”"‘??ega;& ﬂ oocoperation with the
Department of Public Works
Cormonwealth of Massaclmsetls

snd the . :
Stkte of Commectiocut :
Geological and Natural History Survey

»

U tS lg;&w’é—h (\" (‘G‘QJ w*;./\;\éq \ E:)Q J'[;}/‘L{‘-Q
- 1 - \ ,
¥ .

v

. LY & r

. 7 :
‘!’j‘__\‘ . [P -4 ;‘ I3
A v g 'ri ,{. D e ‘. _! ','

Lo
) S rbar /
. ’ "

' LN
- ﬁ‘ -

s

5,

H

A GEOLOGIC ANALYSIS OF THE SIDE-LOOKING AIRBORNSRADAR IMAGERY

OF SOUTHERN NEW ENGLAND

o . | " PAUL T. BANKS JR."
. m.s.uwow urvey, FEBRUARY,. 1975
% OPEN FILE REPORT \ : ' "

8 report is prelimina / '
not been edited or nvlz:; go:‘.
conformity with Geological Survey
,l;tgndanh or nomenclaturs,

. 017
e 207 260



CONTENTS

Abstract ...... tecessecncnnna Gevsesess st ensnesseseseeanranne
Introduction ...c.cvicveescesscnsssessosososnsnsssasassacsansoas
" Geologic Setting.......... tecessssssssacecssassssssenans
Purpose of Study....... ceessens Gesevesecerensssssrrenses
Method of Study....... eeecessesesssessssssessssssnanrees
Acknowledgements....eooseeesees T

Side

Looking Airborn Radar ( SLAR.)..........................
Basic Operation of SLAR SystefiB..ccsescecccsccssscosasas
Terrain-Energy Ineeraction.....L...........w.......
‘Angle of Incidence.............. Geesessccsessanessae
Surface Configuration and Look Direction...........
Distortions.......cevesueesnn cesseesasese

Shadow.i-c ooooooooooo eessessessssseressenes ses e e’

Slant Range and Ground Range FormatsS......ceccceees
Near Range Compression......cccecescesccccccsones .
Mosaic DistortionS.......ccoees theessasesssanssanne
Radar Imagery Used in This Study...... cresessssesssennen
Previous Work in SLAR Imagery Interpretation............
Fundamentals of Radar Imagery Interpretation......sc....

Interpreting Geology From Radar Imagery...ccoecceessceccssesses

Example # 1........ cesesans Cessssessssenenss cersssresens
Does Radar Imagery Accurately '"See" the Topography.
Are Bedrock Geologic Features Reflected in the
Topography .o eeceescescacasess cessenesessesenssess .
Do Glacial Features Affect the Way Bedrock .
Geologic Features are Reflected in the Topography..
If Radar Accurately "Sees' the Topography, and if
Bedrock Geologic Features are Reflected in the
Topography, What Geologic Interpretations Can be
Made From Radar Imagery.....cecececesoscsscnsosesns

Example # 2........ teesesesennas theseesessessscsesansses
Does Radar Imagery Accurately "See" the Topography.
Are Bedrock Geologic Features Reflected in the

Topography...ceoseeeees e eseccnsas Geccscssrssassenes
Do Glacial Features Affect the Way Bedrock Geologic
Features are Reflected in the Topography........ oo

If Radar Accurately '"'Sees' the Topography, and if
Bedrock Geologic Features are Reflected in the
Topography, What Geologic Interpretations Can be

Made From Radar Imagery....e.s.s.. ceresssanes .

Example # 3.....0000000 ceesssersnessnne teesessensranns
Does Radar Imagery Accurately "See the Topography.
Are Bedrock Geologic Features Reflected in the
TOPOETaAPhRY . e vt encssacassecosssscsssssesssonssoes
If Radar Accurately "Sees" the Topography, and if"
Bedrock Geologic Features are Reflected in the
Topography, What Geologic Interpretations Can be
Made From Radar Imagery..c.cececececcsccsccsocncons

Summary of Findings From .Examples # 1,2 and 3.c0cv0cvsen

Page

< WOWOANNADNNRDN N
o .

T e e N el el
ROUQ&G&GCREooo

o
o

33

37
44
44
44

60

63
71
71

80

86 .
92



CONTENTS ( cont. )
Page
Geologic Interpretation of the Radar Mosaics
of Southern New England.....ceceeeecesnconcoascoccaassanssaas 93
) Introduction......... Ceceeceeecacnas cettencecscssanasass 93
Radar Lineament Maps of Southern New England............ 94
Interpretation of Radar Lineaments of Southern

New England.....cc0.... csesssccscvacvassanasasssanse e .. 95
Area l......... Cecreceneeaas ceeestesaeccana ceeseees 95
Area 2...ciicneenccnne cesens cesssessssnssaansa ceses 96
Area 3...cevncanns Seccseccassssasens cesesesasnesoes 97.
ATea bd.vvivieeeeastnncsasaassansnas cesscsnscancnsas 98
Area S.iiiiieertanrnacsasecsessasssancsasssssscanaa 100
Area 6...cccvvennennecnns tessencnas seseacssnan eeess. 101
ATea 7 ..veeeeesereeaocsssssesassssasassscscssensass 101
Area 8....... cecacccacsacssescsans cecacassscssasasss 103
Aread 9..cc0evvcccncocnnne ceccoacaas eatecssena ceaees 104°
Area 10....000eeeeecacacensssoasescsscssasssacsnaeas 105
Area 1l..i.cciieniecceceeacacosccnsesacnacsanesasases 105
Area 12....ccceeeecenccncnansancans ceeecccccensans . 107
Area 13......... e ecesccacnas teecsana ceeecssaccsanns 107
N =Y T 109
Cape Cod....vveeveneonnnnans Ceetetetesscesaasaasans 110

Interpretive Radar-Geologic Map of Southern

New England...... essssecncennss e b b §

Summary and Conclusions..... P B

Discussion of Regional Fracture PatternS......sccceeeees 112

Newly Interpreted Fractures and Fracture Groups......... 115

Findings About Radar Imagery......ccceeeeceecceccansoccoe 119

Comparison of Radar Imagery with Conventional

Aerial Photography..c.ceeeeeeaeeeeencsnnesasnncacnascnns 121

Comparison of Radar Imagery with Low Sun Angle

PhOtOgraphy evcceeocaeroceccsasaaaannn e /3 §

Suggestions for Future Use.......ccocveenen. cesssaseesss 122

References Clted..cveveeeeascecacacceccesacncnsssansnncasacss 124
Appendix .............. ® ® 9 5 08 5 0 0 v 9 ” S 0o 0 & g 0 000 ® 29 ¢ 2 9 0 a8 8o s aeoe Al



ILLUSTRATIONS
Page
Figure 1.Location map of the major geologic areas in
southern New England...ccceeeeeceececcacnccccancaneas &

2.Location map of the area of example # 1l........... .. 19
3a.East looking radar imagery of the area of
example # l..c.cecseeeceosoocsansaans Ceeacecasesccasns 21
3b.Interpretive overlay for the east looking radar
imagery of the area of example # 1l....... teeees 2 |
4 .West looking radar image;y of the area of
example # L..ieeeeeeesoososaansacassscsacsssasasaannse 23
S5a.Topographic map of the area of example # loveeeann .. 26

5b."Geologic" map of the area of example # 1........... 28
6.Structural geologic map of the area of example # 1.. 30
7."Surficial” geologic map of the area of example # 1. 36
8.Radar lineament map of the east looking imagery of °

the area of example # 1........ cheetesecsnne ceceaens 39
9.Radar lineament map of the west looking imagery of’
the area of example # l......c.0.n. tececevocvaseeaaaas 41

10.Location map of the area of example # 2........0.... 46
11.North looking radar imagery of the area of

example # 2. iieeccacccrecenconaciosensesocasacsscans 48
12a.South looking radar imagery of the area of
example # 2...iiciiteeccccccttsstmocasannnan cesesass 507

12b.Interpretive overlay for the south-looking radar
imagery of the. area of example # 2.........0000000... 50
13a.Topographic map of the area of example # 2.......... 52
13b."Geologic'" map of the area of example # y S 1.
14.Structural geologic map of the area of example # 2.. 57
15."Surficial” geologic map of the area of

example # 2....00civanennaa. ceeereenen tesecescasaaaas - 62
16 .Radar lineament map of the north looking imagery
of the area of example # 2.....c00cvveaancaaaanas ees 66

17 .Radar lineament map of the south looking imagery
of the area of example # 2.......0000000000e00eaec.. 08

18.Location map of the area of example # 3............. 73
19.North looking radar imagery of the area of
example # 3.......000ual.n, D -
20a.East looking radar imagery of the area of
example # 3.i..ctiririvicaraacascaccaacanasnssssnanan 77
20b.Interpretive overlay for the east looking radar
imagery of the area of example 2 TN cee 77
- 21a.Topographic map of the area of example # 3...... e 79

21b."Geologic" map of the area of example #30iiiianae.. 82
22.Structural geologic map of the ‘area of example # 3.. 84 °
'23.Radar lineament map of the north looking imagery
of the area of example # 3...cceceereccrcccncccannns 88
* 24 .Radar lineament map of the east looking imagery .
of the area of example # 3.cieeetiittnciatsanacnneas 90



ILLUSTRATIONS (cont.)

Plate 1."Geologic'" map of southern New England showing
lithology and major faultS8......eccceeeessssss.in folder

Plate 2.West looking radar mosaic of Massachusetts.....in folder

Plate 3.South looking radar mosaic of Connecticut and
Rhode Island....ccteeeeesssvecccascasasenaesasss.in folder

rlate 4.Radar lineament map of southern New England
( OVerlay )........o..........-.-.o-..-......'--in fOlder

Plate 5.Radar lineament histograms for selected areas
in southern New England (.overlay )............in folder

Plate 6.Interpretive radar-geologic map of southern
New England ( overlay )....eevveecscssscsssssso.in folder



1
ABSTRACT

Analysis of the side looking airborn.raéar imagery of
Massachusetts, Connecticut and Rhode Island indicates that radar
shows the topography in great detail. Since bedrock geologic
features are frequently exprgssed in the topography the radar lends
itself to geologic interpretationi

The radar was studied by comparisons with field Qapped
geologic data first at a scale of approximately 1:125,000 and
then at a scaie of 1:500,000. The larger scale comparison
revealed that faultq, minor fauits,joint s;ts, bedding and
foliation attitudés, lithology and lithologic contacts all have
a topographic expression interpretable on the imagery. Surficial
geologic features were far less visible on the imagery over most
of the area studied. Tﬁé smaller scale comparisons revealed a
pervasive, near orthogonal fracture set cutting all types and ages
of rock and trending roughly N4O°E and N30°W. In certain places
the strikg of bedding and foliation attitudes and some lithologic
contacts were visible in addition to, the fractures.

~Fracturing in southern New England is apparently far more
important than has been previously recoghized. This new information,
toge;hér w1£h the visibility of many bedding and foliation attitudes

and lithologic conthctg, indicates the importance of radar imagery

in improving the geologic interpretation of an area.
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INTRODUCTIO&

Side Looking é;fborn Radar ( SLAR ), a remote sensing device,
was used to make imagery of Massachusetts in 1968 and Connecticut
and Rhode Island in 1970. The imagery was made by the Grumman
Aircraft Engineering Corporation with the cooperation of the U.S.
Army for the U.S. Geological Sﬁrvey as a project under the NASA
prdgram. The area imaged is referred to as southern New England
and covers approximately 37,503sqkm. In all, four mosaics were made;
an east and a west looking mosaic for Massaéhusetts and a north
and a south looking mosaic for Connecticut and Rhodé Island.

Geologic Setting

Southern New England lies completely‘yithin the crystalline
portion of the Appalacﬁian mountain system. Tﬁe bedrock consists
uf tightly folded and faulted, low to high grade; metasedimentary
and metavolcanic rocks intruded by igneous rocks of various ages.
The pattern of metamorphic and plutonic rocks is broken by unmet-
amorphosed Triassic rocks in the Connecticut Valley and by
relatively low grade Carboniferous rocks ( except in the western
part of the Naragansett basin in Rhode Island where the rocks are
in the sillimanite zone of metamorphism ) in fault basins in
eastern Massachusetts and Rhode Island.

" Resistant Preéambrian gneisses are exposed in western Mass-
achusetts and weséern Connecticut in a ;eries of roughly north-
south trending‘massifs ( Figure 1 ). West of these Precambrian
rocks a lower Paleozoic miogeosynclinal seéuence of slightly

metamorphosed limestones and sandstones is found along with the

more resistant phyllites and schists of the Taconic sequence.



Figure 1 - Location Map Of The Major Geologic Areas In Southern New England.
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The Taconic rocks are eugeosynclinal sediments thrust from the
east to the west during Ordovician time and which now uncon-
formably overlie the miogeosynclinal rocgks.

East of the Precambrian rocks is a eugeosynclinal sequence

of Paleozoic rocks in the Connectjicut, Valley Synclinorium. The

macamorphic terrain is here broken in central Massachusetts and
central Connecticut by the unmetamorphosed sedimentary and
volcanic rocks of the friassic basin. East of the Triassic rocks
two roughly north-south trending structural blocks, the Bronson
Hi1l Anticlinorium and the Merrimack Synclinorium, cover Mass-~
achusetts and Connecticut with Paleozoic metasedimentary and meta-
volcanic rocks. Separated from the Merrimack Synclinorium by a
series of northeast trending faults are the Precambrian and
Paleozoic igneous and metamorphic rocks of eastern Massachusetts
and Rhode Island. Superimposed on these are the fault bounded
Carboniferous sedimentary basins.

The area underwent orogenic activity at least six different
pimes; twice in the Precambrian, in the middle Ordovician ( the
Taconic orogeny ), in. the middle Devonian ( the Acadian orogeny ),
in the Permian ( the Allegheny orogeny ), and finally in the
Triassic ( the Paliﬁades orogeny ). After the Palisades orogeny
- erosion took place until the present. During the Pleistocene
epoch at least four different ﬁeriods of glacial advance and

retreat occured.



Purpose of Study

The purpose of this study is to determine (1) the geologic
usefulness of radar imagery in this glaciated, metamorphosed and
structurally complex térrain,.and (2) to see if the geology of the
region can be better underst;od and hore accurately mapped using
SLAR imagery.

