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FORWARD

The University of Rhode Island 1s proud to host for the TfTiIrst time the New

England Intercollegrate Geological Conference. This 73rd annual meeting
occurs eirlghteen years after the Jlast conferenceheld 1n Rhode Island, at which
time eirght trips were offered. This contrasts withthe diversity of the twenty-

two trips being run 1n 1981, which 1nclude emphasis on a variety of geologic
problems that range from surficirial to bedrock studies.

A resurgence 1In the iI1nterest of the bedrock geology of the area has taken
place 1In the past decade; this new Interest partly has been stimulated by
recent plate tectonic models that emphasize the distinct character and geo-
logic history of the Avalon Terrain of southeastern New England compared

with lirthotectonic belts to the west. It 1s 1Increasingly clear that a better
understanding of the geology of this part of New England 1Is necessary 1In order
to understand the geological evolution of the Appalachrans as a whole. As
elsewhere, the geologic history 1s complex. Recently 1nitrated studies by a
number of workers are adding new Information to the data base collected by
geologists of decades past. So far the resultsare leading to new and revised
Interpretations, but even these can be expected to undergo substantial mod-
ification as the early studies progress. Eventhough most of the current
studies are iI1mcomplete, we hope that the spirit of NEIGC will provide an
opportunity for the geologists working In the area to share the results of
thelr on-going studies with students, TfTaculty, and commercial geologists.

We seek an atmosphere fTor a positive exchange of concepts, 1Interpretations,

and 1deas so that a better understanding of the geology of southeastern New
England and the broader surrounding region will emerge.






CONFERENCE ORGANIZATION

Co-Chatrmen: Jon C. Boothroyd and O. Don Heimes, University of Rhode
Island

Registration: E.B. Henderson

Guidebook Editors: Jon C. Boothroyd and O. Don Hemmes, University of
Rhode Island

Trip Leaders

Barosh, Patrick J., Weston Observatory, Boston College
Boothroyd, Jon C., University of Rhode Island
Burks, R., University of Texas (Austin)

Caldnell, Dabney W., Boston University

Carr, Ralph L., Rhode Island Mineral Ikmters
Carroll, Michael R., Brom University

Chase, H.B., J., Consultant

Dreler, R.B., University of Texas (Austin)

Eawards, John O., Rhode Island Mineral Hunters
Fisher, J.J., University of Rhode Island

Friedrich, Nancy, University of Rhode Island
Gromet, L.P., Browmn University

Hepbum, J. Christopher, Boston College

Hermes, O. Don, University of Rhode Island

Lee, Virginia, University of Rhode Island

Lyons, P.C., U.S. Geological Survey (Reston)

Logue, Daniel F., BExxon Company

Pease, M.G., Jr., U.S. Geological Survey (Retired)
McGinn, Stephen R., University of Rhode Island
Mosher, S., University of Texas (Austin)
Murray, D.P., Boston University

Naylor, Richard S., Northeastern University
Raben, J.D., New England Geotechnical Consultants
Rast, Nicholas, University of Kentucky

Rehmer, Judith, Waban Geoscience

Ross, Martin, Northeastern University
Rutherford, Malcolm J., Browmn University
Schafer, J.P., U.S. Geological Survey (Reston)
Sirkin, Leslie A., Adelphr University

Skehan, James W., S.J., Weston Opbservatory, Boston College
Snith, Paul V., Weston Observatory, Boston College
Zartman, R.E., U.S. Geological Survey (Denver)

ACKNOWLEDGMENT

The editors extend thelr thanks to numerous University of Rhode Island
graduate and undergraduate students for theilr assistance In the assembly of
the NEIGC announcement and this guidebook.




PAGE
FOREWORD 11
CONFERENCE ORGANIZATION
TABLE OF CONTENTS . o o o e e o o e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e 1V
GENERAL STRUCTURAL SETTING OF RHODE ISLAND AND TECTONIC HISTORY OF
SOUTHEASTERN NEW ENGLAND: Patrick J. Barosh and O. Don Hermes. . . ... .. 1
TRIP NO.
A-1 DISTRIBUTION AND STRUCTURAL SIGNIFICANCE OF THE OAKDALE FORM-
ATION IN NORTHEASTERN CONNECTICUT: M.H. Pease Jr., and Patrick
J. Barosh. 17
A-2
&
B-11 PLEISTOCENE GEOLOGY OF BLOCK ISLAND: Les Sirkmn. ... ....... 35
B-1 THE DIAGENETIC TO METAMORPHIC TRANSITION IN THE NARRAGANSEIT
AND NORFOLK BASINS, MASSACHUSETTS AND RHODE ISLAND:
J. Christopher Hepburn and Judith Rehmer. . . . . .. ... .. ... ... 47
THE GEOLOGY OF PRECAMBRIAN ROCKS OF NEWPORT AND MIDDLETOWN,
RHODE ISLAND: Nicholas Rast and James W. Skehan. .. ........ 6/
B-3 THE BLACKSTONE SERIES: EVIDENCE FOR AN AVALONIAN PLATE MARGIN
IN NORTHERN RHODE ISLAND: Dreter, R.B. and Mosher, S......_. 3
B-4 IGNEOUS ROCKS OF NORTHERN RHODE ISLAND: Malcolm J. Rutherford
and Michael R. Carroll . . . . . o e o e e o e e e e e e o e e e e e e e e e 103
B-5 CONTACT RELATIONSHIPS OF THE LATE PALEZOIC NARRAGANSEIT PIER
GRANITE AND COUNTRY ROCK: O. Don Hermmes, Patrick J. Barosh
and Paul V. SMITN. . . - o e e o e e o e e e e e e e e e e e e e e e eeaa 125
B-6 FIELD GUIDE TO COASTAL ENVIRONMENTAL GEOLOGY OF RHODE ISLAND’S
BARRIER BEACH COASTLINE; John J. Fisher........._._.._.... 153
B-7 THE GEOLOGIC SETTING OF COAL AND CARBONACEOUS MATERIAL, NARRA-
GANSEIT BASIN, SOUTHEASTERN NEW ENGLAND: D.P. Murray, J.D.
Raben, P.C. Lyons and H.B. Chase, Jr... ... .... 175
B-8 SELECTED MINERAL COLLECTING SITES IN NORTHEASTERN RHODE I1SLAND:

