indian Point site. Generally, it occurs as 

small euhedral crystals within the fractured zones. In the r ock 

cut adjacent to Reactor No. 3 samples were collected from both 

the NNW and NS fault planes (Samples B-35 and B-31, Plate B5.l

6A). The latest mineral phase at these locations are small 

crystals of calcite (1 mm), displaying well-developed crystal 

faces. Textural relationships indicate post-tectonic formation 

in an open fracture system. The results of homogenization tests 

yielded filling temperatures of 1600 to 170*C.  

The corresponding depths of pressure required to at

tain such boiling points are 50 to 60 meters. This is a conser

vative estimate since the average temperature (not the highest 

temperature) was used to determine depth.  

other samples, collected from NS trending faults and 

representing the post-tectonic undisturbed phase of calcite 

crystallization, indicate similar ranges of filling temperatures.

B5. 4-12



From the rock .cut north of Reactor No. 2, Sample ND-2, 

(D-2, Plate B5.1-3) was obtained from NNE striking fault plane 

that offset an EW-trending fault plane. Fluid inclusion studies 

of these large, euhedral, and unstrained calcite crystals indi

cate an average filling temperature of 194C. This temperature 

would correspond to a minimum depth of burial of 200 meters.  

From the same outcrop north of Reactor No. 2, Sample 

ND-6 (D-61 Plate B5.1-3) from the above mentioned EW-trending 

fault was obtained. This sample contained small euhedral cry

stals overgrown by pyrite which, in turn, is overgrown by lower 

temperature calcite. Fluid inclusion studies of these crystals 

indicate an average filling temperature of 3170C.  

B5.4.3.4.4 Conclusion 

The field and microscopic studies indicate that the 

last mineral phase to form along the NNW, NS, NNE and EW onsite 

faults was calcite. The calcite is undeformed and it is inter

preted that the fault planes from which the samples were taken 

have experienced no movement since the formation of the calcite.  

The fluid inclusion studies indicate average filling 

temperatures of 1010C to 317C for primary inclusion in the 

above mentioned samples. Due to the nature of fluid inclusion 

studies, it is generally assumed that the highest temperature 

derived from a primary inclusion within a single crystal is 

most representative of the true temperature of formation. The 

logic for this assumption is similar to that for K/A dating 

where Ar loss results in a minimum age. Similarly loss of
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gas from within a fluid inclusion gives an apparent lower fill

ing temperature. Therefore, it could easily be argued that 

depths of burial in excess of 100 meters were required for the 

calcite crystals studied. In order to be conservative, a lower 

filling temperature of about 171 0C corresponding to a depth of 

burial of 50 meters will be used to derive an estimate of the 

minimum age of formation of the calcite crystals. Assuming 50 

meters for depth of burial and applying a denudation rate of 

2.7 inches/1000 years (Judson and Ritter, 1964), the time 

required to unearth the samples studied would be 730,000 years.  

Meade (1969) contends that a denudation rate of 2.7 inches/1000 

years is too high by a factor of two. Thus, a minimum age of 

the crystals studied would be 1,460,000 years. Since the study 

area has been glaciated, the true rate of denudation cannot be 

precisely determined. To qualitatively account for unknowns, 

such as glaciation, we have assumed a conservative rate of denu

dation of 6 inches/1000 years. This rate would allow about 75 

feet of material to be removed by forces other than those used 

to determine the rate of 2.7 inches/1000 years (Judson and Rit

ter 1964). It is therefore concluded, based on the above as

sumptions, that the minimum age of formation for the calcite 

crystals, and therefore the age of last movement along the 

onsite faults mentioned above, is about 330,000 years.  

In addition, the suggestion of an even older age can 

be predicted on the filling temperatures of primary inclusions 

in undeformed calcite crystals. The temperatures (in excess of
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of 160 0C) reflect a significant thermal espisode probably 

related to igneous activity which is not known to have occurred 

during the last 500,000 years.
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TABLE B5.4-1 

MINERAL ASSEMBLAGES OF METAMORPHIC AND IGNEOUS ROCKS

Sample Location

N-8 
N-44A 
N-44B 
N-44D 
N-45A 
N-45B 
N-46 
N-47 

N-48 
N-49 
N-1 
N-2 
Z-5 
N-9 
N-10 
N-32A 
N-32B 
N-40 
ND- 8 
ND-9 
ND-7A 
ND-10 
N-16 
VQ-I 
VQ- 2 

N-32C 
N-37 
SAI-2

Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 

Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 

Verplanck 
Verplanck 
Verplanck

Typical Mineral Assemblages 

Manhattan Schist Samples 

Plagioclase + Biotite + Garnet + Sphene + Hercynite 
Plagioclase + Orthoclase + Biotite + Garnet + Quartz + Sphene + Opaque 
Plagioclase + Orthoclase + Biotite + Quartz + Sillimanite + Pyroxene + Hornblende 
Plagioclase + Biotite + Epidote + Hornblende + Sphene 
Plagioclase + Biotite + Muscovite + Garnet + Sillimanite + Opaque 
Plagioclase + Biotite + Quartz + Garnet + Sillimanite + Opaque 
Plagioclase + Microcline + Quartz + Biotite + Muscovite + Sillimanite + Tourmaline + Quartz 
Plagioclase + Quartz + Biotite + Muscovite + Garnet + Sillimanite + Staurolite + Tourmaline + 
Ilmenite 

Plagioclase + Microcline + Quartz + Biotite + Opaque 
Plagioclase + Microcline + Muscovite + Sphene + Apatite + Opaque 
Plagioclase + Quartz + Garnet + Biotite + Muscovite + Sillimanite + Opaque 
Plagioclase + Quartz + Biotite + Muscovite + Sphene + Tourmaline + Apatite + Opaque 
Plagioclase + Microcline + Quartz + Biotite + Muscovite + Apatite + Zircon + Opaque 
Plagioclase + Quartz + Garnet + Biotite + Muscovite + Opaque 
Quartz + Microcline + Epidote + Sphene + Opaque 
Microcline + Amphibole + Quartz + Biotite + Epidote + Opaque 
Microcline + Biotite + Hornblende + Sphene + Epidote + Opaque 
Feldspar + Quartz + Biotite + Garnet + Amphibole + Pyroxene + Epidote + Sphene + Opaque 
Feldspars + Quartz + Biotite + Muscovite (sericite) 
Plagioclase + Quartz + Biotite + Tourmaline 
Plagioclase + Quartz + Biotite + Muscovite + Garnet + Staurolite 
Plagioclase + Quartz + Biotite + Muscovite + Tourmaline + Garnet + Staurolite 
Feldspar + Biotite + Quartz + Sphene + Opaque 
Plagioclase + Biotite + Muscovite + Quartz + Garnet + Opaque 
Feldspar + Carbonate + Biotite + Muscovite + Quartz 

Inwood Marble Samples

Calcite + Tremolite + Diopsiole + Microcline + Biotite + Sphene 
Carbonate + Muscovite (Talk?) + Tremolite + Diopsiole + Quartz 
Carbonate + Quartz + Feldspar (Microcline) + Muscovite + Opaque
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TABLE B5.4-1 (Continued)

Sample Location

Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck 
Verplanck

SAl-4 
SAl-5 
S-2 
SA2-3 
SA2-5 
S-4 
S-5 
S-7 
S-8 
S-10 
S-lb 
S-15 
S-21 
CA- 2 
CA- 3 
CA-5 
CA-6 
CA-8 
ND-3 
ND-4 
ND-5 

AP-1 
AP-2 
AP-3 
TC-6 

TC-8 

TC-2B 
WL- 1 
WL- 2

Typical Mineral Assemblages 

Carbonate + Quartz + Feldspar + Muscovite 
Carbonate + Quartz + Feldspar + Muscovite + Opaque 
Dolomite + Quartz 
Carbonate (Dolomite) + Quartz + Feldspar + Muscovite + Opaque 
Carbonate + Quartz + Feldspar + Muscovite + Opaque 
Carbonate (Calcite) + Quartz + Muscovite + Phlogopite 
Carbonate (Calcite) + Dolomite) + Quartz + Muscovite + Opaque 
Carbonate + Microcline + Muscovite + Phlogopite + Opaque 
Carbonate + Feldspar + Muscovite + Opaque 
Carbonate + Mircocline + Quartz + Muscovite + Opaque 
Carbonate + Microcline + Quartz + Muscovite + Opaque 
Carbonate + Feldspar + Quartz 
Carbonate + Feldspar + Quartz + Muscovite + Phlogopite + Opaque 
Carbonate + Quartz + Muscovite + Opaque 
Carbonate + Quartz + Micas (Phlogopite + Muscovite) + Opaque 
Carbonate + Quartz + Muscovite + Opaque 
Carbonate + Quartz + Microcline + Opaque 
Carbonate (Dolomite) + Quartz + Microline + Muscovite + Opaque 
Carbonate (Calcite) + Quartz + Feldspar + Muscovite + Opaque 
Carbonate (Calcite) + Feldspar + Muscovite + Opaque 
Carbonate + Feldspar + Quartz + Micas 

Annsville Phyllite Samples 

Quartz + Feldspar (Albite) + Sericite + Calcite + Chlorite + Tourmaline + Opaque 
Quartz + Feldspar (Albite) + Calcite + Sericite + (Chlorite + Biotite + Epidote) + Opaque 
Quartz + Carbonates + Sericite + Chlorite + Tourmaline 
Quartz + Carbonates (Calcite + Ankerite [?]) + Sericite + Chlorite + Tourmaline + Routite (?) 
Graphite (?) 

Quartz + Calcite + Feldspar (Albite [?]) + Mica (Sericite [?]) + Opaque 

Wappinger Limestone Samples 

Calcite + Quartz + Sericite + Graphite (?) 
Carbonate (Calcite + Dolomite) + Quartz + Muscovite + Opaque 
Carbonate + Quartz + Muscovite + Opaque

0

Annsville Creek 
Annsville Creek 
Annsville Creek 
Tomkins Cove 

Tomkins Cove 

Tomkins Cove 
Annsville Creek 
Annsivlle Creek
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TABLE B5.4-1 (Continued)

Sample Location Typical Mineral Assemblages

Annsville Creek 
Annsville Creek 
Annsville Creek 
Stony Point 
Stony Point 
Stony Point

Carbonate 
Carbonate 
Carbonate 
Carbonate 
Carbonate 
Carbonate

+ Tremolite + Diopside + Brown Mica + Epidote 
+ Quartz + Muscovite + Opaque 
+ Microcline + Tremolite + Diopsiole + Ziosite 
(Calcite) + Mg Chlorite + Muscovite + Opaque 

+ Muscovite + Quartz +-Opaque 
+ Tremolite :+ Quartz

Stony Point Metamorphic Rocks

Stony 
Stony 
Stony 
Stony 
Stony

Point 
Point 
Point 
Point 
Point

Verplanck 
Verplanck 
Verplanck 
Verplanck

Microcline + Plagioclase 
Microcline + Plagioclase 
Microcline + Plagioclase 
Microcline + Plagioclase 
Microcline + Plagioclase

+ Biotite + Muscovite + Opaque 
+ Biotite + Muscovite + Quartz + Garnet 
+ Biotite + Quartz + Garnet + Sillimanite 
+ Quartz + Biotite + Tourmaline 
(Sauss. Epidote + Actinolite?) + Quartz + Biotite + Muscovite + Opaque

Cortlandt Intrusive Rocks 

Pyroxene (Opx + Cpx) + Biotite + Plagioclase + Opaque 
Amphibole (Hornblende) + Pyroxene (Cpx) + Plagioclase + Opaque 
Amphibole (Hornblende) + Pyroxene (Cpx) + Plagioclase + Opaque 
Amphibole (Hornblende) + Pyroxene (Cpx) + Plagioclase + Opaque

WL-3 
WL-4 
WL-5 
SPL-I 
SPL-2 
SPL-3 

SP-5 
SP-10 
SP-11 
SP-12 
SP-13 

N-39 
N-41 
N-42A 
N-42B
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TABLE B5.4-2 

FAULT FILLING MINERAL ASSEMBLAGES

Structural 
Setting 

NS Fault 
FW Fault 
EW Fault 
EW Fault 
NE Fault 
EW Fault 
NS Fault 
NS Fault 
NS Fault 
NE Fault 
NE Fault 
NE Fault 
EW Fault 
NE Fault 
NNW Fault 
NNW Fault 
NS Fault 
NS Fault 
NNW Fault 
NNE Fault 
NE Fault 
NS Fault 
NS Fault 
NS Fault 
NE Fault 
NS Fault 
NS Fault 
EW Fault 
EW Fault

Mineral Assemblage - Deformed 

Quartz + Calcite + Muscovite + Phylogopite + Amphibolite + Pyrite 
Calcite 
Calcite 
Quartz + Muscovite + Pyrite 
Calcite + Muscovite + Phlogopite 
Calcite + Quartz + Muscovite 
Aduloria + Calcite + Muscovite + Pyrite + Quartz + Phlogopite 
Muscovite + Pyrite + Calcite 
Calcite 
Calcite + Pyrite 
Calcite 
Calcite 
Calcite 
Calcite 
Muscovite + Phlogopite + Calcite + Pyrite 
Muscovite + Calcite + Pyrite 
Pyrite + Limonite 
Calcite 
Calcite 
Calcite 
Calcite + Quartz + Muscovite + Phlogopite + Pyrite 
Calcite + Quartz + Phlogopite + Muscovite + Pyrite + Amphibole 
Calcite + Muscovite 
Calcite + Muscovite 
Calcite + Pyrite 
Calcite 
Calcite 
Calcite 
Calcite

Mineral Assemblage 
Undeformed 

Calcite 
Calcite (?) 

Calcite 
Calcite 

Calcite 
Calcite 
Calcite 

Calcite 

Calcite 
Calcite (?) 
Calcite 
Calcite 
Calcite 
Calcite 

Stilbite + Heulandite

0

Sample 

S-2 
SA2-1 
SA2-2 
SA2-3 
SA2-6 
SA2-4 
SB-3 
SB-4B 
B-6 
B-7 
B-9 
B-10B 
B-14 
B-15B 
B-20 
B-21 
B-30 
B-31 
B-35 
B-36 
SCA-2 
SCA-10 
S-13B 
S-Dl 
CA- 4 
CA5 (30+03) 
ND- 2 
ND-2 
DN-6 
ND-7A
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INCLUSION FILLING

TABLE B5.4-3 

TEMPERATURES AND DEPTHS OF FORMATION

Structural 
Setting 

NS Fault 

NS Fault 

NS Fault 

NNW Fault 

NS Fault 

NS Fault 

NNE Fault 

EW Fault 

EW Fault 

EW Fault 

EW Fault

Size of Calcite 
Crystals Analyzed 

(mm) 

5 to 10 

0.5 to 1.5 

1 to 2 

1 to 2 

0.1 to 1.5 

0.2 to 1 

2 to 20 

0.2 to 1 

0.5 to 1 

0.4 to 1.2 

10 to 15

Type of 
Inclusion 

Primary 

Secondary (?) 

Primary 

Primary 

Primary 

Primary (?) 

Primary 

Primary 

Primary 

Primary 

Primary (?)

Number of 
Inclusions 

7 

1 

7 

3 

5 

2 

12

Filling 
Temperature 

(°C) 

171 to 186 

118 

151 to 169 

141 to 195 

159-201 

94.95 

171-226

Average 
Filling Temp. Corresponding 

(°C) Pressure Bars 

117 1.3 

118 .9 

161 1.2 

171 1.3 

174 1.3 

94.5 .7 

194 1.5

Depth of Formation 
2Wt%NaCl 

25Wt%NaCl 
(Meters) 

85 60 

9 5 

60 35 

74 49 

79 55 

0 e 

160 107

5 225-250

Sample 

4B 

B-6 

B-31 

B-35 

30-03 

D-1 

ND-2 
(D- 2) 

ND-1 
(D-1) 

ND-6 

SA2-1 

SA2-2

1350 

67 

35

0

274-352 

131-188 

92-167
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SENSE OF MOVEMENT. DASHED WHERE INTERPRETED 

F
4

INDICATES NUMBER OF FAULT REFERRED TO IN TEXT

PLANES REPRESENTING AXIAL PLANES OF Fl AND F2 FOLDS 
AXIAL PLANE OF F I FOLDS 

aEIAL PLANE OF F2 FOLDS 

* PLUNGE OF Fl FOLDS 

o PLUNGE OF F2 FOLDS

INTERPRETED FRACTURE AND FAULT GEOMETRY 
INTERPRETED SENSES OF MOVEMENT SHOWN.RELATEO PLANES DENOTEDBY SAME SYMBOL I

STRUCTURAL ELEMENTS 
REPRESENTED ON LOWER HEMISPHERE EQUAL AREA PROJECTIONS 

INWOOD MARBLE: OUTCROP NORTH OF REACTOR NUMBER 2 

Xbowms a mtooino
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126 POLES TO FRACTURE PLANES
0RAKE 0-45 

*RAKE 45-9B0-

PLANE REPRESENTING So/Si SURFACES 

0 PLUNGE OF F2 FOLD AXES 

-LI - LINEATION ASSOCIATED WITH FI FOLDING 

C] L-LINEATION ASSOCIATED WITH F2 FOLDING

PLANES REPRESENTING OBSERVED FAULTS 

SENSE OF MOVEMENT 

F 80 INDICATES NUMBER OF FAULT REFERRED TO IN THE TEXT 

STRUCTURAL ELEMENTS 
REPRESENTED ON LOWER HEMISPHERE EQUAL AREA PROJECTIONS 

MANHATTAN SCHIST' OUTCROP NORTH OF REACTOR NUMBER 2

PLATE B5.1- 8 B
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72 POLES TO FRACTURE PLANES 25 POLES TO ) SURFACES PLANES REPRESENTING OBSERVED FAULTS 
SENSE OFMOVEMENT:DASHED WHERE INTERPRETED 

TWO SENSES OF MOVEMENT SHOWN WHERE OBSERVED 
d OR INTERPRETED 

F 2 INDICATES NUMBER OF FAULT REFERRED TO IN THE TEST

STRUCTURAL ELEMENTS 
REPRESENTED ON LOWER HEMISPHERE EQUAL AREA PROJECTIONS 

INWOOD MARBLE: TRENCH NORTHWEST OF REACTOR NUMBER 3

PLANES REPRESENTING So/Si SURFACES

nmmm a E MOORE 

PLATE B5.1-9



38 POLES TO SLICKENSIDED SURFACES 21 POLES TO OBSERVED FAULT PLANES 
KEY- KEY: 

o RAKE 0-45' * DEXTRAL 

0 SINISTRAL 

* RAKE 45-90- 0 NORMAL 

UNOEFINEO

PLANES REPRESENTING So/Si SURFACE

KEY 

/ AXIA

F2 FOLDS INTERPRETED FAULT AND FRACTURE GEOM 
INTERPRETED SENSES OF MOVEMENT SHOWN 

IAL PLANE IP2 FOLDr RELATED PLANES DENOTED BY SAME SYMBOL

9 P IN E . AXIS I '2 1

STRUCTURAL ELEMENTS 
REPRESENTED ON LOWER HEMISPHERE EQUAL AREA 

PROJECTIONS 

INWOOD MARBLE:OUTCROP ADJACENT TO 
TURBOGENERATOR BUILDING NUMBER I 

ETRY 

Ius al m S IOOI

PLATE B5.1-10
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120 POLES TO FRACTURE PLANES 9 POLES TO SLICKENSIDED SURFACES 

0 RAKE 45-90-

PLANES REPRESENTING OBSERVED FAULTS 
SENSE OF MOVEMENT.DASHED WHERE INTERPRETED 

-1d TWO SENSES OF MOVEMENT SHOWN WHERE OBSERVED 
Z OR INTERPRETED 

F
2

INDICATES NUMBER OF FAULT REFERRED TO IN THE TEXT

STRUCTURAL ELEMENTS 
REPRESENTED ON LOWER HEMISPHERE EQUAL AREA PROJECTIONS 
INWOOD MARBLE: OUTCROPS SOUTH OF REACTOR NUMBER 3

INTERPRETED FRACTURE AND FAULT GEOMETRY 
INTERPRETED SENSES OF MOVEMENT-SHOWN. RELATED PLANES DENOTED BY SAME SYMBOL
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SCHEMATIC BLOCK DIAGRAM SHOWING THREE ORDERS 
OF F2-FOLDS

IAESS & N m 

PLATE B 5.2- 3
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STATION 2D 
STATION ID Fl-FOLD AXES 
FI-FOLD AXES

-BEDDINS PLANE BEDDING PLANE 
0 FOLD AXES • FOLD AXES 

STATION 4D STATION ID 
Fl- FOLD AXES F-2 FOLD AXES

BEDDING PLANE * FOLD 
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STATION 3D 
FI-FOLD AXES
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POLE TO FAULT OF DEXTRAL MOVEMENT SENSE 
POLE TO FAULT OF SINISTRAL MOVEMENT SENSE 
POLE TO FAULT OF UNDEFINED MOVEMENT SENSE 
POLE TO FAULT OF NORMAL MOVEMENT SENSE 

POLES TO FAULTS (SITE) POLES TO FAULTS ONSITE (CROSS-CUTTING RELATIONS)

SUMMARY OF FAULT DATA FROM 
OUTCROP STUDIES AT THE 

INDIAN POINT SITE 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)

KEY: 
Av HEALED BRECCIA 
+ UNHEALED BRECCIA 
X MINERALIZED FAULT

NUMBER OF POLES 
=

61

POLES TO MINERALIZED FAULTS (SITE)

INTERPRETED SENSES OF MOVEMENT SHOWN 1 RELATED PLANES DENOTED BY SAME SYMBOL 

INTERPRETED FAULT GEOMETRY (SITE STUDIES)

DAES , aloom 
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KEY: 
S POLE TO 
U - POLE TO

1.1.1 PLOT OF POLES TO ALL FRACTURE PLANES

1.1.2 PLOT OF POLES TO FOLIATION (SO/Si) PLANES

NOTE; STATION LOCATION SHOWN ON PLATE 85.3-1

1.1.3 PLOT OF POLES TO SLICKENSIDED PLANES 
I N

1.1.4 PLOT OF POLES 'OF MINERALIZED FRACTURES 

STRUCTURAL ELEMENTS 
STATION I-1 INWOOD MARBLE

1.1.5 PLOT OF POLES TO FAULT PLANES

1.1.6 INTERPRETED FRACTURE AND FAULT GEOMETRY

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)
DAMES a M1OORE
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Li H 
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OEy POLE TO FAULT OF DEXTRAL MOVEPMENT SENSE I 
S POLE TO FAULT OF SINISTRAL MOVEMENT SENSE I NUMBER OF POLES 33 
U POLE TO FAULT OF UNDEFINED MOVEMENT SENSE 
N POLE TO FAULT OF NORMAL MOVEMENT SENSE

1.2.1.1 PLOT OF POLES TO ALL FRACTURE PLANES 1.2.3 PLOT OF POLES TO SLICKENSIDED PLANES 1.2.5 PLOT OF POLES TO FAULTS

± + KEY.: 

POLE OF CALCITE FILLED FRACTURE NUMBER OF POLES = 54 Z - POLE OF PYRITE FILLED FRACTURE 

G POLE OF GOUGE FILLED FRACTURE

1.2.2.1 PLOT OF POLES TO FOLIATION (SO/Si) PLANES

NOTE: STATION LOCATION SHOWN ON PLATE 85.-I

1.2.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATION 1-2 (SOUTH WALL) WAPPINGER LIMESTONE

1.2.1.6 INTERPRETED FRACTURE 'AND FAULT GEOMETRY 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) 
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xxx 

X x 
x x 

x X
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x X x 
x xx 

x xx 

x xj 1.2.1.2 PLOT OF POLES TO 
ALL FRACTURE PLANES 

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-1 

N

1.2.2.2 PLOT OF POLES TO FOLIATION 
(S0/S1) PLANES

X x 
xx 

XX< 
x

HUMBER OF POLES = 17

1.2.2.6 INTERPRETED FRACTURE AND 
FAULT GEOMETRY

STRUCTURAL ELEMENT 
STATION 1-2 (EAST WALL) 

WAPPINGER LIMESTONE 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) 
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1.3.1 PLOT OF POLES TO ALL FRACTURE PLANES 
N

1.3.5 PLOT OF POLES TO FAULT PLANES 
N

1.3.2 PLOT OF POLES TO FOLIATION (SO/Si) PLANES 1.3.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 1.3.6 INTERPRETED FRACTURE AND FAULT GEOMETRY

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-1 STRUCTURAL ELEMENTS 
STATION 1-3 INWOOD MARBLE

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)

IMAMIES 0 OO 
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M.1.1 PLOT OF POLES TO ALL FRACTURE PLANES

M.1.2 PLOT OF POLES TO FOLIATION (SO/S1) PLANES 

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-1

M.1.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATION M-1 /IANHATTAN SCHIST

M.1.6 INTERPRETED FRACTURE AND FAULT GEOMETRY

(LOWER HERISPHERE EQUAL AREA PROJECTIONS)

PLATE 85.3-8
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M.1.3 PLOT.OF POLES TO SLICKENSIDED PLANES



M.2.3 PLOT OF POLES TO SLICKENSIDED PLANES

M.2.2 PLOT OF POLES TO FOLIATION (SO/Si) PLANES

NOTE: STATION LOCATION'SHOWN ON PLATE B5.3-1

M.2.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATION M-2 ANNSVILLE PHYLLITE

INTERPRETED FRACTURE AND FAULT GEOMETRY,

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) PAs EMOO.  

PLATE B5.3-9

M.2.1 PLOT OF POLES TO ALL FRACTURE PLANES M.2.5 PLOT OF POLE TO FAULT PLANE



1.1.1 CONTOURED PLOT OFPOLES TO FRACTURE PLANES

NUMBER OF POLE S 200

1.2.1.1 CONTOURED PLOT OF POLES TO FRACTURE PLANES

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-I

1.2.1.2 CONTOURED PLOT OF POLES TO FRACTURE PLANES (EAST WALL) 

CONTOUR INTERVAL 0%,3 AND 2% THEREAFTER NUMBER OF POLES 199 

1.3.1 CONTOURED PLOT OF POLES TO FRACTURE PLANES 

CONTOURED PLOTS OF POLES TO

CONTOUR INTERVAL 0%,3%"AND2% THEREAFTER NUMBER OF POLES 140 

M-1.1 CONTOURED PLOT OF POLES TO FRACTURE PLANES

NUMBER OF POLES 219

M.2.1 CONTOURED PLOT OF POLES TO FRACTURE PLANES 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)

PLATE B5.3-10
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KEY 
S POLE TO FAULT WITH SINISTRAL MOVEMENT SENS N E P U POLE TO FAULT WITH UNDEFINED MOVEMENT SENSE NUMBER OF POLES A

C.1.3 PLOT OF POLES T Q SLICKENSIDED PLANES C.1.5 PLOT OF POLES TO FAULT PLANES

N I NUMBER OF POLES - 7

C.1.1 PLOT OF POLES TO ALL FRACTURE PLANES

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-I

C.1.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATION C-1 COR'TLANDT COMPLEX

C.1.6 INTERPRETED FAULT AND FRACTURE GEOMETRY

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)

PLATE B5.3-11
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C.2.1 CONTOURED PLOT OF POLES 
TO FRACTURE PLANES

NOTE: STATION LOCATION SHOWN ON PLATE 85.3-1

x 
x x 

x
x xx X 
x

CONTOUR INTERVAL 0%, 3, AND 2% THEREAFTER NUMBER OF POLES 202

C.2.1 PLOT OF POLES 
TO ALL FRACTURE PLANES

X X

NUMBER OF POLES - 202

C.2.6 INTERPRETED FRACTURE AND 
FAULT GEOMETRY

STRUCTURAL ELEMENT, 
STATION C-2 

CORTLANDT COMPLEX

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)
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KEY:

C.3.1 CONTOURED PLOT OF POLES TO FRACTURE PLANES C.3.5 PLOT OF POLES TO FAULT PLANES

C.3.1 PLOT OF POLES TO ALL FRACTURE PLANES 

NOTE: STATION LOCATION SHOWN ON PLATE 353-1

C.3.4 PLOT OF POLES TO MI& ERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATION C-3 .ORTLANDT COMPLEX

INTERPRETED SENSES OF M.VEMENT SHOWN r 
RELATED PLANES REPRESENTED BY SAME SYMBOL 

C.3.6 INTERPRETED FAULT AND FRACTURE GEOMETRY 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) *jmm S moQo
I
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CONTOUR 

C.4.1( C.4.3 PLOT OF POLES TO SLICKENSIDED PLANES

KEY 
X POLE TO LAMPREPHIRIE DIKE

NUMBER OF POLES -

C.4.1 PLOT OF POLES TO ALL FRACTURE PLANES 

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-1

0.4.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATION C-4 CORTLANDT COMPLEX

INTERPRETED SENSES OF MOVEMENT SHOWN RELATED PLANES REPRESENTED BY SAME SYMBOL 

C.4.6 INTERPRETED FAULT AND FRACTURE GEOMETRY 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) nam e ; a m oon

PLATE B5.3-14
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P.3.1 CONTOURED PLOT OF POLES 
TO FRACTURE PLANES 

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-I

X 

Xx 
X X

P.3.1 PLOT OF POLES TO ALL 
FRACTURE PLANES

NUMBER OF POLES = IW

P.3.6 INTERPRETED FRACTURE AND 
FAULT GEOMETRY

STRUCTURAL ELEMENTS 
STATION P-3 

PEEKSKILL GRANITE 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) 

IMAIES IV00 R E
INTERPRETED SENSES OF MOVEMENT SHOWN 
RELATED PLANES R EPRESENTED BY SAME SYMBO L
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CONTOUR INTERVAL 0%, 3%, AND 20 THEREAFTER NUMBER OF POLES - I99 

TR.1.1 CONTOURED PLOT OF POLES TO FRACTURE PLANES 

N

KEY: 
X - POLE TO FRACTURE PLANE OF POLES 150 
0 - POLE TO BEDDING PLANE 

TR.1.1 PLOT OF POLES TO ALL FRACTURE PLANES 

NOTE: STATION LOCATION SHOWN ON PLATE 85.3-I

KEY : 
S - POLE TO

TR.1.3 PLOT OF POLES TO SLICKENSIDED PLANES 
N

KEY: POLE TO CALCITE FILLED FRACTURE PLANE NUMBER OF POLES = 17 

TR.1.4 PLOT OF POLES TO MINERALIZED FRACTURE PLANES 

STRUCTURAL ELEMENTS 
STATIONS TR-1 TRIASSIC SEDIMENTARY ROCKS

TR.1.5 PLOT OF POLES TO FAULT PLANES

INTERPRETED SENSES OF MOVEMENT SHOWN RELATED PLANES REPRESENTED BY SAME SYMBOL 

TR.1.6 INTERPRETED FRACTURE AND FAULT GEOMETRY 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) DAM E
I
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TR.2.1 CONTOURED PLOT OF POLES 
TO FRACTURE PLANES

NOTE: STATION LOCATION SHOWN ON PLATE B5.3-I

X x

I .AN. 2 TEE E ER POLS 2

Xx 
X X 

X 

X 

X

TR.2.1 PLOT OF POLES TO ALL 
FRACTURE PLANES

x

NUMBER OF POLES = 200

TR.2.6 INTERPRETED' FRACTURE AND 
FAULT GEOMETRY

/

STRUCTURAL ELEMENT1 
STATION TR-2 

TRIASSIC SEDIMENTARY ROCKS

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS)

MUES 8 MOORE 
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CONTOUR INTERVAL 0%. 3%, AND 2% THEREAFTER NUMBER OF POLES = 100 

TR.3.1.1 CONTOURED PLOT OF POLES TO 
FRACTURE PLANES (SEDIMENTARY ROCKS)

TR.3.1.2 CONTOURED PLOT OF POLES TO 

FRACTURE PLANES (DIABASE) 

NOTE; STATION LOCATION SHOWN ON PLATE B5.3-1

TR.3.1.1 PLOT OF POLES TO ALL FRACTURE PLANES (SEDIMENTARY ROCKS)

TR.3.1.2 PLOTOF POLES TO ALL 

FRACTURE PLANES (DIABASE) 

STRUCTURAL ELEMENTS 
STATION TR-3 TRIASSIC - SEDIMENTARY ROCKS AND DIABASE

I NUMBER OF POLES = 35 

TR.3.4.2 PLOT OF POLES TO MINERALIZED 

FRACTURE PLANES (DIABASE)

TR.3.6 INTERPRETED FRACTURE AND FAULT GEOMETRY 

(LOWER HEMISPHERE EQUAL AREA PROJECTIONS) IAm oS Om O Em
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APPENDIX Cl 

INTRODUCTION 

Cl.l GENERAL GEOLOGIC STRUCTURE 

A regional investigation was conducted within a 10 

mile radius of the Indian Point Generating Station. The site is 

underlain by Lower Paleozoic rocks. It is situated within a 

geologically complex region comprising Precambrian and Triassic 

"provinces", each with its own structural history that includes 

numerous large-scale faults (see Plate Cl-I). Ordovician and 

Devonian intrusives have invaded the older, Lower Paleozoic sed

imentary suite, and are part of the total structural evolution 

of the area. A rock terrace developed during the downcutting of 

the River channel and remnants of it are exposed along the east 

and west banks of the Hudson River. Lastly, the entire area, 

including the river terrace, has been subjected to Pleistocene 

glaciation.  

