Petrology of the Ashaway and Voluntown quadrangles,

Connecticut-Rhode Island

by -
. GEOLOG
0 swmmr{:cé'5
' - y ‘&
MAY[ 51 4

Tomas Feininger

U. S. Geological Survey
OPEN FILE REPORT
This report is preliminary and has
not been edited or reviewed for
conformity with Geological Survey

gtandards or nomenclature.

Lu-sY

RQP”OdHCCOL from best available Copy



|

— e —— —

‘ 111
SMALL PORTIONS OF THIS REPORT ARE/ILLEGIBLE

j—.’
7

CONTENTS
Page
Introduction . . ¢ ¢ ¢ ¢ ¢ ¢ o o o ¢ o o o o o o o o o o
Regional setting and objective of study . . « ¢« « o o &
Method of study '

. L] L L] L 4 L] L] L4 L] L

Previous WOTK .« ¢ o o o o ¢ o o o o s o o o o s o o o o

[
.
*
O 0 3 W

Ac-mowledgements L] L ] L L] L4 L L [ ] L] L4 L] . . L] L L] L] L] L] L L ]

PhySiography‘ ® L d L] L ® ® L] . L L L] L d L d L] Ll L] L L J . .. L ® . ll

Topography e 6 ¢ o o o s o o e o s e o o o s e e o o o o 11
Geologic influence on topography‘. e e o o o s o o o o o 12
Location and nature of outcrops . . . .'. e e e o . .o . 15
HeatheXIng o« o o« o o o o o o o o o o o o o o o o o o o o 17
Description of the ToCkS .« «¢ ¢ ¢ ¢ ¢ o o e°c o o« o o o o o 24
Metamorphic ToCKS o & ¢ o ¢ o ¢ o o o « o« o ¢ o « o« o o« 25
Plainfield Formationl . « « « o o ¢ o o « o« o s o o« o« 25
Feldspathic biotite gneiss and schist . . . . . . 26
Quartzose blotite gnelss and schist ., . . « . . « 30
.Calc-silicate quartzite and calc-sillcate

granofels L 4 L ] L 4 L] L] L] [ J L] L 4 *® L] * * L d L . - .‘ .-‘ L4 ..'.' 34

Quartzlte . ¢ ¢ o ¢ ¢ ¢ o o o o o o o o ;L./g». . 35
Metavolcanle rocks . . « ¢ o o 0 o 0 0 . . o .?;f,‘,,,4l
. AmPhIbBOILTE . . e e e a e e e e e e ..o
Layered felsic gneiss . .f;?. e e e e e .';{. . 45

Calcareous felsic gnelSs . o o v o o o o o o o o o 49

Maflc and intermediate metavolcanic rocks . . . . 50
Felsic metavolcanic TockS .+ .« o « « « o« o « o o o 53
Calc~silicate QUATEZITE v v « ¢ ¢ o o o o« o o « o« « o« 56
e o o o s o s o o o e 57T

¥afic metamorphic rock . . . .




CONTENTS

Granitic rocks'. e o o o o o e e
Augen gneiss . . ¢« ¢« ¢ ¢ o o o o o
Muscovitic facles . . . . . . &
Escoheag Quartz Diorite Gneiss . .
Fine-grained facies . . . . . .
Porphyritic granite gneiss . . . .
Potter Hill Granite Gnelss . . . .
Massive facles . . . ¢« « « & o &
Mixed £acleS o o o v o o o o . .
Hope Valley Alaskite Gnelss . . . .
Fine-gralned facies . . . . . .
White facles . « . . ¢« « ¢« ¢ . &
Fine-gralned granite . . . . . .
Scituate Granite Gnelss . . . . . .
Fine-gralned facies . . . « . &«

Ten Rod Granite Gneiss . ¢ « o o o

Narragansett Pler Granite . . . . .

White facles &+ ¢ ¢ ¢ ¢ ¢ o o o

westerly Granite * - L d - L d ® ® ® L4

i' rhApl1te, pegmatite, and veln quartz
(mfic dikes L ] L L ] - L] *® L ] L] L] L] Ll . L]

Plainfield Formation . « o o o o

Metavolcanic rocks

[ 2 L] . - L] - L] L4

Mafic metamorphic rock . « o o o

Petrogenesis - Ll * L ] L d L d ® L2 - L] L ] L L 4 L] L]

Original nature of the metamorphlc rocks

Page
58
59
64
66
70
71
77
83
83
84
91
94
97
98

101
103
105
110
111
116
117
120
121
121
122
123

iv




Calc-silicate qua
Metamorphism . . .
Origin of the granit

Fleld evidence .

Mineralogical evi

Chemical analyses

nodules . . . o &
Genesls . . . .
Reglonal signific
Structural geology . .
Regional setting .
Minor folds and thei

f‘ :Structural evolution
,4ges of the rocks... .
ﬁﬁégional summary . . .
iEéEﬁomic geology’. o .
~-Granite . . . . . .
‘;JJMineral deposits .
Surficial deposits
References cited . . .
Appendix (Modes of the

more point counts per

CONTENTS

rtZite - L 4 L] L] L d L L 4 | L]

1c rocksS ¢« ¢ o o o o .

dencte ¢« o o o o o v o

Mechanism of intrusion . ¢ o« ¢ o o o o o

. L] L] L] L] L] L] L] L4 . L ] L]
L] L] L] L 4 * L] . L J [ ] . L 4 -
anc e ) * L] L] L d L 3 [ 4 * L d
. L d - L 4 . L 4 L L] L - L] L

r significance . . .

~ Joints, veins, and dikes and their signiflcance
 ‘. Rhode Island bathollith and adjacent rocks

of the rocks . o« o« o &

- L] L] L] [ ] . L4 L] L] L L] L

L] L] L] [ [ L] L 4 L L L - -

* L) - o L] - L] L] L J L] L J L]

granltic rocks based on

sample) « ¢« « . . o o .

Quartz-sillimanite and Gquerus~sillimanite-muscovite

e o L] L

L] L] L -

1000 or

L] L L] L]

|

Page
. 125
. 126
. 133
. 135
. 140

. 162

. 172
. 173

- . 178

. 180
. 180
. 181

. 184 -
. 191

. 192

. 197

. 199 _
. 199

. 200

. 200
.‘201

* 206




Plate I.