TABLE OF CONTENTS

Ralph L. Carr and John O. Edwards. . - . - - - i o i e i e e e m - - 201



C-3

C-4

C-5

PAGE
SEDIMENTATION IN MICROTIDAL COASTAL LAGOONS, SOUTHERN RHODE
ISSAND:  Nancy Friedrich, Stephen R. McGinn and Jon C.
1010 1 1] 0 )7/ 6 211
GLACIAL GEOLOGY IN SOUTHERN RHODE ISLAND: J.P. Schafer....... 229
THE GEOLOGY OF CAMBRIAN ROCKS OF CONANICUT ISLAND, JAMESTOMN,
RHODE I1SLAND:  Janies W. Skenan, S.J. , Nicholas Rast, and
Daniel Logue. - . - - i i i e e e e e e e e e 237
ALLEGHENIAN DEFORMATION AND METAMORHISM OF SOUTHERN NARRA-
GANSETT BASIN: Rachel J. Burks and Sharon Mosher, D.P.
Murray . 205
MAFIC DIKES OF NORTHEASTERN MASSACHUSETTS: Martin RossS. . ... .. 285
FELSIC VOLCANIC UNITS IN THE BOSTON AREA,
Richard S. Naylor. ... ... oo, 303
ZIRCON GEOCHRONOLOGY AND PETROLOGY OF PLUTONIC ROCKS IN RHODE
ISLAND: O. Don Hermes, L.P. Gromet, R.E. Zartman...._..._.... 315
THE BOSTON BAY GROUP, QUINCY, MASSACHUSETTS: Dabney W .
Caldwell . . . . e e e e e e e e aaaa 339
COASTAL ZONE MANAGEMENT PROBLEMS: RI COASTAL LAGOONS AND
BARRIERS: Virginia Lee and Jon C. Boothroyd. . .. ... ........ 345
INTERPRETATION OF PRIMARY SEDIMENTARY STRUCTURES
Jon C. Boothroyd. 359






GENERAL STRUCTURAL SETTING OF RHODE ISLAND AND TECTONIC
HISTORY OF SOUTHEASTERN NEW ENGLAND

Patrick J. Baroar* and 0. Don Hermes?2

INTRODUCT ION

A great deal of new Information has been learmed about the geology of Rhode
Island and the surrounding region since Quinn summarized the geology of the state
IN 19/71. The new data compliment the earlier work of Quinn and others, and of-

fers the opportunity to make new geologic Interpretations, as well as allowing a
more precise definition of key problems and areas for future study. Extensive geo-

logic quadrangle mapping and stratigraphic studies by the U.S. Geological Survey
have been done 1IN eastern Connecticut and eastem Massachusetts, and adjacent off-
shore surveys have been completed. Geological and geophysical studies sponsored
by the U.S. Nuclear Regulatory Canmission have been performed by the New England
Seismotectonic Study. The Narragansett Basin has been studied as part of a coal
Investigation program with the support of the U.S. Bureau of Mines. A variety of
work has been done by consultants to public utilities, and a number of topical
studies have been undertaken by university personnel and students In the region.
More reliable radiometric age dates are now available as a result of Improved
laboratory techniques and better geologic control on the sample localities. New
information also 1s available on fossil localities. Good aercmagnetic and

gravity data now exist or are In preparation for most of this region and excellent
Landsat 1mages are available. The close match of magnetic and gravity data with
surface geology has led to the discovery of 1mportant regional features and

now provides a way to map through the glacial cover. Moreover, the Increased

network of seismographs In the region iIs greatly improving our knowledge of
present day tectonic activity.

This new Information has greatly altered our understanding of the structure,
geologic history, and tectonic development of the region. The region has under-
gone a long and complex history of sedimentation, Igneous activity, metamorphism,
and deformation. As the detaills of these events became better knomn, we are more
able to draw knowledgeable comparisons and contrasts with adjacent lithotectonic
pelts, which In tum add to our understanding of the role of plate tectonics In
the formation of the Appalachian mountain belt.