C1.2 REGIONAL STUDY OBJECTIVES 

The objectives of the regional investigation were to: 

1) Provide an understanding of the structural frame

work; 

2) Determine which, if any, brittle phenomena were 

restricted to a given time interval; 

3) Understand and logically place the north-south 

faults and fractures, seen onsite, into their 

proper regional context; and 

4) Identify some of the major or macroscopic re

gional faults.

C-1



The above objectives were accomplished largely by per

forming fracture and fault studies on an outcrop scale within 

the three becrock "provinces" (Precambrian, Paleozoic, and Tri

assic), and by megascopically examining ERTS imagery and aerial 

photographs (1:60,000 and 1:24,000 scale) within these same pro

vinces. Small-scale'structural relationships were established 

and were extrapolated cautiously to a much larger scale.  

Special attention was directed toward establishing a 

temporal relationship between igneous activity and brittle de

formation. Thus, fracture and fault studies were performed in 

and around the Silurian dikes (which cut the Precambrian rocks), 

the Cortlandt and Peekskill Plutons (which were emplaced in 

Lower Paleozoic rocks), and in the Triassic diabase (see Table 

Cl-1).  

Glacial deposits and the river terrace were examined 

to (1) develop a historical framework pertinent to understanding 

the stability of the area, and (2) to look for features that 

might be construed as reflecting post-sedimentation tectonism.  

This part of the study is essential because the terrace and 

Pleistocene deposits could record any possible present-day tec

tonic activity, and could provide a limit (perhaps a maximum 

age) on the date of the last movement.  

C1.3 STRUCTURAL DATA PRESENTATION 

Structural data obtained from the bedrock studies 

along with station locations appear on Plates Cl-2 and C3-1.  

Plate Cl-2 is a location map on which outcrop-scale structures
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were plotted. Larger faults, where ground truthed, have been 

incorporated on this map. Since regional geological mapping was 

beyond the scope of this study, lithologies are not shown; how

ever they are referenced in this report where pertinent. Plate 

C3-1 consists of several equal area, lower hemisphere projec-, 

tions of poles to fractures from the three provinces and the two 

"subprovinces" (the Cortlandt and Peekskill Plutons). Large

scale structural trends obtained from studies of remote sensing 

imagery and aerial photographs are presented on a topographic 

base (Appendix G). Information on geomorphic and glacial fea

tures is presented in Appendix D.
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TABLE Cl-I 

STATIONS WITHIN GEOLOGIC PROVINCES 

Precambrian (Reading Prong) 

All Dr-Stations 
Station JW-21 

Lower Paleozoic (Manhattan Prong) 

Station JW-l 
Station JW-2 
Station JW-6 
Station JW-7 
Station JW-13 

Triassic Basin 

All CH-Stations 

Cortlandt Complex 

Station B-4 
Station B-5 
Station JW-4 
Station JW-11 

Peekskill Pluton 

Station B-I 
Station B-2 
Station B-3
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APPENDIX C2 

REGIONAL TECTONIC SYNTHESIS 

C2.1 HUDSON HIGHLANDS 

The rocks of the Precambrian Hudson Highlands have had 

a long and complex deformationai history starting some 1100 m.y.  

ago. Since the Grenvillian (Precambrian) age deformation is in

cidental to this report, it will not be pursued further.  

The importance of the Precambrian rocks lies not in 

its early deformational history, but in the structural effects 

of Paleozoic and younger deformations which have been superim

posed upon the older rocks. In addition, most of the major 

faults in the region cut the Precambrian rocks of the Hudson 

Highlands.  

C2.2 MANHATTAN PRONG 

The Inwood and Manhattan Formations are considered to 

be Cambro-Ordovician rocks (Paige, 1956; Ratcliffe, 1969) which 

were deposited on the Fordham Gneiss basement. These three 

units consitute the Manhattan Prong within the study area. Fol

lowing deposition of the sediments, these rocks were subjected 

to a Lower Paleozoic regional metamorphism about 450 m.y. ago 

(Mose and Hayes, 1975) which, in general terms, was coincident 

with ductile deformation, here termed F1 -folding. The rocks 

continued to cool until about 360 million years ago (ref. Table 

C5-1).  

The Cortlandt Complex was emplaced into the metasedi

mentary pile about 435 million years ago (Long and Kulp, 1962)
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following the peak of regional metamorphism. The simple Bouger 

gravity map of southeastern New York State (Urban, et.al., 1973) 

shows that the Cortlandt Complex is an irregular elliptical 

(pear-shaped) body in which the major axis is oriented about 

N60 0W. The west-trending arm of the Cortlandt, which crosses 

the Hudson River, is not evident on this map, although it does 

appear on the regional aeromagnetic map (ref. Figure C4-4).  

This arm is separated from the main mass by a N35*W-trending 

lineament which is clearly visible on the regional aeromagnetic 

map. The main mass, recognized on the aeromagnetic map, is ap

proximately coincident with that expressed on the gravity map.  

It is therefore suggested that the main mass of the Cortlandt is 

rooted or, at least, deep seated whereas the west-striking arm 

is a shallow splay off the main body.  

C2.3 SILURO-DEVONIAN DIKES 

Lamprophyre dikes at Stony Point were mapped as apop

hyses which were traced from the younger Cortlandt phase of the 

Cortlandt Complex into both the Annsville Phylite and the older 

dioritic phase of the Cortlandt (Ratcliffe, 1968). Several 

lamprophyre dikes, along with numerous dikes ranging from rhyo

lite to andesite in composition, were recognized throughout the 

Precambrian rocks of the Hudson Highlands within the study area.  

For the most part, they have been deuterically altered, although 

their original igneous texture has been preserved (Mack, 1950).  

An equal area plot of poles to 50 of these dikes shows distinct 

concentrations at N64 0W and N46 0W. Many of these dikes have
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been subjected to lateral movement(s) following injection. Al

tered lamprophyre dikes were also recognized in the Monroe quad

rangle (Jaffe and Jaffe, 1973) which lies immediately to the 

west of the Popolopen Lake quadrangle (ref. Figure Cl-2). There 

the dikes occupy only northwest trending fractures in Precambri

an through Cambro-Ordovician rocks. Zartman (personal communi

cation to Jaffe and Jaffe), obtained a 398+17 m.y. K/Ar age on a 

kaersutite from one of the lamprophyre dikes. According to 

Zartman, this date either reflects the true age of the dike or a 

cooling age produced by a regional thermal event following dike 

injection. Recent work by Dallmeyer, et.al. (1975) indicated 

that there was no post-Grenvillian (1 b.y.) thermal event in the 

Hudson Highlands. This would, therefore, lend support to the 

hypothesis expressed by Zartman that the K/Ar date represents 

the age of emplacement. Based on the preceding information, it 

is apparent that the dike swarm recognized in the Hudson High

lands is Silurian to Lower Devonian in age. Paleozoic igneous 

activity in the study area concluded with the emplacement of the 

Peekskill Pluton 368+27 m.y. ago (Mose, et.al. 1974).  

C2.4 EARLY NORMAL FAULTS 

West-striking normal faults, which produced monoclinal 

flexures in the overlying rocks (ref. Figure C5-6), were recog

nized in the Fordham Gneiss. These faults range in strike from 

N720E to N80OW and in dip from 900 to 460. Due to the ductile 

behavior of the overlying rocks, these faults are inferred to 

have formed during cooling following the peak of regional meta-
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morphism. Thus, they probably represent the initiation of brit

tle deformation within the Manhattan Prong and provided surfaces 

for subsequent strike-slip displacement.  

C2.5 WEST-NORTHWEST AND NORTH-NORTHWEST STRIKE-SLIP FAULTS 

C2.5.1 Manhattan Prong 

Conjugate pairs of west-northwest and north-northwest 

strike-slip faults showing right lateral and left lateral dis

placements respectively were recognized in the Manhattan Prong 

near the Hudson River. Specifically, right lateral members of 

observed conjugate pairs recognized in the Inwood Marble at 

Croton-on-Hudson range in strike from N40°W to N66°W, whereas 

the left lateral members range in strike from NS to N25°W (ref.  

Table C5-3).  

Three small-scale nearly vertical faults, ranging in 

strike from N52°-60°W and showing right-lateral slip, cut the 

Fordham Gneiss just north of Croton-on-Hudson. A fourth fault 

strikes N05°E and exhibits left lateral slip. These faults are 

interpreted as defining a conjugate system. Besides these shear 

surfaces, there are two principal sets of orthogonal vertical 

fractures which strike N32 0W and N64 0E, and are respectively 

perpendicular and parallel to foliation. Geometrically, these 

orthogonal fractures respectively form acute and obtuse bisec

trices to the interpreted conjugate fault system. Therefore, it 

is inferred that all of these features are cogenetic with the 

acute and obtuse bisectrices representing extension directions.
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C2.5.2 The Cortlandt Complex 

In the Cortlandt Complex, shear surfaces, in which the 

trends are confined to the northwest quadrant of the compass and 

which show subhorizontal slickensides (less than 350), vary in 

strike from N13 0W to N520W. Although lateral slip is indicated 

for these fractures, no relative movement plans were observed.  

Nonetheless, it is noteworthy that the spread displayed by gen

erally northwest striking shear fractures in the Cortlandt lies 

comfortably within the range expressed in the Inwood at Croton 

and in the Fordham just north of Croton.  

C2.5.3 Siluro-Devonian Rocks 

At one location within the Hudson Highlands a north

west-trending rhyolite dike, which belongs to the suite of Si

luro-Devonian dikes, has been offset left-laterally by faults 

oriented NlO0 W - 70°NE and N20°W - 70°SW. These two faults 

resulted in left-lateral displacements of another northwest

striking rhyolite dike. A small-scale, right-lateral, strike

slip fault which strikes N75 0W and dips to the northeast at 740 

was identified in the Silurian Green Pond conglomerate just 

northwest of the Hudson Highlands. Lastly, nearly vertical 

N05 0W-striking fractures define a noticeable concentration of 

poles to fractures in the Devonian Peekskill Pluton, although no 

evidence of shearing was apparent along these surfaces.  

It is concluded from the previous discussion that con

jugate west-northwest and north-northwest oriented strike-slip 

faults affected the entire study area either during or following
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the Silurian period. It is even possible that the stress system 

responsible for these faults endured long enough to produce the 

north-northwest fractures seen in the Peekskill Pluton.  

C2.6 EAST-NORTHEAST STRIKE-SLIP FAULTS 

Small-scale and relatively large-scale faulting has 

occurred along nearly vertical N75 ° to 80°E fractures which be

long to rather prominent fracture maxima developed in both the 

Cortlandt and Peekskill Plutons (ref. Plates C5-8 and C5-9).  

One such fault seen in the Cortlandt, displayed right-lateral 

offset of a hornfels xenolith. A second fault, recognized on a 

much larger scale, produced intense brecciation in one of the 

Siluro-Devonian dikes and the host Precambrian trondhjemitic 

gneiss. The movement sense on this fault could not be deter

mined.  

It is not known to what conjugate fault system, if 

any, these east-northwest faults belong. However, two small in

tersecting faults oriented N50°W - 88*NE and N60°E - 730 SE, 

show respective left and right-lateral slip and define a conju

gate system in the rocks of the Hudson Highlands. It is possi

ble that this conjugate pair and the east-northeast faults and 

fractures seen respectively in the Cortlandt Complex and Peek

skill Pluton all belong to the same fracture generation.  

A small-scale reverse fault seen in the Green Pond 

conglomerate of Silurian age strikes due north and dips to the 

east at 300. Assuming no block rotation since the development 

of the aforementioned lateral and reverse faults and an acute 

dihedral angle of 600, the greatest principal stress would have
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been nearly the same for both fault systems. Correlation of the 

lateral faults in the Precambrian rocks with (1) the strike-slip 

fault seen in the Cortlandt, (2) the reverse fault cutting the 

Green Pond conglomerate, and (3) the east-northeast fracture set 

observed in the Peekskill is tenuous. However, such a Correla

tion constitutes a real possibility and, if correct, implies 

that all of the east-northeast lateral faults and north-south 

reverse faults are post-Cortlandt and, perhaps, even post-Peek

skill in age.  

C2.7 REGIONAL FOLDING- ITS GENETIC IMPLICATION 

Among the most prominent structural elements present 

in the study area are the north-northeast to northeast-oriented 

regional folds which are well developed in both the Hudson High

lands and in the Manhattan Prong. In addition, similarly orien

ted folds, well expressed by the Schunemunk-Bellvale-Green Pond 

syncline (Jaffe and Jaffe, 1973), occur in Devonian rocks north

west of the Hudson Highlands. It is not hypothesized that the 

folding in the Precambrian and Paleozoic rocks was the result of 

a single period of stress application. Rather, it is suggested 

that, following the Grenvillian orogeny, the Precambrian rocks 

were subjected to extension (Precambrian age diabase dikes), up

lift, and denudation. Paleozoic sediments were unconformably 

deposited on this crystalline basement with those to the south

west, having been subjected to regional metamorphism and ductile 

deformation (F1-folding). It is theorized that a second pro

tracted period of deformation probably commenced prior to em-
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placement of the Cortlandt and continued intermittently to at 

least the Devonian. This deformation, which provided pathways 

for the invading Cortlandt Complex and the Siluro-Devonian dikes, 

produced the regional north-northeast to northeast folds, conju

gate west-northwest and north-northwest strike-slip faults, as 

well as northwest and northeast extension fractures.  

C2.8 NORTH-NORTHEAST AND EAST-NORTHEAST STRIKE-SLIP FAULTS 

C.2.8.1 Manhattan Prong 

A second pair of strike-slip faults was first identi

fied in the Inwood Marble at Croton-on-Hudson. Two members of 

a single, observed pair are oriented N150E - 800SE and N43 0E 

870 SE, and produced right-lateral and left-lateral displacements, 

respectively. Other small faults ranging in strike from N43 0E 

to N65 0E exhibit left-lateral offsets. Though these faults were 

not observed as conjugate pairs, they are nonetheless interpret

ed as having formed in response to the same stress system.  

At Croton-on-Hudson nearly vertical N58 0 to 60OW 

striking fractures have been displaced right laterally along a 

fault oriented N150E 800ESE and left-laterally along its con

jugate which is oriented N43 0E - 870SE (ref. Figure C5-2). A 

second example at this location shows a N63 0W-trending right

lateral strike-slip fault, marked by a healed breccia zone, off

set left-laterally by a second fault which strikes N65 0 E. It is 

concluded that conjugate strike-slip faults, dispersed about 

north-northwest to east-northeast trends, are younger than the 

conjugate lateral faults striking between about north-northwest 

to west-northwest.
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C2.8.2 Ordovician to Devonian Dikes and Plutons 

Members of this younger conjugate pair have also been 

recognized elsewhere. In the Cortlandt Complex, left-lateral 

strike-slip movements have occurred along N400 to 600E striking 

surfaces. An andesite dike in the Hudson Highlands was dis

placed left-laterally by a fault striking N70°E and dipping 450 

to the south-southeast. Other members of the Silurian-Devonian 

dike swarm were displaced along NlO0 E-500 to 80*-dipping 

right-lateral faults. A N05 0 E striking right-lateral fault off

set the Devonian age Esopus Formation near Highland Mills, New 

York (Dodd, 1965). -A dominant fracture set with an average at

titude of N27°E - 80°NW appears in the Peekskill Pluton. No 

shearing was recognized along members of this set, though it may 

be postulated that they belong to this younger conjugate fault 

system. Despite the interpretation of the fractures in the 

Peekskill Pluton, it is clear that the younger system of strike

slip faults is Devonian or younger.  

C2.8.3 The Triassic Basin 

In the Triassic Basin, which lies in the southwestern 

portion of the study area, faults showing similar orientations 

and movement plans were also noted in beds which strike north

northwest to due north. At one locale, left-lateral displace

ments occurred along faults oriented N64°-750SE and N74 0E-900 .  

At the northernmost exposure of the conglomerate, a small north 

striking right-lateral fault was observed. Elsewhere in the 

Triassic Basin of Rockland County, New York, small-scale offsets
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indicate left-lateral movement along a N500E trend and right

lateral movements along north to northeast surfaces. These fea

tures were also observed in the Newark-Gettysburg Triassic Basin 

near Pottstown, Pennsylvania, where the beds strike generally 

west to west-northwest.  

In a diabase body within the Basin, left-lateral of f

sets were recognized along surfaces oriented N451E and right

lateral displacements occurred along N201E surfaces. In redbeds 

near Upper Glascow, Pennsylvania, strike-slip faults striking 

N65 0 to 700E show left-lateral movement whereas a fault trending 

N150E has produced right-lateral displacement (Dames & Moore, 

1974). It is, therefore,evident that north-northeast to east

northeast strike-slip faults are regionally distributed through

out the Triassic age Newark-Gettysburg Basin, and that these 

structures have been superimposed on the pre-existing curvature 

expressed by the Basin. This curvature, which is coincident 

with the Appalachian Salient, was interpreted to have been in

herited from a Paleozoic F 3-folding event (Dames & Moore, 1975).  

The regional distribution-of the previously mentioned 

conjugate pairs within the Triassic Basin makes it likely that 

rocks outside of the Basin experienced the same deformation.  

Hence, it is suggested that the similarly oriented strike-slip 

fault system seen in the Lower to Middle Paleozoic rocks, and 

which is also expressed by offset dikes within the Hudson High

lands, is younger than the rocks of the Triassic Basin. Fur

thermore, it can be postulated that the Ramapo Fault may exper

ienced left-lateral strike-slip movements at this time.
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C2.9 THE NEWARK-GETTYSBURG BASIN 

The Triassic Newark-Gettysburg Basin extends south

westward from Rockland County, New York to Lancaster County in 

eastern Pennsylvania, a distance of about 140 miles (Van Houten, 

1969). The rocks within the basin, though not as intensely de

formed as those within the Hudson Highlands and Manhattan Prong, 

have nonetheless experienced a complex deformational history.  

Conglomerates composed of coarse, clastic material de

derived mainly from Paleozoic carbonates, quartz-pebble conglo

merates, and orthoquartzites with minor fragments of Siluro

Devonian rhyolite and porphyritic rhyolite, are common, especi

ally near the border zone (The Ramapo Fault in the study area).  

Away from these zones, conglomeratic units are interlayered with 

sandstone, siltstone, and shale, indicating variations in the 

energy level of the stream during deposition. These fluctua

tions in energy were probably produced by syndepositional normal 

faulting in the border zone. Following this proposed crustal 

extension, the Triassic basin was subjected to regional horizon

tal compression with the greatest principal stress oriented 

about N25 ° to 40°E. Extension fractures, parallel to the great

est principal stress northwest to west-northwest-trending folds 

(Dames & Moore, 1974), and a low-angle, northwest-striking re

verse fault (McLaughlin, 1942) were identified near Pottstown, 

Pennsylvania. These structures, as well as the conjugate 

north-northeast to east-northeast strike-slip faults described 

in Section C2.8.3, resulted from this compression.
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Subhorizontai slickensides were recognized on the 

north-northeast to northeast-striking extension fractures, sug

gesting that a second, differently oriented stress system was 

operative. Southeast of Pottstown, right-lateral strike-slip 

along a nearly vertical surface striking N40 0E produced a series 

of en-echelon gash fractures. At this same exposure, two smooth, 

planar fractures which strike N67 0E and dip 810 to the south

southeast are filled with slender, antitaxial calcite fibers 

(Durney and Ramsey, 1973). - The fibrous filling indicates that 

these fractures formed in extension but were subjected to a very 

small increment of finite lateral strain. A small, mapped fault, 

striking N48 0E and showing right-lateral displacement, was iden

tified east of Pottstown (Wood, 1963). The geometric and kine

matic relations of the coexisting structures suggest that they 

formed in response to a stress system in which the greatest 

principal stress was oriented about N680 E. It is suggested that 

deformation associated with this stress system is younger than 

that associated with north-northeast compression, and was re

sponsible for the horizontal slickensides seen on the older ex

tension fractures.  

Normal faults which strike approximately northwest 

were identified in the Triassic rocks of Rockland County as well 

as in the adjacent Hudson Highlands. A northwest-striking nor

mal fault separating Precambrian from Siluro-Devonian rocks was 

also identified by Dodd (1965, Plate 1).  

Numerous northeast-striking normal faults along with 

lesser numbers of north-, east- and northwest-trending normal
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faults were identified in the Triassic of eastern Pennsylvania 

(Dames & Moore, 1974), but no northeast normal faults were ob

served in the Triassic rocks in Rockland County., Ratcliffe 

(1971 and 1972), however, stated that post-depositional normal 

faulting occurred along the northeast-striking Ramapo Fault dur

ing the Late Triassic and possibly into the Jurassic. Normal 

faults striking N500 to 550E and dipping about 800 to the south

east were recognized in Precambrian trondhjemitic gneiss about 3 

miles west of the Ramapo Fault. It is not known if these faults 

are related to Triassic deformation or to an older event. In 

any case, it is suggested that normal movement along northeast

and probably north-striking surfaces developed in response to 

crustal extension attendant upon the Mesozoic opening of the 

Atlantic Ocean. This deformation is interpreted as having pro

duced the last tectonically induced movements in the study area.  

The east- and northwest-striking normal faults may have devel

oped during relaxation of the earlier compressive stresses.  

C2.10 PLEISTOCENE FAULTS 

Normal faults, striking predominantly between west and 

northwest, cut Pleistocene sediments in the northwestern part of 

the study area and lie within 1000 feet of the normal fault map

ped by Dodd (1965, Plate 1). The fault mapped by Dodd is align

ed with a series of parallel topographic lineaments which pass 

about 2 miles north of the site. one of these lineaments was 

mapped by Dodd as a shear zone with an unknown movement sense.  

The origin of the normal faults in the Pleistocene sediments is 

not presently understood.
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APPENDIX C3 

REGIONAL OVERVIEW OF FRACTURES 

C3.1 NORTH-STRIKING FRACTURES 

Fractures belonging to this group have been recognized 

in all of the major provinces (Precambrian, Lower Paleozoic, and 

Triassic) as well as in the two subprovinces. In the Precambri

an, nearly vertical fractures cut rocks characterized by a 

steep-dipping northeast foliation at Station DR-8, and a more 

gently inclined stratiform foliation at Station DR-27 (see 

Plates Cl-2 and C3-1). Steeply inclined, north-northeast frac

tures at Station DR-12 intersect the foliation at about 900, and 

at DR-28 a small group of fractures was recognized. North

striking fractures are either absent from or rare in the Precam

brian rocks at Stations DR-4, DR-16, DR-26, and JW-21.  

The Inwood Marble within the Manhattan Prong at Croton

on-Hudson is cut by numerous north-striking fractures and faults 

which belong to two different fault systems (Plate C3-1). A 

lesser number were recognized in the Fordham Gneiss. At JW-2, 

and at JW-7, several were seen, the poles of which lie close to 

the bedding plane. Outside of the site area, north-trending 

fractures and faults do not appear to be abundant in meta

sedimentary rocks of the Manhattan Prong. In the Cortlandt 

Complex, at Stations B-4 and B-5, north to northeast fractures 

are numerous; however, at Stations JW-4 and JW-ll virtually 

none were recognized. A large concentration of north to north

east fractures cuts the Peekskill Pluton at Station B-1. At
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Station B-2, north-striking fractures are uncommon, though 

there is a profusion of fractures striking N200 E. A few north

striking fractures were also recorded in the Peekskill at 

Station B-3. Overall two north-northwest maxima are apparent 

in this pluton.  

In the Triassic diabase (Stations CH-3-5, CH-5-2, and 

CH-5-3), fractures which strike north are steeply inclined to 

vertical (Plate C3-1). Triassic sediments also reveal the 

existence of these structures. At Station CH-10 they range in 

dip from approximately 600 to nearly 900. Elsewhere in the 

sedimentary rocks, the north-striking fractures are generally 

normal to bedding.  

C3.2 NORTHWEST FRACTURES 

Northwest striking sets have also been recognized in 

all of the provinces and subprovinces. In the Precambrian they 

are commonly nearly vertical, and normal to the foliation or 

layering (see Plate C3-1, Stations DR-8, DR-12, DR-16, DR-25, 

and DR-28). At Station DR-4 there is a northwest set in which 

the members display an average dip of about 600. Dispersed 

northwest fractures also occur. Poles to members of this group 

do not plot on the foliation plane. Northwest fractures at Sta

tions DR-27 and JW-21 are rare.  

In the Lower Paleozoic metasedimentary rocks, con

centrations of northwest fractures are generally normal to 

layering (Plate C3-1, Stations JW-6 and JW-7). In the Cortlandt 

Complex nearly vertical northwest fractures are present despite 

the absence of layering (Plate C3-1, Stations B-5 and JW-II).
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The Peekskill Pluton is devoid of clusters of nearly vertical 

northwest-striking fractures, although isolated occurrences 

were recognized. A number of nearly 600 dipping northwest

striking fractures were identified at Station B-2. Within the 

Triassic, nearly vertical northwest fractures occur both in the 

sedimentary rock and in the diabase.  

C3.3 NORTHEAST FRACTURES 

Like the north and northwest fractures, northeast 

fractures are present throughout the study area. Curiously, 

their number does not appear to be overwhelming on the equal

area projections, despite the regional northeast grain. This 

is probably due to the tendency of avoiding repeated measure

ments of fractures which parallel foliation or bedding. The 

northeast fractures in the Precambrian Hudson Highlands are 

coincident with foliation except at Stations DR-12 and DR-28.  

Most of the metasedimentary rocks within the study 

area of the Manhattan Prong strike north-northeast to north

east. Thus, the inherent bedding and foliation planes relieved 

the strain along this direction. Onsite, the north-northwest 

striking Inwood Formation displays large northeast fractures, 

many of which have experienced lateral movement. The Cortlandt 

Complex also exhibits northeast fractures which are not suf

ficient in number to define a maximum on a contoured equal area 

projection. Nevertheless, northeast fractures are important 

structural elements due to the existence of movements along 

them. Northeast fractures also appear in the Peekskill Pluton 

with the greatest concentration evident at Station B-I. At

C-20



Stations B-2 and B-3 the major fracture orientation is north

northeast. The northeast trends in the Triassic appear to be 

more evident in the sedimentary rocks than in the diabase.  

C3.4 SUMMARY 

A first review of the data suggests that the major 

fracture trends occur in all the rocks that were studied.  

These rocks represent a time span of 1,100 m.y. The trends can 

only be sorted out through geologic time by studying the char

acter and sense of movements along the various fracture and 

fault sets.
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APPENDIX C4 

PRECAMBRIAN ROCKS (HUDSON HIGHLANDS) 

C4.1 GENERAL STATEMENT 

The Hudson Highlands, which lie north and west of the 

site, consist of Precambrian crystalline rocks which were de

formed and metamorphosed about 1 billion years ago. Since that 

time, these rocks were intruded by diabase dikes about 850 mil

lion years ago, and later by a swarm of lamprophyre dikes plus 

dikes ranging in composition from andesite to rhyolite dated at 

about 400 m.y. These younger dikes have assisted to unravel a 

significant part of the pertinent geologic history within the 

study area. Aside from this later dike swarm, the Hudson 

Highlands are cut by large-scale, mapped faults and related 

subsidiary faults (ref. Figure Cl-l).  

C4.2 SILURO-DEVONIAN DIKES 

C4.2.1 Introduction 

Rhyolite, andesite, and lamprophyre dikes were recog

nized at several locations within the Hudson Highlands of the 

study area. Ratcliffe (1968) suggested that the lamprophyre 

dikes and the cortlandite phase of the Cortlandt Complex are 

coeval. In the Monroe Quadrangle just west of the present 

study area, Jaffe and Jaffe (1962, and 1973) indicated that 

several northwest striking, vertical to steeply inclined exten

sion fractures are filled with lamprophyre dikes. Many of these 

dikes intrude Precambrian rocks, the Lower Cambrian Pouqhuag 

Quartzite and the Cambro-Ordovician Wappinger Dolomite, but
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have never been recognized in any younger strata.  

Zartman (in Jaffe and Jaffe, 1973) reported a K/Ar 

mineral age (kaersutite) of 398+17 m.y. from a lamprophyre dike 

in the Monroe Quadrangle. He interpreted the age to represent 

either the actual time of emplacement or metamorphic over

printing of an older dike during a subsequent regional thermal 

event. Dallmeyer, et.al. (1975) indicates that the Precambrain 

rocks were subjected to only one period of regional metamor

phism and did not experience a subsequent thermal event. This 

suggests, then, that the date recorded by Zartman is an em

placement age rather than an indication of argon loss at a later 

date. This dike swarm is interpreted to have a Siluro-Devonian 

age of emplacement.  