IT.

IIT.

& 12 ’,"

b
%
1]
i
A‘D
+

L% P~ ¥

ILLUSTRATIONS
(Plates are in pocket)

Topographic map, Ashaway and Voluntown quadrangles
Geologic map, Ashaway and Voluntown quadrangles
Ashaway quadrangle cross sections

Voluntown quadrangle crosé sectlons

Structural details of a part of the Rhode Island
bathollith 1n the Voluntown quadrangle

Form lines, Potter Hill Granlte Gnelss

IndeX MaD o « o o« o 2 © 2 o« o o = .'. e » o o » @
Glacial markings on bedTock o o o o « o o o o o .
Quartz knot with glacially polished surface . . .
Stain and disintegration of Potter H1ll Granilte
GREeISS ¢ ¢ o ¢ ¢ o o ¢ 4 o e e o e e 4 o s e s
Saprolite of Potter H11ll Granite Gneiss and
associated rocks . . . . . .<. ¢ o ¢ o o o s o @
Plainfield Formation, feldspathic blotite gneiss
Plainfield Formation, crumpled'quartzose blotite
gneiss . . . .'. o ; e & o © s o o o o o o e &
Plainfield Formation, quartzose blotite gneiss ,-
Plainfield Formation quartzite . « ¢« ¢ o o o o o
Plainfield Formation quartzite with slickensides
Amphibolite & v & ¢ ¢ ¢ 2 ¢ o o o o ¢ @ ; e o o o
Layered felsic gneiss cut by fine-grained granite
Augen gneiss . . . ¢ ¢ ¢ o o o 2 o o o o ; o o o
Porphyritic granite gneiss . ¢ & & ¢ ¢ ¢ ¢« o o &
Potter HiIll Granite Gneiss . . . v ¢ ¢« o o « & &

14

.19

22

22
27

31
31
37
37
43
47
61
T4
80




Figure 18

19
20

21
22

23

24

25

26

27

28

29

30

31

32

P

ILLUSTRATIONS.

Hope Valley Alaskite Gneiss with inclusions

of porphyritic granite gneiss . . . . ¢« ¢ ¢« o &

Hope Valley Alaskite Gnelss, white facies . . . .

westerly Granite
"Pinstripe" quartz
Biotite flakes in
Gneiss . . + . &
Schlieren in Hope
Modal analyses of
Modal analyses of
on Q-P-M triangle
Modal analyses of
Q-P-M triangle .
Modal analyses of
Q-P-M triangle .
Modal analyses of
Q-P-thrianglé .
Modal analyses of
Q-P-M triangle .
Modal analyses df
triangle . . . .
Modal analyses of
Q-P-M triangle .
Modal analyses of

triangle . . . .

ite L] L J L ] e L ] - * L d - L d - L ] L] -
s1l1ll of Hope Valley Alaskite

Valley Alaskite Gneiss . . . .
augen gneiss on Q-P-M triangle
Escoheag Quartz Diorite Gnelss

L 4 . * - L d - - [ L d ® - L4 L] L 2 L

porphyritic granite gneiss on

vii

Page

89
96
113

131

137

138

142

143

144

145

146

147

148

149

150



Flgure 33

34
35
36

37
38
39
40

41
42
43

45
46
47

ILLUSTRATIONS

Averages of modal analyses on Q-P-M triangle . .
Averages of modal analyses on Q-P-M triangle . .
Range of modal composition of the granitic rocks
Isolation of sheetlike intrusive by subsequent
Intrusives . & ¢ ¢ ¢ ¢ i 4 6 6 4 e e o o o o o
Production of ubiquitous foliation by intrusion .
Up-dip termination of Westerly Granite dike . . .
First two stages of intrusion of Westerly Granite
Present relationships of Westerly Granite at site
of the up-dip termination of the dike . ¢« ¢ o &
Quartz-sillimanite nodules . « ¢ o ¢« o ¢ o o o o«
Generallized structure MDD « o o ¢ o o o o & o o @
Pegmatite dike in Hope Valley Alasklite Gneiss . .
Veins of quartz in Hope Vallej Alaskite Gneiss .
Pegmatite dike in Scituate Granite Gneiss . . . .
Iate veln of quartz in Hope Valley Alaskite Gnelss
Quartz veins with prominent, uniform fractures .

Quartz knot and veln with fractures . « « « o o« o

visil

Page
. 152
. 153
. 154

. 163
. 165
. 168
. 170

. 171
. 174
. 182
. 185
. 185
. 186

186
. 188
. 189

SRS —




TABLE I.

IiI.
IIT.

VIII.
IX.

XI.
XITI.

XIII.

TABLES

Geologic mapping in quadrangles bordering the
Ashaway and Voluntown quadranglesS . « « « « o o
lModes oOf augen gneiss . ¢ ¢« ¢ ¢« ¢« o o o o o o o o
Modes of Escoheag Quartz Diorite Gneilss . . . . .
Modes of porphyritic granite gneiss . . « « « « &
Modes of Potter Hill Granite Gneiss . . . . . . .
Modes of Hope Valley Alaskite Gneiss . . . « o« &
Distinctions between Hope Valley Alaskite Guneiss,
fine-grained facies, and adjacent porphyritic -
granilte gnelss . ¢« ¢« ¢« ¢« ¢ ¢ ¢ ¢ ¢ 6 o o o o o @
Modes of Scituate Granite Gneiss . . « « & « o &
Modes of Ten Rod Granite Gnelss . ¢« o « ¢ ¢ « « &
Modes of Narragansett Pler Granite . « « « ¢« «
Modes of Westerly Granite . .-. ©c s s s = & s & @
Chemlical analyses, calculated norms, and modes of
six samples of granitic fock e o o s e o s o o o
Some chemical and modal data relating to nodules

in the granitic rocks . ¢ ¢ ¢ o ¢ ¢ o o o o o o

Page

. 102
. 106
. 109
. 114

. 160

. 176




Abstract of Petrology of the Ashaway and Voluntown quadrangles,
Connecticut - Rhode Island by Tomas Feininger, Ph,.D.,
Brown University, June, 1964,