The purpose of this Introduction to the geology of the Rhode Island region
IS to present a generalized summary of the structural setting and the geologic
history as 1t Is now understood, and to show how the individual field guides per-
taining to bedrock geology fit into the overall geology. Several articles that

Include discussion of general evolutionary geologic models for the larger New Eng
land region have been published recently and should be of Interest to the reader

Department of Geology and Geophysics, Weston Observatory, Boston College
Weston, MA 02193

2 Department of Geology, University of Rhode Island, Kingston, RI 02881



(e.g., Rast and other, 19/6; Osberg, 19/8; Skehan and Osberg, 19/9; Rast, 1980;
Robinson and Hall, 1980; Skehan and Murray, 1980) . The brief nature of our summary
does not allow mention of many Important geologic features, or the crtation of all

Important studies. For this shortcoming, we ask the reader for tolerant under-
standing.

Rhode Island lies along the western side of the Southeastern New England plat-
form, a structural block that 1s In general the same as the Boston platform (Zart
man and Naylor, In press) , which a larger scale correlates with the Avalon provinces

of Canada (Rast and others, 1976; Williams, 1978) . The Southeastermn New England |
platform 1s separated from the Merrimack province to the northwest by the narrow I

Nashoba thrust belt, and Is overlapped to the south and east by Cretaceous and Ter- |
tiary deposits that form the submerged northward extension of the Atlantic Coastal 1

Plain (Fig. 1). !

The Southeastern New England platform consists of a late Proterozoic batholith-

IC complex and assocliated metasedimentary and metavolcanic rocks that were intruded |
by younger plutons and covered by sediments at various times during the Paleozoic. |
The sediments are preserved In basins that are largely fault bounded (Fig. 1). These
Include the Poston Basin, which contains late Proterozoic to Middle Cambrian con- |
glorerate, argillite, and volcanic rod® (Kaye and Zartman, 1980; Kaye, 1981) , the |
Narragansett and Norfolk Basins wnich contain Carboniferous stream deposits that i
overlie trilobite-bearing Cambrian phyllites (Shaler and others, 1899; Skehan and !
i

i

!

others, 19/9), and offshore basins of Triassic to Jurrassic sandstone, siltstone,
and basalt (Ballard and Uchupr, 19/5) . Locally common are Mesozoic dikes of
diabase and lamprophyre.

The composition of the late Proterozoic Intrusions ranges from quartz-rich i
alaskite and granite to diorite or gabbro. They contain Xenoliths and large pen- |
dants of metasedimentary and metavolcanic rock. The western edge of the batholith |

I
i
i

IS strongly foliated and syntectonically deformed Into a series of large folds.

These folds generally trend and plunge to the north along the Rhode Island-Connec-
ticut border but trend westward farther south In southeastern Connecticut. The

late Proterozoic intrusives generally are much less deformed to the east where they |
commonly are not foliated, except In local areas where closely spaced shear zones |
are abundant. The western border of the platform trends to the northeast In Massa-1
chusetts where the structure more characteristically exhibits northeast trending i
faults rather than folas. The daninant fault trends within the platform are to the »
northeast and north with more easterly trends near the Boston Basin. i

The Nashoba thrust belt northwest of the platform forms a major structural |
discontinuity. The stratigraphy, structural style, and ages of plutons on elther
side are strikingly different Barosh and Pease, 19/7; Barosh and others, 19/8a; i

Zartman and Naylor, In press). The belt forms a major boundary between tectonic |}
blocks across which no stratigraphic correlation has been made. The Nashoba thrust |

belt 1s composed largely of pre-Ordovician andesitic to basaltic volcaniclastic i
rock, now at high metamorphic grade. These rocks are cut by a series of high agle,
west-dipping fault slices that are Invaded by granitic intrusive rock of Ordovician

to Devonian ages (Dixon, 1964; Alvord and others, 19/6; Bell and Alvord, 19/6; |



Figure 1. Sketch map of southeastern New England showing major
tectonic provinces and basins and general Jlocation of fTireld

trips.



Zartman and Naylor, In press). The rocks consist of the Marlboro and Nashoba Form-
ations In Massachusetts and the equivalent Quinebaug and Tatnic Hill Formations In

Connecticut. The composite section IS quite thick, but faulting may have thinned
the section to only a few hundred meters just outside the northwest comer of Rhode
Island. The main movement within the belt was east over west with arignht-lateral
component. This appears to have been due to a compressive force acting In a north-
east to southwest direction.