Method of Study

The method used to analyze the geologic usefulness pf rada;
imagery was to compare-field mapped geologylto the imagery at the
same scale. This was done first with three small areas at a scale
of approximately 1:125,000 and then with the entire three state
region at a scale of approxiﬁately 1:500,000. The small areas were
studied to determine in detail what kinds of geologic features can
be interpreted from radar imagery. The information obtained from
these detailed studies was used to make a radar-geologic map of
Massachusetts, Connecticut and Rhode Island at a scale of
approximately 1:500,000. Tﬁis geologic map was constructed on an
overlay of the Massachusett; west looking imagery and the Conn-
ecticut and Rhode Island south looking imagery.
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SIDE-LOOKING AIRBORN RADAR ( SLAR )

Basic Operation of SLAR Systems

Radar ( RAdio Detection And Ranging ) uses energy in the radio
wave portion of the electromagnetic spectrum. It has wavelengths
longer than visible light but shorter than AM type radio waves.
These waveléngths provide radar with some of the sensing capabilities
of visible light and some of the penetratiné capabilities of radio
waves. Radar can penetrate clouds, dust, haze and almost all forms
of atmospheric interference. SLAR s&stems have wavelengths ranging
from more than 1 meter to less than 1 centimeter and frequencies
ranging from 220 megaherz to 40,000 megaherz. The radar used in
this study has wavelengths from 3.75cm to 2.40cm and frequencies
from 8000MHz to 12,500MHz and it is assigned the letter code X
( X-band ). '

An aircraft equipped with a SLAR system flies in a straight
line, at a constant altitude and speed and along a determined
path ( called the flight path or ground track ). As it moves an
onboard transmitter generates short pulses of radio frequency
( radar ) energy. These pulses are propagated towards the earth
ﬁot directly beneath the aircraft but off to one side or the
other ( hence "sidg looking" ). This allows the aircraft to
image two strips of terrain simultaneously and creates the
sh;dow affect which greatly aides in topographic interpretation.
The energy travels at the speed of light through the atmosphere
until it intercepts the surface of the earth. At this interface
some of the energy is reflected back ﬁo the aircraft, some is
absorbed into the earth and some is scattered into the atmos-

phere away from the aircraft. That portion of the energy returned



to the air.raft is received by the antenna and converted to a
video signal by the receiver. The video signal is displayed on a
cathode-ray tube. Return signals from subsequently transmitted
pulses are displayed on the cathode-ray tube. in the same position
as the previous ones. However, by, moving photographic film past
the cathode-ray tube display line at the same velocity as the
éir;raft an image of the terrain can be recorded as a continuous
strip map.

Terrain—-Energy Interaction

The amount of radar energy received back at tﬂe aircraft
determines the brightness of the final image ( high energy return =
bright image, low energy return = dark image ). In turn, the
amount of radar energy. detected depends on the reflecting prop-
erties of tze terrain surface. Radar waves are reflected either
:pecularly { i.e. mirror-like ) or diffusely ( i.e. in all
directions }. Smooth surfaces reflect specularly. Rough surfacés
reflect diffusely. Surface roughness 1s defined relative to the
wavelength of the impinging radar waves. If the surface has a
roughness of approximately 1/2 the wavelength or less it will
reflect specularly and appear smooth on the imagery. Surfaces with
a roughness greater than 1/2 the waJElength reflect diffusely and
appe#r rouzl on thg imagery. Short wave%engths ( e.g. less than
Llem ) lose atmospheric penetration capabilities and long
wavelengths ( e.g. greater than 5cﬁ ) can make rough terrain

' appear smooth.

Angle of Incidence

The z=zle of incidence of the radar energy is a very

important Zzctor in the amount of that energy returned to the



aircraft. It is defined as the angle between the impinging radar
beam and a perpendicular to the incident surface at the point of
incidence. Small incidence angles provide high energy returns.
Large incidence angles' provide low energy returns. On a flat
terrain the incidence angle changes gontinuously from about

10° in the near range of the image strip ( close to the aircraft )
to about 70° in the far range of the image strip ( away from the
a{rcréft )..If‘two or more terrain surfaces are planar and
perpendicular to each gther ( e.g. buildings and streeté ) a high
energy return is experienced no matter what the incidence angle.

Surface Configuration and Look Direction

Because illumination by radar is unidirectional ( perﬁen-
dicular to the flight path and/or parallel to the look direction )
the amount of energy returned is controlled to some extent by the
configuration of the terrain and the look direction that images it.
Large terrain features.such as hills an& valleys are important
factors in the control of energy return. The shape and size of
terrain features is important when léok direction is considered
especially where elongate shapes are involved. Imaging an elongate
ridge from a direction perpendicular to ﬁhe trend of the ridge
will return more energy than imaging it from a direction parallel
to the trend of the ridge.

All of the above parameters join together to provide an image '
of the terrain. Using black and white and ali shades of gray a strip
map similar to a shaded relief map is produced. This map shows the
topography in an enhanced format. However, because of terrain factors.

and sensor limitations, many distortions in the final image exist.
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Distortions
~Shadow
Black shadows are an obvious distoftion in a radar image.
Unidirectional illumination, such as that afforded by SLAR systems,

will illuminate enly those ebjeets direetly in the line of illum-=

ination. Other areas will be shadowed. Also, since the angle of
incidence increases in-ghe far range of aﬁ imaée strip, more
extensive shadowing will occur there than in the near range. This
is very similar to solar shadowihg in the late afternoon. Radar.
shadows méy inhibit geologic interpretation.

Slant Range and Ground Range Formats

SLAR systems use either a slant range or a ground range
format. In a ground rahée format the distance between two features
on the image is directly proportional. to their actual spacing on the
ground. In a slant range format the spacing between two features
on the image is directly proportional to the time interval between
the radarjenergy interception of the features and not to the -
distance between them. Slant range formats ( like the one used in
this study ) do not p;esent a scale accurate picture.

In a slant range format the range scale ( the range direction
. is perpendicular to the flight path or parallel to the look
direction ) will vary with any variation in aircraft altitude. The ‘
agimuth scale ( azimuth direction is parallel to the flight péth )
wiil vary 1f the synchronization between alrcraft spéed and film
speed is varied. ‘

Near Range Compression

More important than these aircraft problems is the continuous scale
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change in the rangz ::rection. In the far range the scale dis-
tortion is slight. = :he near range, however, considerable
compression of thz -zzzery occurs. Thus scale distortions as well
as distortions in s=wmetric shape may occur in the near range.
Linear features, su= as ridges apd valleys, vhich are parallel
or perpendicular == =2 look direction show little distortion in’

orientation in a s_=: range format. Linear features oriented

obliquely to the Ia2x direction do experience orientation
distortions in thz -==r range ( e.g. small scale features may be
elongated parallie. == cthe flight path ).

Mosaic Distortions

“hen the inc---zal image strips are layed side by side to
produce a radar ms::- some distortions result. The strip to strip

contacts are not ==cz and may cover certain features. Many thin

parallel lines, zz._=: scan lines, are visible. These are caused
by antenna instat:_-—es. The mosaics used in this study are un-
controlled. The s——=5 are matched to each other and not to a

base map. For tai: -zzson a scale difference exists between mosaics
of the same area zz:= from two opposing look directioms.

More refine: -ziir systems have most of the above mentioned

distortions rectiZzz by computer both duriag and after the

flight. Computer-x—sted radar mosaics;, not available for this
study, offer a ve=r -iose approximation to a plamnimetric map

from which accurs—= zspographic and geologic maps can be made.
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Radar Imagery Used in This Study

The radar images used in this study were made by X-band,
slant range, side looking airborn radar. Eight separate mosaics
were studied at a scale of approximately 1:500,000. These include

an east looking and a west 1boking mosaic for Massachusetts and.a

north looking and a south looking mosaic for Connecticut and

Rhode Island. Both enhanced .and unenhanced mosaics were made for
each 1ook direction in each state, thus making a total of eight
mosaics. An enhanced mosaic is one which has been modified to reduce
tonal contrast between strips. However ﬁy reducing the contrast some
resolution 1is lost. |

The aircraft flew at én altitude of 2440m and at a speed of
186 knots. Imaging was. done in both directiops simultaneously and
covered a swath approximately 25km wiée on either side of the
aircraft. In Massachusetts the.flight direction was parallel to
the western border of the state ( N15°E ) and in Connecticut and
Rhode Island the flight direction was east-west.

The'imagery was made with a Motorola AN/APS - 94 system in
Massachuseéts and was flown in a Grumman-built OY-IB Mohawk
aircraft. The £ilm was laboratory printed. The Connecticut
imagery was made with the slightly differgpt APS-94D system and
the film.was proqessed on board.

Westinghouse, using their AN/APQ - 97 system, made on
imaging pass over a part of southern New England prior to the
Motorola imagery making. The quality of this imagery is good'bht
because of space and time considerations it will not be dis-
cussed in this report.( this Westinghoﬁse imagery is not

available to the public ).
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Previzus womx = .4} Imagery Interpretation

Toz firs: =z most familiar use of reflected radio waves
( racar ) =is fgz nilitary targeting purposes. The targeting is
done either py zir to air or ground to air transmission of the
radar ec= exeTTy. sl if the surface of J:he earth should happen to
inter-ezz sms :f z=is energy it was considered clutter and
undesizzle. Z-. =.7. Smith ( 1948 ) first reported on some
non-mi_‘z:vy :gglizztions of radar -in the field of terrain
analvsis. Sic:e zten wgrk on this type of radar imagery .has pro-:
sressec. (eolszv 15 a more recent benefactor of the discovery. In
the earlr dzrs of t=e study of SLAR imagery volcanic terrains were
studiez 1z pzmmm=ziar because of a probable similarity with the
iyzar _z-istze.

Muct w=rf hzs teen done to determine the usefulness of radar
iZazery w4 == :4éy of the terrain. Some suggested uses are the
Study zZoz=sl:z—: s:iructure, geomorphic 'feat:ures, cultural
patterzs =7 =i :se ( Simons, 1965 ), regional scale physiographic
features - L= sz and others, 1968 )I, supface drainage and
surface =riirizzziiom, and vegetation ( Viksne and others, 1969 ).

*rzizzmn (1347 ) listed those factors which he believes
coatre. t=e z==szicy of the returned radar signal; (1) direction
from wi:z -ts -e-rain is imaged, (2) the roughness of the
Surface ‘mzef, =d (3) the geometry of the surface imaged.
Hackmez ¢ 2347 ., fa a study of flat lying sédimentary rocks in
Soutbers Tizt, Zoe=d that changes in returned signal intensity-did

‘DOT alwzrs -z~ zrz 1ithologic changes.
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A study of the radar imagery of the Darien Province of
Panama by H.C. Mac Donald ( 1969 ) provided some basic guidelines
for the geologic interpretation of radar. He found that geologic
structure often has an excellent correspondence with the topography.
Folded or faulted rocks weather and erode differentially andlthey
reveal‘their presence at the surfac; of the earth. Wing and others
( 1970 ) found‘exactly the same thing to be true in their study
of the ra&ar imagery of the Burning Springs area in West Virginia.

MacDonald and others ( 1969 ) also found that faults are
expressed on radar as long, strong lineaments which are persistent
apd may cut acrogs regional structural trends. In a study of the
St. Francis Mountains in southeast Missouri, Gillerman ( 1970 )
noted that a certain lineament was defined by alignment of
drainage and by abrupt changes in the course of streams which
intersect the lineament. He interpreted this lineament as a fault
because it is long, straight and altered the drainage.
| Joints are expressed on radar as shorter, criss—cross
lineaments and joint systems, rather than individual joints are
shown on radar imagery ( MacDonald, 1969 ). MacDonald ' ( 1969 )
also notes that the distinction between faults and joints on
radar imagery is d%fficult.

Radar is also suited for the sequential imaging of coastlines
to monitor changes in mud fiats, beach ridges, natural levees,
zones of breaking surf and offshore sediment transport ( MacDonald
and others, 1971 ).

Previous workers in.radar geology have pointed Oué some
advantages and disadvantages. Airbora radar systems are all

weather, round-the-~clock systems ( Simons, 1965, Hackman, 1967,
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and Dellwig and others, 1968 ). Radar can image large areas with
few imaging passes and therefore is important in regiomal scale
studies. Also, the shadow enhancement of the topography greatly
aids in the observation and interpretaion of geologic features
( Reeves, 1969 and Hackman, 1967 d. 0

"Some disadvantages of radar iﬁagery found by previous
workers are the laék of both stereoscopiz coverage and wvery fine
resolﬁtion ( Simons, 1965 ). MacDonald and others ( 19469 ) foun@ that
near range portions of, the imagery are of pbor quality because of
the absence of good shadowing. Look direction is also an
important disadvantage if the terrain is imaged from a direction
sarallel to the main structural trend of the region ( wing and
>thers, 1970, MacDonald and others, 1969 and Dellwig and others, -
-968 ). The differentiation of lithology is generally more
1ifficult on radar imagery than on conventional aerziai photo-

graphy ( Hackman, 1967 ).
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“inizmentals of Radar Imagery Interpretation

The terms tone, texture'and lineament need to be defined
be“zre a discussion of radar imagery interpretation can be
p=sued. Tone is the intensity of white or the intensity of
blzck on the image. Texture_is the frequency of tone changes
wer a given area. Tone is a fundamental element of texture and
=2 does not exist without the other. The. shape, size and
=zzerns of the to#ograpﬁy give the image its texture. A radar
Uimeament is a linear or curvilinear change in tone. Lineaments
tm appear on the imagery as either linear or curvilinear
xxadaries between édjacent regions of different signal return or
&= s3harp, linear or curvilinear tone changes within a larger area
o miform signal return.

To demonstrate the basics of radar imagery interpretation I
wTe used three sample areas which will be discussed in detail.
ZZgre the samples are given, however, four questions should be
=Izroduced into the readers mind;

1. Dées radar imagery accurately ''see" the topography?

2. Are bedrock geologic features reflected in the topography?

3. Do glacial features affect the way bedrock geologic
features are reflected in the topography?

4. If radar accurately '"sees" the topography, and if
bedrock geologic features. are reflected in the
topography, what geologic interpretations can be
made from radar imagery?
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INTERPRETING GEOLOGY FROM RADAR IMAGERY
.Three examples will be used to‘discuss in detail how radar
imagery is interpreted. The first two examples are used to
demonstrate how bedrock and .surficial geology can be studied

using radar. The third example shows only-the bedrock geology

bue will be used to evaluate the importance of orthogonal look
direction coverage to geologic intérpretation.'
Example # 1 |

The area of example # 1 is located on figure 2. It covers
four 7-1/2 minute quadrangles in west-central Massachuéetts and
equals approximately 563sqkm. Figures 3a and 4 are photographs
of area‘# 1 taken from the uneﬂhanced east looking and west
looking mosaics of Massachusetts and enlarged approximately
four times. They represent the same area as the four quadrangles
shown on figure 2. Because they are photographs of a mosaic the
quality is.not as good as 1t could be 1if the origiﬁal strips were
studied separately ( as was actually done ). Figure 3a will be used
for the following discussion and figure 4 was included for a
comparison of two opposing look directions.