The Ashaway'and Voluntown 72' quadrangles lie astride the
Conn. - R. I. border 35 miles southwest of Providence. Geologic
mapping and labbratory work were supported by fhe U. S. Geological
Survey_in cooperation with the State of Connectlcut, Geologlcal and
Natural History Survey, and the State of Rhode Island, Development
Council. ’

The rocks are plutonic and fall into four groups. (1) Metamor-
phic rocks underlie about a quarter of the area, All are sillimanite
grade., From oldest to youngest they are: Cambrian(?) Plainfield
Formatlon (quartzite, and quartzose and feldspathic gneiss), Ordo-
vician(?) metavolcanic rocks (mafic to felsic), and Ordovician(?)
calc-silicate quartzite. Sparse inclusions of mafic metamorphic
rock in granitic rocks are of unknown age. (2) Mississippian or
older gneissic peraluminous granitic rocks underlie about three-
quarters of the area. These rocks are genetically related to each
other and to the bulk of the granitic rocks of western Rhode Island,
here called the Rhode Island batholith. Batholith rocks here mapped
are (oldest to youngest, gradational units hyphenated): augen gneiss
Escoheag Quartz Dlorite Gnelss, porphyritic granite gneiss, Potter
Hi1l Granite Gneiss - Hope Valley Alasklite Gnelss - Scituate Granite
Gneiss - Ten Rod Granite Gnelss. (3) Late or post Pennsylvanian
Narragansett Pler and Westerly Granites are confined to a stock and

SCattered dikes at Westerly. (4) Two thin Triassic(?) mafic dikes
8re exposed.




Feininger abstract (1ii)

That the granitic rocks (2 and 3 above) were emplaced as mag-
mas is shown by their field relationships, textures, mineral com-
positlions, and uniformity over large areas. Magmas of the Rhode
‘Island batholith were forcibly intruded as tabular sheets and as
large dome-like bodies during and immediately following the reglonal
metamorphism. The magmas of the granites at ﬁesterly were emplaced
at a distinctly later time and more passively at a higher level in
the crust. The main stock of Narragansett Pler Granite grades up=-
ward into a2 swarm of steep sills. An exposure of the up-dip termin-
ation of a 22-ﬁeter-thick dike of Westerly Granite shows that the
magma was emplaced as a thin sheet which was thickened uniformly
during intrusion of additional magma.

Quartz-sillimanite nodules occur locally in Hope Valley Alas-
klte Gneliss, in Potter H1ll Granite Gneiss, and in porphyritic gran-
ite gneiss. The nodules probably were produced by two mechanisms.
(1) L1ayers of nodules in granite far from metamorphic rocks reflect
especially aluminous domains within the magma that were drawn into
sheets during intrusion. (2) Abundant nodules in sills of Hope Val-
ley Alasklite Gneiss within sillimanitic gneiss of the Plainfield
Formation were produced by escape of alkalis from the magma, with
consequent conversion of sillimanite to feldspar in gneiss adjacent
to the sills., The same process, on a large scale, probably caused
extensive feldspathizatlon of the Plainfleld Formation in the Asha-
Way quadrangle.

The similarity and concordance of structures within the batho-
11th to those of the metamorphic host rocks, and the regional uni-

fOrmity of all structures show that the regional deformation was a
\b“ - — - N — gy - - - - - . T — N




Feininger abstract (1ii)

single event and was related to the intrusion of the batholith mag- l
mas. Excluding the augen gnelss, the batholith rocks are free of &
mechanical strain. This and the rarity of both filled and unfilled

cross Joints show that the principal deformation was largely comple
before the final crystallization of the batholith. Emplacement of
the later Narragansett Pler and Westerly Granlte magmas did not in-
fluence the regional structures.

Evidence, partly from adjacent areas, shows that the principal
orogenic eplsode was pre-Pennsylvanian, probably Acadian. A later
(possibly Appalachian) event introduced the Narragansett Pler and
Westerly Granlite magmas, and probably affected the radiometric ages
of the batholith rocks. Emplacement of the mafic dikes may have been
contemporaneous with creation of a regional north-northeast Jjoint

Set 1n part well expressed by topographic lineaments.

e




|

——

————

E ) 1]

mlles south in the Watch Hill quadrangle, Scheduled bus service
L

INTRODUCTION

The Ashaway and Voluntown 7 1/2 minute quadrangles lie astride |

most of the south half. of the Connecticut-Rhode Island border (fig.
1l). Together they constitute an area of 112 square miles, and are
a 1little more than 17 miles north-south, and 6 1/2 miles east-west,
Greater Westefly, which includes adjacent Pawcatuck, Conn,., 1is
the only large town. The villages of Ashaway, Hopkinton, Potter
Hill, and Rockville, R,I., and Voluntown, Conn. dot the remaining

largely rural area, Manufacture 1s restricted to small mills and

factories in and around Westerly, The rural land, especially north
of New London Turnpike, is very sparsely populated., Considerable
portions of the Voluntown quadrangle are uninhabited, and much of
this land has been set aside as State Forest or Public Reservation,
A few dairy farms are still operating, but 1little of the area 1is
suited for modern agriculture., Hardwood, principally oak, 1is cut
for railroad ties east of Beach Pond, and elsewhere 1s converted to
charcoal on a small scale, The main use of the rural land is for
recreation, Summer cottages and camps dot the shores of many of the
ponds,

A network of paved or well-maintained gravelled roads covers
both quadrangles and is the principal means of transportation and
access, Hiking trails, many of which are not shown on the topo-
graphic map, criss-cross much of the Voluntown quadrangle, The l
tralls are particularly useful as they have been blazed in areas fan
thest from roads. Public transportation is limited to the south
part of the Ashaway quadrangle, Westerly is served by the New York,

New Haven, and Hartford Railroad, and by a small State Alrport 2
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connects Westerly with Ashaway and Bradford as well as with most
nearby cities and towns,

Nearly all quadrangles adjacent to the Ashaway and Voluntown

quadrangles have been éeologically mapped at large scales within th
past decade., Unpublished maps and field sheets of some of the ad-
Jacent quadranéles were generously made avallable to me during the
present study. Table I 1lists the present status of geologic mappin
in these quadrangles,