The Merrimack province to the west 1In Connecticut and east-central Massa-
chusetts 1Is fomed of a very thick west-dipping and west-topping sequence of pre-
Stlurian siltstone, graywacke, and shale. These rocks have undergone high-grade
metamorphism and are cut by numerous west dipping thrust faults (Peper and others,
19/5; Pease and Barosh, Trip A-1). Conversely, the strata In Massachusetts and
northward have been iInterpreted by Robinson and Hall (1980) as a series of folded
and refolded nappes, and the structure commonly 1Is referred to as the Merrimack
Synclhimorium. In southeastern New England the term Merrimack geocline seems more
appropriate since the rocks form a honoclinal sequence of northwestward dipping
strata. Here the structure 1s cut by long, narrow granitic bodies that apparently
Intruded same of the earlier thrust faults. The thrust faults cut out much of the
section In east-central Connecticut, but offset decreases northward In east-central

Massachusetts yvhere the rock 1s much less faulted.

To the south of the platform, Cretaceous sands and clays and sane Early Terti-
ary sediments form a thick continuous cover offshore, but these occur only as thin
scattered patches to the east. A thin, but continuous cover propbably existed to
the east In the GulT of Maine but may have been stripped away by glaciers (C.
O"Hara, oral conn.).

GEOLOGIC SETTING OF RHODE ISLAND

The structure of Rhode Island consists of a danal batholithic complex on the
the west, flanked by the sedimentary Narragansett Basin to the east. Both of these
features are unconformably overlapped offshore by a hanoclinal segquence of coastal
plain deposits (Fig. 2). The general dcmal structure iIs defined by the attitude
of bedding In Precambrian metasedimentary and metavolcanic rocks variously referred
1o as the Blackstone Series In Rhode Island, Plainfield Formation 1n Connecticut,
and Westboro Formation In Massachusetts. These strata, which contain assemblages
commonly associated with active plate margins (Dreler and Mosher, Trip B-3) ,
mainly at the edges of the Intrusive-cored dome; they dip to the west In eastem
Connecticut, to the north In adjacent Massachusetts, and to the northeast In north”
eastern Rhode Island. These stratified rocks are feebly metamorphosed and have
been deformed by at least two episodes of folding and by low angle thrusting
(Dreler and Mosher, Trip B-3). Generally the deformation appears largely syntec-
tonic and many outcrops of the stratified rocks appear to be roof pendants In
which bedding 1s In subparallel alignment with foliation In the Intruded granites.

This general damal structure 1Is cut by numerous faults and Is distorted by
smaller folds. A series of north-trending, north-plunging folds, designated the
West Rhode Island fold belt (Barosh, 19/6), lies along the Connecticut-Rhode Island
border (Fig. 3). These folds are broad and open In the north, but becane progress-
Ively more compressed to the south where they are overturned and broken by thrust
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faults. The faults tend to cut out the synclines. The western part of the fold
belt swings southwest and west approximately parallel to the Honey Hill fault zone
where the folds are overturned to the northwest. The eastemn part swings southeast
across southwestern Rhode Island and 1Is overturned to the northeast. Both the

northwest- and northeast-dipping overturmed folds and associated thrust faults
appear to have formed at the same tine.

Several northeast-trending aeranagnetic and gravity lineaments cross the dore.
The distribution pattern and attitude of the Blackstone Series where crossed by
these geophysical lineaments suggest that they maybe cut by fault zones with a few
km of right-lateral offset each. The southem one, the Watch Hill linearent, ex-
tends at least through the Carolina Quadrangle as a possible fault zone (Hemmes
and others, Trip B-5) and projects Into the Narragansett Bay where the shape of

the bay changes. It and several geophysically defined faults In the bay area may
form a major zone of en echelon faults that continue northeastward through Fall

River. The iInterpretation that the Watch Hill lineament 1s a fault IS supported
by geophysical ground studies (Schwab and Fronlich, 19/6), and by the approximate
alignment of the lineament with a fault In Narragansett Basin.

The major geophysical features In the poorly exposed areas southeast of the
Watch Hill lineament trend north-northeast (R.K. Frohlich, oral conm.) as they also
do In the Narragansett Bay and offshore. This north-northeast direction appears
1o represent the major structural trend In this area (Collins and McMaster, 19/8;
McMaster and others, 1980) (Fig. 4). The structural grain north of the lineament

appears to be north to north-northwest, as expressed by the trend of contacts and
a Tew knovn faults.

The Narragansett Basin 1Is a partly fault bounded basin that consists largely
of nonmarine conglomerate, sandsone, shale (Burks and others, Trip C-2), and sane
coal of Carponiferous age (Murray and others, Trip B-7). Horsts of Precambrian
sediments, Volcanics, and granite are present In the southern part of the bay (Rast
and Skehan, Trip B-2; Skehan and Rast, Trip C-1). Rocks of Narragansett Basin are
both folded and faulted. The northemn part of the basin exhibits an east-
northeast-trending group of open folds that reflect a single deformation. In
contrast, rocks In the southem part of the basin form tight 1soclinal to recum-
bent north-northeast-trending folds that have been Interpreted by same workers
to represent multiple episodes of deformation (Burks and others, Trip C-2). The
major folds trend generally parallel to the main axis of the basin north of the
Watch Hill-Fall River lineament zone. The structure of the poorly exposed parts
of the basin 1s not well knowm, but much of the west side 1Is faulted. A north-
east-trending fault may form the boundary northeast of Fall River and the northem
border 1s cut by numerous small north- to northwest-trending faults (Fig. 1). In
addition the basin rocks exhibit a Harrovian type of metamorphism that reached the
upper amphibolite facies In the southwestern part of the basin. The grade of meta-
morphism decreases to the north (Buies and others, Trip C-2; Hepburn and Rehmer,
Trip B-1). Isograds of this Alleghenian metamorphic episode are truncated by the

Permian aged Narragansett Pier Granite, and the rocks were subjected to local
retrograde metamorphism.