C4.2.2 Relationship of Dikes to Brittle Deformation 

The majority of Siluro-Devonian dikes within the study 

area have intruded northwest-trending fractures, although a few 

northeast-trending dikes were also recognized (Plate C4-1). An 

equal area, lower hemisphere plot of poles to 50 dikes (Plate 

C4-1) shows concentrations about maxima striking N46°W and 

N640W. This suggests that fractures displaying these trends 

(N460W and N640W) may have formed as extension fractures during 

two periods of stress application. However, at one outcrop, 

fractures which trend N35 0W, N58*W, and N80OW cut the Pre

cambrian host rock with right-lateral movement having occurred 

along the N800W trend (Plate C4-2). It appears that these 

three fractures define a conjugate system composed of two shear 

fractures (N350W and N800 W) and an extension fracture (N58°W).
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A lamprophyre dike follows the N35 0W and N58°W fractures.  

Though this observation was made at a single outcrop, it is 

likely that both extension and shear fractures were utilized as 

pathways for the ascending magma during a period of protracted 

deformation.  

Following emplacement of the dikes, continued deforma

tion produced fracturing within the dikes. Lateral movements 

occurred parallel to dike-wall-rock contacts, and transverse 

strike-slip faults offset many dikes. A study of 5 dikes at 

Station DR-26 shows that similar fracture trends exist within 

each dike. A composite plot of fractures from these 5 dikes 

show maxima at about an orientation of N32 0E-75 0SE and nearly 

N90 0E (Plate C4-3). At Station DR-9, a rhyolite dike which 

trends N60*W has been offset left-laterally about 15 feet along 

a fault oriented NI0OW-70°E. Dikes at Station DR-26 have been 

displaced right-laterally along faults striking N100E and 

N85 0E. Northwest trending dikes at Stations DR-15 and DR-25 

have been sheared along their contacts, although the movement 

sense along these dikes could not be determined.  

C4.3 MAJOR FAULTS 

Many major faults cut the Precambrian rocks of the 

Hudson Highlands (ref. Plate Cl-I). Reconnaissance mapping was 

performed along some of these faults during the present study 

to confirm their existence. One of these major features pro

jects north-northeastward from the observed Ramapo Fault and 

was recognized at Stations CH-18, DR-34, and DR-36 (ref. Plate 

Cl-2). At Stations CH-18 and DR-34, faulting is marked by
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large-scale brecciation and local zones of cataclastic flow.  

No fault breccia was recgonized at Station DR-36, but small

scale mylonite zones, paralleling the N30 0E trending valley 

walls, were observed. At Station CH-18, the valley is oriented 

approximately N30 0 E, and at Station DR-34 the valley trends 

about N15°E.  

The faults seen at Stations CH-18 and DR-36 lie along 

the projection of the Ramapo Fault, whereas the fault at Station 

DR-34 lies just to the west of this projection (ref. Plate Cl

2). It is interpreted that the Ramapo bifurcates in the area 

of these stations with one splay trending about N15°E and the 

second trending N30 0E.  

At Station DR-34, breccia and ultramylonite are in 

contact along a N15 0E trend. This contact has been displaced 

right-laterally along an east-trending fault and left-laterally 

along a N30°W fault. Furthermore, there is a 1-inch thick gouge 

zone, oriented N55 0W-810SW, which extends for at least 10 feet 

across the breccia. It would appear, therefore, that at this 

locality (DR-34), movement along the N150E trend predates 

movement along east-west, N550W, and N30°W trends.  

In light of the observations discussed above, it would 

seem necessary that any northwest shear zones observed in the 

area should also be discussed. One such zone lies along Popo

lopen Creek which trends about N50°W (Dodd, 1965). This shear 

zone extends to the southeast and lines up with the southeaster

ly bend seen in the Hudson River Valley just north of Indian 

Point. To the northwest, the zone is aligned with the Pre-
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cambrian-Paleozoic contact. This contact is mapped by Dodd 

(1965) as a normal fault.  

The third area investigated is the mapped shear zone 

that projects through Camp Smith west of Peekskill. At Station 

SK-23, a massive 75-foot wide shear zone trending approximately 

N400E was recognized. Within this zone small north-south 

fractures display slickensides, indicative of dip-slip move

ment. A thin section from this zone shows that the rocks are 

intensely deformed. An aeromagnetic lineament extends south

westward from this area and lines-up with the Ramapo Fault.  

The continuity of this lineament is interrupted by the Rose

town Pluton (Plate C4-4). A northeasterly projection of this 

zone should appear just west of Wallace Pond. No shear zone 

was recognized, although a N30*E trending valley exists along 

this projection.
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APPENDIX C5 

LOWER PALEOZOIC (Manhattan Prong) 

C5.1 GENERAL STATEMENT 

Lower Paleozoic rocks underlie the southeastern third 

of the study area (Plate Cl-2) and consist of the Inwood Marble 

and the Manhattan Formation. These units together with the 

Fordham Gneiss have been regionally metamorphosed and constitute 

the Manhattan Prong in the study area. In general, the degree 

of metamorphism increases to the east and southeast away from 

the site. According to Mose and Hayes (1975), the regional me

tamorphism peaked about 450 m.y. ago. K/Ar determinations from 

Paleozoic phyllites yielded ages of about 375 m.y. (Table C5-1).  

Dallmeyer (personal communication) indicated that there was only 

one period of regional metamorphism in the Manhattan Prong, hence 

the K/Ar ages probably record the time when the rocks, upon 

cooling, became retentive to argon.  

Fractures and faults have formed at different times 

within the Manhattan Prong and many have been reactivated dur

ing subsequent events. Furthermore, there is abundant evidence 

of brittle deformation having affected the Triassic Newark 

Gettysburg Basin on the west side of the Hudson River. All of 

these factors complicate the interpretation of the ages and 

mechanism of brittle deformation. For instance, a surface may 

show normal movement across it, yet it may have originated as a 

strike-slip fault. Also, there is evidence of repeated trans

current movements having occurred in the opposite sense, i.e.  

right and left-lateral, along the same plane of weakness.
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TABLE C5-I 

WHOLE-ROCK-K/Ar DATES FROM PALEOZOIC ROCKS

Rock Description Location

Fine-grained greenish
black phyllite from a 
fault zone 

Fine-grained, pale green 
sericite phyllite, mylo
nite (?) 

Annsville Phyllite

Cedar Pond Creek 
north of Thiells, 
Thiells, Quad
rangle 

Thiells, Thiells 
Quadrangle 

Route 9 northwest 
of Peekskill, 
Peekskill Quad
rangle

398+15 m.y.  

379+13 m.y.  

354+13 m.y.
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C5.2 STATIONS JW-l and JW-2 

The Inwood crops out in Croton-on-Hudson (Plate C1-2) 

and consists of vertically dipping, well-defined layers of car
0 o 

bonate and micaceous carbonate which strike N50 to 55 E. Frac

tures here appear in two basic groups, the first nearly north

striking and the second trending northwest (Plate C5-I). Within 

the north-striking group, there are three distinct maxima: the 
0 

strongest oriented north and dipping 85 to the east; the second 
o 0 

striking N09 E and inclined 81 to the east; and the weakest 
o 0 

trending N02 W and dipping eastward at 56 (Plate C5-1 and Table 

C5-2). The dips of the individual north-striking fractures 
0 0 

range from 90 to 48 (mostly to the east). The northwest fra
0 0 

tures define a single maximum oriented N61 W-71 NE; the dips 
0 0 

with this group vary from 90 to about 60 . A third group, 

subparallel to layering and decidedly subordinate to the north

striking fractures, was also recognized. Strike-slip movement 

has occurred along members of all three groups (Table C5-3), but 

no evidence of normal or reverse faulting was recognized. Slick

ensides and fibrous calcite within the fault planes are sub
0 0 

horizontal with the plunges ranging from 00 to 30 

Right-lateral offsets have occurred along small faults 
0 0 

ranging in strike from N25 E to N75 W. In the interval from NS 
0 

to N30 W both left and right-lateral shears have developed 

(Table C5-3). Left-lateral slip was also recognized on surfaces 
0 0 

which are subparallel to layering (N43 to 65 E, see Table 

C5-3). Initially, a rather chaotic picture emerges; how-
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ever, recognition of several conjugate shear fractures enables 

this complex pattern to be organized into two well-defined fault 

systems. The first system comprises steeply inclined to verti

cally dipping west-northwest and north-northwest (to north) sets, 

with right-lateral movements evident along the former set and 

left-lateral displacements apparent along the latter set (Plate 

C5-2). The second system is composed of steeply dipping north

northeast and northeast fault sets. In this system, the nearly 

north-striking faults display right-lateral, strike-slip move

ments, whereas those which nearly parallel bedding exhibit left 

lateral displacements.  
0 0 

Nearly vertical fractures which strike N58 to 60 W have 
0 0 been offset right-laterally along a fault oriented N15 E-80 SE, 

and left-laterally along its conjugate which is oriented N43 E
0 

87 SE (Plate C5-2). In a second instance, a right-lateral, strike0 0 

slip fault with an attitude of N63 W-76 NE has been left-later

ally displaced by transcurrent movement along a steeply in0 

clined fault which strikes N65 E. Despite the absence of off

sets of conjugate pairs, the aforementioned observations imply 

that conjugate lateral movements along north-northeast and 

northeast faults succeeded conjugate strike-slip movements along 

west-northwest and north-northwest fault sets.  

No evidence exists for establishing the absolute age 

of faulting here, though fracture data from Station JW-2 (Plate 

C5-3) appear to provide some qualitative information. At JW-2, 

58 fractures were recorded in a quartzofeldspatic phase of the
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TABLE C5-2 

MAXIMA DEFINED BY FRACTURES IN MANHATTAN PRONG ROCKS

Layering 
or 

Foliation

Fracture 

Maxima

Station JW-l 

N50 0-550E 900

*NOO°E-860E 

*N09 0 E-81 0 ESE 

N020W-560E 

N61°W-79=NNE

Station JW-2 

N450-600E 
500-70°SSE 

*N06 0E-80°W 

N12 0E-60°WNW 

N13GE-22OWNW 

*N16 0W-65 0WSW

Station JW-6 

N60 0-750E 
380-500 NNW 

N40 0E-780 SE 
*N640 E-84°SSE 

N70 0E-68°SSE 

N740 E-900 

N900E-780 S 

*N23 0W-82°NNE 

*N320W-900 

*N580 W-85°NNE

Station JW-7 

N35 0E-900

*N450E-25°NW 

*N61°W-85°SSW 

*N75 0W-80°SSW

Station JW-13 

N130 E-43°WNW

*N070E-600 ESE 

N070E-75 0ESE 

N70-°E-6 0 °NNW 

*N870E-74°N 

N150W-820ENE 

N540W-900 

*N80 °W-80ONNE

(Composite) 
Cortlandt 
Complex

*N1I0 E-81 0ESE 

*N780 E-82°NNW 

*N380W-780 NE 

*N880 W-80°N

(Composite) 
Peekskill 
Pluton

*N27°E-80OWNW 

N620E-720NNW 

*N790 E-74°SSE 

*N80°E-79NNW 
N050W-SO 

*NI0°W-70 0ENE 

*N61°W-59°WSW

*Strongest Maxima

ComDlex Pluton



TABLE C5-3 

-STRIKE-SLIP FAULTS AT STATION JW-I

Movement 
Sense 

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.

R. L.
L.L. 

CN4 5 0W 

C 
N18 0 W

Strike 

N15W 

N050W 

N060E 

N030E 

N10 OW 

N150W 

N40°W 

N37 0W 

N35 0W 

N06 0E 

N45 0W 

N30°W 

N080W 

N080W 

N250E 

N140W 

N150W 

N040W 

CN45 0W 

CN180W

Right Lateral 
Left Lateral 

Conjugate pair

Dip 

680ENE 

650E 

600E 

600E 

820ENE 

800ENE 

720ENE 

650NE 

700NE 

850E 

60°NE 

800ENE 

860E 

780E 

800ESE 

850ENE 

850ENE 

900 

750SW 

870WSW

C-32

Strike 

CN55°W 

CN150W 

N60oW 

N350W 

SN17 0W 

CN660W 

N75 0W 

CN2 5 0W 

CN6 0°W 

N250W 

CN07 0W 

CN61O
W 

N20OW 

N650E 

CN430E 

N630W 

CNOOOE 

CN40 W 

N550E

Dip 

Unknown 

Unknown 

76055W 

900 

Unknown 

Unknown 

830NNE 

560ENE 

700ENE 

720ENE 

880E 

880NNE 

860ENE 

780ESE 

800ESE 

870SE 

760NNE 

Unknown 

Unknown 

900

Movement 
Sense 

R.L.  

L.L.  

R.L.  

L.L.  

L.L.  

R.L.  

R.L.  

L.L.  

R.L.  

R.L.  

L.L.  

R.L.  

L.L.  

L.L.  

R.L.  

L.L.  

R.L..  

L.L.  

R.L.  

L.L.

R. L.  

L.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

R.L.  

L.L.



0 0 

Fordham Gneiss in which the foliation strikes N45 to 60 E 

(parallel to the layering at JW-I) and dips south-southeastward 
0 0 

at 50 to 70 , oblique to layering at JW-I (Plate C5-3 and Table 

C5-2). Ten of these fractures are nearly vertical and strike 

north. The combined foliation (layering) and fracture (north

striking) data suggest that the north-striking fractures at both 

JW-l and JW-2 formed following the reorientation of the rocks 

at these two stations.  
o 0 

A small fault striking N09 W and dipping 70 to the 

east has produced left-lateral displacement of a Silurian por

phyritic rhyolite dike seen in the Precambrian Hudson Highlands.  

Right-lateral offset of layering occurred across a small-scale 
0 0 

N75 W-74 NE oriented fault in the Silurian Green Pond Conglomer

ate. The orientations and movement plans of these two faults 

appear consistent with those observed in the older fault system at 

JW-I. If these faults are genetically related to the older sys

tem at JW-I, then a maximum age has been established for this 

system. Further information is also provided from data gathered 

within the Cortlandt Complex and at Station JW-b.  

C5.3 STATION JW-6 

The Fordham Gneiss is exposed at Station JW-6 and is 

composed mainly of a pinkish-gray gneissic granite with lesser 

amounts of layered paragneiss and amphibolite. Layering and 
0 0 

foliation generally strike N60 to 75 E and dip to the north
0 0 

northwest at 39 to 50 ; however, locally, a layering attitude 
0 0 of N75 W-30 NE also occurs. Within the east-northeast striking
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0 0 0 

rocks, the major fracture orientations are N23 W-82 NE, N32 W
0 0 0 

90 , and N58 W-85 NE (Plate C5-4 and Table C5-2). Lesser con
0 0 0 0 

centrations cluster around N68 E-78 SE and N89 W-75 S maxima, 

with the remaining fractures being dispersed. Twenty fractures 

cutting the west-northwest foliation are similarly oriented to 

those transecting the east-northeast foliation (Plate C5-4).  

Four small-scale, nearly vertical strike-slip faults 

were observed. Three strike N52 W, N55 W, and N60 W, and show 
0 

right-lateral displacements whereas the fourth strikes N05 E 

and displays left-lateral offset. The orientations of, and 

movements along, these faults coupled with the existence of two 
0 principal sets of orthogonal, vertical fractures (N32 W and 

N68 E), which are respectively perpendicular and parallel to 

foliation, strongly suggest that all of these structures formed 

in response to the same stress system. It is important to 

note that the small-scale faults at this location show the same 

movement plans and nearly the same trends as those belonging to 

the older system recognized at nearby Station JW-l.  

C5.4 STATION JW-7 

The Manhattan Formation at Station JW-7 consists pre

dominantly of layered garnetiferous quartz-feldspar-biotite 

schist with lenses, pockets, and discontinuous layers of white 

granitic mobilizate surrounded by a selvage of biotite. The 

entire suite has been affected by passive Fl-folding and flex

ural-slip F2 -folding, the latter rotated by a later episode of
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larger-scale F2-folding (Plate C5-5). F2-folding was of suf

ficient scale, relative to the outcrop, to have produced dif

ferent attitudes of stratiform foliation, thus enabling fractures 

from differently oriented units to be compared. Foliations 

from which the fractures were recorded display respective at
0 0 0 0 

titudes of about N35 E-90 and N45 E-55 SE. The principal frac

0 0 0 0 0 0 

ture maxima of N45 E-25 NW, N75 W-80 NNE, and N61 W-85 NNE 

(Table C5-2) were found associated with both foliation orienta

tions, although some east-striking, nearly vertical fractures 

were recognized in the more gently dipping units. Northwest 

trending fractures are also affiliated with both foliation ori

entations, although they do not define a strong maximum. The 

similar fracture orientations found within differently inclined 

units suggest that the fractures developed following the for

mation of the mesoscopic (outcrop scale) F2-folds.  
0 

Three small, nearly vertical shear zones strike N75 W, 
0 0 

N75 W, and N64 W. These zones display horizontal slickensides 

though the movement plans are unknown. The coincidental trends 

of these zones with those of the major fracture sets suggest 

that the nearly vertical fractures formed either as incipient 

strike-slip faults or as extension fractures which were subse

quently subjected to shearing.  

C5.5 STATION JW-12 

This station, seen on Interstate 684, exposes an in

terlayered sequence of metasedimentary rocks which have ex

perienced passive folding (Plate C5-6). This sequence is cut
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by a series of small-scale nearly west-striking, north-dipping 

normal faults which pass upward and, locally, downward into 

monoclinal flexures (Plate C5-6 and Table C5-4). The overlying, 

unfaulted metasediments thicken over the hanging wall and thin 

across the footwall, indicating that this small scale faulting 

developed when the rocks were still in a semiductile state.  

This probably developed during incipient uplift of the metasedi

mentary pile. The importance of these faults is that they may 

represent, or be among, the earliest formed fracture sets re

cognized in the Manhattan Prong.  

TABLE C5-4 

ORIENTATIONS OF NORMAL FAULTS AT STATION JW-12 

Strike Dip 
o 0 

N80 W 70 NNE 
o 0 

N90 W 55 N 
o 0 

N75 E 60 NNW 
o 0 

N72 E 46 NNW 

C5.6 STATION JW-13 

The rock at Station JW-13, mapped as the Fordham 

Gneiss, strongly resembles the schist found within the Manhattan 

Formation, a characteristic of the Fordham recognized by Prucha 

(1956). Mineralogically, the schist is composed of porphyro

blastic xenoblasts of garnet in a matrix of quartz, plagioclase, 

biotite, muscovite, sillimanite, and an opaque mineral. The foli
0 0 

ation strikes N13 E and dips 43 to the west-northwest.  
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" 0 0 0 0 0 
Major fracture maxima are N07 E-60 ESE, N87 E, 74 N, and N80 W

0 
80 NNE (Plate C5-7 and Table C5-2). Lesser concentrations 

0 0 0 0 0 0 
cluster about N07 E-75 ESE, N70 E-60 NNW, N15 W-82 ENE, and 

0 0 0 0 

N45 W-90 . The N80 W and N07 E fractures are nearly orthogonal 

with the former striking normal to the foliation and the latter 

nearly paralleling foliation. These relations suggest that 
0 0 0 0 

these two fracture sets i.e. N80 W-80 NNE and N07 E-60 ESE may 

have formed synchronously with, and perhaps just prior to, rota
0 0 

tion of this metasedimentary unit. Fractures oriented N54 W-90 
0 0 

and N15 W-82 NE show attitudes similar to those of the earlier 

fault system recognized at Station JW-I; furthermore, their 

poles do not lie along the foliation plane (Plate C5-7). It is, 

therefore, likely that they may have formed as incipient con

jugate shears, although no evidence of shearing was apparent.  

C5.7 THE CORTLANDT COMPLEX 

The Cortlandt Complex consists principally of two 

plutonic masses, an earlier biotite diorite and a later cort

landtite (Ratcliffe, 1968). Flow layering and foliation are 

present which define funnel-shaped masses (Balk, 1927 in Dolgoff, 

1958). K/Ar determinations yielded a minimum age of 435 m.y.  

for this complex (Long and Kulp, 1962).  

Fractures were recorded at Stations B-4, B-5, JW-4, 

and JW-11 (Plates Cl-2 and C5-8). The 615 poles from these four 

stations were combined into a single equal area, lower hemis

phere projection and contoured; four maxima were defined, three 

of which are noteworthy (Plate C5-8 and Table C5-2). Although 
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northeast fractures do not define a maximum, they are, nonethe

less, important for they define a major transcurrent fault trend 

within the Cortlandt.  
o 0 

Members of the set oriented N38 W-78 NE closely par
0 

allel the nearly vertical N32 W set, interpreted at Station JW-6 

as an extension fracture set which formed cogenetically with two 

sets of strike-slip faults (Appendix C5.3). Despite the implica

tion that this set formed in extension, many northwest-trending 

fractures display slickensides (Table C5-5). One is a fairly 
0 

large structure which strikes N30 W and parallels the northwest 

trendng arm of the New Croton Reservoir (ref. Plate Cl-2).  

Since contouring is an averaging process, it is possible that 

both extension and conjugate shear fractures with small dihedral 

angles were included in the northwest set..  

Other sets also appear to be geometrically and, in 

some instances, kinematically related to those identified else

where. North-northeast fractures define maxima both in the 
0 0 0 0 

Cortlandt (Nil E-81 SE) and in the Inwood Marble (N09 E-81 SE 
0 0 

and NOO E-86 E) at Station JW-I. Several left-lateral, strike
0 0 

slip faults trending between N40 to 60 E produced minor offsets 

in the Cortlandt (Attachment B.5.3). Left-lateral displacement 
0 0 

also occurred along N43 -65 E faults belonging to the younger 

conjugate fault system recognized at JW-I. All of the aforemen

tioned observations made within the Cortlandt Complex appear to 

establish~a maximum age of about 435 m.y. for the conjugate 

fault systems identified at Stations JW-I and JW-6.
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TABLE C5-5 

NORTHWEST-TRENDING SHEAR SURFACES IN THE CORLANDT COMPLEX 

Strike Dip Slickensides (Pitch) 

N130W 70 °WSW 20=NW 

N18 0W 600WSW 34°NW 

N240W 850WSW 180 SE 

N250W 750ENE 480NW 

N250W 520WSW 28°NW 

N30OW 750ENE 30°NW 

N30°W 80 =ENE 280NW 

N350W 70ONE 220NW 

N350W 80=NE 100 SE 

N40°W 750NE 080NW 

N40OW 70ONE 320NW 

N430W 650SW 250SE 

N47 0W 850NE 180NW 

N48 0W 720NE 050NW 

N52 0W 870NE 150SE
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The last significant fracture set recognized in the 
o 0 

Cortlandt has an average attitude of N78 E-82 NNW and apparently 

formed as a shear set. Three subparallel shear zones, which are 

members of this set, were recognized at Station JW-4 (ref. Plate 
0 0 

Cl-2). One, about 15 feet wide, is oriented N80 E-90 and the 

other two strike N75 E and N80 E with respective dips of 80 and 

85 . Right-lateral strike-slip along with nearly horizontal 
o 0 

slickensides were identified along a N80 E-84 NNW fault at 

Station JW-23 (ref. Plate C.-2). Coexisting with this fault is 
0 0 

45-foot wide, subparallel zone (N75 E-83 ESE) marked by closely 

spaced fractures. East-northeast faulting was rather intense 

and was also observed on a macroscopic scale west of the Hudson 

River. There, a zone of intensely brecciated Precambrian tro

ndhjemitic gneiss occurs in a valley between Buckberg and 

Dunderberg Mountains (ref. Plate Cl-2, Stations JW-5 and JW-21).  

Both the gneiss and at least one dike of altered andesite, 

apparently coeval with the Cortlandt, were affected by this 

tectonism. The motion sense is not known. A parallel fracture 
0 0 

maximum (N80 E-79 NNW) was also recognized in the Peekskill 

Pluton (Table C5-2), though no evidence shearing was apparent.  

It is suggested that the stress system producing the lateral 

east-northeast shear was operative from at least Cortlandt time 

through Middle Devonian (Peekskill) time, but that the shear 

strain associated with this system decreased prior to the final 

crystallization of the Peekskill Pluton. Thus, these fractures 

in the Peekskill'may have formed as incipient strike-slip 

faults.
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C5.8 PEEKSKILL PLUTON 

The Peekskill Pluton, consisting of granodioritic 

and granitic phases, appears as a curving, nearly elliptical 

body with the major axis swinging from nearly east to approxi

mately north-northeast (ref. Plate Cl-2). Both phases are 

generally massive, though locally the preferred orientation of 

mica flakes and large crystals of microcline and quartz define 

a foliation (Espejo, 1969). This foliation, which generally 

parallels the regional fabric, has been interpreted by Espejo 

as having developed during emplacement of the pluton. A five

point Rb/Sr whole-rock isochron indicates that this mass in

vaded the country rocks about 368+27 m.y. (Mose, et al, 1974).  

475 fractures were recorded from three stations (B-l, 

B-2, and B-3) within this body (ref. Plate Cl-2) and were com

piled into a single, composite equal area projection, then con

toured (Plate C5-9). Several maxima appear on this projection 
0 0 

with the most obvious oriented N27 E-80 WNW. This trend is 

most apparent at Station B-3 where the general outline of the 

pluton trends nearly NNE (ref. Figure Cl-2). At Station B-2 
0 

several fractures, striking north-northeast and dipping 70 
0 

90 (ref. Plate C3-1), coexist with a vertically dipping flow 
0 0 

foliation which strikes N50 -to 60 E. The parallelism between 

these fractures and the trend of the pluton at B-3 plus the 

cross-cutting relationships exhibited at B-2 lead to two pos

sible interpretations. The first suggests that the north

northeast fractures may have developed parallel to a pre

existing weakness (the foliation), perhaps during uplift. The
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second, which is favored, is that these fractures formed as 

incipient shear fractures associated with the later north

northeast to east-northeast conjugate pairs recognized in the.  

Inwood Marble at Station JW-l.  

In addition to the north-northeast fractures, east
0 0 

northeast fractures dipping 75 to 80 , north-northwest fractures 

0 
0 

dipping about 70 and 90 , and west-northwest fractures dipping 
0 

60 also cut the Peekskill (Plate C5-9 and Table C5-2).  

C5.9 Summary 

The rocks of the Manhattan Prong were subjected to 

elevated temperature-pressure conditions early in their history 

which induced ductile behavior. Based on st udies at JW-12 and 

pos-sibly at JW-6, ductile properties were apparently still in

herent in the rocks when normal faulting, possible as a result 

of uplift, commenced. This phenomenon of "ductile normal 

faulting" was only locally recognized, but it is not unreason

able that it affected a fairly significant portion of the 

Manhattan Prong. If this assumption is correct, then the 

development of steeply inclined to vertical, nearly west

striking normal faults and associated fractures represent the 

earliest effects of semi-brittle to brittle deformation re

corded in Manhattan Prong.  

Regional crustal shortening produced north-northeast 

to northeast-trending folds which dominate the structural pic

ture in the Lower to Middle Paleozoic rocks seen on either 

side of the Precambrian Hudson Highlands. These folds, north

west and northeast-striking extension fractures, and conjugate
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west-northwest right lateral and north-northwest left-lateral 

faults are apparently cogenetic. No small-scale reverse faults 

were recognized in the Manhattan Prong, but conjugate pairs, rang

ing in strike from nearly north to northeast, were recognized in 

Precambrian rocks and are inferred to have formed during re

gional Paleozoic compression.  

Conjugate east-northeast and west-northwest trans

current faults, showing respective right and left lateral move

ments, were recognized both in Precambrian and Lower Paleozoic 

units (Attachment B.5.3), and have been interpreted as being 

younger than the regional folds and associated structures (At

tachment B.5.3). East-northeast fracture trends appear to af

fect both the Cortlandt and Peekskill Plutons, but unequivocal 

evidence of shearing was recognized only in the Cortlandt. It 

is inferred that the east-northeast fractures and faults in the 

two plutons are genetically related, but that the percentage of 

shear strain had diminished sufficiently by Peeksill (Devonian) 

time so that only incipient faults (fractures), showing no dif

ferential slip, developed.  

North-northeast and northeast transcurrent faults are 

younger than the north-northwest and west-northwest faults as

sociated with regional folding. They have been recognized, 

within the site area, as postdating the east-northeast and west

northwest fault sets (Attachment B.5.3). They are suspected of 

being related to deformation which affected the Newark-Gettys

burg Basin (Appendices C-2 and C-6).
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APPENDIX C6 

TRIASSIC, NEWARK BASIN 

C6.1 INTRODUCTION 

The Newark Basin extends southwestward from Stony 

Point through Rockland County, New York, across New Jersey and 

into Pennsylvania. The sedimentary strata of continental origin 

and associated igneous intrusives and flows have been designated 

the Newark Group. Sedimentation began in Late Triassic time and 

continued into the earliest part of the Jurassic period. The 

major intrusive body in Rockland County, the Palisades diabase, 

has been dated at = 190 m.y. (Dallmeyer, 1975).  

In New Jersey and Pennsylvania, four formations of sed

imentary rock have been recognized in the Newark Group. Conglom

erate along the basin margin (Hammer Creek Formation of Glaeser, 

1966) is thought to be the time equivalent to the other three 

units which are, in ascending order, the Stockton (arkose), 

Lockatong (argillite), and Brunswick (shale and sandstone) 

formations.  

The Lockatong Formation is a central basin, lacustrine 

facies which is not present in Rockland County, New York. The 

greatest part of the area studied during this investigation 

(from Stony Point to about the latitude of Rockland Lake) is un

derlain by the Brunswick Formation. Within the study area, the 

occurrence of arkosic beds appears to be limited to exposures 

east and north of the Palisades diabase. Major deposits of con

glomerate and sedimentary breccia are limited to the northwest
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and northern basin margins; however, conglomeratic beds and peb

bly sandstone within sand-shale sequences were observed across 

the entire basin.  

Structure within the basin (compared to that in the 

adjacent Reading and Manhattan Prongs) is relatively simple.  

Early workers (Darton, 1890 and Kmmel, 1898) recognized a major 

fault along the northwest basin margin, and the absence of major 

faulting along the northern and eastern margins. Although fold

ing and faulting occur throughout the basin, no major structures 

have been mapped within Rockland County. Thompson (1959) has 

postulated several faults crossing and bounding the Palisades 

diabase. Lowe (1959) has disputed the existence of most of 

these structures. Their debate on the existence of these struc

tures is centered on the nature of the Palisades intrusion it

self.  

In New Jersey and southern Rockland County, the Pali

sades diabase is a sill. Along the Hudson River in Rockland 

County, the intrusive body begins to migrate up the stratigra

phic section within the host sedimentary strata. At Haverstraw, 

New York, the diabase outcrop makes an abrupt turn to the north

west and then turns southwest to its termination at Mt. Ivy.  

Changes in elevation of the basal contact of the intrusion coin

cide with topographic breaks in the ridge formed by the diabase.  

Darton (1890) and KUmmel (1898) attribute this to the intrusion 

changing from a sill to a dike, or a sill-dike-sill sequence 

which migrates upsection to the north and north-west. Lowe
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(1959) postulates a ring-dike type configuration. Thompson 

(1959) believes the intrusion remains a sill and is faulted.  