TABLE I. - Geologic mapping in quadrangles bordering the
Ashaway and Voluntown quadrangles (refer to fig. 1)

Quad -

rangle Published Unpublished Remarks

c,Q Moore, 1959

ccC © " Moore, 1963

HV Moore, 1958

Jc Sclar, 1958 : Southern 2/3 only
M No modern work

0 R. Goldsmith, USGS R.I. portion only
OM Sclar, 1958 Northern 1/3 only
P H.BR. Dixon, USGS

WH G,E, Moore, Jr,, USGS

Regional setting and objective of study
"Nearly all the rocks and structures of New England are part of

the Appalachian System. Much of the discussion below 1is based on
the excellent summary of the regilonal geologic relationships of the
eastern United States and Canada given by King (1959, p.41-53, 57=-
66).
The Appalachian System and the structures within_it roughly

Parallel the east coast of the North American continent from north-
| West Alabama to Newfoundland, a linear distance of approximately
| 2000 miles, The rocks are principally Paleozoilc. Sedimentary and

| Yolcanic rocks range froam Cambrian (possibly late Precambrian in

Places) to Permian, Plutonic intrusive rocxks, which have a compo-

o e i o o 3t e e o
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| sitional range from ultramafic to felsic, are Ordovician to Juras-
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%

|
|
|
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largely destroyed by the metamorphism. Organic remains are exceed-
Ingly scarce (none has been found in eastern Connecticut or Westerm

| 8node Island), and the ages of individual units in the crystalline

what uncertain.

sic., A general continuity of structure and pattern exists within
the Appalachian System, and contrasts markedly with ad jacent rocks;
little disturbed Paleozolc sedimentary rocks to the west-northwest,
and a cover of Mesozoic to Cenozoic clastic coastal plain rocks to
the east-southéast southward from Massachusetts,

The Appalacnian System 1s itself broadly divisible into two
parallel belts; a western sedimentary belt, and an eastern crystal-
line belt, The two are physically different in all respects, yet |
are chronologically and genetically related,

The sedimentary belt constitutes the classical Appalachians:

the folded and faulted chiefly carbonate-quartzite sequence of the
middle Atlantic states. BRocks of similar lithology and structure
border western New England, though they are quantitatively unlimpor-
‘tant. Metamorphism and plutonic intrusive roéks are absent,

The crystalline belt constitutes the bulk of New England. To

| the south, the piedmont and some of the Blue Ridge belong to this

same belt, The crystalline Appalachians are a metamorphic terrane,
Premetamorphic sediments were feldspathic sandstone and graywacke
and volcanic detritus., Thicknesses were very great., Clean sand-
stone and cérbonate rock were areally sparse., These rocks have been
regionally metamorphosed and extensively intruded by granitic plu-

tons, Those fossils that were present in the sedimentary rocks were -

i

APpalachians, largely based on long-distance correlation, are some-

‘-“~__§}m11arlty of rocks 1n the crystalline Appalachlans to the

—




{8ranitic rocks are at the western edge of a large volume of similar

a
| fter referred to as the "Rhode Island Batholith", The massive
| 8Tenitic rocks are aburdant only along the southern coast of BRhode

L2land (1b1d.).

5

Precambrian rocks of the Canadian shield lex carliec g20loglists to
correlate thé terranes, Modern fieldwork has shown, however, that
most of the New England terrane 1is Faleozolc, and that the few fos-
sils that have been found are not preserved in chance younger in-
liers, but are integral parts of the local bedrock, Some Precam-
brian rock 1is éXposed in anticlinal welts in the western
crystalline Appalachians in the Green Mountain anticlinorium, the
Berkshire and Hudson Highlands, the RBeading Prong, and much of the

Blue Bidge to the south, Some rocks in eastern Massachusetts have

been assigned a Precambrian age, but confirmation awaits more de=
tailed stratigraphic studies and radiometric age determinations,

The above .synthesis is very sketchy and obviously greatly

| over-simplified, It serves, however, as a framework in which to

discuss some of the problems encountered by geologists who have

, worked in the crystalline Appalachlans, and particularly in New Eng
| land,

The Ashaway and Voluntown quadrangles are underlain by three
main rock suites; an old sequence of layered, largely deformed meta-
sedimentary and metavolcanic rocks, a group of gneissic granitic
rocks, and a small area of younger massive granitic rocks, The
three suites are distinct in time and space. |
The metamorphosed layered sedimentary and volcanic rocks under-

lle most of eastern Connecticut (Rodgers, 1959); those mapped in the

Present study are at the eastern fringe of this mass, The gnelssic

Tocks which underlie the bulk of Rhode Island (Quinn, 1963), here-

1
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| 1f at all, are structures within these bodies related to structures

‘-‘\'}-‘_

Many questions about the structural geology and petrogenesis
of New England crystalline Appalachian rocks are yet unanswered, A
complete listing of these questions would be fruitless; however, the
following are particulérly pertinent to the area of this study: What
is the origin of the large, commonly domical bodies of gnelssic
granitic rock?  Are such bodies intrusive, or are they the products

of in-situ transformation of pre-existing nongranitic rock? How, |

in ad jacent metamorphic rocks? How is the metamorphism of the sed- H
imentary and volcanic rocks related to the formation of the gnelssilc
granitic rocks? Have the gneissic granitic rocks undergone a i
metamorrhism subsequent to their formation? Has reglonal metamor-

phism been isochemical, or has large-scale metasomatism taken place?

Has there been more than one period of regional metamorphism?

Probably none of the above questions can yet be answered con-
clusively and in its entirety, although features found in the rocks
of the Ashaway and Voluntown quadrangles offer some prelliminary
answers, Several factors have made the area of the present study a
suitable one. Outcrop is very abundant, somewhat more so than in
ad jacent areas, and surface rock 1s mostly fresh, The quadrangles
are on the border between the very large Bhode Island Batholith and
the metamorphic terrane to the west; and the relationship of these
rock masses to one another is clearly discernable, Several distinct
facies of the gneissic granitic rocks are mappable and, in many in-
stances, the relationships between them allow firm stafements on the
origin of these rocks.