The Cretaceous deposits offshore form a northward-facing cuesta of sorts at
the 1nner margin (O"Hara and Oldale, 1980). The consolidated Cretaceous clays
and sands exposed at a few places on Block Island may be In place, but those ex-

gggéeld ath\)Aartha's Vineyard to the east have been thrust up by glacial push (Kaye,
a, i



= -
o S5 0o ONO < muCOpCSO | Ll \NnA S.. 5
L, 040 CQvnﬁng 0y Q2ollcd
1A wuw x=oa g ul3 &3 —
W —l
= O AZO O” e*m_amg@ S Ar.IOm
m e % I
*
o0 o < o0 —48 S0:58 &
®00 00 0O >0 &5 e-v
2 04 ol SafYele o o o
v So o5 8 oslWoFo @) bC@OZ o
oo
B2 PO O7 So LB o Puo 28 & —1

XJ)oo5 o « ollo

O ool 0.0oow So © 005 © 0O o g

O & woboln 0o ol  Svoo &£V

ANvaA AGS do

Ny 79105

<BO sTOX 873

883 B =0pB8ITzIO N o%\x;m
4o B I8 o o v o¢ .@uﬁn

Ji



GEOLOGIC HISTORY™

The known geologic history of the southeastern New England platform began In
the late Proterozoic wnen the interbedded Blackstone sequence of quartzite, gray-
wacke, shale, limestone, and volcanic rocks (Carr and Edwards, Trip B-8; Dreler and
Mosher, Trip B-3) was Intruded by granitic to dioritic rock (Hermes and others,
Trip C-5). The late Proterozoic platform rocks In Rhode Island and Connecticut
that lie east and south of the Lake Char and Honey Hill fault zones are
gneisses and schists. These Include the Sterling Group of plutonic rocks and the
Intruded metasedimentary and metavolcanic rocks. Platform rocks of similar age
INn eastern Rhode Island and nearby Massachusetts, as well as those adjacent to the
Blooady Bluff fault zone In Massachusetts, are less- to non-foliated and have under
gone only weak metamorphic recrystallization. The Esmond Group, Newport Granite
Porphyry, Dedham Granodiorite, and Milford Granite are the principal Proterozoic
plutonic rocks In this part of the platform. Contact metamorphosed Xenoliths
and roof pendants are all that 1s left of the Intruded country rock.

Especially westward, along the present western boundary of the platform In
western Rhode Island and southern Connecticut, the metamorphic fabric of the Ster-
1ing Group and related rocks appears to have been Imposed syntectonically during
emplacement of the plutonic rocks. The Sterling Group rodis are emplaced as sills
parallel to foliation and layering In the country rock, and these structures are
folded to accomodate the configuration of the Lake Char-Honey Hill fault zones as
Its trace 1s warped fron south to west In the southeastern comer of Connecticut.
The strong metamorphic fabric and high metamorphic grade In this area dies out to
the east anay frcm the boundary and also to the northeast In Massachusetts adja-
cent to the boundary.

These relationships suggest the possibility that a zone of deformation exist-
ed In the late Proterozoic along the approximate present trace of the Honey Hill-
Lake Char fault zone that served as a precursor to the suture that joined the south”
eastermn New England platform or Avalon plate to North America. Arguments based on
radianetric age dating(Zartman and Naylor, In press) and the contrasting litholo-
gies and degree of metamorphism across the boundary argue against juxtaposition
of the Southeastem New England platform with tectonic blocks to the west prior to
the beginning of the Devonian. Similarly, a maximum age for the North American-
Avalonian collision to the north In Maine 1Is Interpreted to be 410 m.y. (Gaucette,
1981). On the other hand, Robinson and Hall (1980) have developed a model that
Juxtaposes the Avalon and North American plates In Ordovician time, whereas on
paleanagnetic evidence, Kent and Opayke (19/8) concluded that Avalon rocks of south®
eastem New England were In the southerm hemisphere during the Devonian and were
distant frcm rocks of the North American plate with which they have been associated
since Carboniferous tiIne.

Closely following, and perhaps continuous with the emplacement of tre late
Precambrian plutons and the accompanying tectonic activity, was tre deposition of
rocks In the Boston Basin. The sequence starts with late Precambrian
near shore volcanic rock and conglomerate Interpedded with argillite, that grades
upward to Middle Cambrian marine argillite (Kaye and Zartman, 1980). The rhyolit-
IC and andesitic volcanic rocks may reflect continuing activity along the eastem
edge of the Avalon plate followed by a general transgressive sedquence of offshore
muds and turpidites. Other volcanic rocks to both the south and north of the Bos-
ton Basin also may be Precambrian In age (Naylor, Trip C-4). Fossiliferous carbon
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ate and argillite strata of Cambrian age unconformably overlie Precambrian iIntrus-

east of northern Rhode Island (Donse, 1950; Shaw 1950; Farrbaim and others, 1967)
and at Conanicut and Aguidneck Islands In the southem Narragansett Basin (Skehan
and others, 19/7; Past and Skehan, Trip B-2; Skehan and Rast, Trip C-1).