There are three major radar distortions present on figure
3a; they are (1) scale distortion, partly caused by the slant range
Presentation of this imagery and partly caused by the inexac£'
pesitioning of each mosaic strip. The scale error could be as high
as 4% ( Kover, 1974, oral communicatioﬁ ), (2) scan lines, these
are the fine lines that can be seen perpendicular to the flight
lines ( flight line hére is N15°E ), and (3) radar shadow, radar

éhadcw,is present almost everywhere® it is always on the opposite
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figure 2 - Location map of the Shelburn Falls, Greenfield, Williamsburg
and Mount Toby Quadrangles in west-central Massachusetts.
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Tigure 3a - Enlarged radar imagery of the Shelburn Falls, Greenfield,
Williamsburg and lount Toby Quadrangles, east looking,
scale approximately 1:114,048 enlarged from a scale of
approximately 1:500,000.<ﬂ-indicates quadrangle corner.

Figure 3b - Interpretive radar-geologic map of the Shelburn Falls,
Greenfield, Williamsburg and Mount Toby Quadrangles
made to overlay the enlarged east looking imagery ( fig. 3a ),
scale approximately 1:114,048.

contact clearly interpretable on radar imagery and also appears
on the mapped geology. .

— — — — —contact difficult or impossible to interpret on radar i-agery but
appears on mapped geology.

fault clearly interpretable on radar imagery and also appears on
mapped geology.

= ~=—=— fault difficult or impossible to interpret on radar imagery but
appears on mapped geology.

e fracture interpreted on rédar imagery that does not appear on
mapped geology. .

—4A—  strike and dip of bedding and/or foliation
strike intérpreted from radar imagery
dip obtained from mapped geology
length of line approximates length of lineament.

+1indicates corner of quadrangle.
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approximate scale in kilometers

4

%MLZI



22

Figure 4 - Enlarged radar imagery of the Shelburn Falls, Greenfield,

‘ Williamsburg and Mount Toby Quadrangles, west looking, scale
approximately 1:114,048 enlarged from a scale of
approximately 1:500,000a‘-1nd1cates quadrangle corner.
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shows these.differént rock types. The tf%p ridge is more
resistant and thus rises above the topographically lower
sedimentary rocks. Thig change in topograph} is expressed on
the imagery as a change in the tone and texture ( due to radar
shaciow ) of the areas underlain by these different lithologies.

The radar also shows the difference bétween the relatively
flat lying, unmetamorphosed Triassic sedimentary rocks and the
steeply dipping metamorphic rocks immediately to the west. Again
there is8 a great enough difference between the lithologies
underlying these areas to make the topography much different. And,
when the topography is different the radar image is also
different.

Figure 5a shows the topography of these two areas underlain
' by rocks with very different geologic characteristics. These
different characteristics ( i.e. geologic age, degree of meta-
morphism, angle of dip of planar features and rock type ) give
the topography of the two areas different characteristics. The
area underlain by the Triassic rocks is flat, with little relief
and no topographic lineaments. The area underlain by the older
crystalline rocks is finely dissected, has much relief over a
relatively small area and contains many topographic lineaments.
These differences are brought out and enhanced greatly by the
radar imagery ( figs. 3a and 4 ) of the same area.

In the western half of the area shown on figure 5b there
are several rock types present ( as shown on the legend for
figure 5b ). A distinction between these rock types on the radar
imagery, however, is difficult. The topographic expression of the

bedrock is uniform over the area. The uniform topographic
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expression is due to uniform geologic characteristics of the
different rock types ( i.e. they are mostly layered, metamorphosed
and medium to steeply dipping, crystalline’ rocks ). Some rock
t&pes in the legénd.are drastically different from others, such as
quartzite vs. phyllite and limestgne vs. amphibolite, but such
distinctive units are small, thin layers in a more uniform body
of rock, and as such do not have a topographic expression visible
at a scale of 1:125,000. It is apparent that for two lithologies
to have a distinct enough difference in their topographic
expression to be separable on radar imagery the two lithologies
must also have distinct diffefences in their physical

[ ]
properties ( e.g. sandstone vs. basalt or shallow dipping
sandstone vs. steeply dipping schist or phyllite, as can be-seen
by comparing figs. 3a and 4 with fig. 5b. ).

. Figure 6 shows the generalized geologic structure of the area
of example # 1..The ma;ped high angle faults seén on this figure
are not clearly visible on the radar imagery ( fig. 3a ). Joints
are also not clearly recognizable. The reason for this is the
lack of topographic expression of these features. If faults,
Joints or any other geologic features are not reflected in the
topography then the? will nof be interpretable on a radar image.
Why these fractures ( in this study the word "fracture" will mean
faults, minor faults and joints because displacement is the only
criteria for separating these features and that is uéually notl‘

discernable on radar imagery ) are not reflected in the

topography is unknown eigept to say that they are probably
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minor fractures which do not control the topography here.

. The mapped attitudes of bedding and foliation appear on
figure 6, In the westein half of the area ( i.e. the area
underlain by sﬁeeply dipping crystélline rocks ) the strike of the
bedding and foliation is parallel, to the trends of the valleys
and ridges as seen on the radar imagery of that area -( fig. 3a ).
The valleys and ridges are present as a'reSult of the differing
response to erosion of the different beds or layerg in the area.
In this way the litﬁology controls the topography because of
some aspects of its physical properties, namely that it is
layered and steeply dipping, and because of differential
erosion acting on these physical properties.

The topography here is controlled by differential erosion -
along planar features in the rock and this can be seen on the
~magery as radar lineaments. The strike of the bedding in the
Triassic sedimentary rocks is not expressed in the topography
and therefore is not visible on the radar. This lack of
topographic expression is due to the shallow dip of the
Triassic rocks and also due to the homogeneous resistance to
erosion of the different se&imentary units within the basin.

Do Glacial Features Affect the Way Bedrock
Geologic Features are Reflected in the Topography?

I have pointed out some bedrock geologic features that I feel
are reflected in the topégraphy. Now ‘it must be deﬁetmined.what
affects thé.multiple glaciation of southern New England have had
on the terrain and if these affects are visible on radar

imagery.
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Figure 7 is a generalized surficial geologic map of the
Shelburn Falls ( Segerstrom, 1959 ), Greenfield ( Jahns, 1966 ),
Williamsburg ( Segerstrom, 1955 ) and Mount Toby ( Jahms, 1951 )
quadrangles. It shows the positions of ice and water laid
deposits, striation and groove directions and the direction of
the long axes of drumlins. A comparison of figure 7 with the
topography of the area ( fig. 5a ) reveals that ice laid drift is
concentrated in the uplands and water laid drift is concentrated
in the lowlands. The direction of ice movement, as inferred from
drumlin and striation’'directions, does not have a marked
correspondence to the topography as seen on figure 5a. The radar
:magery does, however, show many lineaments parallel to these
zlacial features ( the,western_half of figure 3a has many ridges
and valleys parallel to the drumlin axes of the area ). This
relationship does not imply glacial control of'the topography. It
also does not imply that the bedrock completely controls the
topography éither. It does mean fhat the bedrock topography,
exiéting befo;e the advance of the ice, has a substantial affect
on the déposicion and erosion of the ice. And that the topograpﬁy
as seen on figure 5a and the radar images ( figs. 3a and 4 ) is a
predominantly beerck controlled topography albeit etched and
modified slightly by glaciation.

The scale of.moét glacial features, such as drumlins, ice-
sculpted topography, and striations and grooves 1s too large to be
seen on the small scale ( 1:125,000 ) of‘the radar imagery.
Glaciation has the affeét of eroding the pre-glacial weathered

bedrock surface, esvecially along zones of weakness such as faults,
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Figure 7 - "Surficial" geologic map of the Shelburn Falls, Greenfield,
Williamsburg and Mount Toby Quadrangles on a non-topographic
base at a scale of 1:125,000.,

ID|- ice-deposited material, till or ground.moraine.

wo|- water-deposited material, clay, silt, sand and gravel.

contact
é//,,z4direction of glacial striation

//éa,,direction of long axis of drumlin

/[\ north
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approximate scale in kiloﬁeters

Map compiled from sources mentioned in text.
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joints, and relatively non-resistant layers of rock within a

more resistant unit, and etching out the topography in fine detail.
Subsequently, glacial deposits round off topographic detail

by depositing materials in the valleys and on the ridges.

What Geologic Interpretatipns, can be Made
From Radar Imagery?

Separation of lithologies was possiPle on figure.3a but
only in cases where the physical properties of the rock, as well
as the degree of 1ayeriﬁg, angle of dip of layering and degree of
metamorphism, were greatly different ( such as the Triassic
sedimentary rocks and the older crystalline rocks to the wesf on
fig. 5b ). This distinction between lithologies is relative, however,
and absolute determination of rock type on radar imagery is
difficult.

The principle method used to study structure on radar
imagery is to construct lineament maps..Figures 8 and 9 are
radar lineament maps of the east and west looking imagery seen on
figures 3a and 4. All of the lineaments present on thése figures
represent topographic lineaments which in turn reflect either
fractures, the strike of bedding planes, the strike of foliation

planes, or, less frequently, a contact between two different

‘

lithologies.
Differential erosion along these planar features in the roék

creates topographic ;ineaments vigible on radar imagery. Although

the radar mgy distort the trend of these lineaments slightly it

is not enough to seriously interfere with interpretation. The

lineament maps were made by tracing the radar lineaments onto

an overlay. Notice the similarity in fhe two lineament maps

despite the fact that they were made from two opposing look
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Figure 8-~ Radar lineament map of the Shelburn Falls, Greenfield,
Williamsburg and Mount Toby Quadrangles made from the
enlarged east looking imagery, scale approximately 1:114,048.

T north — A .
; 0 1 2 3 4

approximate scale in kilometers

4+ indicates corner of quadrangle and corresponds t:o+"on the photographs. -

Lines connecting + approximate quadrangle boundaries.
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‘Figure 9 - Radar lineament map of the Shelburn Falls, Greenfield,
Williamsburg and Mount Toby Quadrangles made from the
enlarged west looking imagery, scale approximately 1:114,048.

north ¢ . — >
0 1 2 3 4

approximate scale in kilometers
+ indicates corner of quadrangle and corresponds to-*-on the photograph.

Lines connecting 4- approximate quadrangle boundaries.
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directions.
' The lineaments of figure 8 are interpreted on figure 3b.
Figure 3b also shows the lithologic contacts which were directly

transferred ( i.e. without interpretation ) from the geologic map
to an overlay on the radér imagery ( fig. 3a ). The contacts were
transfarred from one map te the other using any geographic or
topographic correlations available.

The lineaments in the western part of the area were inter-
ﬁreted as the strike of foliation and bedding attitudes because;

1) The lineaments are parallel to the field mapped
regional foliation and bedding trends.

2) The lineaments are shorter and more numerous than any
other lineament group on the map.

3) The lineaments. are consistent in trend over a large
area ( e.g. greater than 100sqkm ) and do not crosscut
or truncate other lineaments.

The northwest-trending lineaments in the western part of the

area were interpreted.as fractures for the following reasons;

1) The lineaments crosscut the trend of the regional
foliation.

2) The lineaments are longer, straighter and more persistent
than any other lineaments on the map.

3) In places the lineaments truncate or offset ridges.

4) The longer, straighter, crosscutting lineaments are all
parallel to each other, this indicates that they may have
been formed at the same time and by- the same conditions
of regional stress.

- Interpretations concerning the surficial geology of an
area based on radar imagery, and the value of these interpretatiomns:
in improving the understanding of the surficial geology, are less

accurate and less important than interpretations concerning the

bedrock geology. Figure 7 shows the glacial geology of the area.
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And, without even seeing a topographic map or a radar image of the
area, it ts known by basic principles that water deposited
materials will be generally in the lowlands and ice deposited
materials will be generally in the uplands. Also, it is known
that the direction of ice flow will be more or less concordant
with local topographic trends. Examination of the radar imagery

( figs. 3a and 4 ) suﬁports these fundamental assumptions ( e.g.
areas on the imagery of high elevation and relief coincide with
. areas shown on figure 7 showing predominantly ice deposited drift
and drumlin and striation directions have a general if.not
specific concordance with local topographic tfends, as can be.

noted in the western part of either radar image ).
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Example # 2

The area of example # 2 is located on figure 10. It covers four
7-1/2 minute quadrangles in southeastern Connecticut and equals
approximately 563sqkm. Figures 11 and 12a are photographs of the
north and south looking radar imagery of this area taken from the

Connecticut and Rhode Island mosaics and anlarged approximately

four times. Because they aré photographs of a mosaic the quality
is not as good as the original image strips. Figure 12a will be
used for purposes of discussion and figure 11 was included so
that the reader can compare two opposing look directions. The
distortions present in these radar images ( figs. 11 and 12a )

are the same as those already discussed in the previous section.

Does Radar Imagery Accurately ''See' the Topography?

Figure 13a is a topographic map of the same area shown on
the two radar images, figures 11 and 12a. This topographic map
has the generalized geology of the area drafted onto it ( it is
uncolored to allow better study of the contour lines ) and is
at approximately the same scale as the radar images. A comparison
of the topography with the radar indicates that both look
directions give an accurate picture of the terrain. Specifically,
the imagery may not show certain minor features of the topography
“but everything visible on the radar is a real topographic
feature; although it may be enhanced and slightly distorted.

Also to be noted .is the marked topographic linearity
vigible in.the northern and western parts of figure 12a. These
topographic -1lineaments are present on the topographic map but not
nearly as easjily seen as on the radar image.

Are Bedrock Geologic Features Reflected in the Topography?