All seem to agree that there is a fault at Short Clove. Kummel 

(1898) interprets an oblique slip at Sparkill Gap (Overpeck 

Creek). Lowe (1959) observed N-S faults at West Nyack and con

ceded the possibility of faults at Long Clove and Trough Hollow.  

Thompson (1959) interprets all topographic gaps in the ridge as 

related to normal faulting as well as the southern and western 

margins of South Mountain. Thompson (1959) and Lowe (1959) note 

glacial striae in valleys which were eroded in fault zones prior 

to Pleistocene glaciation.  

C6.2 SEDIMENTOLOGY-STRATIGRAPHY 

The extreme northeastern portion of the basin (Loca

tions CH-I, CH-2, CH-16, and CH-17) is underlain by conglomerate 

and sedimentary breccia (Plate Cl-2). These deposits, which 

strike west-northwest to northwest and dip southwest at 10 to 20 

degrees, consist of pebble-to-cobble size subangular to sub

rounded gravel in a medium-to-coarse sand matrix. The pebbles 

and cobbles are predominantly dolomite and limestone with some 

quartzite and sandstone.  

Less than a mile to the south the conglomerate is 

limited to a narrow band along the western basin margin which is 

exposed in Cedar Pond Brook (CH-7-2, Plate Cl-2). Eastward, 

along Cedar Pond Brook, the Triassic section consists of a se

quence of interbedded shale, sandy shale and sandstone with sev

eral pebbly horizons, and a few zones and interbeds of limestone
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and sandy limestone. The strata in the lower reaches of Cedar 
0 0 0 0 

Pond Brook strike N40 to 50 W, and dip 20 to 30 SW. Upstream, 
o 

the conglomerate adjacent to the border fault strikes Nll W, and 
0 

dips 07 SW.  

The lithologic section in the lower part of Cedar Pond 

Brook is quite similar to that exposed beneath the diabase along 

the Hudson River between Haverstraw and Rockland Lake. The lat
o 0 

ter beds strike about N05W, and dip 10 to 15 to the west.  

The interior portion of the basin is underlain pri

marily by sandstone with some interbedded siltstone and shale 

and several conglomeratic horizons. Where observed, west and 

south of the diabase and immediately north of the diabase these 

strata strike essentially north-south and dip to the west, gener

ally less than 10 degrees. These observations indicate that the 

diabase is a dike west of Haverstraw (Stations CH-5-1, CH-8, 

CH-23 and CH-25, Figure Cl-2).  

Conglomerate is present along the western border in 

the vicinity of Wesley Chapel and Pomona Heights. These depos

its consist of pebble to boulder size, subrounded quartzite, 

sandstone, and carbonate rock clasts in a medium-to-coarse sand 

matrix with interbedded sandstone and pebbly sandstone. Along 

Rt. 202 near Wilder Road (CH-3-3 and CH-4), these beds strike 
0 0 0 0 

N20 to 42 E, and dip 20 to 26 SE. Further south (CH-4), the 

beds are essentially horizontal (Figure Cl-2).  

C6.3 BASIN MARGINS 

In the SW quarter of the Thiells 7-1/2 Minute Quad

rangle, the Newark Basin is bounded by the Ramapo Fault which is
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mapped in the valley of the Mahwah River. The actual contact 

between the Triassic strata and the Precambrian rock to the 

northwest is covered in this area. Here, the Ramapo Fault 
0 

strikes about N45 E.  

In the vicinity of Ladentown the fault bifurcates or 

splays with one branch continuing along the Mahwah River strik
0 

ing about N30 E, and the other striking east-northeast. The 
0 

N30 E branch extends into the Reading Prong where it cuts 

through Precambrian granite gneiss. There appears to be another 

bifurcation of this branch in the vicinity of Willow Grove (ref.  

Appendix C4).  

The east-northeast branch is not exposed. All that 

can be said is that the nearest exposure to the north is Precam

brian, whereas that to the south of it is Triassic. A fault be

tween these two outcrops is inferred primarily on the basis of 

its position between the Ramapo Fault to the south and the border 

fault of the Newark Basin to the north. A shear zone oriented 
o 0 

N80 E-55 NW was observed in the diabase exposed along the Pali

sades Interstate Parkway at the western end of South Mountain 

(CH-21, Plate Cl-2). The east-northeast fault either turns 

north-northeast or is terminated at a north-northeast fault(s) 

in the vicinity of Mt. Ivy. Actually, there are no outcrops 

along this trend across the Newark Basin. Thus, there are no 

data to determine if this structure extends into, across, 

or beneath the Newark Basin. Similarily, the north-northeast 

trend can only be inferred between Mt. Ivy and Cedar Pond 

Brook.
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The New York State Geological Survey (Fischer, et.al., 

1961) and Frimpter (1967) have mapped three faults along the 

north-northeast trend which have emplaced elongate blocks of 

Cambro-Ordovician phyllite (Trenton) and dolomite (Inwood) be

tween the Newark strata and the Precambrian granite gneiss.  

Frimpter (1967) noted the occurrence of quartzite in the vicin

ity of the town of Thiells and postulated a north-northwest 

fault within the north-northeast trend. The quartzite exposure 

could not be found during this investigation.  

Exposures along and near Cedar Pond Brook generally 

support the relationships presented on the state map. At Sta

tion CH-7-10 (Plate Cl-2), a reddish brown shale grades westward 

into black argillite. The rock is folded and intensely frac

tured with polished surfaces, lineations, slickensides, and 

brecciated zones. The folds trend north-northeast with smaller 

fold axes oriented about N30 E. A highly fractured dolomite is 

exposed at Station CH-7-11 (Plate Cl-2).  

At Cedar Pond itself, Newark conglomerate crops out at 

the east end of the pond beneath the dam (CH-7-2). The strata 
0 

at the dam strike Nll W. A short distance downstream the 

strike of the Newark strata is N63W. Minor faults with left
0 

lateral displacement are visible at Stations CH-7-2 (N64 E
0 0 0 

75 SE) and CH-7-6 (N74 E-90 ) 

A dense, black rock which may be siltstone, but is at 

least in part a mylonite, crops out at the southwest end of the 

pond (CH-7-9). A K/Ar whole rock date of 398+ m.y. was obtained 

for this rock. The entire exposure is very highly fractured.
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Precambrian granite gneiss cropsout immediately 

northwest of the pond (CH-7-8). Further upstream major shearing 

and brecciation are visible in the Precambrian rock at Station 

CH-7-15. At Station CH-7-14 several right-lateral displacements 

are visible within an 8-foot wide shear zone which strikes about 
0 

N40 W.  

The north-northeast trend can be projected across the 

northwest quarter of the Haverstraw 7-1/2 Minute Quadrangle as 
o 

a break in topography that trends about N30 E and separates out

crops of Precambrian granite gneiss and the dioritic rocks of 

the Rosetown Pluton to the northwest from outcrops of Newark 

strata on the southeast. The Newark conglomerate is not seen 

north of an unnamed creek which flows generally east-southeast 

to Stony Point. A small north-south-trending right-lateral 

fault was observed in the northernmcst outcrop of conglomerate 

(CH-16, Plate Cl-2).  

The Newark strata unconformably overlie pre-Triassic 

rocks along the northeastern and eastern margins of the basin.  
o 

On the east, in the vicinity of Nyack, the 10 W dip of the Newark 

strata is concordant with the slope of the pre-Triassic surface 

(Worzel and Drake, 1959). In the northeast, the Newark strata 

strike roughly parallel to and dip away from the northeastern 

basin margin. The high percentage of carbonate rock clasts in 

the conglomerate is presumed to have originated from the Cam

bro-Ordovician carbonate rocks which crop out to the north-east.
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Whether these relationships reflect pre-depositional basin geom

etry or post-depositional folding and erosion (as suggested by 

Sanders, 1960 and 1974) has not been conclusively demonstrated.  

C6.4 FOLDING 

Except for the extreme northwest and northeastern bor

ders, the basin structure is homoclinal with the sedimentary 
0 0 

strata striking north and dipping west 5 to 15 

The southeastward dipping conglomerate along the Rama

po Fault in the southwest quarter of the Thiells Quadrangle cre

ate a synform configuration in that area. Kummel's (1898) in

terpretation is that the structure is a syncline which was 

filled with diabase. Sanders (1974) suggests that another fault 

exists within the basin, possibly parallel to the Ramapo Fault.  

A simpler explanation would be that the discordant dips are re

lated to movement on the Ramapo Fault. Present exposures do not 

provide enough information for an unequivocal interpretation.  

Similarly, the lack of outcrop between Cedar Pond 

Brook and the north slope of South Mountain precludes determin

ing a relationship between the northwest strikes in the northern 

end of the basin and the west-dipping homocline.  

The strata in the lower reaches of Cedar Pond Brook 
0 0 0 0 

strike N40 to 50 W and dip 20 to 30 SW (CH-7-i, CH-7-6, CH-7
0 0 

7). Upstream the strike rotates to N33 W (CH-7-5) back to N49 W 
I 

0 0 

(CH-7-4), then to N63 W (CH-7-3), and finally to Nll W, dipping 
0 

07 SW in the conglomerate adjacent to the border fault (Plate 

Cl-2). Whether these variations are due to folding or faulting 

could not be determined during reconnaissance mapping.
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C6.5 FAULTING 

Aside from the minor displacements already noted at 

Cedar Pond Brook and in the conglomerate near Stony Point, ac

tual fault planes were observed at only three localities.  

On the north slope of the South Mountain near Little 

Tor (CH-25), two prominent shear zones are visible in the sand

stone and shale beneath the diabase. They strike approximately 
0 

N50 E. Small-scale offsets indicate left-lateral movement along 
0 

N50 E and right-lateral movement along north-northeast surfaces 

(N13 E). Within the eastern shear zone a fault plane oriented 
o o 

N52 E, 83 SE contains 1 to 3 inches of clay and gouge. Slicken

sided surfaces are visible within the gouge. The footwall face 
0 

is highly polished with grooves and slickensides plunging 22 SW.  

Faint horizontal slickensides are superimposed on these surfaces.  

These shears are exposed in a rock face above which a 

glaciated surface is partially exposed. Glacial grooves and 
0 

striations trend about N15 W. Two gullies in the present sur

face (one of which is above the eastern shear zone) have glacial 

striations on their walls, indicating that the gullies existed 

prior to glaciation. In the vicinity of the eastern shear zone, 

the striated surface exhibits several vertical displacements 

of less than one inch. Similiar displacements were not observed 

in any other areas where the glaciated surface is exposed - in

cluding above the western shear zone. The glaciated surface 

is not well exposed where the displacements are visible, and 

some of the blocks observed may not actually be in situ. The 

displacements are more than likely the result of frost heave.
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However, in at least one instance the situation is very much 

like the features described by Oliver, Johnson and Dorman (1970) 

in Paleozoic rocks to the north. In this instance, the south

east side of a northeast-striking fracture which dips nearly 

vertically to the southeast is raised about 0.5 inch.  

Several shear zones are visible in the diabase quarry 

between Long Clove and Short Clove. There is no stratigraphy in 

the diabase with which to determine the sense of movement. A 

mineralized (calcite) breccia can be traced vertically through 

the walls of all five levels of the quarry. Its strike is 
0 

about N20 E. Solution cavities within the breccia are lined 

with euhedral dolomite. Associated fractures contain smeared 

calcite, biotite and chlorite (probably altered biotite), and 

euhedral quartz and dolomite.  

A normal fault crosses the southwest edge of the quar

ry. The same fault is visible at the south portal of the Penn 

Central R.R. tunnel through Hook Mountain (Plate Cl-2, Station 
0 

CH-5-4). The main fault plane has an average strike of N65 W.  
0 0 

The dip is in the range 55 to 75 SW. Several smaller normal 
0 0 

faults with strikes in the range N44 to 75 W were observed 

above the hanging wall. The fault is best exposed in the south

east corner of level 5 in the quarry (Plate Cl-2, Station CH-5

6). The main plane consists of 1 to 3 feet of brecciated, 

slickensided (biotite) diabase, clay and gouge. The gouge zone 

lies at or near the sandstone-diabase contact within the dia

base. Contact metamorphic effects are apparent in the sandstone.  

Where the fault lies within the diabase, the sandstone-diabase
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contact is commonly welded. The diabase is brecciated or very 

highly fractured up to 15 feet away from the gouge zone. The 

sandstone is highly fractured but not brecciated. A compensatory 

(?) splay off the main shear zone in the hanging wall block is 

truncated at the base of the overlying till. Rock along the 

splay is badly weathered. Its footwall is composed of fresh 

sandstone, and the material in the hanging wall is weathered 

sandstone containing somewhat rounded fragments indicating that 

this may be a colluvial deposit.  

A poor exposure of the fault on the west side of level 

5 (Plate C.I-2, Station CH-5-7) was examined before and after 

several days of rain during which slumping'occurred. At'this 

location brecciation and clay gouge extend into the sandstone 

hanging wall as well as the diabase footwall. The footwall 
0 0 

block exhibits strong shear fracturing oriented N10 E and N75 E 

with extension (?) fractures roughly parallel to the main fault 
0 

trend (N65 W). All three sets are lined with 1/4 to 3 inches of 

clay and gouge.  

On the first examination of this exposure, a hand 

excavation through a gulley in the diabase footwall revealed 

weathered sandstone at the base of the excavation which was 

overlain by gravelly sand and clay. The latter deposit was 

observed at an elevation directly across the fault from the 

diabase. Due to its containing rounded fragments of quartz and 

crystalline metamorphic rocks, it is interpreted as a Pleis

tocene deposit or fill. Following the slump, this material 

could not be reached with a hand excavation. The material
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encountered at a similar elevation was a confused mass of sand, 

clay and fragments (both rounded and angular) of weathered and 

relatively fresh sandstone, diabase, and crystalline metamorphic 

rocks.  

C6.6 FRACTURE ANALYSIS 

Plate C3-1 presents a summary of fracture data. Table 

C6-1 lists the movement plans observed. These data were ob

tained almost entirely from small-scale structures.  

Comparison of the-plots of poles to fractures and sen

ses of movement suggests that all of the brittle deformation 

features observed during this investigation could have formed 

during a single compression, with the maximum principle stress 
0 

horizontal and oriented approximately N25 E.  

It is worthy of note that most of the faults proposed 

in the study area can be interpreted with this hypothesis. For 

example, the displacement at Short Clove is interpreted as a 

normal fault striking N25 to 30 E which is an extension direc

tion (Fischer, et.al., 1961). Another proposed fault at Long 

Clove strikes N40 E (Thompson, 1959) or N65 E (Lowe, 1959 and 

Fischer, et.al., 1961). The apparent displacement is down to 

the north on a horizon which dips WSW; thus, movement can be 

interpreted as left-lateral. The magnetic anomaly pattern at 

Long Clove (Plate C4-4) also suggests left-lateral displacement.  

The major inconsistencies in the literature center 

around the east-northeast faults south of the west half of South 

mountain proposed by Thompson (1959). These were postulated on 

the basis of northerly dips in the Newark strata in that area.
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The bedding north and south of Lake Lucille (CH-8 and CH-23) 

strikes N06 W and dips to the west at 13 to 14 

C6.7 AGE OF MOVEMENT 

The fractures and faults described above are younger 

than 190 m.y.  

While the data presented herein are consistant with a 

hypothesis of one period of deformation, multiple periods of 

deformation have been interpreted elsewhere in the Newark Basin 

(Dames & Moore, 1974). Sanders (1971 and '1974) has proposed a 

complex history of deformation of the Triassic rocks in north

ern North America which culminates with left-lateral simple 

shear along northeast-trending faults. According to Sanders, a 

consequence of this couple is N-S oriented normal faults. de 

Boer (1967) presented data which indicate that the NE-SW, left

lateral couple occurred during the Jurassic. His data suggest, 

however, that in the site region the principal horizontal com
0 

pression had a bearing of about N30 E. This would allow for 
0 0 

extension at N30 E to N60 W. North-striking fractures in this j 

model would be right-lateral shear.  

There are no data to suggest major tectonic activity 

since the deformation of the Basin by simple shear or pure 

shear during the Jurassic or Early Cretaceous periods. Glacial 

striations in gullies eroded in fault zones indicate a post

faulting, pre-glaciation period of erosion. There are in

conclusive data which suggest that post-Triassic and/or Pleis

tocene material may have been disturbed along the northwest

trending normal fault exposed in the south of the quarry at 

Haverstraw.

C-56



TABLE C6-1 

RELATIVE MOVEMENTS OBSERVED DURING BRITTLE DEFORMATION STUDY: 

NEWARK BASIN

Location 

*CH-5-4 

CH-5-4 

*CH-5-6

Orientation 

N66W: 55S 

N81W: 60S 

N65W: 74S

Slickensides 
(Pitch) 

64S

Movement 
Sense 

Normal 

Normal 

Normal

Filled 

Breccia, 
Gouge, 
biotite

NW: S 

N65W: 

N44W: 

N64E:

70S 

53S 

75S

N74E: 90 

NI3E: 90 

N52E: 83S 

N53E: 87S 

N53E: 81S 

NI3E: 53S

22SW & Horiz.  

12SW 

17SW

*Probably same fault
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CH-5-6 

*CH-5-7 

CH-5-7 

CH-7-2 

CH-7-6 

CH-16 

CH-25 

CH-25 

CH-25 

CH-25

Breccia 

Breccia 

Clay, 
Gouge

Normal 

Normal 

Normal 

Left 
Lateral 

Left 
Lateral 

Right 
Lateral 

Left 
Lateral 

Left 
Lateral 

Left 
Lateral 

Right 
Lateral
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APPENDIX D 

PLEISTOCENE GEOLOGY.-AND GEOMORPHOLOGY 

Dl. INTRODUCTION 

,The purpose of the present investigation was to exam

ine unconsolidated depo sits and geomorphic features within 5 to 

10 miles of the Indian Point site to determine if there is any 

evidence of recent displacement along the north-trending fault 

system as defined onsite and in the region surrounding the site.  

Studies were conc .entrated on features such as upland 

surfaces, river terraces, glacial striae, glacial and post

glacial sediments, any materials suitable for ra diometric 

dating, and any other post-Triassic deposit or feature which 

might directly or indirectly shed light on the question of the 

age of the last movement of faults in the-area. Field work was 

reconnaissance in nature. It was confined primarily to acces

sible exposures or those which appeared to be Potentially of 

greatest benefit to the study as determined during the litera

ture search or aerial photographic studies.  

The method instituted for completion of the present 

study involved investigation in three separate directions.  

First and most basic was a search for exposures of unconsoli

dated sediments underlain by faulted bedrock, glacially stri

ated and/or polished surfaces on faulted bedrock, or suspect 

structures in unconsolidated deposits where bedrock is not 

exposed. The second objective was to respond to those field 

personnel who were primarily engaged in examining bedrock and
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bedrock structures by examining exposures of unconsolidated 

material, striae, polished surfaces, etc., which they felt 

required further inspection and interpretation. The third 

objective was to compile information as objectives one and two 

proceeded for the purpose of developing an understanding of the 

late glacial history of the region. The latter objective was 

essential to evaluate the possibilities of using specific 

geomorphic features or sedimentary deposits to correlate region

ally or across specific features found during our studies of 

the bedrock. If one were not aware of the glacial history and 

the histor' of sedimentation within the region, similarities in 

color, texture, and sedimentary structures through the region 

mig ht lead to an incorrect correlation of similar appearing 

yet different materials.  

It was necessary to examine in the field the remnants 

of the previously more extensive deposits, and to compare these 

observations with those of the earlier writers. In some areas 

this method has proven satisfactory and even superior, since 

present exposures may give added information that was not 

available to the earlier writer. More-often, the exposures 

have been completely destroyed or location information is too 

meager to allow accurate location of deposits which were de

scribed earlier.  

D2. PRESERVATION AND EXPOSURE OF GLACIAL AND POST-GLACIAL 
SEDIMENTS 

Preservation and exposure of sediments deposited in 

the Hudson RiverValley and its tributaries are poor. The
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occurrence of the most extensive deposits unfortunately coincide 

with those areas which are the most thickly settled, namely 

Haverstraw and Peekskill. Man-made structures and vegetation 

cover large portions of the region. Much more detrimental to 

any comprehensive study of the deposits, however, is the fact 

that the most extensive and best exposures have been removed by 

both small and large-scale borrow pit operations. Sand and 

gravel deposits have been used as fill material and for con

crete aggregate, while extensive varved clay deposits, as much 

as 200 feet in thickness, have been quarried for the making of 

bricks. Clays were quarried most extensively near Haverstraw, 

while smaller pits existed near Peekskill, Croton Point, and 

Crugers. Sand and gravel quarries are ubiquitous, but the 

largest volume of material appears to have been removed from 

Jones Point, Roa Hook, Sprout Brook, Peekskill Hollow Brook, 

and the area between Indian Point and Verplanck. Quarrying in 

the area has been going on for many years, as is evident from 

comments by C. E. Peet in 1904 concerning his visit to clay pits 

at Haverstraw, and his inability to ascertain how much of the 

flat parade ground surface at State Camp (now Camp Smith), near 

Peekskill, was a natural bench of sand and gravel and to what 

extent it had been regraded by man.  

D3. LATE GLACIAL AND POST-GLACIAL HISTORY OF THE REGION 

Basic to any discussion of surficial deposits in the 

Hudson River Valley near Peekskill is an understanding of the 

glacial history of the area, especially the retreat of the 

Late Wisconsin ice sheet up the valleys of the Hudson River
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and its tributaries. To date, no unconsolidated deposits or 

soils older than Late Wisconsin have been identified in the 

area. Older deposits might be expected to have been preserved 

in valleys situated transverse to the principal direction of 

glacial flow, and in those transverse valleys deep enough to 

have escaped intense glacial scour. In the'region around 

Indian Point, the predominantly northeast and northwest struc

tural grain has resulted in the development of valleys which 

acted as primary avenues for advance and retreat of glacial ice 

through the region. The valleys were the first to be affected 

during glacial advance prior to overtopping of the surrounding 

elevated areas and the last to become ice-free upon retreat of 

the ice sheet. They would, therefore, have been subjected to 

the greatest amount of erosion and deposition by glacial and 

glacially-related processes'.  

Absolute dating of the events related to the advance 

and retreat of the Late Wisconsin ice sheet in the Peekskill 

area is lacking. However, dates obtained elsewhere serve to 

bracket the age of these events. Using pollen strat igraphy, 

Sirkin (1967) inferred that the Late Wisconsin ice sheet began 

to retreat from the Harbor Hill moraine on Long Island about 

17,000 years B.P. Similar work by Connally and Sirkin (1970) 

indicated that the-ice had probably receded from the southern 

and middle portions of the Wallkill Valley (to a point approxi

mately 25 miles northwest of Peekskill) prior to 15,000 years 

B.P., and that the Wallkill moraine was formed about 15,000 

years B.P. before the ice receded completely from the Wallkill
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Valley near Kingston, New York. Thus, any recessional deposits 

associated with the Late Wisconsin glaciation in the Peekskill 

area must have been formed between 17,000 years B.P. and 15,000 

years B.P., probably closer to the latter date. Glacio-lacus

trine and glacio-fluvial outwash deposits should be slightly 

younger, since they would have been deposited after retreat of 

the ice from the valley.  

Advance of the glacial ice was initially two-pronged 

in the Haverstraw area, one tongue of ice extended southward 

around the west side of the South Mountain ridge (Salisbury, 

1902; Woodworth, 1904) near Mount Ivy, and into the Hackensack 

Meadowlands to the south. A second tongue of ice extended down 

the Hudson Valley east of the Palisades. During the glacial 

maximum, the uplands were overtopped by the ice. As the ice 

receded from the terminal moraine, tae ice first dropped below 

the level of the uplands and the lowlands topography again 

exerted a directional control. The ice retreated first from 

the west side of the South Mountain ridge in the vicinity of 

Mount Ivy. It remained in this position for a time, building a 

morainal complex which extends from the south side of Rider 

Hill and Collaberg Mountain south and southeastward to South 

Mountain, and eastward along the base of the mountain to Short 

Clove. Morainal remnants on the west side of Croton Point east 

of the Hudson River are thought to be correlative with this 

recessional moraine, as has been suggested by earlier writers 

(Woodworth, 1905; Peet, 1904; Markl, 1971). Smaller morainal 

remnants occur north and south of Minisceongo Creek along U.S.
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Route 9W in Haverstraw, West Haverstraw, and northward to the 

vicinity of the State Rehabilitation Hospital. These smaller 

morainal remnants may represent a later local readvance of the 

ice front, the evidence for which was noted by Woodworth (1905), 

Peet (1904), and Reeds (1927) in the form of clays contorted by 

overriding ice and clay masses incorporated in till which 

locally overlies clays near Haverstraw.  

The lowland area around Haverstraw, extending from 

Stony Point on the north to South Mountain on the south and the 

Palisades Parkway on the west, contains a great diversity of 

unconsolidated sediments. The stratigraphic relationships of 

these deposits were not completely unraveled in the past when 

exposures were better, the deposits well preserved, and the area 

much more sparsely settled. Description by Pett (1904), 

Woodworth (1905), and Reeds (1927), together with field ob

servations made during the present study, indicate that the 

Haverstraw area contains glacial outwash deposits, ice-contact 

stratified sands and gravels, fluvial/deltaic deposits laid 

down marginal to the ice front, glacial till, kame deposits, 

and proglacial lake deposits. The proglacial lake clays were 

observed by earlier workers to overlie till and kame deposits, 

and to underlie a local readvance till and extensive deltaic 

deposits which were laid down by Cedar Pond Creek in an ice 

marginal lake with a surface elevation of between 100 and 120 

feet. Ice-contact deposits observed by Peet (1904) and 

Woodworth (1905) suggested to them that these deltaic sediments 

were deposited marginal to an ice front which extended south-
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eastward from the town of Stony Point to Grassy Point and from 

there out into the Hudson River. When the ice front receded 

further northward, it appears that a lower lake level was es

tablished and that clays, sands and gravels continued to be 

deposited at lower elevations. The deltaic sediments near 

Haverstraw, and those occurring at Croton Point and near Peek

skill, are thought to have been deposited in glacial Lake Hudson / 

(Markl, 1971; Reeds, 1927) which extended north at least as far 

as Peekskill. The lake level is thought to have been about 100 

feet above the present level of Hudson River.  

Some inconsistencies are evident, however, between the 

observations made by various authors. Both Peet (1904) and 

Woodworth (1905) identified ice-contact features near North 

Haverstraw, and concluded that the ice front stood there as the 

Cedar Pond Creek deltaic deposits were built up in a proglacial 

lake with a level near 100 feet. If the ice did fill the val

ley this far south, then the lacustrine and deltaic deposits at 

Peekskill, Croton Point, and Crugers, which were also built up 

to an elevation of about 100 feet, could not' have been deposited 

in the same lake at the same time, as has been hypothesized by 

Reeds (1927) and Markl (1971). Sediments, standing as benches 

approximately 100 feet high along the periphery of the Hudson 

River Valley, and the extension of these benches up the valleys 

of tributary streams such as Annsville Creek, Sprout Brook, 

Peekskill Creek, Croton River, and Cedar Pond Creek, have been 

described in the literature by Peet (1904), Woodworth (1905), 

Reeds (1972), and Markl (1971). The consensus is that these
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deposits were laid down in a standing body of water. It ap

pears, therefore, that these glacio-lacustrine and deltaic de

posits were laid down in a single lake, glacial Lake Hudson, at 

approximately the same time. The presence of lower benches 

toward the streams, generally between 20 and 60 feet in eleva

tion, indicates that deposition also may have taken place during 

lower lake stages which would have resulted either from north

ward retreat of the ice sheet or downcutting of an outlet chan

nel downstream, probably at The Narrows.  

Draining of Lake Hudson was followed by marine en

croachment through The Narrows to the south before 12,000 years 

B.P. (Newman and others, 1969). Isostatic uplift of the lower 

Hudson River Valley, coupled with an eustatic rise in sea level, 

caused some fluctuations in salinities near Peekskill and in 

distance of marine encroachment up the Hudson estuary. Maximum 

extent of mesohaline water and maximum invasion of foraminifers 

during post-glacial time occurred 6,500 years ago and are coin

cident with the end of the period of post-glacial transgression 

of the Atlantic Ocean along the northeast coast of the United 

States (Weiss, 1974).  

D4. GEOMORPHOLOGY 

D4.1 GENERAL 

Immediately northwest of the site, the Hudson River 

emerges from the steep-walled gorge it has cut through the re

sistant crystalline rocks of the Hudson Highlands. Upon leaving 

the narrow gorge, the river broadens and flows through the low

rounded knobs and ridges formed on the less resistant schists,
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gneisses, marbles, and granites of the Manhattan Prong. Ridges 

and knobs in the Manhattan Prong are generally formed on schists, 

granities, and gneisses, while the valleys are generally under

lain by marble. South of Peekskill, the river follows the con

tact between the Triassic rocks to the west and the rocks of 

the Manhattan Prong to the east. Total relief along the Hudson 

River in the Highlands ranges from 800 to 1500 feet, whereas 

in the Manhattan Prong, some ridges reach elevations of 500 to 

600 feet.  

The present course, of the Hudson River across a topo

graphic high area of resistant rocks (the Hudson Highlands) is 

unusual when it is realized that the river might have more 

easily established a course southwestward down the Valley and 

Ridge province north of the Highlands. Various authors have 

tried to explain the present course of the river by resorting 

to antecedence (Davis, 1891), superposition (Johnson, 1931), 

and stream capture (Ruedemann, 1932; Thompson, 1936). What

ever its origin, it is generally agreed that the present course 

of the Hudson River was established before the beginning of the 

Pleistocene Epoch.  

Drainage in the region around Peekskill is poorly 

integrated with numerous lakes, marshes, and areas of centrip

etal drainage evident. Many of the through-going valleys, 

especially in the Highlands, are structurally controlled and 

partially drift-filled. Many stream valleys, including the 

Hudson Valley, are underlain by buried, drift-filled bedrock 

valleys or gorges. Evidence of glacial derangement of drainage
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is widespread in the region. Instances of apparent stream cap

ture are common and older drainage has been locally blocked by 

till and other glacially related deposits. The mouths of 

streams tributary to the Hudson River show evidence of having 

been drowned as the sea level rose to its present position in 

post-glacial time. However, further upstream, these tributaries 

have entrenched the glacial, glacio-fluvial, and glacio-lacus

trine deposits along their courses in response to post-glacial 

isostatic rebound and lowering of the local base level (the 

Hudson River) as glacial lakes in the Hudson River were drained.  

D4.2 BEDROCK TERRACE 

Field and aerial photographic examination of the var

ious types of terraces along the Hudson River from Haverstraw to 

Cold Spring was done in order to determine which, if any, of the 

terrace types could be used most advantageously in a study re

lated to faulting in the area. The deltaic deposits are of 

limited suitability for such a study because they generally 

cannot meet the requirements of accessibility, preservation, 

lateral continuity, or age. The kame terraces do not meet the 

requirements of lateral continuity, age, or preservation be

cause they have been quarried extensively, as have the benches 

of glacio-lacustrine sediment, mainly in the Haverstraw area.  