Igneous activity of a generally distinct alkalic to peralkaline nature peri-
odically occurred within the platform during the mid-Paleozoic (Rutherford and
Carroll, Trip B-4; Hermes and others, Trip C-5). The mineralogy, textures, and
chemistry of these rocks sharply contrast with the Proterozoic plutons which are
more calcalkaline In character.

The older of these alkalic rocks range frcm Late Ordovician to Early Silurian,
and Include the Cape Ann and Quincy Granites,granites fran the Gult of Maine, and
gabbroic bodies at Salem andNahant (Zartman, 19/77; Hermes and others, 19/8) .
These hypersolvus granites and associated mafic rocks appear to be shallow Intru-
sives, and probably were accompanied by volcanic activity. For example, the Quincy
Granite appears to grade Into rhyolite on 1ts south side (C. A. Kaye, oral canm.),
and canagmatic felsic dikes are assocliated with the Cape Ann pluton. Numerous
mafic dikes also cut theCape Ann rocks at this time (Ross, Trip C-3), and In sane
cases, there 1Is evidence for the simultaneous coexistence of mafic and felsic mag-
mas (Toulmin, 1964; Dennen, 19/6). Other gabbroic plutons also may have been In-
truded at this stage, Including the cumpberlandite/gabbroic anorthosite complex of
north-central Rhode Island, the Foster Gabbro of west-central Rhode Island (Pope,
19/5), the Preston Gabbro (Zartman and Naylor, In press) at the south end of the
Nashoba belt In Connecticut, and a probable but unexposed large pluton beneath

the western end of Cape Cod (Barosh, and others, 197/7b). Ordovician granitic rocks
of calcalkaline affinity also Intruded the Nashoba and Merrimack blocks (Zartman

and Naylor, 1In press) .

A second grouping of generally alkalic rocks range In age fran Early to Miadle
Devonian. In Massachusetts, these Include the Wenham Monzonite, Peabody Granite,
and the Rattlesnake Hill pluton (Lyons and Kruger, 19/6). Southward In Rhode Is-
land, alkalic rocks of the East Greenwich Group and parts of the Scituate Granite

Ghelss yield Devonian ages (Hermes and others, Trip C-5). Although generally
contemporaneous with Acadian plutons In tectonic blocks to the west, these mid-

Paleozoic plutons of the Southeasterm New England platform generally maintain a
distinct petrologic character.

Volcanic activity still affected the region In the Late Silurian-Middle Devoni-
an as 1Is shown by the variety of volcanic rocks mixed with marine sediments In the
Newbury volcanic seduence (Shride, 19/6). These occur In an unmetamorphosed fault
slice along the contact with the Nashoba thrust belt north of the Boston Basin.
Possibly a volcanic chailn connected then with the conterporaneous coastal volcanic
seqguence of easterm Maine. Moreover, the Spencer Hill Volcanics of central Rhode
Island have been Interpreted by Quinn (1971) to be canagmatic with the Devonian-
aged Cavesett Granite.

Probably accampanyng the mid-Paleozoic magmatic events, was the development
of local contact metamorphic aureoles. The folding and faulting that affected the

Late Silurian turbidite sequence In the Merrimack block north of Worcester may have
developed at this time (Peck, 19/6; Smith and Barosh, 1981) . Unresolved 1s whether
the low grade metamorphism of the rocks In the Boston Basin occurred In the Precam-
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brian, during the mid-Paleozoic event, or later during Alleghenian time.

The platform may have experienced uplift and extensional faulting that led to
the shedding of post-orogenic Late Devonian clastic deposits In the coastal volcan-
IC zone of eastern Maine. Uplift, perhaps with associated extensional faulting,
probably occurred On the Southeastem New England platform during the Carbonifer-
ous to produce the non-marine conglomerate, sandstone, shale and coal of the Narra
gansett and Norfolk Basins. These deposits may have overlapped the Nashoba thrust

belt as shovn by the presence of a fault sliver of Carboniferous rock on Its west
side In Worcester (Grew, 1973).

The sedimentary rocks In the Narragansett Basin probably were deformed and
metamorphosed mostly before the Intrusion of the Narragansett Pier and Westerly
Granites In the Permian (Burks and others, Trip C-2; Hermes and others, Trip B-5) .
The highest grade of metamorphism roughly borders the southwestern margin of the
basin and drops off to the north. [Illite crystallinity studies hint that two Alle-
ghenian thermal events may have occurred (Heppburm and Rehmer, Trip B-1). Although
earlier work suggested that Alleghenian deformation and metamorphism was fairly
localized, a number of recent studies Indicate that 1t may be more widespread than
formerly realized (Zartman and others, 19/0; Day and others, 1980; Skehan and Mur-
ray, 1980; Dallmeyer, 198l).