A map showing the lithology and major faults of the Montville
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Figure 10 ~ Location _map of the Mbntville; Uncasville, Niantic and
New London Quadrangles in southeastern Connecticut.
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Figure 11 - Enlarged radar imagery of the Montville, Uncasville,
Niantic and New London Quadrangles, north looking, scale
approximately 1:120,384 enlarged from a scale of approximately
1:500,000.-+.1ndicates quadrangle corner ( distinct white
lines are not radar images ).
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Figure 14 - Geologic structure of the Montville, Uncasville, Niantic
and New London Quadrangles on a non-~topographic base at a
scale of _1:125,000.
contact
———l-—high angle fault with bgr and bell on downthrown side
—_—T 10w angle fault with T on upper plate
—-Atj——-fold axils of overturned. anticline
—+4—J——fold axis of overturned syncline
- —a_ foliation
—&— vertical foliation
—t— bedding

—IJ— joint

—— vertical joint

north

approximate scale in kilometers.

1 low angle of dip - 0-30°
m medium angle of dip - 30°-60°

h = high angle of dip - 60°-90°

Map compiled from sources mentioned in text.
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( fig. 12a ) shows very little relation between topography and
lithology. Even where the topography haé excellent lithologic
correlation this correlation does not extend over the entire
area underlain by a particular rock type. Units continuing from
the northeast part of figure 13b fo the northwest part do not
élearly do so on the radar image ( fig. 12a ).

In summary it éppears that in some places lithology 1is
reflected in the topography and in some places it is not. A
particular rock type with very good topographic expression in one
place may have little or no topographic expression in others. The
pre-Pennsylvannian gneissic granite in the northern part of the
Uncasville quadrangle stands out in a topographically‘distinct
ridge trending northwest. The same gneissic granite further south

in the Uncasville and New London quadrangles has no clear
[

topographic expression. Some reasons for this non-uniform
topographic expression of lithologies arge;

1) Erosion of areas underlain by the same rock type or of
contacts between units of varying resistance may not
take place uniformly in all locations. -

2) Glacial.deposits vary in thickness and in the southern .
. part of the area they are thicker. than in the northern
part, and thus they reduce the bedrock relief of the area.

3) Geologic structure ( i.e. faults and folds ) can affect the
topographic expression of a rock unit. The granite gneiss
in the northern part of the Uncasville quadrangle that has
good topographic expression is also in close proximity ‘
to a large east-west trending fault. The granite gneiss
further south is not, close to such a large, regionally,
important fault and does not have the good topographic
expression either. The developement of good foliation
and bedding is also important. A well foliated, steeply
dipping member or bed of a particular unit will have
much better topographic expression than a less well
foliated or more shallow dipping part of the same
lithologic unit. '
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Figure 14 shows the.geologic structure of the area of
example # 2. Bedding and foliation, and fractures are two
important elements’of geologic structure that can be seen on
radar imagery. Fractures in this study will include both faults and
joints. This is done for several Yeasons; first, at the scale of
radar imagery individual joints are not se;n, rather swarms or
groups of joints.create topographic lineaments. Second, the
distinction between faults and joints on any remote sensor is
difficult. And third, in many cases the joint swarms that are .
visible on the imagery as lineaments are joints that are close
to, pafallel to and caused by faulting.

By comparing figure 14 to the radar imagery of the same area
( fig. 12a ) it is clear that many of the bedding and foliation
attitudes are reflected in the topography as topographic
lineaments ( and therefore radar lineaments ). The southern part
of the Montville quadrangle and the northern part of the Niantic
qQadréngle illustrate this fact well. Differential erosion acted
on the bedding gnd fo;}ation planes to produce the topoéraphy
seen. Again, as with lithology, there appears to be some areas
whefe the correlation between bedding and foliation attitudes and
the topography is better than others. Important factors deciding
whether the topography will reflect structural attitudgs or not
are very similar to those fac£ors that are important in deciding
vhether lithology will be reflected in the topography. The dip
of the bedding and foliation may be shailow, as in the central
and southern parts of the Uncasville quadrangle, and thus inhibit

differential erosion from acting. This prevents good radar
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expression of these gevlogic features ( figs. 11 and 12a ). It
should be mentioned here that if they look direction is either
parallel to or near parallel to ( within 5° ) a linear topographic
feature that feature will become very di¥ficult to see ( this
f:a‘ct’ﬁill be shown in detail in example # 3 ).

The thrust.fault }n the northern part of the Uncasville
quadrangle has excellent topographic expression in the western '
extént of it but not very good expression at all in the eastern
extent of it. The two high angle faults in the western half of the
Uncasville quadrangle are very poorly expressed. The fgct that
the look direction here is almost parallel to the strike of
these high angle faults is responsible for their invisibility on -
the radar. The absence of excellent topégraphic expression
thréughout the entire length of the thrust fault in the northern
part of the Uncasviile quadrangle isldue.in part to the low angle

of dip.

Do Glacial Features Affect the Way Bedrock Geologic
Features are Reflected in the Topography?

Figure 15 is a genéralized surficial geologic map of the
Montville ( Goldsmith, 1962a ), Uncasville ( Goldsmith, 1960 );
Niantic ( Goldsmith, 1964 ) and New London ( Goldsmith, 1962b )
quadrangles. !

A éomparison of figure 15 with figure 12a ( the radar imagery
of the area of example # 2 ) reveals that there is some correspon-
dence between the depositional and er;sional aspects of glaciation
and the topography. In the northern part of the radar image there -

is a sysiem of northwest trending ridges and valleys. Alternating

areas of high and low elevation can be seen on the image as
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Figure 15 - "Surficial” geologic map of the Montville, Uncasville,

Niantic and New London Quadrangles on a non-topographic
base at a scale of 1:125,000.
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alternating bands of light and dark tone with the low areas
indicated by the dark tonmes ( this is because the ridges, when
illuminated by radar energy, shadow the valleys ). On figure 15
ii can be seen in'tﬁis same area that belts of water deposited
material coincide with the low argas of the topography. Ice
deposited material is found in the high areas of this- region.. In
general, over the entire area of example # 2, places of low
elevation coincide with areas of water deposited glacial drift
and areas of high elevation coincide with areas of ice deposited
glacial drift.

Glacial striations and gfooves seen on figure 15 also have some

degree of topographic correspondence. The radar image of the area
shows some lineaments (.especially in the region just north of th;
intersection of the four quadrangles ) that are approximately
p;;allel to the direction of glacial movement as indicated by the
striations. The.striatlons themsleves are far too small to be

Seerf onithe imagery but what is important here is ice sculpted
topography, streamlined in the direction of ice movement. The
many mapped striations show the true ice movement direction. There-
fore lineaments seen on the 1magéry, parallel to striations mapped
in the field, are n?t those étriations but larger scale features
created by the same type of processes as the striations and
approximately in the same plaée. For the most part, however, there
is 1ittle correlation between this erosional aspect of glaciation
and the topography of this area as seen og the radar imagery

( fig. 12a ).’

What Geologic Interpretations Can be Made From Radar Imagery?

Figure 12b has the lithologic contacts seen on figure 13b
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drafted onto an overlay of the radar imagery of the same area. The
contacts were directly transfered without any interpretation using
topographic, geographic and cultural reference points where ever
possible. In many instances, such as in the southern part of the
Montville quadrangle and the‘nqrthern part of the Niantic
quadrangle, contacts shown by a dashed line could have been
interpreted otherwise by a different observer. Here there are

many lineaments which are very near parallel to and coincident
with field mapped lithologic contacts. They are'also near parallel
to and coincident with structural attitudes. To inferpret such
topographic features as expressions of specific lithologic
contacts is not valid because; .

1) There are too many lineaments in too small an area to
be sure which one is related to any given field
mapped contact. Even assuming that these clustered
lineaments are caused by lithologic contacts and not
fractures is risky.

2) There exists the possibility that lineameénts created
by erosion ( separating two lithologies by their
different resistant to erosion ) and lines drawn by a
geologist separating two lithologies may not occur in
the same place. The physical properties of a rock type
are what determines its resistance to erosion and also
( most often ) what makes them geologically distinct.

3) A fracture lineament, close to or coincident with the
contact may cause the topographic expression. In this
case the contact would have a topographic expression
but that expression would not be due to the fact that
two lithologies bordered each other here.
Figure - 16 and 17 show the radar lineaments of the north and
south looking imagery of the area of example # 2. The lineaments on
figure 17 are interpreted and shown on figure 12b. All the lineaments

represent some planar geologic feature which becomes.a linear

topographic feature at the surface of the earth.
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Figure 16 - Radar lineament map of the Montville, Uncasville, Niantic
and New London Quadrangles made from the enlarged north
looking imagery, scale approximately 1:120,384.
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Figure 17 - Radar lineament map of the Montville, Uncasville, Niantic
and New London Quadrangles made from the enlarged south
looking imagery, scale approximately 1:120,384.
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The lineaments interpreted as the strike of bedding and
foliation were interpreted that way because of the following;

1) The lineaments are parallel to and coincident with
field mapped structural attitudes.

2) The lineé@ents are shorter, more numerous and more
regionally consistent thap any other lineaments or
lineament groups present.

- 3) The lineaments do not crosscut other lineaments.

4) The magnitude of the tonal contrast that creates
bedding and foliation lineaments is not as great
as the tonal contrast caused by fracture lineaments.

Lineaments interpreted as joints ( joints can not usually

be interpreted but here, mostly because of abundant field

mapped data, they could ) were done so because;

1) They parallel and are coincident with field mapped
joints. .

+ 2) They crosscut the trend of the regional foliation.

3) They are shorter and have more of a criss—cross nature
than lineaments interpreted as being caused by faults.

4) They show no obvious relative displacement.

Lineaments interpreted as fractures E the term fracture
includes joints, in this case they are.probably faults but since -
no displacement can be shown they must be calléd fractures ) also
crosscyt the regional foliation but they are longer, straighter
and more consistent over large areas than crosscutting lineaments
interpreted as joints. If not for the field mapped data I feel
that the fecogni;ion of joints as opposed to faults on radar imagery
is difficuit. ‘ .

‘ Interpreting glacial\geological information, either on the
‘nature of the deposits or on the direction of ice movement,.from

radar imagery is very difficult in this area and at this scale.
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On figure 12a no lineaments are obviously parallel to striation
directions as seen on figure 15. Furthermore there is no tone
and/or texture patterns that indicate whether the glacial drift
underlying that particular t?né or texture is water deposited or
ice deposited. )

The reason that striations, grooves and ice sculfted
topography are not visible on radaf imagery is the scale of those
features. They are simply too small .to be seen on a radar image.
Water deposited glacial drift has very little topographic
expression of its own ( Flint, 1930 ) and ice deposited glacial:
drift has only slightly more of a topographic expression than

water deposited drift but still not enough relative to the

bedrock relief (. in moéf areas ) to be visible on radar imagery.



71

Example # 3

Area # 3 was chosen to illustrate an example of orthogonal
look direction coverage. It lies in an area of overlap between
north and east looking mosaics 1n Connecticut and Massachusetts.
The area is located on figure 18 and it covers four 7-1/2 minute
quadrangles in south-central Massachusetts and north-central
Connecticut and equals approximately 563sqkm.

Figure 19 was photographed from the Connecticut and Rhode
Island north looking imagery and figure 20a was taken from the
Massachusetts east looking_imagery. The difference between these
two images of exactly the same terrain is clearly observed on
these figures.

Does Radar Imagery Accurately ''See'" the Topography?

The topography of the area of example # 3 is shown on
figure 2la. If the topography is compared to figure 20a, the
east looking radar imagery of the area, a good correspondence
between the two is present. Bu£ if the topography is compared
té figure 19, the north looking imagery of the area, a poor
correspondence is observed. The reason for this difference
between the.two radar images 1is look direction and its
relation to the re%ional scale topographic trends. The
topography of this area is predominantly north to slightly
northeast trending. This means that the north looking imagery
is parallel or near parallel to the trend of the topographic
lineaments and, conversely, the east looking imagery is near
orthogonal to the topographic trend. Since a look direction

parallel to any topographic lineament subdues that lineament
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7igure 18 - Location map of the Palmer, Warren, Monson and Wales
Quadrangles in south-central Massachusetts and
north-central Connecticut.
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Figure 19 - Enlarged radar imagery of the Palmer, Warrem, Monson and
Wales Quadrangles, north looking, scale appreximately
1:120,384 enlarged from a scale of approximately 1:500,000.
. indicates quadrangle corner ( distinct white lines are
not radar images ).
north
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Figure 20a - Enlarged radar imagery of the Palmer, Warren, Monson and
Wales Quadrangles, east looking, scale approximately
1:125,000 enlarged from a scale of approximately 1:500,000.
ndicates quadrangle corner.

Figure 20b - Interpretive radar-geologic map of the Palmer, Warren,
Monson and Wales Quadrangles made to overlay the enlarged
east looking imagery ( figure 20a ), scale approximately
1:125,000.

contact clearly interpretable on radar imagery and also appears
on mapped geology.

— ——=—contact difficult or impossible to interpret on radar imagety
but appears on mapped geology.

fault clearly 1nterpreta61e on radar imagery and also appears
on mapped geology.

== —=—=—fault difficult or impossible to interpret on radar imagery but
appears on mapped geology. °

w—cmmcemefracture interpreted on radar imagery that does not appear on’
mapped geology.. °

—A—_gtrike and dip of bedding and/or foliation
- strike interpreted from radar imagery
dip obtained from mapped geology
length of line approximates length of lineament

—B— strike of vertical minor fault ( includes joints )
' strike interpreted from radar imagery

dip obtained from mapped geology
length of line approximates length of lineament

+ indicates corner of quadrangle.

north

approximate scale in kilometers
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Figure 2la - Topographic map of the area of example # 3.
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. °
on the imaggry an area of many topographic lineaments imaged by
radap patallel‘to those lineaments will not accurately portray
the area. In the extreme northwest corner of the area a flat
topography is seen on figure 2la. This area has no toﬁographib
linéaments and therefore appears gimilar on both of the images
( figa. 19 and 20a ).

Are Bedrock Geologic Features Reflected in the Topography?