The bedrock terraces which extend along the Hudson 

River appear to be the only ones which satisfy the requirements 

sufficiently to warrant further study. The terraces can be 

definitely shown to predate the Late Wisconsin ice advance 

because they exhibit abundant evidence that they were galciated 
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in the form of erosional (glacial grooves, polish, and stria

tions) and depositional (glacial till) features. This would 

indicate a minimum age greater than 20,000 years, the time of 

the Late Wiscons in maximum on Long Island.  

The benches slope gently toward the river and down

stream. They end abruptly at steep erosional scarps which de

scend to the level of the Hudson River. On the side away from 

the river, the bench terminates at a well-defined knickpoint at 

the base of steep slopes which ascend to the bordering High

lands summits. The bedrock bench represents an old, relatively 

flat valley bottom on strath which was cut by lateral planation 

of the Hudson River at some time in the past. It can be traced 

on opposite sides of the river at about the same elevation.  

Some small bedrock irregularities project above the terrace sur

face and appear to be islands which were never completely re

moved by erosion. Glacial erosion has modified the surface and 

left behind a number of small rock basin lakes. Post-glacial 

stream dissection has locally destroyed the terrace. Although 

the downstream slope of the terrace is obvious to the casual 

observer, the exact location of the terrace a t any one point, 

or the change in elevation between any two points along the 

river, cannot be precisely determined using topographic maps.  

The 20-foot contour interval of the U.S.G.S. topographic maps 

and the presence of lateral moraine, ground moraine, talus, 

and glacial outwash deposits on the bedrock surface do not 

allow more precise measurements on the bedrock terrace surface.  

The terrace remnants were mapped and are shown on Plate D-1.

D-11



The approximate elevation of the terrace near Cold Spring is 

160 to 200 feet, and near Indian Point it is between 100 and 

120 feet.  

The nature of the terrace changes markedly where the 

HudsonRiver leaves the Highlands. Within the Highlands, the 

break in slope between the upper walls of the gorge and the 

rock terrace below is very obvious. In the lowlands around 

Indian Point, the break in slope cannot be pinpointed with 

extreme accuracy, but that section mapped as the terrace ap

pears to be the result of similar fluvial erosive processes.  

The slope break becomes much better defined again about a mile 

to the south at Crugers.  

D4.3 UPLAND SURFACES 

No upland surfaces-were recognized near the Indian 

Point site. The irregular topography of rounded knobs and low 

hills is a reflection of the long history of erosion (at least 

back to the Tertiary) and adjustment to the various lithologies 

and the bedrock structure within the Manhattan Prong.  

D5. UNCONSOLIDATED SEDIMENTS 

The locations of significant unconsolidated sedimen

tary deposits observed in the field are shown on Plate D-1. If 

no exposures of significance were found, then no location number 

would appear on the map. A partial list of the stream valleys 

visited as data was compiled and a "feeling" for the regional 

distribution of unconsolidated deposits gained, would include 

the valleys of: Sprout Brook, Annsville Creek, Peekskill Hollow
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Brook, and the Hudson River in the Peekskill Quadrangle; Cedar 

Pond Creek, Minisceongo Creek and the Hudson River in the 

Haverstraw Quadrangle; Clove Creek in the West Point and 

Wappinger Falls Quadrangles; Wiccopee Creek in the Hopewell 

Junction Quadrangle; and Woodbury Creek in the Cornwall Quad

rangle. Small unnamed creeks and valleys on the quadrangles 

were also visited.  

These unconsolidated deposits may be divided into 

five basic groups as described below: 

1) Ice-Contact Stratified Drift 

Ice-contact stratified drift, as observed during the 

study, consists of kame terrace deposits and kame 

delta deposits. These deposits consist mainly of 

fine-to-coarse grained sands and gravels. They are 

all similar in that they are stratified and dis

play evidence of having been deposited in contact 

with or adjacent to a glacier. This evidence is 

usually in the form of collapsed or distorted bed

bing where the support of glacial ice has been re

moved by melting. Deposits of this type often dis

play frequent changes in sediment size and direction 

of deposition because changes in rate or direction of 

ice movement may change the course and character of 

the meltwater streams which deposited the sediment.  

Large boulders or masses of till are sometimes in

cluded in these deposits.
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a) Kame terrace deposits are formed by meltwater 

flowing from a glacier and depositing sediment 

between the ice mass and a valley wall. Removal 

of ice support causes collapse of the sediments 

on the side facing the axis of the valley. These 

deposits are distinctive in that they often dip 

outward toward the valley wall and form an ir

regular terrace surface which may be higher on 

the side away from the valley wall. In the 

Peekskill region, these deposits have been almost 

completely quarried out, but the literature and 

observation of remnants indicates that they were 

composed primarily of fine-to-coarse grey-brown 

sand and gravel which locally grades downdip to 

light brown or tan silt and fine sand inter

bedded or interlaminated with dark grey plastic 

clay (Stations PM-4, PM-5, PM-15, PM-16, PM-22, 

and CB-21).  

b) Kame delta deposits are formed by meltwater flow

ing off the front of a glacier and building a 

delta into a proglacial lake, usually moraine

dammed. The deposits are stratified and cross

bedded on both a small and large scale. The 

sediments are highly variable in grain size, 

ranging from clays and silts to coarse gravels.  

In the region around Indian Point, a number of 

large kame deltas have been preserved as
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significant topographic highs extending across 

(or partially across) steep-walled valleys 

(Stations CB-30, PM-30). Most display excellent 

ice-contact collapse features on their up-glacier 

margins.  

2) Glacio-Lacustrine Deposits 

The glacio-lacustrine deposits consist of stratified 

or laminated light brown or tan silts and fine-to

medium grained sand (often varved) and light brown to 

dark grey plastic clays which were deposited mainly 

in glacial Lake Hudson up to a maximum elevation of 

approximately 100 feet. The deposits have been ex

tensively quarried, especially the clays, around 

Haverstraw, Peekskill, Crugers, and Croton Point.  

Only small pockets remain in a few low areas where 

they have not been removed or covered by man-made 

structures (Stations CB-5, CB-10, CB-17, CB-23, and 

PM-14).  

3) Glacio-Fluvial Deposits 

Glacio-fluvial outwash deposits consist of strati

fied deposits laid down by glacial meltwater streams 

at some distance from the glacial front. Near Indian 

Point, they consist of yellow or yellow-brown, medium

to-coarse grained sand and gravel. They have been 

extensively quarried and are generally preserved in 

small patches or pockets. South and southwest of 

the Indian Point site, the outwash sands and gravels
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are thickest along a slight topographic low cut on 

bedrock and bounded by north-northwest faults. This 

belt of thicker outwash extends through Verplanck 

and may represent an old meltwater channel deposit 

which was laid down across the peninsula marginal to 

ice within the Hudson River Channel (Stations PM-5, 

PM-6, and PM-7).  

4) Deltaic Deposits 

The deltaic deposits were built upward and prograded 

outward into a standing body of water, glacial Lake 

Hudson, which was dammed to the south by the Harbor 

Hill moraine at The Narrows. They are distributed 

near the mouths of all of the major streams entering 

this stretch of the Hudson River. They consist of 

a wide variety of-sediment types, and grade both 

vertically and laterally from one to the other. The 

most common sediment types are light brown or tan 

silt and fine-to-medium grained, well sorted sand 

with lesser amounts of grey or light brown clay and 

grey or grey-brown fine-to-coarse gravel. The most 

extensive deltaic deposits were laid down at Croton 

Point and in the Haverstraw-Stony Point area. They 

have been extensively quarried and built-over (Sta

tions CB-2, CB-18, CB-19, CB-22, and CB-29).  

5) Till 

Glacial till deposits are distributed over the entire 

region, mainly as a thin blanket less than 10 feet
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thick. Thicker concentrations often occur on north

facing slopes of bedrock highs, along the walls of 

valleys and in end moraines such as those near Haver

straw. The composition of the till is quite variable 

and generally reflects the type of bedrock which 

underlies it. The two most common end members are a 

relatively loose, sandy matrix surrounding rounded 

fine-to-coarse gravel (probably an ablation till) and 

a hard, compact lodgement till consisting of a matrix 

of silt or sandy silt surrounding fine-to-coarse 

gravel ranging from angular to subrounded (Stations 

CB-I, CB-2, CB-3, CB-6, CB-7, CB-14, CB-15, CB-16, 

CB-20, CB-28, CB-31, CB-32, CB-33, CB-34, CB-36, 

PM-19, PM-23, PM-24, PM-27, and PM-32).  

D6. STRUCTURES IN SEDIMENTS 

Both primary and secondary sedimentary structures were 

found in nearly every outcrop of stratified, unconsolidated 

sediments. Primary structures observed include sheet lamina

tions, current laminations, large and small-scale cross strat

ification, and topset, foreset, and bottomset beds associated 

with deltaic deposits. Secondary structures observed in out

crop include various types of folds, faults (predominantly 

normal), and decollement.  

In the County Asphalt Quarry at the southwest corner 

of the Cornwall quadrangle (Plate D-1, Station CB-30), numerous 

faults were observed in layered silts, sands, and gravels of 

possible Pleistocene age. An equal area lower hemisphere plot
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of the poles to these faults (Plate D-2) shows a preferred ori

entation from N25°W to N85°W, dipping 600 to the northeast and 

southwest. Most of these faults show small-scale normal move

ment on the order of a few inches (Plate D-3, Photo A); how

ever, one fault trending N70*W-58*W (Plate D-3, Photo B) ex

hibits about four feet of normal displacement and can be traced 

laterally for at least 50 feet. The faults may be the result 

of syngenetic and epigenetic processes such as slumping, 

loading, or melting of buried ice blocks which remained after 

the glacier retreated. However, due to the proximity of this 

exposure to a mapped west-northwest striking normal fault (Dodd, 

1965), it may require further investigation.  

Most folding appears to be the result of slumping or 

loading. The greatest number of folds were found in a kame 

delta deposit (Station CB-30) where rapid deposition and changes 

in water level and rate of ice melting engendered unstable con

ditions in soft sediment. Near the upstream margin of this 

deposit, glacial overriding is indicated by the presence of a 

large recumbent fold (5 feet high x 12 feet long) in uncon

solidated sand and gravel, with its axis trending nearly east

west at right angles to the direction of ice-movement in the 

valley and overturned toward the south (downstream) (Plate D-4).  

Some smaller scale folds within the deposit are also suggestive 

of overriding or downslope movement of sediment toward the 

southward with resultant wrinkling of silt and clay beds.  

In two outcrops (Stations CB-30 and PM-4), small

scale (1 to 4 inches) convolute laminations and diapiric 
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structures were recognized, resembling structures formed ex

perimentally on a shake table by Coates and others (1975, and 

personal communication), suggesting that such features may be 

related to seismic shocks. Similar features have also been 

attributed to collapse by ice meltout, glacial readvance, 

lateral displacement by sliding, loading, flooding, and water 

level changes. To date, definitive criteria have not been 

developed by which these various causative mechanisms can be 

distinguished.  

D7. SEDIMENTS AND GLACIAL FEATURES'ON BEDROCK 

D7.1 GENERAL 

Faulted bedrock at a number of localities is exposed 

at the surface or in artificial cuts where either unconsolidated 

material or a glacially smoothed and/or striated surface extends 

across the fault. Such exposures often display indisputable 

proof that the faulting at that point occurred prior to forma

tion of the overlying surface or surf icial material. Because 

of the rarity of such ideal exposures and their importance to 

the present study, they are herein described in greater detail.  

(These stations are located on Plate D-1.) 

D7.2 STATION CB-37 

This location is an excellent bedrock exposure on 

Route 9A near Croton Point in the parking lot of an automobile 

dealer. The outcrop is a white marble which exhibits very fine 

glacial polish, grooves, and two distinct sets of striae. A 

number of cross-cutting faults are also present and the striae 

and polished surfaces extend across them (Plate D-5). No
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vertical or horizontal displacement has affected the glacial 

features which extend across the faults. A detailed discussion 

of the faulting is included in Section C5.2. Striae trending 

N20 0E are also present at this outcrop.  

D7.3 NEAR GEORGIA-PACIFIC PROPERTY 

A bedrock fault is exposed in the bed of a small 

northeast-flowing stream at the southern limit of the Con

solidated Edison property, 10 to 20 feet north of a chain-link 

fence surrounding the Georgia-Pacific plant. The fault is 

exposed in the rockface beneath a waterfall and runs sub

parallel to the stream banks. It extends beneath unconsolidated 

material both north and south of the stream. The south bank is 

composed of sand and gravel which appears to be slumped or 

slope-washed material used as fill under the Georgia-Pacific 

parking lot upslope. Along the north bank, the unconsolidated 

material appears to be colluvium. It is made up of angular 

rock fragments and some rounded gravels in a sand and silt 

matrix. The material composing the north bank of the stream 

exhibits abundant evidence of having undergone recent slumping.  

The slump is in the form of a downdropped bench which is sub

parallel to the bedrock fault in the stream. The bench ranges 

in width from 2 to 6 feet, has a sloping surface (=30*-35*) 

toward the stream, and has dropped downward 2 to 3 feet toward 

the stream and in a downstream direction. Trees and bushes 

on the bench are bent over toward the stream, roots are ex

posed in the slump scar and subvertical, slightly curved slabs 

of bedrock, which underlie the bench and intersect the stream
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bank at an oblique angle, have become separated by 2 to 4 inches 

in the downstream direction. No relationship between the slump 

and the fault is apparent in present exposures.  

D7.4 SOUTH END OF VERPLANCK QUARRY 

At the south end of the Verplanck quarry, a sediment

filled gully is exposed. The gully trends at this point west 

of north and is approximately 20 feet deep. Bedrock is not ex

posed in the gully, but is thought to be not far below the clays 

exposed in the gully bottom. The gully is cut into the bedrock 

of the south quarry wall and exposes a sedimentary section 

about 15 feet thick as a result of modern erosion by an inter

mittent stream. The gully appears to be aligned with a fault 

found further to the north in a quarry wall. Strikes of N20 0 

to N300 W and dips ranging from 50 to 14°.to the southwest 

were measured in the sediments filli ig the gully.  

The stratigraphic section consists of grey plastic 

clay grading upward to grey gravelly clay which is overlain 

by yellow medium-grained sand, grey clayey sand, brown medium 

grained sand, grey sand-clay-gravel, and finally 7 feet of fill 

material. Examination of the weakly laminated grey clay and 

gravelly clay uncovered no evidence which would indicate that 

the clays have been faulted or otherwise disrupted. Rotational 

slumping of unconsolidated material has truncated the strati

graphic section toward the quarry on the west and possibly 

also on the east side of the gully.
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D7.5 STATION CB-35 

An outcrop of Traissic, red beds and diabase dikes 

are present behind the Dowd Apartments south of Route 202 at 

South Mountain. The fine-grained sandstone has a glacially 

polished, grooved and striated bedrock surface exposed at the 

top of a 12-foot high cliff which is mostly the result of 

blasting. Striations are trending N35°W. Faults with sub

horizontal slickenslides are exposed in the cliff face. At 

the top of the cliff a polished red sandstone surface, partially 

covered with slopewash, has an irregular fracture extending 

across it subparallel to a nearby fault. Striations extend 

obliquely across the fracture which shows about 1/2-inch of 

relief from one side to the other. The irregular nature of 

the fracture, the relation of the surface to nearby polished 

surfaces, and the presence of loose fragments nearby with 

polished surfaces indicate that the offset of the striated 

surface is not the result of fault displacement. It appears 

the apparent offset is due to some other agency such as frost

heaving, root wedging, downslope movement, or possibly blasting 

when the cliff face was excavated.  

D7.6 MARTIN MARIETTA TRAP ROCK QUARRY 

Two faults in the Triassic diabase were examined 

where they were overlain by unconsolidated material. The first 

exposure was in the cliff face at the northwest corner of the 

lower quarry level. A northwest-trending fault occurs in the 

diabase, and has a 2-to 3-foot wide breccia zone which has been 

partially eroded out. The resultant void is partially filled
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with slump material from above. A second northwest-trending 

fault is exposed in the cliff face at the south end of the 

lower quarry level. The fault is overlain by 10 to 15 feet of 

red till. The lower two-thirds of the till appears to be in 

place across the fault. At the cliff top, the upper few feet 

are gravel fill used to form a flat roadway on the top of the 

quarry bench. Beneath the till and in the fault zone, uncon

solidated material, composed of angular broken fragments of 

diabase in a red sand and clay matrix, is present. The frag

ments are generally less than one inch in diameter. An occa

sional subangular to subrounded fragment occurs in the material.  

This material resembles colluvium which probably washed into a 

small depression where fault breccia had been removed. Very 

short transport, if any, is indicated. The contact of the till 

across the fault and the infilled co.luvium appeared undis

turbed. The fault, therefore, must be older than the till.  

D7.7 TRENCHES AT INDIAN POINT 

Trenches were excavated north of Reactor No. 3 to 

determine whether undisturbed soils or glacially striated or 

polished surfaces have been preserved on the bedrock extending 

across faults. The trenches encountered only artificial fill 

as overburden underlain by a weathered sandy dolomite with 

no preserved glaciated surfaces.  

D7.8 STATION PM-23 

A large fault plane on Mott Farm Road is exposed in 

a road cut. It trends N63*E and dips 65*SE. There are sub

vertical slickensides and remnants of a thick breccia which
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still adhere to the fault face at the base of the cliff. There 

is also a thin wedge of loose, sandy till plastered against the 

fault. The outcrop relations can be explained in a number of 

ways, including faulting of the till against the bedrock fault 

plane. A landslide scar exposed at the top of the cliff above 

the till against the fault indicates that the observed field 

relations are most likely the result of till sliding down the 

cliff face and coming to rest at the base of the scarp against 

the fault plane.  

D7.9 STATION PM-16 (JONES POINT) 

Along Ayer's Road, dark brown gravelly sand (unstrati

fied) interbedded with light yellow-brown clay overlies a 

'prominent N20-300 E, 60-70 0SE joint or fault in crystalline 

bedrock. No disturbance of the overlying sediments was ob

served.  

D7.10 STATION PM-21 (CEDAR POINT CREEK) 

Approximately 5 feet of pebble to cobble-size gravel 

overlies faulted Triassic red beds with subhorizontal slicken

sides. No evidence of faulting was observed to extend up

ward from the bedrock into the overlying gravels. The position 

of the gravels at the base of the dam, however, indicates that 

they may have been placed there by man.  

D7.11 SUMMARY 

The locations discussed above depict the types of 

outcrop situations which are-encountered in the field. They 

run the gamut from outcrops, where definitive evidence can be 

recognized on a faulted and glaciated bedrock surface, to
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outcrops where it cannot be determined whether the unconsoli

dated materials or even the exposed bedrock surface are in 

their natural state. Intermediate between the two are those 

instances where some circumstantial evidence caa be gleened 

from an outcrop and a probable conclusion reached.  

D8. GEOMORPHOLOGY AND SURFICIAL DEPOSITS WITHIN THE SITE AREA 

An examination of the security area at the Indian 

Point nuclear power plant site was conducted to determine 

whether any geomorphic features or undisturbed surf icial de

posits are preent within the inner security boundaries at the 

site, and whether any such features or undisturbed deposits 

extend across bedrock structures mapped at the site.  

Judging from boring logs, surrounding terrain, and 

topographic maps produced before pl ant-construction, the site 

originally consisted of a gently westward-sloping upper area 

(landward from the present reactor locations) which extended 

westward to a steep bedrock incline, and finally to a nearby 

flat expanse of marshy ground leading to the river's edge.  

Bedrock was present within a few feet (2 to 8 feet) of the 

surface over most of the site, with the exception of the flat 

area along the Hudson River where fluvial silts and sands were 

overlain by marsh and river deposits containing organic re

mains. Total thicknesses of sediment as great as 50 feet were 

encountered in borings drilled in the river.  

The reactor excavations were blasted into the 

steeply sloping bedrock surface which marks the transition 

from the river to a relatively flat bedrock terrace east
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of the site at an elevation of approximately 110 feet. The 

bedrock configuration within the site itself suggests the re

mains of a terrace and scarp which have been modified by gla

cial and postglacial erosion and weathering. Only two out

crops remain within the security area, one immediately north 

of Reactor No. 3 and a second along the road south of Reactor 

No. 3. Weathered rock was observed in the outcrop south of 

Reactor No. 3. The outcrop is a road cut trending nearly 

east-west. At two points the rock grades vertically, over 

a thickness of 1 to 2 feet, from sound rock to rock that re

sponds to hammer blows with a dull thud, and finally to com

pletely weathered rock which crumbles and disaggregates to a 

sand. The latter is in sharp contrast with a dark red-brown, 

sandy soil which appears to be a result of more advanced 

weathering of rock. At the west end of the outcrop, the red

brown sandy soil is overlain by a dark brown and a black 

organic-rich soil layer approximately 6 to 8 inches thick 

which is, in turn, overlain by fill. At the east end of the 

outcrop, the weathered materials are partially covered by fill 

and a wood retaining wall. It-is not certain, therefore, 

whether the sequence at this point represents an old rock sur

face or weathering along a vertical fracture zone.  

On the north side of Reactor No. 3 a vertical scarp 

of dolostone is exposed. The cliff face has been blasted and 

no natural bedrock surfaces have been preserved. A number of 

faults and fractures are exposed along the face, and zones of 

broken rock appear to have been weathered to depths as great
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as 5 to 10 feet below the top of the cliff at two places near 

the north end of the exposure. The bedrock at the top of the 

cliff was covered with fill ranging from approximately one 

foot to nearly 5 feet in thickness. Trenches were dug east

west and nearly north-south through the fill to determine a 

weathering profile; glacial striations or a glaciall y polished 

surface extend across the faults where they intersect the bed

rock surface. A third trench was dug at the base of the cliff 

and fill material was removed from a bedrock spur at the top 

of the cliff at its south end. No glacially striated or 

polished surfaces were found. A number of fracture zones 

were exposed, however. The trench at the base of the cliff 

exposed only fresh, blasted rock, while those at the top of 

the cliff exposed a weathered sandy dolomite which has decom

posed to a sugary unconsolidated sand. The depth of weathering 

was variable and ranged from a few inches on sloping surfaces 

to 3 or more feet where fracture zones were intersected by 

the trenches on flat surfaces.  

In summary, it appears that the Indian Point security 

area is located on the margin of a glacially modified bedrock 

terrace remnant which is approximately 110 feet above river 

level. Any exposed bedrock surfaces or undisturbed surficial 

materials which existed prior to construction have been covered, 

removed, modified, or destroyed with the exceptions noted 

above. The bedrock surface is weathered to varying degrees 

and was not seen to preserve glacial striae or polish where 

exposed in trenches.
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D9. SUBREGIONAL MAP 

The generalized map (Plate D-6) shows the distribu

tion of surficial deposits within a four-mile radius of the 

Indian Point Generating Station. Mapping was done on U.S.G.S.  

7-1/2 min. topographic maps at a scale of 1/24,000 using parts 

of the following quadrangles: Peekskill, Haverstraw, Popolopen 

Lake and Thiells. Aerial photographs at scale of 1/6,000, 

1/24,000, and 1/60,000 were used to aid in mapping, interpre

tation, and to pinpoint areas of special interest for field 

visit. The types of deposits encountered within the four-mile 

radius have been presented on the surficial map under the 

following headings: 

1) Fill or Densely Populated Areas - Denotes areas 

where surficial materials have been removed, re

placed, disturbed by regrading or obscured by 

man-made structures, or coverings. Where it 

was determined that sufficient undisturbed 

materials remain, an attempt was made to iden

tify the type and origin of the materials and 

to map their distribution accurately.  

2) Glacial Till - Thicker concentrations of un

stratified and unsorted sediment (generally 

greater than 10 feet thick) which was deposited 

directly by glacial ice. Within the mapped 

area, these deposits generally consist of a 

silty, fine-to-medium grained, light-to-dark 

brown sandy matrix containing fine gravel to
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boulder size (angular to rounded) rock frag

ments.  

3) Thin Till over Bedrock - Glacial till distribu

ted in patches or as a thin blanket, generally 

less than 10 feet in thickness, lying on bed

rock which crops out in many places either 

naturally or in artificial cuts.  

4) Glacio-fluvial, Fluvial/deltaic, and Glacio

lacustrine - Brown to grey clay, sand and gravel, 

generally confined to valley bottoms and valley 

walls generally at elevations below 200 feet.  

Glacio-fluvial deposits in the region are mainly 

composed of medium-to-coarse sand and gravel 

with minor silt, while the- glacio-lacustrine 

sediments are predomiaantly finely laminated 

varved clays grading upward to fine-to-medium 

grained sand. The fluvial/deltaic sediments 

consist of mixtures of both the coarser grained 

sands and gravels and the finer grained clays 

and sands.  

5) Kame Terrace Deposits - Generally consist of 

brown to grey stratified clay, sand and gravel.  

The deposits are of limited extent, character

ized by the presence of ice-contact features, 

and are situated on valley walls at elevations 

above 100 feet.
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6) Recent Fluvial and Marsh Deposits - Low-lying 

floodplain or marsh deposits along the Hudson 

River and its tributaries or in small, closed 

drainage basins in the surrounding uplands.  

D10. CONCLUSIONS 

The present investigation has confirmed that uncon

solidated deposits are abundant and widespread in the region 

surrounding the Indian Point site. These consist mainly of 

thin glacial deposits on interstream uplands, and thicker and 

more extensive morainal, glacio-fluvial, glacio-lacustrine, 

and ice-contact deposits which are confined to the bottoms and 

walls of the principal valleys. The uplands were subjected to 

glacial erosion as is evidenced by the exposure of numerous 

scoured and polished surfaces, rock-basin lakes, and glacially 

grooved and striated bedrock surfaces. Thin sandy or silty 

glacial till, generally less than 10 feet in thickness, pre

dominates in the interstream uplands. Bedrock crops out over 

large parts of the area. Locally, thicker till occurs where 

it has been banked against steep north-facing bedrock slopes.  

Some streamlined hills, such as the one between Pleasantside 

and Crompond Road (Peekskill Quad), appear to be either rock

cored drumloidal hills or morainal remnants.  

The valleys of the Hudson River, Annsville Creek, 

Peekskill Hollow Brook, Cedar Pond Brook, and Sprout Brook 

contain large amounts of sediment deposited directly or in

directly as a result of glacial processes. Valley bottoms are
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occupied by till, glacial lake deposits, glacial outwash, 

delta and kame deposits, in addition to recent marsh and flood

plain deposits. The glacial lake clays and sands and asso

ciated deltaic deposits generally occur as remnants at eleva

tions below 100 to 120 feet, the approximate level of glacial 

Lake Hudson. The remnants are only a small part of the de

posits which reached thicknesses of more than 200 feet before 

being quarried by man earlier in this century and during the 

last. Kame terrace deposits are found high up on valley walls, 

often between 100 and 160 feet in elevation.  

The unconsolidated sediments in this area are not 

useful, however, for conventional stratigraphic correlation 

purposes over large areas because they consist mainly of iso

lated erosional remnants of sediments which were deposited at 

different times as a result of diffezent processes. Only in 

a small area, possibly within a single outcrop, is it feasible 

to trace or correlate units to determine if they could have 

been disrupted by bedrock faulting. Even then, only in the 

rare case where both faulted bedrock and overlying sediments 

are exposed, can it be decided whether there is a relationship 

between the structures in the two mediums.  

The exposures that were studied showed no faulting 

that was traceable from bedrock upward into overlying uncon

solidated materials. Published studies indicate that glacial 

deposits in the region are probably a maximum of 15,000 years.  

No evidence has yet been found in the field to indicate that 

deposits older than Late Wisconsin have been preserved.
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Most of the faulting and folding observed in uncon

solidated sediments can be attributed to sedimentary and early 

diagenetic processes. At least two possible exceptions may 

exist. The diapiric structures and convolute which were noted 

at two localities indicate that some layers of sediment have 

undergone liquefaction at some time during their post

depositional history. It is not known whether these features 

are the result of seismic shocks, ice meltout, glacial re

advance, loading, lateral displacement sliding, water level 

changes, or some other, as yet, unrecognized process. The 

second possible exception is the large fault noted at Location 

CB-30 which has been traced vertically for about 25 feet and 

laterally for 40 to 50 feet. Although large-scale slumping 

cannot be ruled out, it has not been proven.
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PHOTO A 

CROSS-SECTION OF N 60°w - 60ONE AND N63°W-59°SW CONJUGATE 
NORMAL FAULTS IN INTERLAYERED SILTS AND SANDS AT STATION CB-30

PHOTO B 

CROSS-SECTION OF A N 70W - 580svi ORIENTED NORMAL FAULT WHICH 
OFFSETS INTERLAYERED SILTS, SANDS, AND GRAVELS AT STATION CB-30 
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RECUMBENT FOLD IN LAYERED UNCONSOLIDATED PLEISTOCENE SEDIMENTS.  

VIEW LOOKING WEST.  
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Interim Report of Soils Investigations at the Indian Point 

Reactor Site of Consolidated Edison 

LowellA. Douglas, Ph.D.  

A study of the soils found on the site of the Indian Point Reactor Site 

of Consolidated Edison .was *ndertayfen. The study was limited to. the immediate 

area of Reactor No. 3. The study had three objectives: 

1. To determine the age of the soil; 

2. To find out if the soil undergoes creep; and 

3. To find out if the soil has been displaced by faulting.  

Figure 1 is a highly generalized and idealized sketch of the study area.  

The numbers on this figure represent the positions where samples were collected 

for characterization studies. Profiles 3020, .3010 and 3030 were sampled on the 

exposure adjacent to Reactor No.3.Profiles 3000, 3050 and 3060 were sampled in 

pits back on the slope. Their relative positions have been projected (Figure 1) 

to the exposure of the general study to facilitate comparisons.  

AGE OF SOIL 

The study area was glaciated some 15 000 years ago. It is thought that 

soil 3060 represents normal post-glacial soil development. Soil profiles 3020, 

3010, 3030 and 3000 may be diagnostic regarding last movement of the faults.
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These soils are located on steep slopes. Although the depths of these profiles 

are comparable to the depth of profile 3060, the clay accumulation in the B 

horizons of these soils is much less than the accumulation in profile 3060 (Table 1).  

The development of these soil profiles, and accumulation of clay, is a time de

pendent property that has been altered by erosion or creep. Profiles 3020, 3010, 

and 3000 may represent a time span of 3/4 to - of the post-glacial time span.  

TABLE 1 

PARTICLE SIZE DISTRIBUTION OF B HORIZONS OF SOME SOILS AT 5NDIAN POINT. 1 

Profile Sand Silt Clay 
% ,% % 

3000 80 16 4 
3020 84 14 2 
3060 68 12 20 

1. Analysis by a rapid approximate method.  

CREEP 

Some type of foreign object (or objects) has been found in every A horizon 

we have studied from the Indian Point site. They include pieces of glass; rusty 

nails, coal, cinders, etc. Much of the A horizons of these soils have been 

effected by man's activities, erosion, and probably creep. However, in a few 

locations (at the present time not defined) creep may not have altered the A horizon 

on this slope.  