The platform, along with the rest of southern New England, underwent uplift
and extensional faulting during the Late Triassic and Jurassic as major rifting
was Initiated across the North Atlantic Basin. Deposition of continental clastic
sediments and basalts occurred In local basins like that of the Connecticut Valley
and numerous diabase dikes were Injected Into the older rocks (Ross, Trip C-3).
Lamprophyric dikes also occur locally and may be of generally similar age. With
the exception of a small fault sliver of fossil-bearing sediments exposed against
the Nashoba thrust belt north of Boston (C. A. Kaye, pers. comm.), the remain-
INg Mesozoic basins lie off-shore to the east (Ballard and Uchupi, 19/5). Daring
the Mesozoic there was reactivation of the Watch Hill fault zone wnich cuts the
Narragansett Pier Granite as well as sane displacement along the high angle faults
that cross the Narragansett Basin. A regional tilt to the north, Indicated by
northward plunging structures and northward decrease In effects of different meta-
morphic events, also may have accompanied this episode.

The edge of the platform sagged to the south and east during the Late Jurassic
and Cretaceous as the North Atlantic Basin continued to open, and an apron of clas-
tic sediments of Cretaceous age was deposited on 1t. Deposition continued at least

Into the Early Tertiary (\Weed, and others, 19/74) . Post Creteceous movements formed the
north to northwest-trending New Shoreham fault justwest of Block Island (McVaster, 1971) ,
and may have caused the small north- to northwest-trending faults that cut the Watch
Hill fault zone on shore to the north (Hermes and others, Trip C-5).

During the Plelstocene the region was depressed by the weight of the glacial
Ice. The rebound of the crust that began soon after the 1ce started Its retreat
13,9500 years ago has resulted In a regional tilt to the south of about Invkn. This
tilt and the post-glacial rise In sea level have caused the Late Pleistocene shore-
line to be deeply submerged off-shore to the south (O"Hara and Oldale, 1980),
wnereas It rises above the present sea level at the northern edge of the Massachu

setts coast.
At present the Narragansett Bay area and adjacent southeastern Massachusetts

exhibits mild seismic activity, with earthquakes occurring every few years (Fig. 5) .




Figure 5. Sketch map of southeastern New England showing

epicenters and 1ntensities of historical earthquakes 1In
the regiron.



The movements causing these earthguakes have yet to be determined, but they may be
due to active subsidence In the bay area. Subsidence In the Passamagquoddy Bay
area of Maine and New Brunswick appears to be related to the occurrence of earth-
quakes there (Tyler and others, 19/9).

We gratefully acknowledge the discussions and contributions of many workers
INn southeastem New England over the past years and regret not being able to cite
all of them individually In this short article. We thank M.H. Pease, Jr. and Paul
V. Smith for reviewing the manuscript. The work of PJB was supported by the U.S.
Geological Survey, 1971 to 19/6, and since 19/6 by the U.S. Nuclear Regulatory
Comission as part of the New England Seismotectonic Study (Contract No. At (49-24)-
0291). That of ODH was supported by the University of Rhode Island, the U.S.
Geological Survey, and the National Science Foundation (EAR-8025492).

REFERENCES CITED

Alvord, D.C., Bell, K.G., Pease, M. H., Jr., and Barosh, P.J., 19/6, The aeromag-
netic expression of bedrock geology between the Clinton-Newbury and Bloody Bluff
fault zones, northeastem Massachusetts: U.S. Geol. Survey Jour. Res., V. 4,

p. 601-604, Scale 1:125,000.

Ballard, R.D., and Uchupi, E., 19/5, Triassic rift structure In Gulf of Malne:
Arer. Assoc. Petrol. Geolog. Bull., v. 59, p. 1041-1072.

Barosh, P.J., Rahey, R.J., Pease, M.H., Jr., 19/7a, Preliminary compelation of
the bedrock geology of the land area of the Boston 2-degree sheet, Massachusetts,
Rhode Island, Connecticut, New Hampshire: U.S. Geol. Survey Open-file Rept.

(77-285, 91 p. scale, 1:125,000.

Barosn, P.J., Schnabel, R.M., Bell, K.G., and Peper, J.D., 19/7/b, Aercmagnetic
I1neament map of southerm New England showing relation of lineaments to
bedrock geology: U.S. Geol. Survey Misc. Fireld Studies, MF-855.

Barosh, P.J. and Pease, M.H., Jr., 19/8, Bedrock geology of the Boston 2-degree
sheet; 1In Barosh, P.J., New England Seismotectonic Study Activities during
fiscal year 19/77: U.S. Nuclear Regulatory Com. Rept. NUREG/CR-0081, p. 108-

111.

Bell, K.B. and Alvord, D.C., 1976, Pre-Silurian stratigraphy of northeastemrn Massa-
chusetts: 1n Page, L.R., ed., Contributions to the stratigraphy of New England.:

Geol. Soc. America Mem. 148, p. 149-216.