The objective of the present study has been to answer four

Questions as fully as possible: What is the origin of the rocks?

——
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Wnat was- the course of plutonic events which formed them into their
present state? What was the structural evolution which gave the
! rocks the relationsnirs to each other that we now can see? How

does this evolution reiate to the geologic history of the northernm
crystalline Appalachians?

An answer‘to the last question was sought by another New Eng-

land geologist a century and a quarter ago, In his "Report on the

Geology of the State of Commecticut", Percival wrote this purpose
(1842, p.12):

"The exact determination of the Primary Geology of this
State could therefore furnish a clue to the Primary
Geology of Southern New York, as well as of Massachusetts |
and BRhode Island, and not only of those States, but of
the whole Atlantic Primary of North America",

Although the above is archaic wording, it expresses a very J

modern objective,

Method of study

The backbone of this study is fieldwork, The types of rocks |
preseﬁt and their abundant exposure particularly lend themselves to
such an approach, In all, 18 months were spent in the fileld during |
the summers from 1958 through 1963, the fall of 1962, and the spring
of 1962 and 1963. All outcrops in both quadrangles were sought, and|
Probably more than 95 percent were found and are shown on the geo-
logic map. Outcrops were located in the field by pace and compass

H
traverses to and from lkmown points, topographic position, and, in

bParts of the Voluntown quadrangle, by air photographs, ~ Structural
atltitudes were measured by Brunton compass, Samples for comparison
and study were taken from more than 2000 outcrops.

Petrographic study was in two parts; a description of the min-

€ral composition and texture of thin sectiorns from all the
=S
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| formations, and numerical modal analyses of thin sections of gran-

itic rocks. Numerical modal analyses were made with a mechanical

| point counter. From 1000 to 2000 points were spaced so as to cover

entirely the thin sections, which average 600 mm?, More than 450

thin sections were studied, and approximately 150 num erical modal

| analyses prepared, Modes of metamorphic rocks were only estimated
| as the heterogeneity of these rocks, commonly within a single thin
‘ sectién, 1s very great. Plagioclase determinations in thin sec-

I tions were made using the statistical method of Michel-Lé#y. Un-

twinned and poorly twinned plagioclase was determined by refractive

index measurement of crushed grains in oll., Excellent agreement,

commonly with a percent or two An content, was found where both
methods were used on the same sample,
Samples of six granitic rocks were chemically analyzed, The
results are presented and discussed in this study, |
Recent geophysical surveys of the area (aeromagnetic and
aeroradiocactivity) are correlated with the results of this report,

and regional consideratlions are discussed,

Previous work

Geologists first made recorded observations in the Ashaway and
Voluntown area more than a century and a qua}ter ago., The earliest
pPublished work is by Mather (1834), who included the Connecticut

Portion of the present report on his geologic mep., The Rhode

1Island portion of the present report appeared on Jackson's geologic
| ™ (1840), which, like the above, is solely of historical interest,
: Two years later, the results of Percival's prodigious labors, a

| TePort on the geology of Connecticut, was published. Although rath-

e S
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dryly written, the keen obccrvitions and accurate map of Percival
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snow excertional geological insight, The next geologic map of
Connecticut was that of Gregory and Robinson (1907), which was
accompanied by a very wordy report (BRice and Gregory, 1906). Both
proved less accurate and less useful than Percival's work, More

detalled studies appeared shortly thereafter, notably those of

Loughlin (1912), and Martin (1925)., In the meantime, Rhode Island

had been included on Emerson's geologic map (1917), though only at
a scale of 1:250,000. The geology of eastern Connecticut was
broadly summarized by Foye in 1949, A moderm preliminary map of
Comnecticut appeared in 1956 (Rodgers et al), and a geologic map
of Bhode Island, compiled by A.W. Quinn and based on large scale

quadrangle mapping, became available in 1963,

The most recent detalled work in the Ashaway-Voluntown area, a
geologic map of the Voluntown quadrangle, has recently been pub-
lished (Perhac, 1958), though its petrologic conclusions are chal-

lenged in the present report.
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| PHYSTIOGRAPHY

Topogravhyv

Low relief and gehtle slopes characterize the topography of
the Ashaway and Voluntown gquadrangles, Few hilltops are more than
200 feet highe} than adjacent valley floors, and most are consid-

erably less., ©Escoheag Hill, in the northeast cormner of the Volun-

town quadrangle, 1is the largest and highest hill., The summit 1is

slightly more than 560 feet, and it stands 300 feet above adjacent
Falls River. The lowest point in the quadrangles is sea level, on
#the Pawcatuck River at Westerly. I

The boundary between the New England Upland physiographic

province on the north and the Seaboard Lowland physiographic prove-
ince on the south passes through the Voluntown quadrangle (Fenneman,’
1938) from a point about 2 miles south of Voluntown village, approx-
imately through the center of Beach Pond, and through the south end ‘

of Escoheag Hill. This boundary is not recognizable in the fileld,

nor does the topographic map suggest its presence, The Ashaway and
Voluntown quadrangles are broadly physiographically uniform, with
an overall elevation increase northward,

l Local topography, however, 1s rugged in places, The terrains
at Wyassup Lake, northwest of Clarks Falls, and east of Pltcher

Mountain in the Ashaway quadrangle, and the terrains around E11 and

Long Ponds, and at Escoheag Hill in the Voluntown quadrangle, are
| characterized by the scarcity of level ground, by abrupt slopes,
| and by vertical cliffs of bedrock as much as 100 feet high, Other

Smaller areas of steep slopes and cliffs 50 feet high or less are

| Common in both quadrangles, |

e ——
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Probably the dominant single topograpnic feature of the area
is the valley of Green Fall River between Green Fall Pond and
Laurel Glen, Tnils four mile segment of the valley is steepsided,

from 100 to 250 feet deep, and almost straight.