The generalized bedrock geology of the Palmer ( Peper, 1966 ), .
Warren ( Pomeroy, 1973 ), Monson ( Peper, 1966 ) and Wales
( Seiders, 1973 ) quadrangles is shown on figure 21b. The geologic
structure of the samé area is shown on figure 22.
The area underlain by ﬁevonian or younger intrusive rocks in
the northwest corner of. the Palmer quadrangle is visible on both
.figure 19 and 20a due to a tonal and textural change on the imagery.
The rocks here are igneous and do not have the bedding and foliation
characteristics of the surrounding rocks. The topographic
expression of this lack of planar features iq the intrusive rock
is shown on the radar imagery by the lack of lineaments. This
correspondence between radar and lithology is the best that occurs
on figure 19 ( the north looking imagery ). The uniform texture of
the remainder of thf image prohibits any further lithologic
interpretation. The texture of the remainder of figure 20a is not
as uniform and inferences about the lithology can be made. The
Western half of the imagery has a different texture than the
eastern half. The easgern half has a finer texture and displays
Bany more lineaments than the western half. The correspondence of

the imagery to the lithology is explained here by noting the
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Figure 22 - Geologic structure of the Palmer, Warren, Monson and Wales
Quadrangles on a non-topographic base at a scale of
approximately 1:125,000.

contact
=——=—-high angle fault showing relative motion
—T-=—]ow angle fault with T on upper plate and showing relative motion
—a— foliation
—o-— vertical foliation

—L1— joint

—— vertical joint

north -

approximate scale. in kilometers

1 - low angle of dip 0-30°
m - medium angle of dip 30°-60°

h - high angle of dip 60°-90°

Map compiled from sources mentioned in text.
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léyering and foliétion characteristics of the rocks in both areas
( as seen on figure 21b, the legend for the geologic map of area
#3). The rocks underlying the western part of the imagery are
more massive, largely gneisses, granitic gneisses and amphibolites
compared to the mica schists and pther largely schistose rocks
underlying the eastern part of the area.

The structure of the area of example # 3 is shown on
figure 22; A comparison of thé strucsure with the north looking
imagery ( fig. 19 ) shows the following correspondences;

1) The northeast trending strike slip fault in the south-

eastern part of the Warren quadrangle is expressed on
the imagery as a lineament.

-é) The thrust fault cutting across the' northwest corner of
the Monson quadrangle is expressed on the imagery as a
lineament, and. .

" 3) Several lineaments seen on the imagery in the eastern
half of the Warren and Wales quadrangles are parallel to
and coincident with field mapped foliation attitudes.

Excépt for these correspondences, the north looking imagery
reflects little of the structure of the areé. As with iithology,
the reason the structure is ﬁot shown better on this image is the
parallelism of the look direétion with the regional structural
trends.

Figure 20a ( tye east looking imégery of the same area ), on
the other hand, shows remarkable correspondence with the structure
of the area. All of the Qapped faults in the a?ea ( fig. 22 ) have
either partiél or complete expression on the eastblooking imagery.
They are shown as lineaments and are especially prominent in the

Southeastern portion of the imagery. Field mapped joints in the

Warren quadrangle have minor topographic expression. The strike of
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foliation attitudes is particularly well expressed on the radar in
the eastern extent of the area. The excepfional correspondence
between geologic structure and the east looking imagery is due to-
a combination of two facts. First, most of the rocks of this

area are well layered, moderate tp steeply dipping and are cut

by faults nearly parallel to the foliation and bedding and

second, the look direction of the radar is nearly orthogonal to

thegse trends.

What Geologic Integpgetations‘can be Made From Radar Imagery?

| Figure 20b is an interpretive radar-geologic map of area
# 3 made to overlay figure 20a. The lithologic contacts have not
been reinterpreted but have been directly transposed onto the
overlay sohas to fit the imagery. If a contact is eﬁpressed on the
imagery as either a lineament or a boundary between areas of
different tone and texture a solid line‘wag used. If not, a
dashed line was hsed. The results of the lithologic interpretation
are as follows;

1) The intrusive rock in the northwest corner of the Palmer
quadrangle is expressed on the imagery by a different .
tone and texture than the surrounding rocks and is
therefore separable from them on the imagery. The
difference is probably due to the lack of layering
in the intrusive rock.

2) Segments of other lithologic contacts are expressed
as lineaments.

3) The general texture of the western half of the imagery
is different from that of t@g eastern half, Iindicating
broadly different rock types. Specific location of
contacts between the two areas, however, is difficult
because the change in texture on the imagery is '
gradational ( fig. 20a ). °

Figure'23 shows the radar lineaments obtained from the north
looking imagery and figure 24 shows the radar lineamenté obtained

Ld

from the east looking imagery of area # 3. The lineaments of
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Figure 23 - Radar lineament map of the Palmer, Warren, Monson and Wales
Quadrangles made from the enlarged north looking imagery,
scale approximately 1:120,384. ' :

north

I N

approximate scale in kilometers

4+ indicates corner of quadrangle and corresponds tg..‘—on the photograph.

Lines connecting + approximate quadrangle boundaries.
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4

Figure 24 - Radar lineament map of the Palmer, Warren, Monson and Wales
Quadrangles made from the enlarged east looking imagery,
scale approximately 1:125,000.

north

approximate scale in kilometers

4+ indicates corner of quadrangle and corres§onds‘ to.’, on the photograph.

Lines connecting 4+ approximate quadrangle boundaries.
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figure 24 are intérpreted on figure 20b.

Lineaments were interpreted as the strike of bedding and/or
foliation.attitudes for reasons given in both examples # 1 and-# 2.
The other lineaments on the imagery were interpreted as fractures.
In the.Warren and Wales quadrangles fractures could be further
broken down into minor faults and joints. Most often the distinction
between faults and minor faulgs and joints cannot be made but because
of an abundance of field mapped joings in the Warren quadrangle
which are parallel or subparallel to the lineaments of the area
they could be interpreted as joints.

.?ineaménts were interpreted as fractures because;

-

1) They are longer and straighter than other lineaments
present.
. 2) They crosscut the regional bedding and foliation
attitudes and in places truncate ridges.

3) The northwest trending, crosscutting lineaments in the
western part of area # 3, interpreted as fractures,
occur in two sets with parallel members in each.

These conditions are often found associated with
fracturing.
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Summary of Findings From Examples # 1, 2, and 3

1) Despite the distortions inherent to radar imagery, it
presents a useful picture of the topography.

2) Orthogonal look direction coverage provides a more
useful image to the geologic interpreter than
opposing look direction coverage of the same area.

3) Bedrock géologic features are reflected in and have a
control over the topography in the following order
of importance;

a) fractures
b) bedding and foliation
c) lithology

4) Radar imagery does not provide much information about the
glacial geology of these areas except to support the
contention that moving ice did not greatly change the
bedrock topographic character ( Schafer and Hartshorm,
1965 ).

5) The distinction between faults and joints is based
on relative displacement. Since relative displacement
is difficult to determine on radar the separation of
faults and joints is also difficult.

6) Lineaments are interpreted as the strike of bedding and
foliation if they;

a) are parallel to field mapped bedding and foliation
attitudes.

b) are shorter and more numerous than other lineaments
present.

c) are consistent in trend over large areas and do not
crosscut other lineaments.

d) have a less distinct tonal contrast associated
‘ with them than other lineaments present.

]
7) Lineaments are interpreted as fractures if they;

a) crosscut other lineaments ( or the regional foliation
b) are longer and straighter than other lineaments.
c) truncate or offset other lineaments.

- d) are in orthogonal sets with several parallel or

: subparallel lineaments in each set. .

8) Lineaments can be interpreted as joints, as opposed to
faults, if they;

a) are parallel to and coincident with field mapped
joints.

b) crosscut the treénds of other lineaments present.

c) are shorter and have more of a crisscross nature
than other fracture lineaments present.

d) show no obvious relative diusplucement.
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GEOLOGIC INTERPRETATION OF THE RADAR MOSAICS OF SOUTHERN NEW ENGLAND

Introduction

Plate 1 shows the lithology and major faults of southern

New England drafted onto the shaded relief map of Massachusetts,
Connecticut and Rhode Island at a scale of i:SO0,000l This map

‘was chosen because it resembles the radar mosaics and it is at
approximately the same scale. The eiplanation for this map appears

in the appendix.

| Ages, local names and structural symbols were left off this

map for simplicity ( structgral symbols appear on' Plate 6 ). The
purpose 6f presenting Plate 1 is to show the lithologic distribution
and to allow the reader to see the contacts which were transfered'
onto the mosaics via overlay in their oiiginal, field mapped,
geographic locations ( every effort was made to keep these lines

as accurate as possible with respect to geographic and topo-

graphic entities shown on the base map ). The sources of

information for this map are given in the apﬁendix.

Plate 2 is the west looking radar mosaic of Massachusetts

and Plate 3 is the south looking radar mosaic of Connecticut and
Rhode Island. Each of these mosaics has an accompanying opposing look
direction ( not prgsented in this report ). The north look

direction for Connecticut and Rhode Island overlaps considerably
.into Massachusetts so some of  the study area has opposing and
érthogonal look directions.
‘ The unenhanced, individual strips wege available to the

author to aid 1n.the interpretation. It should be stressed that
mosaics are not the best way to start a study of radar imsgery. The

individual strips that make up the mosaics afford the clearest
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picture to the interpreter because when several strips are placed
side by side to make a mosaic the tonal contrast between strips is

reduced and this decreases the resolution.

Rgdar Lineamen£ Map of Southern Neﬁ England

Plate 4 is a radar lineament map of the Massachusetts west
"looking imagery and of the Connecticut and Rhode Island south
looking imagery. The lineament map was made by placing a
transparent overlay onto the mosaics, backlighting‘it and then
tracing all the linear and curvilinear tone changes onto the
transparency. Lines on Plate 4 ‘represent (a) valleys, (b) ridges,
(c) cultﬁral features such as roads, and (d) radar produced
lineaments not representing anything on the.terrain ( e.g. scan
lines ). These last twp causes for lineaments are very minor and
pfobably greater than 997 of the lineaments seen on Plate 4 are
actual linear topographic features; How many of these linear
topographic features are bedrock controlled is an important
question as well as what are the controlling bedrock features.

Plate 5 is a radar lineament histogram map showing.the
pattern of lineaments for fourteen different areas within the
study area. The fourteen aréas were chosen because each area is
either structurallx or lithologically distinct based on an
analysis of field mapped data and interpretations put forth by
.ﬂumerous workers in the geology of southern New England. Also,
.each area appears to be distinct or at least distinguishable-
from each other area on the lineament map. The total area was
subdivided to see if there are characteristic lineament
Populations from area to area.. If the entire area was counted on

one higtogram the results would be mixed and not conclusive.
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Interpretation of Radar Lineaments of Southern New England

Area 1

- Geology and Physiography

Area 1 ( Plate 5 ) includes most of the western uplands
bhysiographic province of Flint ( 1930 ). Resistant Precambrian
gneisses aqd lower Paleozoic gneisses and schists underlie most
of the area. Biotite to sillimanite grade miogeosyn;11n31 and
eugeosynclinal ( transition occuring from west to east )
sediments intruded by plutonic rocks, characterize this portion
of western Connecticut. The structure of the western part of
area 1 is a large anticlinorium with a roughly north-south
trénding axis. The eastern part has many folds with axes trending
norch-noréheast and the.general regional trend of the bedding ;nd
foliation is northeast.

The glacial deposits of the area are predominantly till
with stratified drift occuring in patches along the eastern and
southern borders. The generalized direction of ice floﬁ, based
on drumlin axes and striations, is.;;utﬂ-southeast.

Radar Interpretation

o

The structure of this area is complex and varied. Yet the
hiétogram of the lipeaments is simple and well grouped. The two -
nearly orthogonal peak; seen on the histogram ( Plate 5 ) of
area 1 are interpreted as fraéture orientations ( the reasong
for this interpretation have.been outlined previously ;n examples
#1, 2, and 3 ). The frécture set can be seen on Plate 6 in
Telation to the lithologic contacts and structural attitudes of fhe
area. The fractures, previously unmapped, are consistent in trend

Over the entire western part of Connecticut. These fractures could
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be high angle major faults, minor faults or joint sets and they
cut rocks of many different ages and types.

The N40°W and N4O°E fracture -set crosscuts the north-south
trend of the anticlines in the western part 6f area 1 and also
crosscuts the north to northeast trepd of the fold axes in.the
eastern part of area 1. Many lithologic contacts in western
Connecticut are parallel or subparallel to one of the trends in
th}s fiactufe set, This implies that some of these contacts could
be faglt contacts and Ehat fracturing plays’' a dominant rgle in
the geology of the region.

Area 2

Geology and Physiography

Area 2 ( Plate 5 ).is also in the western uplands physiographic
province of Connecticut. Biotite to staurolite grade lower and
middle Paleozoic eugeosynclinal rocks ( mostly phyllites to schists )
underlie the region. The structure is mérked by a northeast trending
syncline which is cut by high angle faults parallel to the axial
trend of the folds. The regional trena of‘the bedding and foliation
is also northeast.

Till and stratifiedxdrift cover the érea ;ith the stratified
sands and gravels tpickening towards the ocean. The ice flow
direction here is slightly more southerly than in area 1.

Radar Interpretation

The  lineament direction peaks at N50°W énd N30°E are the
WOost prominent on the histogram ( Plate 5 ). The NSOQW 11neémentq
are interpreted to be fracture controlled and the N30°E lineaments
are controlled by a combination of fractures and bedding and

foliation. Plate 6 shows that the structural attitudes parallel
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the field mappéd faults in the region. This explains the peak at
N30°E as §e11 as fhe difference in magnitude between the N30°E
peak and the N50°W peakl( i.e. the attitudes and the fractures trend
in the same direction ).

Several new'fractures have been interpreted in this area
which are parallel to the field mapped faults and in the same
vicinity. These can be seen on Plate 6.

Area 3

Geology and Physiography

Area 3 ( Plate 5 ) is the southern half of the Connecticut.
Vglley lowlands physiographic province of Flint ( 1930 ) and
Emerson ( 1917 ); This broad, flat region is underlain by
relatively nonresistanF} shallow dipping sandstones and shales with
some resistant basalts rising above the sedimentary terrain. The rocks
of this area are Triassic in age and are structurally in a half
graben downthrown on the eastern side. Bedding in the sedimentary
rocks trends nofth to slighély no;theast.«

Thick Pleistocene sands and gravels abound in chié.area but
towards the northwest till becomes more common . Drumlins are |

Rumerous in the Connecticut Valley lowlands and generally trend

north-south.

:

Radar Interpretation

The qumber of lineament counts for this area is small because
the bedding is shallow dipping and the vaflous interbedded
f‘qimentary units here have similar resistance to erosion. The
histogram of area 3 ( Plate 5 ) almost duplicates that of area 2
and does so because the same fracture ﬁattern cuts both areas.