Profile 3050 was over dolomite which contained three thin (4 to 6 inches), 

parallel, contrasting beds. The saprolitized dolomite beds and the upper portions 

of the B horizons, and the A horizon over each bed were sampled. Figure 2 shows 

the side of the trench at site 3050, and the approximate locations where samples
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were taken. .In the field the dolc mite at 3057, and overlying soil, had a reddish 

cast; at 3052 and overlying soil , a blueish cast; and at 3056 a pale yellow cast.  

The organic matter in the soil's A horizon imports a brownish black color so that 

any color of A horizons that might have been inherited from the dolomite was masked 

by the organic matter. Foreign material was found in samples 3053, 3050 and 3055.  

The samples were taken to the laboratory and fractionated into several size 

fractions. The greater than 2 mm fractions from samples 3051, 3052 and 3056 could 

not be separated on basis of gross appearance. As these samples have weathered 

they have assumed a pale cream to light gray color. Samples 3054 and 3057 showed 

the effects of oxidation of iron during weathering. Sample 3054 ( >2 mm fraction) 

had a Munsel color of 7.5 YR 7/6 (orange) and sample 3057 (> 2 mm fraction) had a 

Munsel color of 7.5YR 7/3 (dull orange). Comparable colors from sample 3052 

was 7.5 YR 6/1 (brownish gray) and sample 3051 was 7.5 YR 6/3 (dull brown). The 

color intensity in the B horizon of the soil is proportional to the color of the dolomite 

immediately under the B. If creep had occurred in the B horizon it is highly unlikely 

that this color relationship would exist.  

SOILS AND FAULTING 

At B (Figure 1) the horizonation of the soil indicate that the soil horizons 

(lower portion of the A and the B horizon) have not been displaced by faulting.  

(This determination has a precision of about ± 2 inches). At point A, all of the 

soil over the dolomite has possibly been effected by creep. No conclusion could 

be arrived at relative to last movement of the fault at A, from soil information.
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The deep soil immediately upslope from A (Figure 1) and shallow soil 

downslope from A might be related to slope and rate of weathering. Above A, 

the slope is about 22%. Below A, the slope is somewhat steeper. The dolomite 

upslope from A has been brecciated and the zone healed by crystallization of 

carbonates. The dolomite below A has not been brecciated. Two rock samples 

(3070 and 3071, Figure 1) were collected by Ned Tillman of Dames & Moore.  

Sample 3070 was near the foot of the slope, and 23 feet west of the two walls.  

Sample 3071 was from the foot of the slope and three feet west of two walls.  

Sample 3071 did not include any of the carbonate that has reprecipitated to heal 

the breccia zone.  

A simple experiment was devised to compare the rates these two dolomite 

samples would weather. Duplicate 1 gm. samples of ground dolomite were placed 

in beakers and 100 cc. of distilled water added. Then periodically 5 ml. of 

0.020 N HC1 was added to each beaker, the sample allowed to sit a while, and the 

pH determined. Higher pH values indicated a faster rate of dissolution of dolomite.  

This experiment is outlined in Table 2. In all cases the pH's of dolomite 3071 were 

greater than the corresponding value for dolomite 3070, indicating that dolomite 3071 

may weather faster than dolomite 3070. The contrasting soils above and below A 

may be caused by a combination of erosion rate and rates of dissolution of two slightly 

different rock types.  

All of the results presented here must be considered tentative. Mineralogical 

studies are underway to give us better knowledge about the age of the soil. Micro

scopic studies are underway to give us a better grasp of creep on this slope and of 

the soil-faulting interactions.

E-4



TABLE 2 

RATE OF DISSOLUTION OF GROUND DOLOMITES 3070 AND 3071

Sample No.  

pH 

pH

3070A 3070 3071A 

add 100 ml H 2 0 

9.59 9.58 9.51 

add 5 ml 0.02 N HC1, sit 20 minutes 

6.6 7.15 7.59 

sit 45 minutes, add 5 ml 0.02 N HC1 
sit 30 minutes, 

6.21 5.92 6.55

sit 17 hours 

8.05 8.07 

add 5 ml 0.02 N HC1, sit 1 hour 

6.30 6.48

8.20 

6.61

E-5
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9.50 

7.70 
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Figure 1. Generalized sketch of soils and underlying rocks, near Reactor No. 3.
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Figure 2. Highly generalized sketch of soils and saprolitized dolomite 
at site 3050. Numbers identify sampling locations.
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APPENDIX Fl 

INTRODUCTIOWAND SUMMARY 

F1.l INTRODUCTION 

A geophysical program, consisting of approximately 

27 miles of reflection seismic profiling and bathymetric sur

veying, was performed in the Hudson River between the Bear 

Mountain Bridge and a point several miles south of the Con

solidated Edison Indian Point Generating Station. The field 

portion of the survey started August 18, 1975 and was com

pleted August 22, 1975.  

E.G.& G., environmental consultants and marine seis

mic contractors, performed the actual field work under con

tract to, and under direct supervision of, Dames & Moore geo

physicists. The interpretation of the seismic data was ac

complished by Dames & Moore geophysicists.  

F1.2 SUMMARY 

From Jones Point northwest to the Bear Mountain 

Bridge, there are few sediments present in the main channel.  

The shape of the river bed is indicative of a scoured river 

valley with steep rock walls and a hard bottom (see Plate 

F-12). No anomalous conditions were observed in this area.  

From Jones Point southwest past the site, sediments 

are present on the river bottom. Subbottom reflections are 

absent in this area. This may be due to a hard river bottom 

condition or a lack of an acoustic contrast in the subbottom 

materials. There are a few areas of limited penetration
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(See Plate F-4); however, those areas are scattered and no 

correlation between them is possible.  

Two anomalies are observed on the river bottom in 

the area from Jones Point southwest past the site. The major 

anomaly is characterized by irregularities on the river bottom, 

and by a distinctive character or signature of the seismic sig

nal as seen on the seismograms (see Plates F-8 through F-14 and 

map overlay, Plate F-l). This anomaly strikes approximately 

north 350 east and trends from the quarries on the west bank 

of the river north of Tomkins Cove toward Peekskill Bay.  

The second anomaly, characterized by a break in, and 

possible offset of, the surface of the river bottom, is found 

on two lines of survey close to Lents Cove on the eastern bank 

of the river just north of the site (see Plates F-5 and F-6 

and map overlay, Plate F-I). This anomaly is topographic 

in nature and is recognized on both the bathymetric record 

and the seismic section. Since this anomaly is found only on 

two closely spaced lines, it is not possible to define what it 

represents on the basis of these data only.
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APPENDIX F2 

SEISMIC INVESTIGATION 

F2.1 PURPOSE AND SCOPE 

The purpose of the geophysical seismic investigation 

was to: 

1) Define the gross features of the crystalline 

basement, if possible; 

2) Locate areas of anomalous acoustic reflections 

in the basement; 

3) Profile acoustic horizons in the post-glacial 

material, looking especially for offsets or 

anomalous zones which may be related to 

faulting; and 

4) Try to correlate observed fault zones onsite 

to other zones on the opposite side of the 

river.  

F2.2 FIELD PROCEDURES 

Consolidated Edison provided a 28-foot aluminum 

work boat for the seismic survey. This vessel was suitable 

for this work, having a large open deck area aft, ample cabin 

space for the recording instruments, and full head room. It 

was necessary to construct a wooden platform to cover the 

afterdeck. The recording system produces very high voltages 

and amperages, and t he wooden platform insulated this equip

ment from the aluminum deck.  
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The Mot .rola Mini-Ranger navigation system, used on 

this survey, consists of two transponders located at known 

points ashore and a receiver aboard the boat. The transponders 

were placed so that the geometry of the three points (two shore 

transponders and a shipboard receiver) allowed accurate posi

tioning. The transponder locations chosen for this survey 

were the fixed navigation beacon in Peekskill Bay, a bench

mark located on the northeast shore Upriver from Roa Hook 

(labeled "Tunnel"; see map overlay, Plate F-l) and, a point just 

downstream from Jones Point (labeled "Jones"; see map overlay, 

Plate F-l). It was necessary to survey in the "Jones" trans

ponder location; this task was accomplished by a Consolidated 

Edison survey crew.  

E.G.& G. provided both a sparker and a boomer seismic 

energy source. The sparker is a medium to high-power, low

resolution energy source with deep penetration capabilities.  

The boomer is a moderate-power energy source with moderate 

resolution and penetration capabilities.  

It was expected that the sparker system would work 

since the portion of the river in which the survey area is 

located is tidal. It was found, however, that the salinity 

was not high enough to allow the spark between electrodes.  

The sparker system was tested both at the dock and in the 

river without success. This left the boomer, which will work 

in fresh water, as our only energy source.
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Two 500-joule boomers were mounted on a single sled 

so that either 500 joules or 1000 joules of energy could b(; 

used. Both were tested and it was found that a single unit 

of 500 joules gave a cleaner record. This power setting was 

used on the production runs.  

Two E.G.& G. technicians worked aboard the survey 

boat. An instrument technician monitored the record as it was 

produced on the recorder, ensuring that the proper instrumen

tal settings were maintained for maximum record quality. At 

the same time, the surveyor monitored the Mini-Ranger and 

fathometer equipment and placed fiducial marks on both the 

seismic record and fathometer charts at one-minute intervals to 

correspond with Mini-Ranger fixes. In this way, particular 

points on the seismic record and fathometer chart can be re

lated to points on the ground along the lines of survey.  

The survey information was plotted on the map (Map 

overlay, Plate F-l), and the interpretation was related 

to the plotted lines of survey.  

Equipment used in this survey consisted of: 

1) Motorola 3-element Mini-Ranger system; 

2) Raytheon Model DE719 Precision Survey Fatho

meter; 

3) Model 254 E.G.& G. Seismic Recorder; 

4) Model 232-A E.G.& G. Power Supply, 2 each;
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5) Model 231 E.G.& G. Triggered Capacitor Bank, 

2 each; 

6) Model 265 E.G.& G. Eight-Element Hydrophone; 

7) Model 402-7 E.G.& G. Nine-Electrode Sparkarray; 

and 

8) Model 230-1 E.G.& G. Uniboom Boomer System, 

2 per sled.  

F2.3 INTERPRETATION OF RESULTS 

F2.3.1 Record Quality 

Record quality is considered to be good. A strong 

bottoma reflection was recorded at all points along the lines 

of survey. Such river bottom conditions as dredged channels 

and rubble from constructon (see Plate F-3) were well delin

eated.  

F2.3.2 Penetration of Seismic Energy 

The penetration of the seismic signal into the river 

bottom seems to be limited. There are two possible reasons 

for this: 

1) The northwestern leg of the river from Jones 

Point to the Bear Mountain Bridge appears to 

have a predominantly rock bottom. The "U" 

shaped cross section of the river valley, just 

downstream from the Bear Mountain Bridge 

(Plate F-2), indicates that the river channel 

has hard rock sides and a hard rock bottom.  

The seismic signal generated by the Boomer 

System cannot penetrate this type of bottom; and

F-6



2) The portion of the survey area from Jones Point 

southwest is underlain by sediments of ap

parently seismically homogeneous material with 

a hard river bottom. The few areas of limited 

penetration, showing scattered subbottom re

flections (as characterized by Plate F-4) and 

the characteristic strong, initial reflection 

with up to 10 sharp multiples as seen (with 

few exceptions) over the whole survey area, re

inforce this interpretation. There are no cores 

of the river bottom sediments, with the ex

ception of cores taken directly adjacent to the 

power plant; thus, the exact nature of the 

river bottom and the material above bedrock is 

not known.  

F2.3.3 Anomalies 

Because of the apparently poor penetration of the 

seismic energy, only a single bottom reflection was recorded 

over the majority of the survey area. This single, strong 

bottom reflection and the bathymetric data indicate three 

different bottom types: 

1) SmQoth - a more or less even bottom topo

graphy; 

2) Irregular - small, abrupt differences in ele

vation; and 

3) Disturbed - larger topographic differences than 

2), with more of a non-homogeneous appearance.
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A large disturbed area is located adjacent to and 

downstream from the power plant site. this bottom condition 

is probably caused by the dumping of waste material in the 

river during plant construction.  

A large area of disturbed river bottom occurs around 

Roa hook. n~owever, since this area is at the bend of the 

river and the bottom condition is localized, it is felt that 

this disturbed area is caused by normal river current action.  

An important zone of disturbed bottom material oc

.0 

curs opposite the site.. This zone strikes approximately N35 E 

and trends from the quarry on the west side of the river north 

of Torakins Cove toward Peekskill Bay (Plates F-S through F-14 

and map overlay, Plate F-1).  

This anomalous zone is best characterized by the 

events marked on Plates F-8 through F-12. The event on Plate 

F-12 occurs between stations 0935 and 0937 (recorded October 

21, 1975). A shallow depression in the hard bottom is indi

cated, and a small hump in the center of this depression is 

also noted. This same depression with a hump in the center is 

noted between stations 0926 and 0928 (recorded October 21,, 

1975) and shown on Plate F-13. These anomalies are located at 

the northeast end of the anomalous zone.  

Plate F-8 shows the anomaly located at the south

west end of the anomalous zone between stations 1444 and 1446 

(recorded October 21, 1975). This anomaly indicates a greater 

disturbance than the anomalies at the northeast end of the
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zone, and the depression and hump in the center of the de

pression are striking.  

The reflection signature indicated by arrows on 

Plates F-8, F-9, F-I, F-12 and F-13 are significant because 

they do not seem'to occur anywhere else on the seismic sec

tion. They appear to be characteristic of this anomalous 

zone.  

The similarity of the anomalies at the extremes of 

the zone, and the characteristic seismic signature observed at 

the extremes, in conjunction with the much less distinct 

anomalies between, indicate that the zone is continuous from 

the southwest to the northeast.  

A second anomalous condition exists close to the 

east bank of the river, upstream from the power plant site 

in the vicinity of Lents Cove. This feature, indicated by the 

arrows on Plates F-5 and F-6, shows a discontinuity of the 

primary reflection from the river bottom. Since this anomaly 

appears only on two closely spaced lines of survey, it is not 

possible to determine its trend on the basis of the data 

available.  

The results of the bathymetric survey (Plate F-5a 

confirm the shape and orientation of the anomalies noted 

above.  

An attempt was made to correlate the scattered 

subbottom reflections seen on the sections. This was done 

by making overlays of each survey line and orienting the
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overlays in their proper relationship to each other. No 

correlation was possible, however, as the events are too small 

and widely scattered. It was also not possible to determine 

which, if any, of the reflections represented bedrock.  

The topography of the river bottom was contoured 

from the southern limit of the survey to Jones Point and 

Peekskill Bay (map overlay, Plate F-l), using the bathy

metric data. The resulting map shows a topography that, as 

expected, is dominated by the gradient of the river. However, 

where the channel turns NW around Jones roint, this pattern is 

disturbed by a N35E-trending, anomalous feature that is coinci

dent with the features described from the seismic records.  

F2.4 CONCLUSIONS 

The seismic reflection survey did not provide 

answers to the four tasks outlined in Section F2.1. With 

the possible exception of the river channel between Jones 

Point and the Bear Mountain Bridge, the top of the crystalline 

bedrock was not defined. Since bedrock was not defined, ano

malies in bedrock, if present, could not be recognized. Two 

topographic anomalies were found on the river bottom: 

(1) The major N35E-trending anomaly between the 

quarries on the westside of the river down

stream of the power plant site and Peekskill 

Bay, and 

(2) The feature near Lents Cove, just upstream of 

the power plant site.
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These features were found only on the surface of the 

river bottom. Caution must be exercised in attaching signi

ficance to these anomalies since their exact nature is not 

known.  

The failure to penetrate the bottom materials of 

bedrock may have been caused by the lack of power in the 

seismic signal source. If this is the case, then a sparker 

system, encased in a salt water sleeve, or an airgun signal 

source might work. It might be, however, that the acoustic 

impedence of the bottom material is such that the reflection 

method \% ill not worl,_ with any signal source. In that case, 

the refraction seismic method would have to be used.  

Until the bedrock surface is mapped, no positive 

statements, as to structural features under the river bottom, 

can be made. The two anomalous features found on the surface 

of the river bottom mentioned above should be investigated 

further. This could be done by a diver, side-scan sonar, 

further geophysical investigation or, possibly, by drilling.  

No definite structural significance should be given to these 

anomalies until some further investigation is accomplished.
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APPENDIX F3 

MAGNETOMETER SURVEY 

F3.l SITE SURVEY 

F3.1.1 General 

The survey was conducted in a wooded area just north

east of the site. It followed a baseline which began at 

Broadway Avenue, crossed Bleakley Avenue near parking lot 

number 9, and ended at the Hudson River. The strike of the 

baseline was approximately N250W.  

The purpose of the survey was to better define the 

throughgoing nature of faults seen in exposures at the site 

and in the immediate vicinity of the site. The magnetic sur

vey was initiated due to lack of rock exposures near the site.  

The location selected for the survey was along the contact 

between the Cortlandt Complex and the Manhattan Schist. The 

Cortland Complex is a magnetite rich igneous rock and the 

Manhattan Schist contains little magnetite. This creates a 

good contrast in the magnetic susceptibility between these 

two rock types which is easily distinguished by magnetometer 

measurements. The contact between these two rock types 

strikes approximately west-northwest. The strike and magne

tic contrast of these rocks afford an exceptional opportunity 

to indirectly evaluate the horizontal component of movement of 

the postulated and observed north-south and northeast faulting 

seen on site.  
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F3.1.2 Establishment of the Survey Baseline 

A survey baseline was determined for use as a ref

erence for the magnetometer work. The baseline begins at 

Broadway Avenue and ends at the Hudson River. The contact of 

the two rock types can be seen at the end points of the baseline.  

The baseline strikes approximately N251W and has a staked 

station every 50 feet along its 2,500-foot length. Dames & 

Moore personnel constructed crosslines at the 50-foot stations 

and staked them for 100 feet both east and west of the base

line. This 100-foot length on either side of the baseline 

was a first approximation and was modified as the work pro

gressed; some lines were lengthened while some of the western 

lines were eliminated. To expedite the work from Station 

0+00 to Station 14+00, the Con Edison surveyors were used to 

construct and stake the crosslines. Plate F-I5 shows the lo

cation of the baseline used. No crossline was run at Station 

6+00 because of materials, i.e. guardrail, overhead wires, 

etc., which interfered with the magnetometer readings.  

F3.1.3 Procedures and Instrumentation 

The Geometrics Model G816 Portable Proton Magne

tometer was used for the survey. This instrument is a total 

field measuring device with a digital readout.  

To check for magnetic storms, the magnetometer was 

read at a specific base station before and after running 

survey lines. It was also read at the base station at 

intervals throughout the day to collect data and to plot a
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diurnal curve for correcting the day's survey data to a chosen 

datum. The base station readings did not vary a great deal 

over the course of the survey. Mangetometer readings were 

taken on the crosslines at predominately 25-foot intervals, 

although in areas where wider spacing seemed appropriate, 50

foot spacing was used.  

Topographic corrections for horizontal distances were 

not employed in the survey; therefore, positions on the cross

lines are not precise.  

F3.1.4 Magnetic Susceptibility 

The contrast between the magnetic susceptibilities 

of the Manhattan Schist and Cortlandt Complex is large. The 

magnetite rich Cortlandt Complex is characterized by magne

tometer total field readings on the order of 57,000 + gammas 

while in the Manhattan Schist total field readings appear 

predominately below 56,500 gammas. The contact area between 

the two rock types has been interpreted using the difference in 

magnetic susceptibility. Plate F-16 shows the 57,000 gamma and 

56,500 gamma contours. The readings between the two contoured 

values are indicative of some overlapping of the intruded Cort

landt on the Schist. In a few areas, the Cortlandt appears to 

give relatively low readings, on the same order as the Schist; 

however, these areas are located where the Cortlandt is suspect 

of being severely sheared. Deep weathering and leaching of mag

netic minerals may account for the lower readings. The Cort

landt can be physically made to read lower by alteration of the 

magnetite; however, the Schist cannot be made to read higher.
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F3.1.5 Contour Map 

The concentrated effort of the completed magnetic 

survey was to locate apparent offsets of the Cortlandt

Manhattan contact; therefore, the contouring wao done in this 

area, and a completely contoured map was not drawn. The first 

57,000 gamma points seen on the traverse lines, going from west 

to east, were interpreted as the higher limiting boundry of the 

contact; the closest 56,500 gamma value to the 57,000 gamma 

value was interpreted as the lower boundry of the contact. The 

contact, therefore, is shown as a zone between 57,000 gammas 

and 56,500 gammas.  

F3.1.6 Interpretation 

Step offsets of the 57,000 gamma contour are easily 

seen. The step offsets (or discontinuities) are more easily 

seen along this contour because of the more pronounced nature 

of the magnetic readings as the survey lines approach the 

Cortlandt. The ambiguity of the contact zone becomes less 

pronounced here. Seven discontinuities are seen along the length 

of the reference baseline. Only the most pronounced of these 

seven will be discussed. Two major discontinuities are seen 

at Station 4+50 and Station 22+50. These discontinuities 

may very well be indicative of the horizontal component of 

faulting; however, two assumptions must first be made: 

1) The Cortlandt-Manhattan contact was, to 

begin with, a smooth continuous contact; and
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2) Weathering along an overlapping contact 

has not produced the discontinuities.  

The two major offsets appear to have right-lateral 

movment. This is indicated by the apparent displacement of the 

contact face and apparent drag of the two contour values.  

Another relatively large discontinuity is seen be

tween Stations 6+50 and 7+00. This appears left lateral 

with an apparent offset of approximately 130 feet. No drag 

of the contour lines are seen near this presumed structural 

feature.  

F3.2 REGIONAL SURVEY 

A reconnaissance magnetometer survey was conducted 

near the old Tiorati Brook Road, located on Thiells Quadrangle.  

The area of the survey was at the junction of two valleys: 

an east-west valley, and a southwest valley. It is believed 

that the east-west valley is faulted and offsets the south

west valley. A diabase dike seen in a road cut at the junction 

of the valleys strikes approximately N550 E. The trend of the 

dike would place it within the southwest valley. The magne

tometer survey was attempted to follow the dike from the road 

cut up the southwest valley to determine if any apparent offset 

of the dike, and, therefore, the valley, could be detected.  

It was concluded, however, that the apparently small 

difference in the magnetic susceptibility of the diabase dike 

and county rock (gneiss), and the large amount of anomalous
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",noise" from the glacial deposits in the area, precluded a posi

tive identification of the dike. The investigation was, there

fore, terminated.
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APPENDIX G 

PHOTOGEOLOGY 

G1 INTRODUCTION 

The photogeology study for the Indian Point fault in

vestigation involved remote sensing work utilizing both satel

lite imagery and aerial photography.  

The area investigated on the satellite imagery encom

passed some 1,200 square miles. The purpose of the investiga

tion was to delineate the major lineaments within this area.  

Lineaments of interest are rectilinear topographic features 

which are structurally controlled. Frequently, lineaments are 

the surface manifestation of faulting. To ensure that all the 

major lineaments were observed, all bands available for each 

frame were analyzed. This approach is necessary because the 

different bands emphasize different geologic/geomorphic condi

tions. For example, band No. 7 shows drainage much better 

than the other bands.  

The area investigated on the 1/60,000 aerial photo

graphs encompassed some 400 square miles. The purposes of 

this investigation was to provide a higher resolution view of 

the lineaments detected on the satellite imagery and to detect 

additional lineaments not observable on the satellite imagery.  

With a higher resolution view, a more confident assessment of 

the cause of the lineaments was made. This is desirable be

cause there are geomorphic and geologic conditions, not related 

to faulting, that will cause a lineament to be expressed at
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the earth's surface. For example, bedding changes are frequent

ly expressed as sharp lineaments on the imagery. Better resolu

tion obtainable on .the 1/60,000 aerial photographs also permits 

accurate placement of the satellite lineaments onto base maps.  

With these base maps (1/24,000 topographic maps), the lineaments 

from both the satellite imagery and the 1/60,000 photos can be 

checked in the field.  

The 1/24,000 aerial photographs have a corresponding 

higher resolution than the 1/60,000 photographs. Anf inherent 

difficulty, however, is that the higher resolution is obtained 

at the expense of losing the broad view of the terrain. It 

becomes difficult, therefore, to track features for long dis

tances with the 1/24,000-scale photography. The 1/24,000 

photos were used only when higher resolution was required. For 

example, the photos were used: (1) when specific problem areas 

were pointed out by the field geologist; (2) when a questionable 

lineament from the 1/60,000 photo analysis needed a higher re

solution analysis; or (3) when specific areas deemed essential 

to our understanding of the regional or site geology needed a 

more detailed analysis. Analyses of Dunderberg mountain, the 

immediate vicinity of the site, Hook Mountain, and Cedar Brook 

Creek were some of the areas that required the use of these 

1/24,000 photos.
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G2 IMAGERY AND AERIAL PHOTOGRAPHY USED 

G2.1 Imagery 

The satellite imagery used for the study was obtained 

from Photo Science Corporation of Gaithersburg, Maryland. Ima

gery was in the form of 20" x 20" black-and-white prints at a 

scale of 1/500,000 (Imagery I.D. Nos. 1258-15080, 1979-15124).  

A 30' x 30' false-color composite print at a scale of 1/250,000 

(imagery I.D. No. 1079-15124) was also obtained.  

Images from the ERTS satellite comprise individual 

scenes (frames) recorded in different parts (bands) of the elec

tromagnetic spectrum. Each frame covers an area of approximate

ly 13,225, square miles. Bands 4, 5, 6, and 7 of each frame and 

the false-color composite were used in the interpretation.  

Band 4 is recorded in the 0.5 to 0.6 micrometer part of the vis

ible spectrum (green light); band 5 is recorded in the 0.6 to 

0.7 micrometer part of the visible spectrum (red light); band 6 

is recorded in the 0.6 to 0.7 part of the near-infrared spec

trum; and band 7 is recorded in the 0.8 to 1.1 micrometer part 

of the near-infrared spectrum. False-color composites are made 

by overlaying and printing 3 bands of the same frame. The three 

bands are assigned three different colors (yellow, cyan, and 

magenta) that do not correspond to the part of the spectrum re

corded by the bands and, hence, these composites are termed 

"false color".  
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G2.2 Aerial Photography 

The high-altitude aerial photos used for the study 

were obtained from the Eros Data Center at Sioux Falls, South 

Dakota. These photographs are in standard 9" x 9" black-and

white print format at a scale of 1/60,000. Low-altitude aerial 

photos were obtained from Lockwood, Kessler and Bartlett, Syos

set, New York. These photographs were also in standard 9" x 9" 

black-and-white print format at a scale of 1/24,000.  

G3 METHODOLOGY 

In the satellite imagery analysis an acetate overlay 

was initially prepared showing all of the lineaments for band 7 

of each frame. These overlays were then registered to bands 4, 

5, and 6 of their corresponding frames, and any additional lin

eaments observed on these frames were added to the overlays. It 

was possible to observe the study area in stereo due to the suf

ficient number of adjacent frames. Using a mirror stereoscope, 

corresponding bands of the adjacent frames with their previously 

analyzed overlays were studied stereoscopically. This added a 

three-dimensional view of the lineaments, providing a more con

fident assessment of the lineaments. This assessment was fur

ther refined when the analysis of the 1/60,000 aerial photo

graphs was completed. The assessment, presented in Table G3-1 

shows: (1) the number of each lineament, (2) the strength (by 

which is meant how easily the feature is recognized on the ima

gery), (3) the length in miles, (4) the strike of the lin

eament, and (5) the geologic/geomorphic conditions which appear 

to be controlling the lineament. These conditions are:
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(a) Topographic Alignments (TA) - anomalously 

straight sections of ridges and valleys or more 

subtle topographic highs and lows; 

(b) Drainage Alignments (DA) - anomalously straight 

stretches of streams, lakes or rivers; 

(c) Topographic Offset (TO) - distinct offset of 

ridges and valleys or more subtle topographic 

highs and lows; 

(d) Stratigraphic Offset (SO) - distinct offset in 

key beds and other stratigraphic units or offset 

of folds or intrusives; and 

(e) Tonal Anomalies (TN) - changes in photographic 

tones which may reflect changes in vegetation 

slope, or drainage.  

Another very important conditions noted in Table G3-1 

is the coincidence with a mapped fault (CMF). This determination 

was arrived at by transferring the lineaments from the 1/500,000 

scale black-and-white ERTS frames to the 1/250,000-scale false

color composite ERTS frames. Any additional lineaments seen at 

1/250,000 scale were then added to the overlay and the table.  

Prominant natural and cultural features were traced from the 

1/250,000-scale frame onto the overlay for control. This over

lay was then fitted to the 1/250,000-scale Geologic Map of 

New York State (1970), and the determination of whether a lin

eament was coincident with mapped faults was made and noted in 

Table G3-1.
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Before analyzing the 1/60,000-scale aerial photog

raphy, a print laydown of all the photographs was made. The 

laydown served as a large photo index and was useful in main

taining a regional overview. It also aided in positioning ERTS 

lineaments on individual 1/60,000 photos. In analyzing the 

1/60,000 photos, acetate overlays were prepared and the ERTS 

lineaments transferred. The photos were then examined with a 

mirror stereoscope, and additional lineaments seen only on the 

1/60,000 photos were delineated. The same procedure was follow

ed when specific areas were analyzed on 1/24,000-scale photo

graphs.  

The lineaments observed on the ERTS imagery and on the 

1/60,000 and 1/24,000-scale photographs, and the mapped faults 

of the area, are all shown on Plate G-I. This base map was 

made from photographically reduced topographic maps onto which 

the lineaments and mapped faults had been transferred. A zoom 

transfer scope, manufactured by Bausch and Lomb, was used to 

transfer the data to the base map. The base map also served as 

a means of filtering out spurious, culturally controlled linea

ments such as transmission lines.  

The 1/60,000 and 1/24,000 lineaments were compiled 

onto the base map, and the strike of each was recorded. These 

trends are grouped by the physiographic region in which they 

occurred. There are three of these major regions within the 

area of study: the Hudson Highlands, the Manhattan Prong, and 

the Triassic Basin. The trends of the ERTS lineaments, previ

ously recorded in Table G3-1, were also grouped into these
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three regions. A plot of the frequency versus trend was then 

made for each physiographic region. A 50-interval in recording 

the trends was chosen as the best compromise between graphic 

representation and data compression. Some 317 lineaments were 

recorded in the Hudson Highlands; 105 were recorded in the Man

hattan Prong, and 58 were recorded in the Triassic Basin.  