Geologic influence on topogravhy

Topograpny in the Ashaway and Voluntown quadrangles is con-
trolled primarily by bedrock. Glacial erosion and deposition have
modified the topograpny principally through the removal of ﬁuch
overburden on hills and the deposition of thick glaciofluvial fill
in the larger valleys,

Nearly all of the rocks in the area are physically resistant,
Only mica-rich schists, quantitatively unimportant, are weak, Dif-
ferences 1n relative resistance of adjacent rocks are generally
small, although locally they are sufficiently great to have pro-
'duced an accurate topographic reflection of the underlying rocks,
Two examples of this relationship are particularly clear, East of
Piltcher Mountain, at the west central margin of the Ashaway quad-
rangle, two parallel east-west ridges are supported by reslstant
Hope Valley Alaskite Gneiss and quartzite of the Plainfield Forma-

tion, whereas relatively lower areas north of, between, and south

amphibolite, and schist of the Plainfield Formation. In a similar
Situation near the southwest corner of the Voluntown quadrangle,

auzen gneiss forms a triangular highland north of Billings Lake that

| stands nigher than ad jacent, relatively weak metavolcanic rocks.

Most geologic contacts, however, are not topogranhically re-

§fle°t€d. Factcrs other than lithology- rnrincirally rock structure
|

ntztlon witn roecpect to ta: dirccticn of zlaclier arve-

————
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of the ridges are underlain by the weaker Potter Hill Granite Gneissj.
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| underlying rocks. In some places, as between Yawgoog Pond and

| last ice movement was between S10E and S20E, Overriding southward-

| corner, .

[
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SARCLnY plucking nis cnraornly rencucd rock colectively,  Tae

ment, Jjoint density, and depth of pre-glacial weathering- have
been more influential than the relatively slight differences in bed-
rock resistance in shaping the present topography.

Strongly linear tbpography in the northwest cormer of the
Ashaway gquadrangle, and between Beach and Deep Ponds in the Volun-

town quadrangle, 1is coincident witn the strike of foliation of the

Denison Hill Road, and 1.3 miles south of the center of Beach Pond,
changes of strike of bedrock foliation are followed by slopes and
valleys similarly arcuate in plan,

Striations, crescentric fractures, and abundant crescentric

gouges (figs. 2,3) throughout the area show that the direction of

moving ice nas, in general, produced gentle north slopes, and steep
to precipitous south slopes. Where bedrock "grain", especially
strike of foliation or compositional layering, parallels or nearly
parallels thls direction, topography 1is relatively smooth with few
cliffs or abrupt slopes. Where these bedrock structures are orien- |
ted athwirt the direction of ice advance, topographic smoothness
is minimal, and the landscape 1s irregular and characterized by
steep to vertical south-facing slopes. The small-scale ruggedness
of Ashaway quadrangle topography is in opposition to the general
Smoothness of that in the Voluntown quadrangle. This condition 1s
broduced by thne prevalling east to northeast grain of the bedrock
in the Ashaway quadrangle, and a north-northwest grain of all

bedrock in the Voluntown quadrangle except that in the southwest

Where steep to vertlcal paurallel joints are closely spaced,







]

| Borth of Green Fall Pond on which outcrop 1s nearly continuous,

| A0 unusual combination of glacial erosion and non-deposition,

15
topograpny thus developed, well seen on the hill north northeast
of Chapman Pond (Ashaway quadrangle) and near Long Pond (Voluntown,
quadrangle), 1s a succession of cliff-bounded hillocks and valleys.
Such topography exists.only on a small scale in the .area, but it
is by far the most rugged.

& set of éub-parallel, straight lineaments strike north-north-
east across the east half of the Voluntown quadrangle., The line-
aments, shown on the geologic map, are conspicuous both in the field
and on air photographs. The geologic nature of these landforms

will be discussed later. . .

Iocation and nature of outcrcps

Glaciation is directly responsible for the location and nature
of nearly all outcrops in the Ashaway and Voluntown quadrangles,

Nearly all bedrock exposed at the surface is fresh and sound.
Glaclal erosion has swept off most weathered rock that mantled the
area prior to the last ice advance, and post glacial time has been *

Insufficient to allow much rock weathering., Some extensive areas

of distintegrated and decomposed rock do occur in both quadrangles,
These are discussed in the next section,

éedroék is generally not exposed in the larger valleys owing |
to thick deposits of glaciofluvial sediment, but exposures on up-
lands are plentiful. Steep south slopes and irregular, hilly up-
lands bear the most abundant outcrops, whereas broad, smooth hills
and north slopes are normally without outcrop. One notable excep-

tion is the smooth uplard with negligible local relief east and

@bsent elsewhere, must have prevailed hnere.,

T — s —~—— —
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Outcrops exposed by natural post-glacial processes are rare,
Scr- "nosures along the Pawcatuck River have been made or
enlarSew vy ve.e -..5ion of overlying unconsolidated material by the
river itself, Erosioﬁ by smaller streams since deglaciation has
been slignt, although the unnamed brook that flows into Beach Pond
from the south 0.3 mile west of the State line has cut through a
thin ti1ll mantle and exposed a large ledge of Hope Valley Alaskite
Gneliss,

Many of the most informative bedrock exposures in the quad-
rangles are the work of man. Quarries have been opened in most of
the units mapred, and are extremely numerous in the Westerly area,

In addition, road cuts and railroad cuts have provided information

unobtainable in natural exposures,

Glacial boulders are plentiful on uplands throughout nearly
the entire area. Most are 1 meter or less in diameter, though
some have largest diameters of as much as 10 meters., Some boulders
are erratics, unrelated to local rocks, and have been carried great
distances, For example, the southwest corner of the Ashaway quad-
rangle, west of Pawcatuck River, 1s strewn with boulders of Preston
Gabbro which must have been carried 10 miles or more from the north
northwest, Most boulders, however, are demonstrably of local der-
ivation., In many places of sparse outcrop glacial boulders offer

the only clue to the nature of the underlying lithology, and many

Surveys"; where the boulder lithology most prevalent is judged to
be the most likely to constitute the underlying bedrock, Generally
from 75 to 95 percent of the gzlacial boulders within a few tens of

Reéters of a polnt of observation are of a single lithology.

lOf the geologlc contacts in such areas have been mapped by "boulder

e —— — o




" weathering

Most bedrock in the Ashaway and Voluntown gquadrangles 1s
fresh or nearly so. Surface weatihering and staining rarely extends

to depths greater than a few centimeters, Broad, unshaded whale-

| back outcrops of granitic rock nave been sun bleached light gray to

white., Some rock, however, 1is disintegrated to depths of several
meters and, in places, chemically decomposed, Disintegration and

decomposition processes were preglacial, as the resulting rock

| material is overlain by fresh till in several places.