Lineaments_in the Triassic valley are due to the resistant basalt
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ridges whose contacts with the sedimentary rocks are nearly
parallel to the fracturg pattern of the area. Thus the same
fracture pattern that cuts the very much older crystalline rocks
to the west also cuts.the Triassic rocks. And, since these
fractures have a topographic expression and because of supporting
- field mapped data, it can'be assumed that the fractures are
steeply dipping to ?ertical. The fracture set of this region is
shown on Plate 6.

Area 4

Geology and Physiography

Area 4 (‘Plate 5 ) lies completely within the eastern
uplénds Physiographic.province of Cénnecticut ( Flint, 1930 5.
Metamorphic grade in the area ranges from the staurolite to the
sillimanite-orthoélase zone of regional metamorphism. The
Paleozoic gneisses and schists which underlie this area were
originally eugeosynclinal sedimentary and volcanic rocks and
have subsequenﬁiy.been intruded by igneous rocks of various ages.
The structure of this region is complex. In its eitreme western
Part a north-south trending anticlinorium, marked by gneiss domes
and tight isoclinal folds, stands in sharp contrast to the
Triassic rocks immediately to the west. East of the anticlinorium
4 north to northeast trending synclinorium makes up the largest
ﬁart of tﬁe area. Near the southern end of this synclinorium
an east-west treﬁding thrust fault truncates the structural
trend of the synclinorium and south.of the fault gneiss domes and
Tecumbent anticlines and synclines, intruded by numerous granite
bOdies, characterize the area. The predoﬁinant trend of the bedding

and foliation in the synclinorium 18 northeast. The eastern extent
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of area 4 ( near the Rhode Island border ) is underlain by a broad
anticlinorium made up of Paleozoic plutonic rocks. A series of north-
south trending thrust faults separates the synclinorium from the
igneous rocks.

Most of area 4 1is covered by till with stratified deposits
.occuring in a north-south trending belt approximately coinciding .
with the boundary between the plutonic rocks near the Rhode
Island border and the eugeosynclinal metasediments and meta-
vélcanics. Stratified sands and gravels also are found aiong the
shoreline. Ice flow direction in the area ié generally north-south
swinging slightly southeast near the shore.

Radar Interpretation

The histogram for. this area ( Plate 5 ) shows two distinct
peaks, one at N40°W and one at N30°E, and another less distinct‘
peak trending east-west. The east-west trending group of
lineaments is related to the large, field mapped thrust fault in the
southern part of.the.area as seen on Plate 6. The N40°W group is
interpreted to reflect fractures and the N30°E groﬁp is larger
because it reflects not only fracturing but foliation and
bedding attitudes also. The fracturing is again nearly orthogonal
and also nearly pagallel to the orthogonal fracture sets in
other areas.

Plate 6 shows the interpreted fractures of area 4. Along the
eastern border of thé area several new fractures have been interpreted
that are parallel to and in the same vicinity as field mapped faults.
s°U§h of the roughly east-west trending fault in the southern part
of area 4 ( as seen on Plate 6 ) many fractures, trending

northwest-southeast, have been interpreted. This particular
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pattern can also be seen north of the thrust fault and seems to
pervade all of eastern Connecticut.
Area 5

Geology and Physiography

Area 5 ( Plate 5 ) is also entirely within the eastern uplands
physiographic province of Connecticut. The rocks of the area are
sillimanite-orthoclase grade, Paleozoic metasediments and meta-
volcanics. Structurally these rocks are in the same synclinorium
that underlies much of area 4. Attitudes here are steeply
dipping and trend north-northeast. Numerous faults, subparallel
to the regional bedding and foliation trend, are present ( Plate 6 ).

'The rocks of area 5 were separated from area 4 because they have |
good topographic expreééion and because the lineament trend is
consistent and appears to be shifted towards the north.

The glacial drift of this area is almost all till and the
drumlins trend south-southeast.

Radar Interpretation

Thé.predominant sfructural trend in this area is northeast,
as seen on Plafe 6. The N20°E peak.reflects the bending of the
bedding and foliation attitudes. The magnitude of this peak is
due to that plus the fact that faults in this area are subparallell
to the bedding and foliation. The N40°WAgroup is a fracture
trend which clearly crosscuts the trend of the bedding and the
trend of the other fractures.

Plate 6 shows these newly interpreted fractures of area 5
and their relationship to the field mapped geologic data. Most
of the new fractures trend northwest and are parallel to some

Previously mapped faults of the area. In the western part of area
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S5 some northeast trending fractures are interpreted.
Area 6

Geology and Physiography

Area 6 ( Plate 5 ) is the northern part of the Connecticut
Valley lowlands physiographic province of Massachusetts and
Connecticut. Triassic conglomerates, arkoses and shales underlie
this flat region except where basalts of the same age create
resistant ridges. The structure of the area is homoclinal with
the bedding trending north-south and dipping slightly to the
east. The sedimentary and volcanic rocks occupy a graben-like
basin downthrown on the eastern side.

Thick glacial lake sediments overlie most of the basin and
the numerous drumlins-here trend north-south.

Radar Interpretation

The north to N30°E trend of the bedding in this area ( Plate
6 ) is clearly reflected in the histogram ( Plate 5 ). The N4O°E
grouping is interpreted as fracturing and it coincides with
féacture patterns seen both to the east and wegt of the Triassic
basin.
Area 7

Geology and th§iography

Area 7 ( Plate 5 ) covers both the Taconic and Berkshire
Highlands physiographic provinces of Emerson ( 1917 ) in
western Massachusetts. The western one-third of the area is
underlain by a lcwer Paleozoic miogeosynélinal sequence of
limestones and sandstones metamorphosed to the garmet zone of
Tegional metamcrphism. Rising above these relatively nonresistant

Yocks are the phyllites and schists of the allochthonous
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Taconic sequence, which lies unconformably on the miogeosynclinal
rocks. East of this are the Precambrian resistant gneisses and
lower Paleozoic eugeosynclinal rocks that make up the Berkshire
Highlands.

East of the Precambrian highlands is an approximately
north-south trending synclinorium of Paleozoic eugeosynclinal
rocks. Interupting the synclinorial sequence are bodies of
p;ptoﬁic roéks and a series of gneiss domes trending approximately
parallel to the.axis of the synclinorium. The predominaﬂ£
structural trend in this area is north to slightly northeast..

" Glacial till overlies nearly the entire region. And, although
drumlins are scarce in this area, the general direction of ice
flow is southeast.

Radar Interpretation

The trend of the bedding and foliation attitudes in the
synclinorium in the eastern part of areé 7 ( Plate 5 ) is
reflected on the histoéram‘as a north-south peak. The magnitude
of this grouping is also partly due go the north-south trend of
the Precambrian anticlinorium. The N40°W to N20°W grouping
represents a prominent fracture set whicﬁ clearly crosscuts the
regiogal structura% trends. A less distinct peak at N10°E to N4O°E
reflects a fracture set nearly orthogonal to the first.

" The fractures of this area can be seen on Plate 6. A marked
northwest trend is séen for these newly inte?preted fractures. It
;s also interesting to note that fracture patterns cutting one',

group of rocks cut most of the rocks in the area in the same way.
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A north-south trending, high angle fracture can be seen in the
northwest corner of area 7.
Area 8

Geology and Physiography

Area 8 ( Plate 5 ) is in the extreme western part of the’
Worcester County plateau physiographic province of Emerson (1917).
" The rocks here afe staurolite to sillimanite grade, lower
Paleozoic éugeosynclinal rocks intruded by large bodies of
igneous rocks. The structure of the area includes many gneiss
domés ( the gneiss domes.may be of igneous or sedimentary origin
‘and are granitic in composition ) lined up along the north-south
axis of a regional anticlinorium. The regional trend of the bedding
and foliation is northr-south.

Till covers most of the area and the ice flow direction is
squth.

Radar Interpretation

The north-south tren& of the rocks in the regional anti-
clinorium of area 8 can be seen in the histogram on Plate 5.
Two other peaks, at N30°W and N50°E, are interpreted as fractufef
patterns. Both these fracture directions crosscut the regional
trend of the bedroc}. This crosscutting relationship can be seen
on Plate 6 where the lineaments of the area are interpreted and
shown with the field m;pped lithology and field mapped-structural
attitudes. Several new lineaments, fﬁterpreted as fractureé and

tren&ing northeast, are prominent in the northern part of area 8.
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Area 9

Geology and Physiography

Area.9 ( Plate 5 ) is completely within the Worcester Cohnty
plateau physiographic province in Massachusetts.Lower Paieozdic,
sillimanite grade, eugeosynclinal focks, intruded by younger
plutonic rocks, underlie the area.

The sillimanite grade rocks occur in a north-south trending
anticlinorium. Along the axis of theyanticlinorium a number of
gneiss domes, separated by synclines of the Paleozoic eugeosyn-

clinal rocks, occur. The general structural trend here is north-
south.,

The glacial geology of area 9 is very similar to that of

area 8. .-

Radaf Interpretation

The trends of the metamorphic rocks in area 9 ( Plate 5 ) are
seen in the histogram. The overwhelming percentage of lineaments
here reflect the attitudes of bedding and foliation. The N20°W peak
probably represents a fracture trend. A small grouping also occurs
at N30°E and is also a fracture trend. fn this area the trends of
the bedding and foliation are predominant on the histagram. This is
due partly to the strongly séhistose,,steeply dipping and
consistently north-striking character of the rogks in the area.

A strongly developed, northeast trenéing fracture pattern can
be seen on Piate 6 in the northern part of area 9. These fractures

cut across the trend of the anticlinorium and continue on into

area 11.
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Area 10

Geology and Physiography

Area 10 ( Plate 5 ) is in the south-central part of the
vwbrcester County plateau physiographic province in Massachusetts.
The rocks are sillimanite grade, lower Paleozoic gneisses and
schists. The regton is part of a broad north to northeast trending
synclinorium characterized by steeply dipping beds with low angle
faults cutting the rocks subparallel to the bedding. The surficial
geology is dominated by tili and the drumlins in the area trend
south to slightly southeast.

Radar Interpretation

The histogram of area 10 ( Plate 5 ) is similar to that of
area 5 except that the. trend of the bedrock is more northerly
here. The largest grouping in the histogram is the north-south
to N2G°E grouping whiﬁh reflects the trends of bedding, foliation
and low angle faults. Peaks at N20°W and N50°E represent an
orthogonal fracture set present over much of southern New
England.

Area 10 has a strongly developed north to slightly north-
east trend of the bedding and low angle faults ( as seen on
Plate 6 ). The interpreted northeast trending fracture set of the
area clearly crosscuts the regional trend of the foliation.

Area 11

Geology and Physiography

Area 11 ( Plate 5 ) is the easternmost part of the Worcester
County plateau in central Masséchusetts. The area is the northern
continuation of the north to northeast trending synclinorium of

area 10. The rocks here are lower Paleozoic, biotite to sillimanite



106

grade gneisses and schists intruded by iarge igneous bodies in
numerous places. ihe synclinorium swings more northeasterly
towards the northern border of Massachusetts. At its eastern
border there is a serjies of northeast trending, northwest
dipping thrust faults which sharply separate the different
geology to the west from that of the east.

The western part of area 11 is covered by till and
characterized by the south to southeast ice flow direction found
over most of the Worcester County plateau. In the northeast part
of area 11 the drift is stratified and thickens considerably. The
easternmost part of the Worcester'County plateau is the_
beginning of an area of eastward thickening glacial drift and
generally ,low bedrock relief.

Radar Interpretation

The pronounced north-south peak on the histogram of area 11'
( Plate 5 ) reflects the predominant trend of the synclinorium
underlying the area. The decreasing, but still visible, grouping
ranging from north-south to N30°E reflects the northeast bending
of the structural belt as it nears the northern border of
Massachusetts. Newly interpreted fractures in this area have peak
trends at N40°—SO°§ and at N20°W. Plate 6 shows these patterns. The
northeast trend of the fractures can be seen in the central part
of the area. They are in conttast to the northerly‘trend of the
regional struéture.

In the extreﬁe eastern portions of area 11 the bedrock relief
is beginning to lessen and the glaciél drift thiékens.lnere some

drumlins have been interpreted and can be seen on Plate 6.

.
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Area 12

Geology and Physiography
| Area 12 ( Plate 5 ) is the northern most section of the
seaboard lowlands physiographié province of Emerson ( 1917 ). The
rocks are chlorite to sillimanite grade gneisses and schists of
lower Paleozoic age. Precambrian and PaleozoicAplutonic rocks
are also présent. |
- The area’is boundgd on the northwest by a series of
northeast treﬁding thrust faults and on the southeast by similar
faults of.approximétely the same trend. The predominant
structural trend here is northeast.
The area is covered by thick glacigl drift, most of it

being stratified. The Afumlins trend southeast in the northerﬂ
part and swing mo;e to the east further south.

Radar Interpretation

Area 12 is covered with thick glacial drift and this lessens
the topographic expression of bedrock geologic features. The large
grouping on the histogram between N20°-50°E does, however,
reflect the combined trends of the thrust faults and the bedding
and foliation attitudes of the rock units as seen on Plate 6. A
Peak on the histogram occurs at N40°W. This represents a fracture
pattern which is interpreted and shéwn at the extreme western part
of the area ( Plate 6 ). In the northern part of area 12 some
lineaments have been ingerpreted as drumlins.

Aréa 13

Geology and Physiography

Area 13 ( Plate 5 ) comprises the remainder of the seaboard
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lowlands physiographic province in Massachusetts and the
Naragansett basin lowlands province in Rhode Island ( Flint, 1930 ).
The area is underlain by Precambrian and lower Paleozoic plutonic
rocks with three large, ﬁetamorphosed, fault bounded Carboniferous
sedimentary basins ( the Boston, Norfolk and Naragansett ba;ins )
superimposed on the igneous terrain. The rocks in the basins are
conglomerates, sandstones and shales. The igneous rocks are found
in a broad anticlinorial arch underlying most of the area. The
sedimentary rocks in the Carboniferous basins are folded and

tﬁe general strucfugal trend is northeast.

Till and thick stratified drift cover the area. The
southeastern extent of area 13 has the thickest glacial deposits
of any area mentioned thus far and is second only to Cape Cod
in total thickness of glacial drift ( Cape Cod has a glacial
cover in excess of 100m thick ). Drumlin axes swing back to
the southeast from the  almost east-west trend found in the
extreme nértheast part of the .area. .