G4 RESULTS OF ANALYSES 

G4.1 Regional Analysis Results 

The Precambrian rocks of the Hudson Highlands are the 

oldest rocks of the area and have been affected by many deforma

tional events. The dominant fold trends observed on remote sen

sing imagery in the Hudson Highland range from about N30
0 to 

450E. The trend versus frequency histogram define the following 

dominant lineament directions: N20E, N120 E, N23 0E, N33 0 E, and 

N43°E. Noticeably smaller peaks are centered N14°W, N27
0 W, 

N67 0W, N750W, N620 E, N720 E, and N820 E. It is obvious that the 

major peaks in the Hudson Highlands occur between N7
0W and 

N47 0E. The NNW, WNW, ENE, and E-W directions represent subor

dinate trends (see Plate G-2).  

The Manhattan Prong consists of deformed Cambro

Ordovician metasedimentary rocks. In the vicinity of the site, 

the dominant fold trend is N30 0 to 350E. North of the site near 

Kingston and Poughkeepsie and south of the site near Dobbs 

Ferry, the dominant fold trend is N1
0 ° to 200E (New York State 

Geologic Map, 1971). The histogram of trend versus frequency of
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lineaments defines a broad peak between N10 °W and N15 0E. A 

strong peak also occurs at N37 0E. Other subsidiary peaks occur 

at N50E, N67 0E, N350 W, N47 0W, N640W, N740W, and E-W (see 

Plate G-2).  

No fold trend was recognized on the remote sensing 

imagery in the Triassic rocks of Rockland County, New York. One 

dominant linear trend (N31E) is apparent on the trend versus 

frequency histogram. Other subsidiary peaks occur at N13 0E, 

N22 0E, N35 0E, N500E, N87 0E, N70W, N170W, N40°W, N570W, and 

N820 W.  

It is interesting to note that the dominant lineament 

trends, striking between N10 °W and N45 0E, occur in all three re

gions. These trends decrease in intensity from the Precambrian 

to the Triassic. Therefore, it may be reasonable to conclude 

that the lineaments developed genetically during the Precambrian 

and propagated into the younger rocks by reactivation of move

ment along pre-existing trends during the deformation of the 

younger rocks. This observation seems to apply also to the sub

sidiary peaks. Alternatively, the style of deformation of the 

younger rocks may have been controlled by the position of the 

Precambrian block. The development of new fractures in both 

the Precambrian and younger rocks, during the Paleozoic and 

Triassic tectonic events, occurred along the same old estab

lished trends.
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G4.2 Results of Specific Areas Analyses 

G4.2.1 Peekskill Hollow Fault 

On ERTS imagery and the 1/60,000 aerial photographs, 

the Peekskill Hollow Fault (lineament 1) appears to be offset 

(see Plate G-l). The Peekskill Hollow Fault trends N410E.  

The lineaments which appear to offset it trend N41°W and N12 0W.  

Both of these offsetting lineaments are coincident with mapped 

faults (New York State Geologic Map, 1970). However, on the 

state map the more northerly trending lineament trends N50E, and 

on the photos and ERTS it appears to trend N120W. The N12 0W 

lineament appears to offset the Peekskill Hollow Fault right

laterally as seen in the vicinity of Adams Corners. The oppo

site sense of movement is seen on the state map.  

The N41°W lineament, as seen in the vicinity of Boyd 

Corners Reservoir, suggests a right-lateral displacement of the 

Peekskill Hollow Fault. This concurs with the sense of movement 

on the state map. This sense of movement is also seen at South 

Branch Reservoir. At the reservoir, an Upper Proterozoic bio

tite gneiss is also right-laterally offset by the N41°W linea

ment.  

It seems that, at least, at these locations the N41°W 

and N120W (N50 ) faults are younger than the N41 0E Peekskill Hol

low Fault.  

G4.2.2 Dunderberg Mountain 

A detailed analysis of Dunderberg Mountain was done 

on 1/60,000 and 1/24,000 aerial photographs (see Plate G-l, 

inset A). The analysis revealed north-south and north-northeast
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lineaments, many of which were coincident with those mapped by 

Ratcliffe (1975). The offsets of the northeast faults by these 

north-south and north-northeast faults were not observed on the 

photographs (as mapped by Ratcliffe). It is possible that these 

offsets are not observable at the scales of the aerial photo

graphs used.  

It was observed, however, that a major northwest

trending lineament appears to offset a major northeast-trending 

lineament. The northeast-trending lineament (3) is located near 

the base of Dunderberg Mountain, and has been interpreted by 

Ratcliffe (1975) as an extension of the Peekskill Fault. Sever

al smaller northwest, north-northwest, and east-west lineaments 

were also observed on Dunderberg Mountain.  

G4.2.3 Ramapo Fault 

Analysis of 1/60,000 aerial photographs and ERTS ima

gery suggests that beginning at about Ladentown, New Jersey (see 

Plate G-l) the Ramapo Fault splays into many parallel to sub

parallel branches. One mapped branch, which is just east of 

Thiells, appears to align up with and extend to the site. Spe

cifically, it appears to align with a lineament trending N38 0E 

that extends from Verplanck Point to Uriah Hill School. If this 

is one continuous branch, then a splay of the Ramapo Fault ex

tends through the vicinity of the site.  

Strong northwest trending lineaments are apparent at 

Cedar Brook Creek, Suffern, and Bensons Point; north-south

trending lineaments are also observed in these areas. These 

northwest and north-south lineaments cross the northeast trend
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of the many splays of the Ramapo. No offsets of the Ramnapo 

splays by the northwest and north-south lineaments were observed 

at Bensons Point or at Cedar Brook Creek. It may be that such 

offsets exist but cannot be observed at the scale of the photo

graphs. It is suggested that at these locations the northwest 

and north-south lineaments may have formed due to movement on 

the Ramapo and, thus, represent antithetic shears.  

However, at Suf fern, there is some indication, al

though rather weak, that the Ramnapo may be offset by northwest 

and north-south lineaments. This suggests that north-south and 

northwest lineaments, at least in the vicinity of Suf fern, may 

possible postdate movement on the Ramapo.  

G4.2.4 County Asphalt Quarry 

When this area was first analyzed on ERTS imagery, a 

major N55*W lineamnent was recognized which parallels Popolopen 

Brook. This area is of concern because northwest-striking nor

mal faults within Pleistocene deposits (see Appendix D) have 

been recognized in County Asphalt Quarry. This lineament passes 

within 500 feet of the quarry, which may imply a genetic rela

tionship. The lineament was observed with greater resolution 

on the 1/60,000-scale photos and extended further to the north

west and southeast. To the southeast, this lineament extends 

at least to a topographic feature named the Tomne (see Plate 

G-1), and possibly extends through the Tomne to the Hudson 

River. To the northwest, it extends to the crest of a hill 

about 1-1/2 miles east of County Asphalt Quarry. On the western
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side of this hill, in the parallel 'adjoining valley, is a major 

northeast-trending lineamnent. This lineamnent is coincident with 

mapped faults that appear on the New York State Geologic Map 

(1970). Dodd (1965) mapped the northwest-trending lineament as 

a megashear whose movement sense is unknown.  

Two additional northwest-trending lineaments were ob

served between County Asphalt Quarry and the hill to the east 

of the quarry. Both of these lineaments appear to termin~ate 

against the northeast-trending lineament that parallels the 

western side of the hill. The more southerly of these linea

ments extends within 1,000 feet of the quarry and was mapped by 

Dodd (1965). It is aligned with the major northwest lineament 

that parallels Popolopen Brook. The more northerly of these 

northwest-trending lineaments is about 1. mile north of County 

Asphalt Quarry, and appears as a mapped fault on the N.Y'.S. Geo

logic Map..  

It appears, on the basis of the photo analysis, that 

these two lineaments are two separate features, the alignments 

of which do not necessarily imply a genetic relationship. It 

must be emphasized, however, that the southernmost lineament, 

which appears to align with the Popolopen Brook lineament, could 

be one continuous feature.  

G4.2.5 Site 

A major N590W-trending ERTS lineament (15) was ob

served only at the scale of the satellite imagery. This linea

ment, which passes within three miles of the site, is rather
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weak on the imagery, and is expressed as a topographic and drain

age alignment. However, this feature extends from the New Cro

ton Reservoir to the Hudson River, a distance of some 13.1 miles, 

and aligns approximately with lineament (43) which is coinciden

tal with, the mapped fault that trends towards County Asphalt 

Quarry. It is not known if this lineament (15) can be joined to 

lineament (43) as one continuous feature, or whether two sepa

rate features are indicated. More importantly, it is not at all 

certain that lineament (15) is structurally controlled.  

Another weak feature observed on the satellite im

agery is lineament (14) which extends from Lents Cove to Chim

mery Corners (see Plate G-l). This feature trends N160W to 

N36 0W and is some 4.4 miles long and passes within one mile of 

the site. It appears that the lineament may be the contact be

tween the Manhattan Prong and the Cortland Complex rocks for a 

portion of its length. However, to the northeast it appears to 

cut across Cortland rocks. Again, it is not at all certain 

that this feature is structurally controlled.  

At the scale of the 1/60,000 and 1/24,000 aerial 

photographs in the immediate vicinity of the site, the dominant 

trends observed are north-northwest, north-northeast, and east

west. Of the lineamehts observed, the most prominent extends 

from Verplanck Point to the Uriah Hill School. The lineament 

trends N38°E and portions of it have been observed in the field.  

It is tentatively suggested that this lineament may be a con

tinuation of a splay off the Ramapo Fault, as discussed pre

viously.
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G4.3 Remote Sensinq Interpretation 

A multitude of structural elements has resulted from 

Precambrian, Paleozoic and Mesozoic tectonism (Appendix C2, C4, 

C5, and C6). Partial resolution of the complex pattern of linea

ments, which resulted from these successive events, was achieved 

by comparing the orientations of the major folds to those of 

the lineaments seen in both Precambrian and Paleozoic rocks.  

The areas underlain by each of these two groups were analyzed 

separately, yet because the regional grain seen within the Pre

cambrian and Paleozoic terrain is parallel, the following dis

cussion is fundamental to both areas. This discussion is pre

dicated upon the mechanical behavior of rocks in which folds, 

extension fractures, and conjugate transcurrent faults are pre

dictable products of regional horizontal compression. Further

more, the stress system responsible for the deformation can be 

inferred from the two-dimensional fold geometry, assuming no 

block rotation about a vertical axis subsequent to the folding.  

Fold traces should be perpendicular to the greatest principal 

stress. Extension fractures should be parallel and perpen

dicular to the greatest principal stress. Conjugate strike

slip faults will be inclined at about 300 or less to the 

greatest principal stress (e.g. Hubbert, 1951, and Muehlberger, 

1961).  

Major folds in the study area were observed on aerial 

photographs and ERTS imagery to trend N30 0-45*E in the Precam

brian Hudson Highlands and N30 0-35°E in the Lower Paleozoic Man

hattan Prong. Many major lineaments show trends coincident with
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the axial traces of folds (Plate G-2) and are thus interpreted as 

expressions of upturned beds and extension fractures which form

ed as a direct consequence of folding. Based on the assumptions 

presented in the previous paragraph, conjugate strike-slip faults 

should strike about N150W, N300 W, N75°W, and N90°W. Large-scale 

linear features in the Hudson Highlands define peaks oriented 

N150 W, N300 W, N69*W, and N850 E. Lineaments trending N30OW and 

N85 0E can, therefore, be interpreted as respective left- and right

lateral strike-slip faults associated with folds which trend 

N300E, whereas N150W lineaments are inferred to be left-lateral 

faults related to N45 0 E folding. The lineaments which define 

the N68 0W peak may be interpreted alternatively as extension 

fractures related to the N30 0E fold or as right-lateral faults which 

are cogenetic with N45 0E folding. No distinct N45 0 E peak was 

defined, although lineaments showing this orientation were recog

nized. Movement plans, which correspond to these predicted, 

were recognized on the ground by the field geologists (ref.  

Appendix C2, C4, and C5). Fractures which formed during Pre

cambrian orogenesis and those attributed to Paleozoic or young

er tectonism cannot be differentiated by utilizing remote sens

ing imagery, though it is likely that Paleozoic features have 

been superimposed on Precambrian rocks. This interpretation was 

confirmed by field work done in the Hudson Highlands.  

Many lineaments in the Manhattan Prong cluster about 

N350W, N480 W, N64 0W, N750 W, N87 0W, and N87 0E peaks (Plate G-2).  

Based on the predicted relationships of cogenetic development of
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folds and fractures, the strikes of left-lateral shears in the 

Manhattan Prong should range between N25 0W and N30°W, those of 

right-lateral shears between N85 0W and N90°W, and those of ex

tension fractures between N550W and N600W. Though the fit of 

predicted trends to actual trends is not as good in the Manhat

tan Prong as in the Hudson Highlands, the following interpreta

tions are nonetheless suggested: N35 0W lineaments correspond 

to left-lateral shears, N87 0W and N87 0E to right-lateral shears, 

and N48 0W to N64 0W to extension fractures. These interpreta

tions are consistent with field observations (ref. Appendix C2 

and C5). Based on an acute dihedral angle of 600, no explanation 

can be offered for the linear features which trend N75 0W. How

ever, they have been identified on the ground as right-lateral 

faults; thus, they probably formed with a smaller acute dihedral 

angle (see Muehlberger, 1961). Though the N48 0W and N64°W trends 

are inferred to have formed as extension fractures, they have ex

perienced lateral movements (ref. Appendix C2, C4 and C5). This 

apparent discrepancy may be explained by slight changes in the 

stress sytem during the protracted deformation which affected 

the study area.  

Peaks corresponding to lineaments trending N03°E, 

N120 E, N23 0E, N60 0E, and N75 0E in the Hudson Highlands along with 

those oriented N03 0E, N53 0E, and N67 0E in the Manhattan Prong 

(Plate G-2) represent residual sets which are apparently unre

lated to the regional N300-450E folding. It is, therefore, likely 

that they may be, at least in large part, due to a younger event.
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In the Triassic Basin many lineaments define rather 

strong N03°E and Nl20E peaks with lesser concentrations at N22°E, 

N35 0E, and N45*-670E (Plate G-2). Within the interval from 

N45 0-670 E, there is a distinct peak at N50°E. Right-lateral 

faults, striking between N03 0 and 250E in both the Manhattan 

Prong (N03°-250E, ref. Table C5-3) and in the Triassic Basin 

(NI3°E, Ref. Table C6-1), correspond to lineaments identified in 

the Triassic Basin. The lineaments in the interval N45 0-670 E 

compare favorably with left-lateral faults recognized in the 

Manhattan Prong (N430-650 E, ref. Table C5-3) and in the Triassic 

Basin (N520-740E, ref. Table C6-1). It was established in the 

Manhattan Prong that these faults are younger than those as

sociated with regional folding (ref. Section C2). Due to the 

fact that similarly oriented and kinematically related strike

slip faults were also observed within the Triassic Basin, it was 

suggested that the faults in the Manhattan Prong and those with

in the Triassic Basin are cogenetic and, therefore, younger than 

the Triassic rocks (ref. Section C2). Thus, the residual peaks 

seen in the Hudson Highlands and in the Manhattan Prong, along 

with a large number recognized in the Triassic, are interpreted 

as, at least in part, representing the expressions of a fault 

system which is Triassic or younger in age.  

North-northwest to west-northwest lineaments along 

with nearly east-trending lineaments have also been identified 

in the Triassic Basin. Normal faults in the Triassic of Rock-
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land County strike N44 0-81°W (ref. Table C6-1); thus, the north

west to nearly east-trending lineaments may be megascopic ex

pressions of these faults. No explanation can presently be 

offered for the north-northwest trending lineaments.
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TABLE G.3-1 

TABULATION OF ERTS LINEAMENTS 1

Frames 1258-15080 
1079-15124

Bands 4,5,6,7

Number / Strenqth / Lenath (mi)
/- Le at (mi) E-j *r1.L'rSLL LL.L ~ IUtIt / t 0.d4 r end.. comments_

very strong 

very strong 

very strong

strong 

strong 

strong 

strong 

medium

6.6 
9.6 

9.3 
3.9 
5.0 

2.5

3.6 

6.0 
3.4 

5.6 

6.3 
5.0 

2.4 
3.8

DA + TA 
CMF 

SO + TA 
CMF 

DA + TA 
SO to the 
CMF 

TA, CMF 

TA + DA 

CMF 

DA, CMF

SA, CMF 

TA

fault 

fault 

fault

fault 

fault 

fault

possible 
fault 
and fault 

possible 
fault

N51E 
N41E 

N31E 
N2 OE 
N34E 

N73E

N12W 

N41E 
N47E 

N41W 

N45E 
N51E 

N4W 
N6E

Extends Peekskill Hollow 
Brook fault to South 
Canopus Valley

Extends Peekskill fault 
to the west 

Possible right lateral 
movement of along 4 

Appears to truncate 
S limb of fold 

Appears to terminate 1 

Only portion is coinci
dent with mapped fault 

Possible right lateral 
offset of lineament 
2 by 8

0

I
TA - topographic alignment, DA - drainage alignment, TO - topographic offset, SO - stratigraphic offset, TN - tonal anomalies, CMF - coincident with mapped fault 2 Unless noted in comments lineaments are with Hudson Highlands



0

Number / 

9 

10 

11

Strength 

strong 

strong 

strong

weak 

moderate 

weak 

very weak

weak 

moderate 

moderate

TABLE G.3-1 (Continued) 

Frames 1258-15080 Bands 4,5,6,7 
1079-15124 

Length (mi) / Evidence1  / Weight / 

9.3 TA + DA fault 
CMF 

7.5 SA, CMF possible 
3.3 fault and 

fault 

11.4 SO, CMF possible 
fault and 
fault 

2.8 TA possible I 

2.3 DA + TA possible 

4.4 TA possible 

13.1 TA + DA possible

3.8 

5.1 

2.0

TA 

TA 

SO + TO

possible 

possible 

probable

Trend / Comments2 

N31E

N25E 
N13E 

N454E

Only small southern 
portion coincident 
with fault 

Only small southern 
portion coincident 
with fault 

Appears to offset 10 

In Manhattan Prong 

In Manhattan Prong 
Portion Might join 43 
may be coincident 
with mapped fault 

Appears offset 

Appears to offset 16.

Nql2E 

Nq22E 

2 8W 

459W 

80W 

g37E 

llE

b 

1:1



0

Strength 

moderate 

weak 

moderate 

weak 

moderate 

moderate

strong

weak

very strong

TABLE G.3-1 (Continued) 

Frames 1258-15080 Bands 4,5,6,7 
1079-15124 

Length (mi) / Evidence1 / Weight 

3.5 TA, CMF fault 

5.8 DA possible 

1.9 DA possible 

9.6 DA + TA possible 

3.6 TO + SO fault

Number 

19 

20 

21 

22 

23 

24 DA 

TA, CMF

TA + DA

possible 

fault 

possible 

probable

I 

I 
I 

I

0.61 
1.3 

3.4 
1.9 

8.9 
2.9 

5.3

Trend 

N54E 

N4 6W 

N34W 

N22E 

N73E 

IOE 
I.50E 

N53E 
N3lE 

8 1E 
N8 5E 

438E

/ Comments
2 

In Manhattan Prong 

In Manhattan Prong 

Trace of Peekskill 
fault 

In Manhattan Prong 

Appears to offset 
Schunnemunk Mt.
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TABLE G.3-1 (Continued)

Frames 1258-15080 
1079-15124

Bands 4,5,6,7

Number / Strenqth / Lencth (mi)
/Iea h (i ~ rqn,= / m...... M .4 2

very strong 6.4 TA, SA, CMF fault N31E Off base map greater 
than 15 mi from site

moderate

strong

very strong

strong

moderate

strong

moderate

strong

7.5 

3.3 

5.2 
2.3 

7.9 
2.6 

4.1 
1.4 

20.9 
2.9

SO, CMF?

SO, CMF

SO, CMF

TA, CMF

SA, CMF

SO + TA1.8 
3.8 
2.5 

5.3

probable 

probable

fault

fault

fault

fault

possible

possible

N73E 

N4 OE 

N77E 
N85E 

N18E 
N4-2E 

N3 5E 
N23E 

N31E 
N37E 

N84E 
N47E 
N80W 

N12W 
N32E

Extends a mapped fault

Trace of Ramapo

May join 25

Offsets 42

0 

~33
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Frames 1258-15080 
1079-15124

Bands 4,5,6,7

Number / Strenqth
Evdec 1J~~ .'JLLL1L TA, i 1, 4- M IQ~-~.~ 2

/ Length (mi)

moderate

strong

moderate 

moderate

moderate 
to strong 

weak

strong

moderate

4.0 

3.4 

3.0 

4.3 
3.3 
1.5 

1.8 
4.3 
3.3 

6.6 
2.3 

3.1

SO + TA

DA + TA 
OMF

SO, CMF 

TA

TA, CMF

4.5 
2.9

TA + SO 
CMF

possible 

probable 

possible 

possible

fault 

possible

fault

probable

N31E 

N39W 

N84E 

N31E 
N37E 
N48E 

N8OE 
N61E 
N42E 

N54E 

N83W 

N55W

N68W 
N74W

Only portion coincident 
with mapped fault

May join 15? Heads to
wards County Asphalt 
Quarry 

Manhattan Prong Triassic 
and Highlands; trends 
across Ramapo splays

S 

TABLE G.3-1 (Continued)
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TABLE G.3-1 (Continued)

Frames 1258-15080 
1079-15124

Bands 4,5,6,7

Number / Strenath / Lenath (mi)
1 

/ Evidence Weicrht / Trend / Comments2

moderate 4.3 
2.5

TA + DA possible N7 1E 
N82W

In Manhattan Prong, 
Highlands and Triassic; 
trends across Ramapo 
splays

SO, DA + TA

TA + DA

possible 

possible

N7 OE 
N85E 

N31E Off base map, greater 
than 14 mi from site

moderate

strong

very strong 

strong

strong

1.6 
1.9 

1.6 

3.3 
1.5 
1.8 

4.4 
3.6 

8.5

TA + DA 
CMF

TA, CMF 

TA, CMF 

TA + DA 
CMF

possible

fault 

fault 

fault 

fault

N30E 
N23E 

N18E 

N32E 
N2 3E 
N40E 

N40E 
N77E 
N84E 

N37E

Splay off Ramapo? 

Off Ramapo? 

Extension 55, offset 
by 41?

strong

strong

4.3 
4.3 

5.1

Number / / Length (mi) Evidence I Trend / Comments 2 Strength Weiaht /



S

Strength 

strong 

strong 

medium 

weak

weak

weak

weak

medium

medium

/ Length (mi) / 

2.3 

2.9 

3.8 

1.9

4.3 

1.9 

3.0 

2.4

Evidence / 

TA 

TA 

TA 

TA

TA, CMF

TA + SA4.6 
3.9

Number 

53 

54 

55 

56

fault

fault

TrendWeight 

possible 

possible 

possible 

possible 

possible 

possible 

possible

N30E
CMF N39E

Comments
2

Nl 1E 

N50E 

N72E 

N81W 

N31W 

N15E 

NlW 

N47E

0 

TABLE G.3-1 (Continued) 

Frames 1258-15080 Bands 4,5,6,7 
1079-15124

In Manhattan Prong 

In Manhattan Prong 

Extension of Peekskill? 

Off base map in Triassic 
Basin over 10 mi from site 

Off base map in Triassic 
Basin over 10 mi from base 

Off base map in Triassic 
Basin over 10 mi from base 

Off base map in Triassic 
Basin over 10 mi from base 

Off base map in Triassic 
Basin over 10 mi from base 

Off base map over 10 mi 
from site



0

Frames 1258-15080 
1079-15124

Bands 4,5,6,7

Number / Strenqth / Lenath (mi) I
/ -Le at -mi 4 'k..-- 41 L-1IA / '.'1ULI

fault 

fault 

fault 

possible

slightly 
possible 

slightly 
possible 

possible

fault

N41E 

N4 1E

Off base map over 12 mi 
from site 

Off base map over 12 mi 
from site

N36E

N22E

N89E 

N7E

N88W 
N8 OW 

N84E

TA + SA 
CMF 

TA + SA 
CMF 

TA 
CMF 

TA

Off base map in High
lands over 10 mi from 
site

0 

TABLE G. 3-1 (Continued)

0

2.6 

5.1 

2.3 

0.81

medium

medium

medium

medium

weak

weak

medium

medium

Appears to offset 45 and 
trend across a (Ramapo 
splay?) 

Off base map in Triassic 
Basin 

Off base map in Triassic 
Basin over 10 mi from 
site

1.9 

3.0 

1.5 
2.4 

2.6 TA, CMF
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TABLE G.3-1 (Continued)

Frames 1258-15080 
1079-15124

Bands 4,5,6,7

Number / Strenqth / Lenath (mi) /
/ e a---i E i e -- - d - / r 14. f-* 4- 2'JLfL1

slightly 
possible

slightly 
possible

NIE Off base map in Triassic 
Basin over 10 mi from 
site

N5W

1.3weak

weak 3.8
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HI Mineralogy - Andreas H. Uassilion



ANDREAS H. VASSILIOU - Mineralogist

MINERALOGICAL REPORT- for 

Slavomir A. Zalewski of 
Dames & Moore 

Samples 

Nine samples described as representing "fracture" 
mineralization from the general vicinity of the Cortlandt 
complex (New York) were submitted by Mr. Zalewski for mineral 
content analysis. A; preliminary physical description of the 
samples is as follows$ 

SCA-2 - A massive dark gray carbonate (dolomitic) rock, 
somewhat friable, with irregular patches or veinlets 
of light-colored carbonate (calcite) and associated 
silica, brown mica, and sulfides. Parts of sample 
weathered or stained (limonite).  

SCA-1O - General matrix of sample similar to SCA-2. Sliced 
portion of sample shows very clearly the presence of 
pink calcite veins or veinlets (some with very sharp 
vein walls) and associated sulfieds (generally 
disseminated small grains) and silica.  

SB-3 - Generally light gray, highly friable, medium to 
coarse-grained rock that seems to consist mainly of 
carbonate material(dolomite) and associated silvery-.  
white mica (multiple orientation of flakes) and a 
light-gray silicate (feldspsi?) 

S2 - The matrix is a fine-grained light-colored carbonate (with some small patches of silica); associated dark
colored material seems to represent fracture filling 
in the matrix. The vein consists mainly of a greenish prismatic to fibrous material (tremolite-actinolite?) 
with associated micaceous material.  

SB-30 - Denne or fine-grained dolomitic rock with some 
shallow or film-like secondary deposition on what 
seems to be the wall of a joint surface. The secondary 
material Is dark-brown and very fine-grained but 
crystals (dod.ecahedrorn are visible(under magniflcation) 
exhibiting submetallic to metallic luster.
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ND-7 - Matrixi fine-grained mica schist 
Veins Zeolite crystals( white radiating, prismatic, 

and light gray short prismatic individuals) 

SA2-6 - Matrix: .Fine-grained, light gray dolomitic rock 
Vein material(dark layer): calcite crystals, 

mica and silicates.  

BA2-3 - Very light-gray dense carbonate matrix with some vein 

I mineralizations mostly fine micaceous material 
and 

associated disseminated sulfide grains.  

SA2-4 - Matrix generally similar to SA2-3 1 the fracture 
deposition is mainly a mAcaceous material with 
other associated silicates.  

Analytical Procedure and Techniques 

Weighted mineral fractions from each sample were obtained 

through crushing, sieving, separation into lights and heavies with 

bromoform, and separation on the basis of magnetic susceptibility 
(Frantz). Identification ofeach weighted mineral fraction was based 
on: 

1. specific gravity 
2. magnetic susceptibility 

. microscopic Optical) properties 
x-ray diffraction (diffractometer and powder camera) 

In addition, the identification of some minerals was based in part on 
special tests: 

1. weight percent of whole rock soluble in sl HCl = percent 
carbonate (calcite and dolomite).  

2. percent orthoclase feldspar (or k-feldspar) determined on 
basis of sodium cobaltinitrite stain.  

3. x-ray fluorescence analysis of mineral separates to 
determine chemical composition.  

Results of Analysis (All pertinent x-ray charts enclesed) 

The mineral composition of the samples was found to be as follows: 

SCA-2 (bulk): 
40 - 45 % carbonate (predom. dolomite with some calcite) 
30 - 35 % phlogopite 
10 - 12 $ quartz 

5 % muscovite 
2 % prite 

plus trace of limonite, magnetite, k-feldspar, and 
chlorite or amphibole.  

Notes On the basis of ratio of soluble (HC1 li) to 
non-soluble, the carbonate content of sample was 

calculated as 42 percent.  
H-2
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SCA-10: 
Generally similar in bulk composition to sample 
SCA-2. Veins of pink calcite were specifically x-rayed 
to determine the exact nature of its composition. The 
analysis suggests the presence of ordinary and relatively 
pure calcite.  

SB-3 (bulk), 
72 % carbonate (dolomite with minor calcite) 
20 % muscovite 
7 % K-feldspar (microcline structure) 

plus trace of quartz and phlogopite 

S2, 
Matrix - 97 % dolomite 

3 % quartz.  
Vein 45 % pyroxene-amphibole 

38 % calcite 
10 % muscovite 
4 % pyrite 
3 %phlogopite 

plus trace of quartz 

* The greenish prismatic to fibrous "pyroxene-amphibole* 
(in general appearance suggesting tremolite-actinolite) 
was found, on the oasis of x-ray diffraction, to be 
poorly crystalline in spite of Its apparent physical 
crystallinity. The x-ray spectra suggest that the 
mineral Is altering to a clay-like substance; the 
nature of the soft alteration product is suggested to 
be a hydrous Mg/ Al silicate.  

SB-30, 
Matrix - dolomite 
Secondary mineralization.- pyrite crystals (with some 

limonite staining) 

ND-7, 
Secondary (vein) mineralization, all zeolites: 

stilbite (fibrous, radiating also, some limonite
stained individual prisms) 

heulandite (prismatic, clear) 

SA2-6, 
Matrix.-.85 % dolomite 

15 % calcite 
Vein - 35 % carbonate (dolomite and calcite , including 

some large pink crystals of the latter) 
19 % phlogopite 
9 % muscovite 

36 % K-feldspar (microcline structure)
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SA2-3 s 
Vein deposition - mostly muscovite and pyrite 

(trace of silica) 

SA2-4, 
Mainly dolomite with shallow vein deposition of 
muscovite, calcite,' and traces of silica nad 
phlogopite.  

Discussion 

On the basis of bulk mineralogical analysis of samples 
submitted (especially SCA-2, SCA-10, SB-3, and S2), the rocks 
represent a metamorphic environment and appear to fall into the 
quartz - albite - epidote--- biotite subfacies of the greensehist 
facies (Fig. 1) or is equivalent contact metamorphic facies, the 
albite - epidote - hornfels facies (Fig. 2). Thus, the rocks formed 
within a 300 - 5000 C range .and a PU20 range of 3000 to 8000 bars.  
This facies assignment to the general area of the samples agrees 
with that reported by Ratcliffe (1969).  

The comparison of mineralogy with experimental data suggest 
a 4500C as the maximum temperature for such an assemblage even if the 
rock is hydrothermal.( Kerrick, 1970, based his experimental data 

* on hydroghermal conditions.) This temperature has to be lowered 
considerably when one considers the P - T conditions of vein 
filling associated with the bulk samples. A close examination of 
the mineralogy of the associated vein material reveals ,the__prpdominant 
presence of minerals such as carbonates, pyrite, silica (fine-grained), 
zeolites, fine-grained muscovite, and coarse-grained K-feldspar (microcline
adularia).  