Glacial erosion probably smoothed, polished, and striated bed-

1 rock throughout the area wherever the preglacial weathered mantle
| #as swept off. This is supported by the abundance of such glacl-

| ated surfaces on fresh bedrock where glacial sediments have re-

cently been stripped, as at the tops of roadcuts and at the edges
of quarries. Natural outcrops, however, rarely show either polish
or striations and have pitted or granular surfaces, Several proc-
esses contribute to the destruction of glacially polished surfaces,
Freezing of water from rain and snow in minute intergrain selvages
or intragrain cracks splits grains and breaks them free., Feldspar
and mica hydration similarly produces a rupturing expansion., Chem-
ical attack of rock by humic acid from roofs, mosses, and lichens
1s probably considerable, and contributes greatly to rock pitting.
The nearly complete absence of glacial polish on naturally

€Xposed rock surfaces suggests an appreciable rate of bedrock
denudation. Tt is uncertain whether bedrock now exposed has been

Cintinuously exposed since deglaciation. Windthrown trees, forest

rYy

B
~T®s, and slopewash all contribute considerably to the area of ex-

Cn the otrer hand, deposition of slopewash materizly
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likely, however, that most of the large, relatively high-standing

foutcrops of both quadrangles have been free of cover nearly contin-

| therefore, not constant, but probably proceeds much more quickly

| once the initial polisned surface 1s destroyed,

| bedrock. Veins and knots of milky quartz, and quartzsillimanite
nodules commonly stand above the granular, piltted surface of granite

{ gnelss outcrops (figs. 4,41 ). Relief is as great as 6 cm, al-

1 8lacial polish and represent tne level of the initial glaciated
: Surface of the outcrop. The magnitude of these features i1s consis-
] tent with o reasonable rate of denudation of exposed granitic bed- I -

] TOCk in the area, Three assumptions are made in the following

L(:(\’\O Ve Y
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and advancing vegetation tend to reduce bedrock exposure, and in

zany places, they entirely cover previously exposed rock, It 1is

uously since deglaciation, about 10,000 years égo.
Glacially polished bedrock 1s more resistant to mechanical and
chemical attack than is roughened, granular bedrock which has a

relatively larger speclific surface, Denudation of bedrock 1is,

Several features on outcrops in the Ashaway and Voluntown

quadrangles suggest the rate of local denudation of exposed granitic
|

though in most places it is between 2 and 3 cm. Many of these
features are mecnanically delicate and could not have withstood
overriding glacial ice; they clearly result from postglacial weath-
€ring., Some gquartz knots west of Mason-Gray Pond (fig, 4)and

Quartz veins 0,27 mile south of the south tip of Beach Pond preserve

“@lculations; 1. the examples seen have been exposed since deglac-
lation; 2, the amount of denudation of exposed bedrock in the quad-
"SRgle 1s fairly represented by those places where the amount 1s

i

“SSSurable; and 3. approximitely one half ¢ the time of exposure

o wWAas reaulred to dectiroy tie 1*\1‘513" resistant ooll)ned '
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{ calefly of fresh mineral fragments, the chemically decomposed rock

| Tock fragments, The material is soft and plastic when wet, Most

. zrenular and some intragranular surfaces in rottenstone. The vol-

™
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ume increase of the magnetite to limonite reaction is considerable,
Initial partial conversion of small magnetite octahedra that stud i

Potter Hill Grznite Gneiss caused stresses which produced myriads

of fractures, principally intergranular, in adjacent rock. The
Iractures weré subsequently enlarged by deposition of additional E
limonite derived by further oxidation and hydration, and the rock
tecame disaggregated,

Scituate Granite Gneiss rottenstone was not studied in detail,
A mechanism similar to that operative in the Potter Hill may have
disaggregated the Scituate, although the relatively abundant biotite
and hornblende in the latter may have played an unknown role.

Small areas of the Potter Hill rottenstone terrane are under-

lain by chemically decomposed rock. Whereas rottenstone consists
is a saprolite that consists of clay, quartz, and sparse unaltered

of the saprolite 1s stained brown to reddish brown, though in
Places it is a mixture of white clay and gray quartz granules, An
SXposure in saprolite of Potter Hill Granite Gneiss and associzated
SChist and pegmatite is shown in figure 6. Rottenstone and sapro-
lite are gradational in this and other exposures., Saprolite is
SXtremely weak. Only two natural ocutcrops, both very small, were
found, ang the areal extent of this material is unknown.

Rottenstone and saprolite in the Ashaway and Voluntown quad-

"*tZles have been formed through surficial, weathering processes,

tearly all exposures, the material grades into fresher rock at |

A ;
*entn |
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DESCRIPTION OF THE ROCKS

Igneous rocks underlie about three quarters of the Ashaway and
Voluntown quadrangles, The rest of the area 1s underlain by high-
grade metamorphic rocké.

The metamorphic rocks consist of (oldest to youngest) mafic
metamorpnic rock, Plainfield Formation, metavolcanic rocks, and
cai}-silicate quartzite, Isolated lenses of mafic metamorphic
rock within granitic rocks of the Voluntown quadrangle are probably
older than the Plainfield Formation, but their exact relationship |
to other rocks 1is unknown, The Plainfield Formation 1s principally
gneiss, schist, and quartzite, The oldest rocks are feldspathic |

biotite gnelss and schist and quartzose biotite gnelss and schist,

The two are probably gradational, Lenses and layers of calc-
silicate quartzite and calc-silicate granofels occur 1in feldspathic
blotite gneiss and schist in the Ashaway quadrangle, The youngest
rock in the Plainfield Formation 1s quartzite, Metavolcanic rocks
overlie tne rFlainfield Formation. They range from mafic to felsic,
Fine-grained mafic and felsic metavolcanic rocks at Wyassup and
Billings Lakes are probably correlative with coarser-grained meta-
¥olcanic rocks farther south in the Ashaway quadrangle mapped as
3mphibolite, layered felsic gnelss, and calcareous felsic gneiss,
A thin layer of calc-silicate quartzite discontinuously overlies
@¢tavolcanic rock east and northeast of Billings ILake, Metamorpnic
ToCks are interlayered at all contacts.