Radar Interpretation

Despite the large size of area 13 the number of lineaments
present is éreatly reduced compared to the other areas. There
are ﬁﬁo reasons for' this, first, the terrain is latgely.
underlain by igneous rocks, and second, the glacial drift is very
" thick in relation to the bedréck relief. The histogram groups at
N10°-20°W and at N20°-30°E are interpreted as fracture controlled.
Faults seen bordering the sedimentary basins on Plate 6 coincide’

with these trends on the histogram. Several newly interpreted

fractures, which partially control the shape of the coastline,
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can be seen in the southern part of area 13 on Plate 6.
Area 14

Geology and Physiography

Area 14 ( Plate 5 ) is the western extension of the eastern
uplands physiographic province in Connecticut ( Flint, 1930 ).
This uplands areahis underlain mostly by Precambrian and
Paleozoic granitic rocks. Some small areas of lower Paleozoic
eugeosynclinal rocks as Qell as two small Carboniferous basins
interupt the igneous terrain. The structure can be broadly
classified here as anticlinorial.

Till and stratified drift are about equally plentiful over
the area and both are thick. In its extreme southern portion, area
14 has one of the few .terminal moraines in southern New England
parallel to the shoreline.

Radar Interpretation

The general topographic character of this area is different
than those areas underlain mostly by metasedimentary and meta-
volcanic focks. The largely igneous terrain is uniform in texture
and has markedly fewer topographic lineaments. The trends on the
histogram of area 14 ( Plate 5 ) at N40°W and N40O°E represent
fracture patterns Vhich are nearly orthogonal and which are
similar to other patterns cutting the entire region. Plate 6 shoﬁs'
the newly interpreted fractufeé of this area. The northern part
of area .14 shows particularly well the northwest trending fractures.
The terminal moraine present in area 14 is.noé expressed by

topographic lineaments.
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Cape Cod

Cape Cod is the unnumbered area seen on Plate 5. No lineament -
histograms were prepared for this area because bedrock is so
deeply buried ( greater than 150m ) by stratified drift and.
terminal moraine that no topographic expression of bedrock features.
is present.

The only interpretation made for the area of Cape Cod appears
on Plate 6. Here, in places, the distinction between end moraine
and stratified glacial drift could be made because the end moraine
has much greater topographic relief associated with it. Lineaments
seen on Plate 4 for this area refledt either present drainage
patterns imposed on the outwash plains or contacts between till
( in the end moraiﬁes S.and sand and gr;;el ( in the outwash.

plains ).
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Interpretive Radar-Geologic Map of Southern New England

Plate 6 is made to overlay the ;adar imagery of southern
New ﬁngland and show exactly where the lithologic contacts,'fgults
and some bedding and foliation attitudes are located. It also
shows lineaments that were interpreted as fpactures. The only
items on this map that were interpreted by the author are fracture
trends, indicated by a dot-dash line,and some few drumlins iﬁ
northeast Massachusetts. Eve;ything else was transfered directly
from field mapped information onto the averlay in its proper
place.

In a few places shaown on Plate 6 the radar image which it
overlays becomes blurred. One such area-is in sauth-central
Massachusetts, east of’fhe Triassic basin, and another area is in
Massachusetts just north of,the Rhode Island border. These areas
of lost or hidden terrain are drawbacks when close detail is
igportant but are not critical if reglonal studies are required.

The fracture trends on this map were interpreted by methods

previously outlined in examples # 1, 2, and 3.
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SUMMARY AND CONCLUSIONS

Discussion of Regional Fracture Patterns

The most important fact to arise from this study of the
radar imagery of southern New England is the existence of a
nearily orthogﬁnal fracture set which cuts the entire area
ifrespective of rock type or geologic age..L.R. Page ( 1969 ), in
a preliminary stgdy of the same radar imagery, concludes that
fracturing was more important to the understanding of the geology
of the area than was previously recognized. The fracture set is
not exactly orthogonal, nor is it constant in all areas. It is
a system of nearly vertical fractures trending N20°-50°W over all
of southern New England, intersected by another system of nearly
vertical fractures trenhding N20°-50°E over all of the same area.

The idea for this system of fractures arose from inspection
of the lineaments map ( Plate 4 ) and the lineaments histogram
map ( Plate 5 ). Support and further ideas for it came from two
wgitefs, Hoﬁbs and Gay, who did their work seventy years apart.
The first, W.H._Hobbs,’studied topography and drainage éatterns.
in Connecticut and the whole east coast of North America and -
.conéluded that;

1) The earth is broken by a series of fracture sets which

are vertical, subequally spaced, and have only a few

primary strike directioms.

2) The primary fracture pattern of the earth is produced
.by two bisecting, rectangular fracture sets.

Hobbs' papers putting forth this theory ( Hobbs, 1900 and 1911 )
were not met with great approval and the concept faded. Recent workers,
however, seem to be coming up with evidences, from different

data sources, leading to the game, or siﬁilat, conclusions.
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Gay ( 1973 ) summarizes these recent findings concerning
orthogonal fracturing as follows;

1) The crust of the earth is cut by a number of parallel
to subparallel fractures that otcur everywhere
throughout the globe.

2) Every fracture set is paired with another set orthogonal
" to it.

3) The fractures must have formed originally by vertical
movement. Any horizontal movement is later in origin,
but much vertical movement must be later also. The
fractures could have been reactivated at numerous times
subsequent to their formation. ‘

4) This fracture set has been successfullt mapped by the
following techniques;
a) Topographic analysis from topographic maps.
b) Airphoto lineament studies ( including space photos ).
c) Side looking airborn radar imagery studies. '
d) Aeromagnetic lineament studies.

5) The fracture sets first occur in the basemént rocks and
can subsequently be imprinted onto overlying sedimentary
rocks, solidifying plutonic rocks or high grade
metamorphic rocks. In this way a fracture set could be
perpetuated through a cycle of regional metamorphism.
6) The age and means of formation of these basement
fracture sets is unknown. However the fracture sets are
probably of early Precambrian age and they resulted from
vertically directed forces.
The results obtained from the present study compare
favorably with many of Gay's points. Southern New England is
characterized by a number of parallel to subparallel fractures. And ~
for each parallel group of fractures there is another group
of parallel fractures orthogonal to it. This pattern persists over
the entire study area. .
. The theory that the fractures were formed originally by
vertical movement ( Gay, 1973 ) is suppdrted by the good topographic

expression that this fracture pattern has. Vertical, planar features,
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be they faults, joints or bedding planes, are reflected in the
topography better than non-vertical or horizontal features. The
fracture set mapped in this report is either vertical or close
to vertical. Of coﬁrse a vertical fractd}e does not have to be
formgd by vertical movement so any‘interpfetation as to the
mode of origin of these fractures, based on'findings fro; this.
study, is not possible.

' Another interpretation of Gay ( 1973 ), that vertical
fracturs started in the basement rocks and could be imprinted
on any overlying rocks by subsequent reactivation of the old
fracture, is hard to prove from the results of this analysis. The
fracture pattern mapped in southern New England cuts folded,
metamorphosed rocks, as- well as plutonic and sedimentary rocks. If
all the types and ages are cut in a similar fashion then it is
probable that the fracture éausing conditions occured after the
regional metamorphism and after the deposition of the youngest
rocks present. The possibility exists that such conditions did,
however, reactivate old basement fractures, but it can not be
proven here. The only safe assumption as to the age of formation
of the newly mapped fracture set 1is that it occured later than
the youngest rocks affected, namely the Triassic rocks of central

Massachusetts and Connecticut.
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Newly Interpreted Fractures and Fracture Groups

Fracture lineament AA', seen in western Massachusetts
( Plate 6 ), is characteristic of the newly interpreted fracture
lineaments of that area. AA' is here interpreted as a fault
wﬁich cuts the rocks in the vicinity of Russell, Huntington,
Chester and Hinsdale Massachusetts at a high aﬁgle and which
trends apprdximately N30°W. Many ffacture lineaments parallel
to AA' cut thé Precambrian and Paleozoic rocks of the region.
The lineaments extend for kilometers and maintain a very
consistent trend throughout the area. This trend cuts the
regional bedding and foliation trends in many places as shown
on Plate 6. Also, a body of metamorphic focks projects westward
into the Triassic sediﬁéntary valley from the east side of the
valley and northe;st of the southern end of AA'. The contact
of the older metamorphic rocks with the younger sedimentary
rocks parallels the fracture trend west of the valley and lends'
support to the interpretation of the lineaments of this region
as being fault controlled.

Further east in Massachusetts ( Plate 6 ) fracture lineament
BB' can be seen extending approximately 60 kilometers, with a
strike of N40°E, from the town of Ware northeast through South
Barre and into Fitchburg. BB' coincides with several irregularities’
in the lithologic contacts in the area and also has a very good
topographic expression in its western extent ( see Plate 2 ).
Many lineaments in this ceﬁ;ral portion of Massachusefts are
parallel‘fo BB' and have also been interpreted as fracture

lineaments. The regional structural trend in this area is
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generally north-south, swinging more to the northeast in the eastern
part of central Massachusetts. This N4O°E fracture pattern,
therefore, crosscuts this trend. Emerson ( 1917 ) made reference

to the possibility of a ''great fault'" existing in the area

south of Ware, Massachusetts ( this is at the extreme western
extent of the lineament BB' ). The SLAR data corroborates the
presence of a large fault in central Massachusetts.

Frac;ure lineament CC' in western Connecticut ( Plate 6 )
trends N4O°E through the towns of New Milford ( at the southern
end ), New Preston, Bantam and Torrington. CC' parallels many
other fracture lineaments in the area. The fracture trend of
_N4O°E cuts nearly all of the rocks of the area. Another well
developed fracture set.. almost orthogonal to the N40°E set, cuts
the area. As with fault BB' many lithologic contacts are
offset along the trend of this lineament. The fact that contacts
are offset or truncated along CC' and other parallel lineaments
supports thé interpretation of those lineaments as faults. At the
western end o% CC' a north-trending body of sedimentary rock is
cut off élong-the fault CC'.

In eastern Connecticut two fracture lineaments are 1abe11e&,
DD' and EE' ( Platg 6 ). DD' is located in central Connecticut
near the towns of Chestnut Hill, Willimantic, North Windham and
Chaplin and tredd§'a§proximatély N4O°E. DD' is a segment of a
ionger lineament pattern that begins at the southern end of the
- large body of sedimentaty rock in central Connecticut ( the
TriaséiC'basin ). The'field mapped eastern border fault of this

basin, at the southern end of the basin, begins the lineament '
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which continues at N40°E up through east-central Connecticut.
Other lineaments in eastern'Connectic;t parallel DD' and are also
interpreted as fracture controlled. EE' is a newly interpreted
fracture lineament that cuts the rocks of.southeastern Connecticut
in the towns of Oakdale, Montville, Uncasville and Gales Farry
almost orthogonally to DD'. This pattern ( N40°W ) clearly
crosscuts the local bedding and foliation attitudes at the
northern extent of the fracture lineament bug parallels the
foliation further south. The area of EE' is one of complex
lithology and structure and the relationship of this new
‘fracture lineament to the geology of the area is unclear. The
fracture trend does coincide with the arratic change of direction
of some of the litholoéic contacts in the area. Both DD' and EE'
are here interpreted as major high angle faults cutting the rocks
of eastern Connecticut in a near orthogonal pattern.

In Rhode Island ;wo newly interpreted, nearly orthogonal
fracture lineaments are seen on Plate 6, FF' and GG'. Lineament
- FF' cuts the rocks of northern Rhode Island from Cranston
northwest through North Scituate and almost over to the Rhode
Island~Connecticut border. Lineament GG' trends northeast from
near Coventry, thrdugh the northwest part of Providence and ends
near Pawtucket. These lineaments are typicai of the fracture
lineaments in_Rhode Island. The lineaments are cutting a
predomingntly igneous terrain and aiso can be seen to clearly
intersect each other. It is not possible, as with other inter-
secting iineamenté seen on Plate 6, to determine which lineamentg

were formed earliest as no relative displacement of either
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lineament can be seen. FF' and GG' are interpreted to be faults,

cutting each other as well as the rocks of northern Rhode Island.
It is hoped by the author that the newly interpreted

fracture lineaments oﬁ Plate 6, some of which are faults with

great displacement, some are faults with minor displacement and

. some are joint groups or swarms, will serve to aid in the

understanding of the local geology and help focus attention to

anomalous geologic areas in the field.
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Findings About Radar Imagery

The following list is a summaryeof the important findings

of this study related to the use of radar imagery in geologic

interpretation;

l)

. 2

3)

4)

5)

6)

7)

8)

9)

A radar imagery mosiac has many distortions in it _
which affect both the quality of the imagery and- the
scale of the imagery. Some of the distortions can be
optically or computer corrected but in most cases these.

_proceedures reduce the usefulness of the image somewhat.

An individual radar strip is better suited for detailed
studies of small areas but for regional scale studies
the mosaic provides more information.

The distortions present in radar imagery do not
severely hamper regional studies. They could, however,
render the study of larger scale areas ( e.g. 1:24,000 )
impossible. The best working scale for the radar

imagery used in the present study is between 1:100,000
and 1:500,000.

The radar imagéry of southern New England approximates

a shaded relief map of the same area.

Linear topographic features are expressed very well

on radar imagery except when the strike of topographic
lineaments is parallel or near parallel to the look
direction. In this case the feature may be completely
subdued or lost on the imagery.

Opposing look direction coverage does not greatly
increase the amount of information obtainable from the
radar imagery because if a topographic feature is
parallel or oblique to one of the opposing look
directions it will have the same relationship to the
other look direction.

Orthogonal look direction coverage does increase the
amount of information obtainable from the radar imagery.

One look direction imagery supplies greater than 75%
of the maximum obtainable information in an area
where the structural trends are consistent and the
information obtainable from each additional look
direction decreases.

Radar imagery shows the topography and enhances
topographic lineaments. It can only be used to interpret
those bedrock geologic features that have a topographic
expression.
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10) The bedrock geologic features in the study area that
have topographic expression are;
a) fractures
b) bedding and foliation
c) lithology
and in that order of importance

11) The best application of radar imagery is for regiomal
lineament studies, most of the lineaments seen on the

imagery are expressions of fractures ( i.e. faults,
minor faults and joints ). '

12) Fracture lineaments are identified by any or all of the
following criteria;

a) They are long, straight and persistent lineaments.

b) They crosscut the regional trend of the bedding
and foliation.

c) They offset or truncate ridges and valleys.

d) They are almost always accompanied by other
lineaments parallel to each other.

e) In this study area they are also almost always
accompanied by another set of lineaments striking
anywhere from 70-90 degrees from the first.