The latter assemblage (together with the presence of clay 
material forming as alteration product of a silicate) suggest 
epthermal+ conditions of deposition with temperatures between 
50 - 2000 C and pressure relating to a maximum burial of 3000 feet 
from the surface.  

Most of the clay material is believed to be kaolin although 
a hydrous Mg silicate association is also suggested by the x-ray 
pattern. If this is the case, then the conditions relating to the 
formation of kaolin suggest epithermal temperatures, acidic inters
titual water and shallow burial in a region receiving high rainfall 
and having good drainage.  

+ The epithermal hydrothermal deposits of Lindgrens 
Depths slight (within 3000 feet of surface) 
Temp.,s 50-200 °C 
Pres. s Moderate 

In these deposits, open-space filling is predominant, 
and although replacement is generally recognized it is 
nevertheless subordinate. The characteristic mineralogy, 
the absence of high temp. minerals such as tourmaline, topaz, 
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FIG. 24 (B 1.2) Quartz.albite-epidote-biotlte-subfacies of the greenschlst facies.  

Paragonite may appear as well, not, however, in conjunction with biotite and only 

seldom with albite (A. L. ALBEE, et at., 1965). Odloritoid originates only if proper 

bulk chemical compositions are provided, otherwise the tie lines to chloritoid dis

appear from this as well as from Fig. 22. If K-feldspar. albite and/or biotite are 

present in a metamorphite, chloritoid cannot-be generated, a fact that can be readily 

seen from this diagram.

Fic. 67. Albite-epidote-hornfels facies: ACF diagram for assemblages with excess 
SiO. Quartz and albi~e are possible members of each assemblage. Minerals in 
brackets are stable only in K,O-deficient assemblages (lacking potash feldspar).  
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garnet, etc.g the presence of minerals such as carbonates, 
zeolites, clays, chlorites, and often sericite (flne-grained 
muscovite) as well as alunite, adularla, silica and pyrite.
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MINERALOGICAL REPORT

TO: S. Zalewski 
c/o Dames & Moore 

Job # 0874-044 (Buchanan, N.Y. - Con. Ed.) 

Samples 

5 samples were provided (B-30; B-31; B-32; B-33; B-34) 

with specific test instructions as per attached copy of Dames 

& Moore "Sample Shipment & Test Instruction Form".  

Analysis 

1) Sample B-30 

Test instructions: Identify all sulfides present 

Procedure & Results 

Areas of the rock sample displaying macroscopic and 

microscopic (20X) sulfide minerals were mechanically extracted.  

The sulfide-bearing samples were then separated by means of 

bromoform into two fractions. The essentially pure sulfide 

fraction was analyzed by x-ray diffraction.  

Pyrite (FeS2) - was identified as the only sulfide 

phase present. (See attached x-ray pattern - ASTM 6-070).  

2) Samples B-31; B-32; B-33; B-34 

Although specific test instructions are given for 

each of these samples (see attached form), the tests relate 

either directly or indirectly to whether clay minerals are 

present in the fractions; therefore , besides the specific 

tests designated, each of these samples was tested for the 

presence of clay minerals. The basic mineralogy of each of 

the samples was also determined.
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Test Procedure (all above samples) 

All samples were mechanically disaggregated (no 

grinding). Fine silt to clay size particles were suspended 

in water-filled 100 ml graduated cylinders where glass slides 

were also suspended allowing clay-size particles to be sedi

mented on the slides. This procedure enhances basal reflec

tions of clays (and other phyllosilicates). Slides were air

dried and analyzed by x-ray diffraction; in same cases slides 

were heated or glycolated to differentiate clays.  

a) Sample B-31 

Test Instructions: origin of dark fines? 

Results of Analysis 

Basic mineral phases identified in the fine portion 

are: 

muscovite 
dolomite 
quartz 
feldspar (microcline) 

No clay minerals were dected.  

Also No pyrite or other sulfides were detected.  

The dark "fines" in the sample are represented by a dark 

colored, high-luster material that resembles chlorite/or 

other fine-grained phyllosilicate/or perhaps some amphibole.  

(No chlorite or amphibole were detected in the fine fractions).  

Test for coarser fractions (dark fines extracted - silt or 

coarser).  

X-ray analysis: 

Muscovite (fine-grained) paragonite-phengite
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b) Sample B-32 

Test Instructions: what caused lamination? (dark & light 
fine layers) 

Results and Analysis 

Basic mineral phases in fine fractions: 

dolomite (ankerite) 
muscovite 
quartz 
feldspar (microcline) 
Paragonite - phengite 
No clay minerals identified 
No sulfides in fines 
No chlorite 

Dark lamination? Microscopic examination suggests dark gray 

(luster) chloritic material, similar to B-31 dark fines. The mi

croscopic particles (not clay size) indicate the presence of 

gypsum (selenite) plus irridescent pyrite (insipient altera

tion - to limonite).  

The association of gypsum (sulfate) and pyrite (sul

fide) in the same environment suggests that the accumulation 

represents mechanical mixture (not deposited in same environ

ment). Also the absence of clay minerals suggests absence of 

chemical (hydrothermal) deposition to any mentionable extent.  

Cause of lamination: Mostly mechanical separation 

of particles on basis of orientation (pressure orients phyl

losilicates with flat planes or directions at right angles ( ) 

to pressure directions. Dark layers seem to be phyllosilicate.  

c) Sample B-33 

Test Instructions: General Mineralogy.  

Results: 

Basic mineral phases (fine fraction)
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Dolomite 
Gypsum 
Quartz 
presence of minor Kaolin clay.  

Microscopic: presence of dark (chlorite-like) 

fragments, gypsum, some calcite,(?) 

No sulfides 

Coloration: same as that of B-31 

Presence of some clay suggests some hydrothermal 

(low-temp) activity in this portion otherwise mostly mechanical 

accumulation (mylonitization).  

d) Sample B-34 

Test Instructions: Dark colorations (?) 

Analysis: (fine-fractions) 

Muscovite 
gypsum 
calcite-dolomite 
quartz 
feldspar (m) 
paragonite-phengite 
No clays; No sulfide 

Dark coloration - similar to B-31, B-32
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Fluid Inclusion Analyses

for Dames & Moore 

Job #0874-044 

Submitted By: 

Roger K. McLimans, Graduate Assistant 
H. L. Barnes, Professor of Geochemistry
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INTERPRETATION 

There are several implications to these measurements (see Table 1).  

1. The temperatures found for sample ND-6 are significantly 

higher than for all other samples which suggests that local hydrothermal 

activity was present.  

2. Virtually all primary inclusions lie between 130%C and 260*C, 

regardless of orientation. Deformation may lower the apparent tempera

tures of homogenization of primary inclusions and also causes very 

irregular shapes, as shown best by sample SA-22.  

3. The termperatures shown by free standing crystals and by 

filled veins are indistinguishable so that there is no value to separat

ing these measurements into separate categories.  

4. There is a strong possibility that all six inclusions found 

in sample ND-i are secondary due to their low homogenization temperatures.  

5. The broad uniformity of the primary inclusion temperatures 

suggests that they are the product of a regional metamorphic event 

(excepting ND-6). This possibility might be evaluated further by checking 

the areal distribution of these temperatures for evidence of any regional 

temperature gradients that often accompany regional metamorphism.  

6. The facts that there are no temperature differences in the 

primary inclusions from different orientations and that deformation may 

have slightly lowered the temperature of some suggests that the deforma

tion associated with the large crystals and veins with primary inclusions 

accompanied a regional metamorphic event.

H-12
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TABLE 1 

SUMMARY (RANGE (NO. SAMPLES) AVERAGE, IN °C)

Primary Inclusions 

none visible 

141-195 (3) 1710 

94- 95 (2) 950 

171-226 (12) 1940 

274-352 ( 3) 3170 

131-188 ( 8) 1680 

92-167 (5) 1390 (deformed) 

151-169 ( 7) 1610 

171-187 (7) 177* 

159-201 (5) 1740

Secondary Inclusions 

118 + 0C (poor)

Veins

93 (1) 

50-75 (4) 630

225-250 (5) 2320

106-209 (3) 1710 

50- 72 (3) 620 

69- 98 (5) 820

Sample 

B-6 

B-35 

ND-I 

ND-2 

ND-6 

SA-21 

SA-22 

SB-31 

4-B 

30-03

980 (secondary)



ANALYSES OF SAMPLES 

GENERAL COMMENTS 

With the exception of a few of the crystal samples (such as 

ND-2), measurements of filling temperature of the samples were complicated 

by the milky nature of the calcite and its common habit of containing 

many cavities, solid inclusions, and other imperfections. The B-6 vein 

sample was particularly difficult because the calcite is only translu

cent, not transparent, and has a mosiac-like texture not well suited to 

fluid inclusion study.  

Normally in fluid inclusion examinations, the sample is thoroughly 

studied under the microscope to determine the types of inclusions present 

and to mark areas containing primary inclusions which are then observed 

in the heating stage apparatus. In the majority of the samples studied 

in this project, fluid inclusions of sufficient size were extremely 

difficult to locate and thus the analyses reported represent only those 

inclusions which were found in the sample sections, a barest minimum 

population. To determine thoroughly the variability of each population 

of inclusions in these samples and to obtain their filling temperatures 

would require several days per sample. Within the time available and 

reasonable cost restraints, this was not possible.  

Detailed comments on each sample are included in the following 

text. The order is first alphabetical and then numerical: 

B-6 SA-21 

B-35 SA-22 

ND-I SB-31 

ND-2 4-B 

ND-6 30-03 

All microscopic measurements were carried out by Roger K. McLimans.  

H-14



B-6

1. crystals 

2. vein -

so fine and fragile unable to make good sections that 

hold up. Would probably have to impregnate crystal 

area or make several cuts and sections.  

so milky, "dirty", and has grainy "mosiac" texture not 

well suited to fluid inclusion study.

1 inclusion found but vapor bubble moves to dark side 

of inclusion upon heating.  

Tmin. 1180 

B-35 

6 inclusions 

2 leaked at (1720)

4 inclusions 

Range: 930 - 1950 

Secondary inclusion - #3 (930) 

Possible primary: #1 (1760), #2 (1950), #6 (1410) 

(average 1710)

H-15
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ND-i 

Few inclusions found; therefore, any interpretation must be tentative.  

2 possible populations 

A. Secondary (inclusions located in zone) 

#1 750 

#2 580 

#3 700 

#4 500 

Range 50-75* 

Average 630 

B. Primary or Pseudo-Secondary 

#5 940 

#6 950 

Average: 950 

Range all data: 50-95*

H-18
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N-D-2 - Large Crystal 

Most inclusions appear to belong to same population.

12 inclusions

Range: 

Average: 

95% I:

(See notes on inclusions #9 and #13, both are unreliable 

and not used)

1710 - 2260 

1940 

1770 - 2240

ND2 - Vein 

All inclusions are apparently from the same population.  

5 inclusions

Range: 

Average:

225 - 2500 

2320

H-20
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ND -2 La rgQ ..

DJ- ) )

IL±;2,.2l.. ___,

1 mv - 738, 739 (1810) 
2 mv - 700, 690 (1710)
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(1790) 
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\VC\v . i 3-5 

3

I
3 my 
4 my 
5 mv

- 776 (1910) 
- 807 (1980) 
- 809 (1990)

500 ~6

6 mv - 910

500

(2240)

9 necked 11 - 758 (1860) 14 - 919 (2260) 10 mv 812 (2000) 12 - 720 (1770) 
13 heated to 3000, sample begin to decrep.  

inclusion not filled yet.
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N-D-6 Crystals 

8 inclusions 

Range: 1060 "3540 

Average: NA 

95% I: NA 

Probable secondary inclusions: #4, #7, #8.  

Range: 106 - 209C 

Probable primary omitting odd shaped #6, #2 although #2, #6 are probably 

o.k.  

3 inclusions 

Range: 2740 - 3520 

Average: 3176 

N-D-6 - Vein 

Summary: 

9 inclusions 

Range: 1590 - 232 ° 

Average: 195 ° 

95% I: 1710 , 2220 

Most inclusions were not part of a zone of inclusions and are considered 

primary for this reason.
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5 - 2320 C 
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SA-21 

.8 inclusions 

Range: 1310 - 1880 

95% I: 1480 --1840 

Average: 1680 

SA-22 

8 inclusions 

2 possible populations

A. Secondary 

B. Primary? 

#4 #8 

R= 

A=

#1 - 500 

#2 - 650 

#3 - 720 

R = 50 - 720 

A = 620 

(But deformed see sketches) 

920 - 1670 

1390

H-26
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iu' " ~' ." __ .__T

.I'; L'J!L SA2-1

I mv - 434 (1310)

pry~. .~

c 2-5

2 mv 
3 mv 
4 mv 
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653, 
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po~. _____

669 (1620) 
(1840) 
(1780) 
(1760)

6 mv - 719 
7 mv - 766 
8 mv - 603

0

(1760) 
(1880) 
(1480)

50 6 .,.. -



\ jCI..J5,Oj ,F. V,

C ~~iL: Calcite

1-2

IM 

5Y
= Secondary ?

\ 4-6 

PO sin. -

680 mv 
377 mv 
637 mv

(1670) 
( 92P) 
(1560)

I. -t
bindus U ~I ,C. s .  

PO S.-

7-8

7 - 467 mv 
8 - 680 mv

(1140) 
(1670)

All from mainly zones of inclusions, secondary or pseudo- sec.  
Most inclusions oval shaped as if deformed somewhat

S

50'C 
65 0 C 
720C



SB-31 

No really good isolated primary inclusions. All inclusions .from. zones 

of inclusions. From cut of section and small population, we cannot 

readily determine whether secondary or pseudo-secondary. Possibility 

listed below.  

12 inclusions 

Range: 690 - 169° 

2 possible populations

A. secondary? 

# 8 - 690 

# 9 - 740 

#10 - 720 

#11 - 980 

#12 - 980 

R: 690 - 98° 

Av: 826

B. pseudo-secondary? 

#1 - 1670 

#2 - 1690 

#3- 151 

#4- 1570 

#5: - 1569 

#6 - 1590 

#7 - 1670 

R: 1510 - 169* 

Av: 161 °

H-29
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~- 1
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T)500
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2-7 

Post,.

689 
618 
642 
638,

(1690)Y 
(1510) 
(1570) 
642 (1560)

90 _____ 

I

6 mv - 650 
7 mv - 680

Decrep. noted at

13.80 mv

Rt-500

t 
....... .....  

1 2

Chip 
#1

Chip 
#2

(1590° 
(1670

280 (69q 
302 (740) 
295 (720)

Calcite

P'N50



4B 

All inclusions appear to-be good primaries.  

7 inclusions 

Range: 1710 - 1870 

Average: 1770 

95% I: 1720 - 1820 

4B -.Vein 

Difficult to find inclusions.  

One noted: 

1 inclusion.  

Possible secondary T = 980

H-31
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30-03 

5 inclusions 

R - 159° - 2010 

A 1 1740 

30-03 - Slickensides 

One section made, but was not suitable for study. It would not polish 

sell and yielded few clear areas.
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H3 Radiometric Dating 

H3.1 Kurger Enterprises Inc.  

H3.2 Edward Farrer



POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

OurSample No. B-3399 

Your Reference: S-8A J.0. 0874-047

Date Received: 29 Sept 75 

Date Reported: 17 October 1975

Thomas E. Mills 
Dames & Moore 
6 Commerce Drive 
Cranford, NIJ 07016

Sample Description & Locality: Silicate rich marble 

sample S-8A.
with coarse grained calcite veinlet,

Material Analyzed: Phlogopite mica concentrate, -40/+200 mesh. Estimated 
about 90%, with the-impurities mainly muscovite-and traces 
(Total sample recovered was only. 430 milligrams.)

purity is 
of carbonates.

Ar 40*/K 40 = .03457 AGE= 514 + 18

Argon Analyses:

Ar 40/ Total Ar 4 0

.3228 

.3070
..773 
.272

Ave. Ar 4o*ppM.  

.3149

Potassium Analyses: 

%K 

7.487 
7.445

Constants Used: 

= 4.72x 10-10/ year 

Xe = 0.585 x 10-1 0/year 

K 4°/K= 1.22 x 10-4g./g.  

Note: Ar40 * refers to radiogenic Ar.40 

M.Y. refers to millions of years.

AGE 1 In + Xe X.Ar 4o* + Xe + X3 L ' Xe K 4 0

H- 37

Submitted by:

Ar 4O*ppm

M.Y.

Ave. %K 

7.466

K 40 , ppm 

9M108

7 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

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



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET 9 CAMBRIDGE, MA. 02139 e (617)-86-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. F-3399 

Your Reference: S-8A

Date Received:

J.O. 0874-047

29 Sept 1975

Date Reported: 17 October 1975

Submitted by: Thomas E. rills 
Dames & Moore 
6 Conmerce Drive 
Cranford, NJ 07016.

Sample Description & Locality: Silicate-rich marble 
Sample S-8A.

with coarse-grained carbonate veinlet.

Material Analyzed: Feldspar concentrate, -80/+200 mesh. Density less than 2.70; 
greater than 2.60. Calcite removed by digestion in cold, very dilute acid, 
in an ultrasonic cleaner. Probably some quartz present.

Ar40*/K 4 0 = .01792
AGE CORRECTED FOR PROBABLE ARGON LOSS 

MEASURED AGE= 284 + 10-
- 4L. 14 M.Y.

Argon Analyses:

Ar 4 0 * ppm. Ar 40*/ Total Ar 40

.2688 

.2452
.741 
.653

Ave. Ar 4 ,0 * ppm.  

.2570

Potassium Analyses: 
% K 

.11.687 

11.818

Constants Used: 

=4.72x 10-10/ year 

Xe 0.585 x 10-1o/ year 

K 40/K = 1.22 x 10 -4 g./g.  

Note: Ar o refers to radiogenic Ar 4 .  
M.Y. refers to millions of years.

1 
AGE - +

H-38

Ave. %K 

11.752

K4 , ppm 
14.338

In [X0 + Xe 
L Xe

Ar40* + 

K
40

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - --



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 
24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617)- 86- 3691

POTASSIUM-ARGON A GE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. M.-3399 

Your Reference: S-8A J.O. 0874-047

Date Received: 

Date Reported:

29 Sept 75

17 October 1975

Submitted by: Thomas E. Mills 
Dames & Moore 
6 Commerce Drive 
Cranford, tIJ 07016

Sample Description & Locality: Silicate rich marble 
veinlet, sample S-8A.

with coarse grained calcite

Material Analyzed: Muscovite concentrate, -40/+80 mesh. Estimated purity exceeds 
95' muscovite with a few percent of calcite and other silicates.

Ar 4O*/K 40 = .02405 AGE = 372 + M.Y.

Argon Analyses: 

,* ppm. Ar 40*/ Total Ar 40

.2649 

.2758

Ave. Ar 40 *, ppm.

.747 

.775

Potassium Analyses: 

% K 

9.220 
9.211

Ave. %K

9.215

.2704

K40 K 4ppm 

11.242

Constants Used: 

No = 4.72 x 0-10/ year 

e = 0.585 x 10'1/ year 

K 40/K = 1.22 x 10 - 4 g./g.  

Note: Ar 40 refers to radiogenic Ar 40 

M.Y. refers to millions of years.

1 AGE - e+ 1

H-39

nFX + Xe 
L Xe

Ar40* + 

K0 0

----------------------------------------------- -------



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 
24 BLACKSTONE STREET 9 CAMBRIDGE, MA. 02139 e (617).876-3691

POTASSIUM-ARGON A GE DETERMINATION REPORT or ANALYTICAL WORK

Our Sample No.  

Your Reference: 

Submitted by:

R-3409 

PK 764 A J.O. 0874047 

Thomas E. Mills 
Dames & Moore 
- Commerce Drive 
Cranford, t.J 07016

Date Received: 

Date Reported:

6 October 1975 

17 October 1975

Sample Description & Locality: Fine grained greenish-gray sericite(?) schist, sample 
PK 764 A. Chips taken from each of the three pieces and made 
into a composite for analysis.  

Material Analyzed: Whole rock, -60/+200 mesh.

Ar 4O*/K 4O = .02456 AGE = 379 + 13

Argon Analyses: 

Ar 40 * ppm.  

.2618 

.2604 

Potassium Analyses: 

% K 

8.693 
8.737

Ar 40*/Total Ar 40 

.984 

.982

Ave. %K 
3.715

Ave. Ar 4 0 e ppm.  

.2611

K 40 , ppm 

10.632

Constants Used: 

= 4.72x 10-10/ year 

e .585 x 10 o/ year 

K 4 °/K = 1.22 x 10 - 4 g./g.  

Note: Ar 40 * refers to radiogenic Ar40 

M.Y. refers to millions of years.

AGE= - 1 In XO + Xe Ar 4o* 
Xe + X Le K40 1

H-40

M.Y.
-----------------------------------------------------------



KRUEGER ENTERPRISES, INC.  
GEOCHRON. LABORATORIES DIVISION 
24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 # (617)-76-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No.  

Your Reference: 

Submitted by:

R-3383 

JW-16B Job 0874-047 

Thomas E. Mills 
Dames & Moore 
6 Commerce Drive 
Cranford, NJ 07016

Date Received: 15 Sept 75 

Date Reported: 10 October 1975

Sample Description & Locality: Dark gray to black mylonite(?), sample JW-16B.

Material Analyzed: Selected 
analyzed 

Ar 40*/K 40 = .03720

fresh material, homogenized at -40/+100 mesh, and 
as a whole rock sample.

AGE= 548 + 29 M.Y.

Argon Analyses: 

Ar40 , ppm.  

.01474 

.01417 

Potassium Analyses: 

%K 

.322 

.315

Ar 40/ Total Ar 4 0 

.. .699 
.725

Ave. %K 
.318

Ave. Ar 4 ° , ppm.  

.01446

K4 , ppm 
.388

Constants Used: 

4.72x 100/ year 

Xe = 0.585 x 10 -1 0 /year 

K 41/K = 1.22 x 10 - 4 g./g.  

Note: Ar 40* refers to radiogenic Ar 40 

M.Y. refers to millions of years.

1 in F+ Xe  Ar 4 O*+ AGXE- Xe xK.40 +

H-41

0

--------------------------------- ----- --------



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 
24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 * (617).76-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No.  

Your Reference: 

Submitted by:

R-3384 

JW-20-1 Job 0874-047 

Thomas E. Mills 
Dames & Moore 
6 Commerce Drive.  
Cranford, NJ 07016

Date Received: 15 Sept 75 

Date Reported: 10 October 1975

Sample Description & Locality: Black micaceous schist or mylonite(?), sample JW-20-1.  

Material Analyzed: Whole rock, selected fresh material homogenized at -40/+100 mesh 
and analyzed as a whole rock sample.

Ar 4O*/K 40 = .04738 AGE= 674+ 24

Argon Analyses: 

Ar4 0 , ppm.  

.1861 

.1893 

Potassium Analyses: 

%K 

3.278 
3.216

Ar 40*/Total Ar 40 

.964 
.974

Ave. %K 
3,247

Ave. Ar 4 o, ppm.  
.1877

K 4 , ppm 
3.961

Constants Used: 

X0 = 4.72 x 1010/ year 

Xe= 0.585 x 10-10/ year 

K40 /K = 1.22 x 10 - 4 g./g.  

Note: Ar 40 * refers to radiogenic Ar 4 0 .  

M.Y. refers to millions of years.

AGE - In XP + Xe Ar4O* + AGE 1 xe i [ e + 1 Xe+ X1 . L~e K4 O -

H-42

M.Y.
----------------------------------------- ------------------



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 
24 BLACKSTONE STREET * CAMBRIDGE, MA. 02139 0 (617)-V86-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No.  

Your Reference: 

Submitted by:

R-3385 

JW-18-B Job 0874-047 

Thomas E. Mills 
Dames & Moore 
6 Commerce Drive 
Cranford, NJ 07016

Date Received: 15 Sept 75 

Date Reported: 10 October 1975

Sample Description & Locality: Dark gray mylonlte (?), sample 81-18-B.

Material Analyzed: Selected fresh material, homogenized at 
as a whole rock sample.

Ar 4 0 */K 4 0 = .02278 AGE=

-40/+100 mesh and analyzddd

354 + 13 M.Y.

Argon Analyses: 

Ar 4 0 , ppm.  

.07914 

.08238 

Potassium Analyses: 

% K 

2.946 
2.866

Ar 40"/ Total Ar 40 

.395 

.767

Ave. %K 
2.906

Ave. Ar 40, ppm.  

.08076

40 K , ppm 
3.545

Constants Used: 

= 4.72x 10-10/ year 

Xe 0.585 x 10 - '0 / year 

K 4°/K = 1.22 x 10 - 4 g./g.  

Note: Ar 4 * refers to radiogenic Ar 40 .  
M.Y. refers to millions of years.

AGE I ne+ X0 + [ X1ne x K]4 +

H-4 3

-------------------------------- ---------------------



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

1 S 
24 BLACKSTONE STREET e CAMBRIDGE, MA. 02139 * (617).-876- 3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No.  

Your Reference: 

Submitted by:

R-3375 

DR-27B Job 0874-047 

Thomas E. Mills 
Dames & Moore 
6 Commerce Drive 
Cranford, NJ 07016

Date Received: 9 Sept 75 

Date Reported: 16 Sept 75

Sample Description & Locality: Medium- rained dark gray basalt or diorite, sample 
DR-27B (no locality).

Material Analyzed: Whole rock.

Ar 40*/K
4 0 = .06277

Selected material crushed to -40/+100 mesh.

AGE= 849 + 37 M.Y.

Argon Analyses: 

Ar 40 ppm.

.04945 

.04834

Potassium Analyses: 

% K 

.653 

.624

Ar 40*/ Total Ar 40

.883 

.880

Ave. %K 
.638

Ave. Ar 40 *, ppm.  

.04890

K40 , ppm 

.778

Constants Used: 

X0 = 4.72 x 10 0 / year 

Xe = 0.585 x 10-' 0 /year 

K 4°/K = 1.22 x 10- 4 g./g.  

Note: Ar * refers to radiogenic Ar 4 0 

M.Y. refers to millions of years.

AGE - 1e: I[X0 +  X + 1] 
X+x0 I e K 40

H-44



KRUEGER ENTERPRISES, INC.  
GEOCHRON LABORATORIES DIVISION 

24 BLACKSTONE STREET 9 CAMBRIDGE, MA. 02139 0 (617).876-3691

POTASSIUM-ARGON AGE DETERMINATION REPORT OF ANALYTICAL WORK

Our Sample No. R-3369 

Your Reference: CH 7-9 Job. 0874-047 
P.O. NJ 3237 

Submitted by: Thomas E. Mills 

Dames & Moore 
6 Commerce Drive 
Cranford, NJ 07016

Date Received: 29 August 1975 

Date Reported: 9 Sept 75

Sample Description& Locality: Greenish-black, fine-grained mylonite. Sample CH 7-9.  
From fault zone, possibly the Ramapo fault zone, near Cedar Pond 
Creek, W of Stony Point, NY.

Material Analyzed: Whole rock. Freshest materia 
mesh to insure homogeniety.  

Ar 4 O*/K 4 O= .02590

1 selected and crushed to -40/+100 

AGE= 398 + 15 M.Y.

Argon Analyses:

Ar 40 ppm. Ar 40*/Total Ar 40

.08295 

.08738

Ave. Ar 4 , ppm.

.913 

.881
.08517

Potassium Analyses: 

%K 

2.708 
2.682

Constants Used: 

= 4.72x 1010/ year 
e = 0.585 x 10- 10 /year 

K 40/K = 1.22 x 10 - 4 g./g.

AGE = + 1

Note: Ar 40 * refers to radiogenic Ar 40 

M.Y. refers to millions of years.
H-45
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2.695

K40 , ppm 
3.287

In N + Xe 
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DEPARTMENT OF 

GEOLOGICAL SCIENCES 

October 7, 1975

Queen's University 
Kingston, Canada 
K7L 3N6

Dr. J. Wallach 
1089 Field Avenue 
Plainfield, N.J.  
U.S.A. 07060 

Dear Joe: 

I have enclosed the computer printouts of the K and Ar analyses, 
and explanation of the ages, an invoice for Dames and Moore and an 
outline of my analytical procedures as required by your Quality Assurance 
people.  

Thanks for this opportunity to do some consulting. If you ever need 
further geochronological assistance don't hesitate to ask.  

Yours sincerely, 

Edward Farrar 
EF/jj
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Report on the K-Ar analyses of rock samples JW 20-1 and JW 16B 

JW 20-1 

Examination of a thin section made from this rock revealed that there 

was abundant fine-grained, unaltered biotite. The rock was crushed and 

sieved and a -40+80 mesh fraction was obtained. The biotite was separated 

using a shaking table and a Frantz Isodynamic Separator. The final 

concentrate was better than 80% biotite, the remaining 20% being extremely 

fine grained quartz. Since quartz has no deleterious effect on either 

the K or Ar analysis, further separation was considered unnecessary.  

Flame photometric analysis for potassium was done in duplicate and 

gave values 5.048 and 5.034% K.  

Isotope dilution analysis for argon showed that the sample contained 

1.596 X 10- cm3 S.T.P. radiogenic Ar /gm. The atmospheric contamination 

was 0.5%. The model age calculated from these values is 661 ± 18 m.y. The 

error represents the analytical precision at the 95% confidence level.  

JW 16B 

Examination of a thin section prepared from this rock showed that it 

was very fine grained and contained approximately 40% plagioclase, 40% 

pyroxene, 10% epidote, 5% amphibole + minor amounts of other minerals. Un

fortunately, separation of the amphibole from the other minerals in the rock 

was virtually impossible and a 'whole rock' sample had to be analysed. The 

mesh size was -40+80.  

Analysis for potassium in triplicate gave results 0.260, 0.257, 0.262% 

K. In view of this relatively high potassium content, the deleterious 

effects (initial argon) of the presence of pyroxene will be minimal.  

The argon analysis showed the presence of 1.110X10 " cm3 S.T.P.  

radiogenic Ar 40 /gm. The atmospheric contamination was 3.4%.  
The above K and Ar values combine to give a model age of 847 +t 22 m.y.  

Again the quoted error only represents the analytical precision at the 

95% confidence level. A rough calculation suggests that the presence of 

40% pyroxene could have led to a slight increase in the apparent age of the 

rock. However it is not considered likely that this increase would exceed 

50 m.y.
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Page 2

In Summary:

Ar40rad 

cm 3STP/gm 

L596X10
-4 

1.110X10
-5

Atmos % 

0.5 

3.4

Age and error 

m.y.  

660 + 18 

847 + 22

Interpretation of the model ages of these rocks must be made in the 

light of the geological relationships that exist in the areas from 

which they were collected.  

E. Farrar
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Sample 

JW 20-1 

JW 16B

.K % 

5.041 

0.260
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