The granitic rocks are magmatic and consist of a group of older
largely gneissic rocks of the Rhode Island batholith, and two
younger granites in the westerly area, Cross-cutting relationships

g .
Other eviience suggests tne following relative ages beglnning

(L\

0ty . ,

L the 0ldest (pr.dition~l rocks ayraenited): augen gneiss
e —— . -/. & & »
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gZsconeag quartz Diorite Gnelss, porphyritic granite gneiss, Potter
d11ll Granite Gnelss-Hope Valley alasklte Gneiss-Scituate Granite
Gneiss-Ten Rod Granite Gnelss, Narragansett Pler Granite, and West-
erly Granite, '

As far as has been possible, the information given in this
section 1s observational. Most genetic inferences have been omit-
ted here in order to present thnem succinctly and in a unified

manner in the following section.

Metamorphnic rocks

The Plainfield Formation, metavolcanic rocks, calc-silicate :
quartzite, and mafic metamorphic rock are the product of recrystal-
lization of a preexisting solid rock in response to high temperaturg
and pressure, Considerable metasomatic chemical change accompanled

the metamorrhism of some of the rocks,

?lainfield Formation

The oldest rocks in the Ashaway and Voluntown quadrangles are
a thick sequence of heterogeneous metasedimentary rocks here as-
Slgned to the Plainfield Formation following the usage of Lundgren
(1963)., 1In the Voluntown quadrangle the Plainfield Formation is in
Fart equivalent to the Plainfield Quartz Schist of Gregory (Rlce
ang Gregory, 1906, p. lib, 132-134; Gregory and Robinson, 1907),
&nd in the Ashaway quadrangle it 1is in part continuous with rocks
"apped as Blackstone Series in the Carolina quadrangle (Moore,1959).

The name Plainfield Formation was chosen in the present report
for Several reasons, Much of the rock greatly resembles the Plain-

o
‘1eld quartz Schist described by Gregory (ibid.) The general des-

‘&Wation wrorgation® 1s more appropriate than quartz schist, how-

’ p 1 »
5"‘"’L‘gf-{,_j_l_§_5:onsJ.der.ﬂ.b’Le areas of the rock are neltner quartz-rich
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rdiffer Principally in mafic-to-felsic mineral ratio. Granitic ma-
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por scnist., The type locality of the Plainfield has never been
specified precisely, but it is presumably in the township of that
name wWhnose south border is only one mile north of the northeast
corner of the Vcluntowﬁ quadrangle, The name 3Blackstone Series 1s
not appropriate as the Ashaway and Voluntown gquadrangles are more
than 30 miles from the type locality (Quinn, 1949) and correlation
of the two rock units, separated by the bulk of the Rhode Island
batholith, 1is yet uncertain,

Four gemneral rock types have been mapped within the Plainfield
Formation; (1) feldspathic biotite gneiss and schist, (2) quartzose
biotite gneiss and schist, (3) calc-silicate gquartzite and calc-
silicate granofels, and (4) quartzite, Calc-silicate quartzite

within the quartzite was not mapped separately,

Feldspathic biotite gnelss and schist

About 10 square miles of the Ashaway quadrangle age underlain
Cnlefly by dark feldspathic biotite gneiss and schist which occur
Principally in two large bodies; one between Canonchet and a point
One mile northeast of Ashaway, and the other between Ashaway and
Chase H11l., The rock is mostly medium to dark gray,‘medium-grained,
€quigranular, well-foliated gnelss and schistose gneiss composed
Predominantly of feldspar, quartz, and biotite. Compositional

layering 1s pronounced, Layers, from 1 cm or less to 1 meter thick,

t
frial, as sills (and less commonly as dikes) of pink aplite,

3rs
st=nlte, ang pegmatite, has permeated the rocks and distorted the
In '

ation of many outcrops (fig. 7). The contact between granitic

#

el

Py Ote
Flal and host rock is in part sharp and in part diffuse, In
laCeS

k%1

» 88 0,55 mile east of the summit of Chase H1ll, the rock is








































































































































































































































































































































- Creen Fall Zond are thick enough to show on the geologic man, The

, Tavors & magmetic origin, Some units, especially Escoheag Guartz

, porpnyritic grunite greiss has been made streaky by the intrusion

‘leyers appear to ve intrusive sills of Hope Valley Alaskite Cneiss,

relationships at or near their type localities (Moore, 1958), as
does Scituate Granite Gneiss (Guinn, 1951), Althouzgh Escoheag
ouartz Diorite Gneliss shows no intrusive relationships in the
Voluntown guadrangle, correlative rock ("Ponaganset Quartz Diorite
Gneiss" ) mapped by lioore in the Clayville gquadrangle contains
diversely oriented inclusions of metasedimentary gneiss (U.S, Geo-
logical Survéy, 1963, p. A£77). lost contacts betuween batholith
rocks, and contacts of batholith rocks and metzmorrhic rocks are
sharp, Units within the batholith that have gradational contacts,
es between different facies of a single unit, or as between Hope
Valley Alaskite Gnelss and Scituate Granite Gneliss, are believed to
reflect composition gradients in the megma,

The general uniformity, and the =zbsence of ghést structures

in the batholith rocks, although in part negative evidence, strongly

Diorite Gneiss and vorphyritic granite gneiss, are streaky or
texturally heterogeneous owing to differential movement of the magma

along preferred planes auring intrusion, In many places the

of numerous sills of Hope Valley Alaskite Gneiss.

In places, the batnolith magmas have intruded the metamorrhic
rocks on a small scale, ILayers of fine-grained, pale pink to tan,
saccnaroidal alaskite, generally a meter or more thick, are

locally abundant in the Plainfield Formation, Only layers near

5

fe)

&s tney hzve the mineral cemprosition of the normzl coarse-grained

ma

Two lines of corrovorztive evidence were found, The

belt of Hope Valley that trends ncrtheastwasrd from ivyassur lake
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