13) Bedding and foliation lineaments are recognized by the
following characteristics;

a) They are shorter and not as straight as fracture
lineaments. .

b) They do not persist over large areas and they are
commonly less distinct than fracture lineaments.

c) Bedding and foliation attitudes are commonly
recognized by swarms of these short, indistinct
lineaments. Individual lineaments are not diagnostic
but over several square kilometers a repeating
pattern of this type of lineament helps in the
recognition of them as structural attitudes.

14) Drumlins and end moraines are the main glaclial features
having topographic expression visible on the radar
imagery. Drumlins are too. small for the scale of the
radar in this report to be prominent in any area
except where the surrounding relief is very small.

15) The distinction between different types of glacial
deposits is not possible except on Cape Cod where
there is no bedrock topography and end moraines
have sharp relief in contrast to the very low relief
of outwash deposits.

16) In most places the direction of ice flow is not
ascertainable on radar imagery at the scale of this
study* ( i.e. 1:500,000 ).



Comgarisoh of Radar Imagery with Conventional Aerial Photography

1) The scale accuracy of most air photos is better than the -
scale accuracy of radar imagery.

2) Air photos can be viewed in stereo which greatly increases
their interpretability. Radar can be viewed in pseudo
stereo at best.

3) Since conventional air photos are taken at a larger scale
than radar imagery more detail of a given area can be
studied. :

4) Radar is not dependent on weather conditions or time of
day as are air photos.

5) Radar shows synoptic views of large areas in a way which
enhances topographic relief, and therefore is better
suited to regional studies than are conventional air
photos.

6) More accurate measurements, both vertical and horizontal,
can be made with air photos than with radar imagery.

7) The shadow enhancement of the topography enjoyed on
' radar imagery can be varied depending on which direction
you want to view the terrain from, conventional air
Photos are restricted to a mostly unshadowed, near
vertical image.

8) A mosaic of an area ‘using radar image strips requires
much fewer individual pieces than .a mosaic of the same

area using conventional air photos.

Comparison of Radar Imagery with Low Sun Angle Photography (LSAP):

1) Low sun angle photography tries to copy the affect of
radar imagery by taking the photograph when the sun is
in such-a position as to shadow the terrain and enhance
topographic'relief.

2) LSAP‘is weather dependent and time~of-day dependent
(1i.e. it must be done in early morning or late afternoon
hours ). '

3) LSAP is latitude dependent because in certain parts of the
world suitable illumination will only be possible from
a8 few select directions. Radar can image the terrain from
-any direction at- any latitude.

4) LSAP does afford better scale stability and more
accurate measurements can be made from it.
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Suggestions For Future Use

In areas where the topography and the geology are reasonably
well known, such as in most of the United States, radar imagery

can have the following uses;

1) The mission can be used to test the sensor itself. In this
study known geology and topography was compared to the
imagery to establish guidelines for radar interpretation.
This type of study should be done in many more areas.

2) The radar imagery of an area of known geology can be used
to check the field mapped data as far as regional
patterns of bedding and foliation and regional patterns
fracturing are concerned. This is plausible because in so
many cases a remote sensor can ''see" what the field
geologist can not.

- 3) Regional fracture patterns can be mapped on radar imagery -
quicker and more accurately than in the field.

4) The correlation. between the lithology and topography can
be tested in areas where the lithology is well mapped.

5) Anomalous areas or trouble spots in the field can sometimes
be more clearly understood, or at least focused on, by
using radar imagery

6) The revision of maps is facilitated and conflicting
interpretations may be resolved.

In areas where the topography and the geology are not well
known a radar study could have these advantages;

1) In many cases, whether due to weather conditions or
extreme inaccessability, radar imagery may be the only
view of the topography, let alone the geology, of an area.
In these instances radar imagery provides a most efficient
first view.

2) The topography of such areas could be qualitatively
summarized at a glance and topographic maps, although
crude and somewhat inaccurate, could be made.

3) Drainage maps could be constructed.

4) Regional type reconaissance geologic maps could be made
' showing; . ‘ :
a) general lithologic distribution ( based on relative
resistance to erosion ).
b) regional structural trends.
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¢) fracture patterns.

.

‘ 5) Areas for field parties to investigate could be readily
discovered.

6) Possibly, upon further refinement of radar systems,
land use maps could be constructed.



/247

REFERENCES CITED

Dellwig,L.F., MacDonald,H.C., Kirk,J.N., 1968, The potential of
radar in geological exploration; in 5th Internat. Symp. on the.
Remote Sensing of the Environment, Proc., Mich. Univ., Ann Arbor,
p.747-763.

Emerson,B.K., 1917, Geology of Massachusetts and Rhode Island:
U.S. Geological Survey, Bull. 597, 289p.

Flint,R.F., 1930, The Glacial Geology of Connecticut, State
Geologic and Natural History Survey of Conn., Bull. 47, 294p.

Gay,S.Parker,Jr., 1973, Pervasive Orthogonal Fracturing in.
Earth's Continental Crust, American Stereo Map Co., Salt Lake
City, Utah, 121p.

Gillerman,E., 1970, Roselle lineament of° southeast Missouri; G.S.A.
Bull., v. 81, no. 3, p.975-982.

Goldsmith,R., 1960, Surficial geolégy of the Uncasville quadrangle,
Conn., U.S. Geological Survey Map GQ-138.

Goldsmith,R., 1962a, Surficial geology of the Montville quadrangle,
Conn., U.S. Geological Survey Map GQ-148.

Goldsmith,R., 1962b, Surficial geology of the New London quadrangle,
Conn., U.S. Geological Survey Map GQ-176.

- Goldsmith,R., 1964, Surficial geology of the Niantic quadrangle,
Conn., U.S. Geological Survey Map GQ-329.

Goldsmith,R., 1967a, Bedrock geologic map of the Montville
quadrangle, Conn., U.S. Geological Survey, Geol. Quad. Map GQ-609.

Goldsmith,R., 1967b, Bedrock geologic mép of the Uncasville
quadrangle, Conn., U.S. Geological Survey, Geol. Quad. Map GQ—-576.

Goldsmith,R., 1967c, Bedrock geologic. map of the Niantic
quadrangle, Conn., U.S. Geological Survey, Geol. Quad. Map GQ-575.

Goldsmith,R., 1967d, Bedrock geologic map of the New London
quadrangle, Conn., U.S. Geological Survey, Geol. Quad. Map GQ-574.

Hackman,R.J., 1967, Geologic evaluation of radar imagery in
southern Utah, U.S. Geological Survey Prof. Paper 575-D, pD135-Dl42.

Hobbs ,W.H., 1900, The river system of Connecticut, Journal of
. Geology, vol. 9, no. 6, p.469-485.

Hobbs,W.H., 1911, Repeating patterns in the relief and the
structure of the land, G.S.A. Bull., vol. 22, pl23-276.



REFERENCES CITED ( cont. ) z ,4;2:5_”

Jahns,R.H., 1951, Surficial geology of the Mount Toby quadrangle,
Mass., U.S. Geological Survey, Geol. Quad. Map GQ-9.

Jahns,R.H., 1966, Surficial geologic map of the Greenfield
quadrangle, Mass., U.S. Geological Survey, Geol. Quad. Map GQ-474.

MacDonald,H.C., 1969, Geologic evaluation of.radar imagery from
Darien Province, Panama, Mod. Geol., vol. 1, p.1-63.

MacDonald,H.C., Kirk,J.N., Dellwig,L.F., and Lewis,A.J., 1969, The
influence of radar look direction on the detection of selected
geological features; in 6th Internat. Symp. on the Remote Sensing
of the Environment; Mich. Univ., Ann Arbor, p.637-650.

MacDonald,H.C., Lewis,A.J., Wing,R.S., 1971, Mapping and landform
analysis of coastal regions with radar; G.S.A. Bull., vol. 82,
no. 2, p.345-358.

Page,L.R., 1969, Geologic analysis of the X-band radar mosaics of
Massachusetts, 2nd Annual Earth Resources Aircraft Program Status
Review, vol. 1, pt.4, Houston, Manned Spacecraft Center, p.l-14.

Peper,J.D., 1966, Stratigraphy and structure of the Monson area,
Massachusetts and Connecticut,PhD thesis,U. of Rochester,
Rochester,N.Y., 126p.

Pomeroy,J.S., 1973, Preliminary bedrock geologic map of the
Warren quadrangle, Mass., U.S. Geological Survey, open file
report.

Reeves,R.G., 1969, Structural geologic interpretation from radar
imagery, G.S.A. Bull., vol. 80, no. 11, p.2159-2164. '

. s
Rydstrom,H.0., 1967, Interpreting local geology from radar imagery,
G.S.A. Bull., vol. 78, no. 3, p.429-435.

Schafér,J.P., and Hartshorn,J.H., 1965, The Quaternary of New
England, in Wright,H.E.Jr., and Frey,D.G., eds., The Quaternary of
the United States, Princeton Univ. Press, Princeton,N.J., p.113-127.

L)
Segerstrom,K., 19553 Surficial geology of the Williamsburg
quadrangle, Mass., U.S. Geological Survey, Geol. Quad. Map GQ-80.

Segerstrom,K., 1956, Bedrock geology of ‘the Shelburne Falls
quadrangle, ‘Mass., U.S. Geological Survey, Geol. Quad. Map GQ-87.

Segeritrom,K., 1959, Surficial geology of the Shelburne Falls
quadrangle, Mass., G.s, Geological Survey, Geol. Quad. Map GQ-116.

Seiders,V., 1973, unpublished data.
Simons,J.H., 1965, Some applications of side looking airborm radar,

Proc. 3rd Symp. on Remote Sensing of Environment ( Oct. 1964 ), Univ.
of Mich., Ann Arbor.



/2

REFERENCES CITED ( cont. )

Smith,H.P.Jr., 1948, Mapping:by radar-the proceedures and
possibilities of a new and revolutionary method of mapping and
charting, U.S.A.F., Randolph Field, Texas.

Viksne,A., Liston,T.C., Sapp,C.D., 1969, SLR reconnaissance of
Panama, Geophysics, vol. 34, no. 1, p.55-64.

willard,M.E., 1951, Bedrock ‘geology of the Mount Toby quadrangle,
Mass., U.S. Geological Survey, Geol. Quad. Map GQ-8.

Willard,M.E., 1952, Bedrock geology of the Greenfield quadrangle,
Mass., U.S. Geological. Survey, Geol. Quad. Map, GQ-20.

wWillard,M.E., 1956, Bedrock geology of the Williamsburg
quadrangle, Mass., U.S. Geological Survey, Geol. Quad. Map GQ-85.

Wing,R.S., Overbey,W.K.Jr., Dellwig,L.F., 1970, Radar lineament
analysis, Burning Springs area, West Virginia, an aid in the
definition of Appalachian Plateau thrusts, G.S.A. Bull., vol. 81,
no. 11, p.3437-3444.



A/

Appendivx

Explanation and references for Plate I ( "Geologic" map of Southern New England
showing lithology and majar faults.



© Symbols
————————— litholcgic contact
hign angle fault
—TI—— low angle fault with T on upper piate
——L—— high angle fault with bar and bell n downthrown side

——==—— hig or low angle fault showing relative motiimn

—2_ 2 !  ccntact in doubt



Jctes on Zxplanaticn for "geolo.ic" .ap of southern New ingland.
1. a,b and ¢ nurbered units are in Connecticut only

2. g numbered units are in Rhode Island only

3. d,e and f numbered units are in Massachusetts only

ke one unit may have two different letter-number codes if that unit crosses
state borders

5. local names and ages have been omitted, the order of the units does not imply
relative ages.












Lar

¢ numbcrec units - estern Connecticut ( continued )

"

fine to medium grained, massive granite.

fine to meclum grained hornblende-biotite diorite gneiss.
granulated granite gneiss.

fine grained phyllite,

cuartz-miica schist,

crlcareous mica-cquartz schist

schistose marble.

biotite-garnet-sillimanite schist.

fine to medium graincd, layered microcline-biotite-quartz-plagioclase

granite gneiss,

fine to medium grained, massive mica-mictrocline-quartz-plagioclase granite gn
fine to coarse grained,passive or layered granite and granite gneiss.

basalt extrusive -

unmetamorphosed arkosic conglomerate and sandstone.

medium to ccarse grained kyanite-garnet~biotite-plagioclase-muscovite-quartz
schist.

medium grained, foliated biotite-quartz-microcline-plagioclase gneiss,
medium to coarse gsrained garnet-plagloclase-blotlte-muscov1te-quartz schist,
medium grained blotlte-hornblende~quartz—m1crocllne-plag1oclase gneiss.

medium grained muscovite-quartz monzonite.

medium grained muscovite schist and gneiss.interlayered with medium to coarse
garnet-u1ot1te-chlorlte-plagioclase-quartz—muscovlbe schist,
chlorite-sericite schist.

fine to medium grained greenschist and low grade amphibolite.
phyllitic sehist interlayered with quartz gneiss.

quartzite and biotite-muscovite schi&st interbanded with gneiss and quartzo-
feldspathic material.

fine grained to pegmatitic, massive to layered granite.

medium to cearse grained kyanite-garmet-muscovite~biotite-plagioclase-quartz
schist

medium’grained garnet~biotite~-quartz-plagioclase gneisse.

medium grained garnet-plagioclase-mica-quartz schist,
fine to medium grained biotite-plagioclase-quartz gneiss.

biotite granite gneiss ( partly layered ).
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f numbered units - western iassachusetts ( cont. )

[ &b o

JI.LQ}- feldspar-cuartz-viotite gneiss,

phyllite interbedded with thin cuartzite laminae,
argillite with quartzite, crystalline limestone and fine grained meta-tuff.

Y
{' fI@_j— mediuwn grained biotite-muscovite granodiorite.

'71;2*- medium to coarse grained hornblende~oligoclase~quartz-microcline biotite~chlorite
1 quartz diotite,
phyllite wath quartzite and limestone,
- laminated meta~tuff,
quartz conglomerate,
amphibolite.
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