Gollins, B.P. and McMaster, R.L., 19/8, Correlations of marine and land magnetics
and gravity with known tectonic features and bedrock types In the Narragansett
Bay area, Rhode Island: New England Seismotectonic Study Rept. for U.S. Nuclear
Reg. Comm., Grad. Sch. Oceanography, Narragansett Marine Lab., Univ. Rhode Is-

land, 33p.




14

Dallmeyer, R.D., 1981, The extent and timing of Hercynian metamorphism In southem
New England: Geol. Soc. America Abst. w/Prog., v. 13, p. 12/-128.

Day, H.W., Bromn, M., Abraham, V., 1980, Precambrian (?) crystallization and Permi-
an () metamorphism of hypersolvus granite In the Avalonian terrane of Rhode Is-

land: Sunmary: Geol. Soc. America Bull., v. 91, p. 389-391.

Dennen, W.H., 1976, Plutonic series In the Cape Ann Area, p. 265-2/8: 1n Cameron,
B., ed., Geology of southeastern New England, 68th Ann. Meet. New England Inter-

collegiate Geol. Conf., Science Press, Princeton, New Jersey, 513p.

Dixon, H.R., 1964, The Putnam Group of eastern Connecticut: U.S. Geological Survey
Bull. 1194-C, 12p.

Dovse, A.M., 1950, New evidence on the Cambrian contact at Hoppin Hill, North At-
tleboro, Massachusetts: Arver. Jour. Sci., V. 248, p. 95-99.

Farrbaim, H.W., Moorbath, S., Ramo, A.O., Pinson, W.H., Jr., and Hurley, P. M.,

1967, Rb-Sr age of granitic rocks of southeastern Massachusetts and the age of
the lower Cambrian at Hoppin Hill: Earth Planet. Sci. Lett., v. 2, p. 321-328.

Gaucgette, H.E., 1981, Zircon i1sotopic age fran the Union ultramafic complex, Maine:
Canad. Jour. Earth Sci., v. 18, p. 405-4009.

Grew, E.S., 1973, Stratigraphy of the Pennsylvanian and pre-Pennsylvanian rocks
of the Worcester area, Massachusetts: Amer. Jour. Sci., v. 273, p. 113-129.

Hermes, 0O0.D., Ballard, R.D., and Banks, P.O., 19/8, Upper Ordovician peralkalic
granites from the Gult of Maine: Geol. Society Arer. Bull., v. 89, p. 1/61-1/7/4.

Kaye, C.A., 1964a, Outline of Pleistocene geology of Martha®s Vineyard, Mass-
achusetts - U.S. Geol. Survey Prof. Paper 501C, p. 134-139.

, 1964b, 1Hlinolan and Early Wisconsonian moraine of Martha®s Vineyard,
Massachusetts: U.S. Geol. Survey Paper 501C, p. 140-143.

, 1981, Bedrock geology; Boston North, Boston South, and Newton Quad-
rangles, Massachusetts: U.S. Geol, Survey, Map MF-1241.

Kaye, C.A., and Zartman, R.E., 1980, A late Proterozoic Z to Cambrian age for the
stratified rocks of the Boston Basin, Massachusetts, USA, In \Wones, D.R., ed..
The Caledonides In the USA, Virginia Plytech. Inst, and State Univ., Dept. Geol.
Sci. Mem. 2, p. 25/7-264.

Kent, D.V. and Opayke, N.D., 19/8, Paleonagnetism of the Devonian Catskill redbeds
Evidence for motion of coastal New England-Canadian Maritime region relative to
cratonic North America: Jour. Geophys. Res., v. 8, p. 4441-4450.

Lyons, P.C. and Kruger, H.W., 1976, Petrology, chemistry and age of the Rattlesnake
Pluton and mmplications for other alkalic granite plutons of southerm New England,
In Lyons, P.C. and Brommlow, A.H., eds., Studies In New England geology: Geol.

Society Averica Mem. 146, p. 71-102.



15

McMaster, R.L., 1971 A transverse fault on the continental shelt off Rhode Island:
Geol. Soc. America Bull., v. 8, p. 2001-2004.

, de Boer, J., and Collins, B.P., 1980, Tectonic development of southem
Narragansett Bay and offshore Rhode Island: Geology, Vv.8, p. 496-500.

O"Hara, C.J. and Oldale, R.N., 1980, Geology and shallow structure, eastern Rhode
Island Sound and Vineyard Sound, Mass.: U.S. Geol. Survey Misc. Field Inv. Map
MF-1186, 5 sheets, scale 1:125,000.

Osberg, P.H., 1978, Synthesis of the geology of the northeastemrmn Appalachians, USA,
p. 137-147: 1n Caledonian-Appalachian Orogen of the North Atlantic region, Cont.
to Int. Geological Correlation Programme Project 27, Geol. Survey Canada Paper
/8-13.

Peck, J.H., 1976, Silurian and Devonian stratigraphy In the Clinton Quadrangle,
central Massachusetts: In Page, L.R., ed., Contributions to the stratigraphy of

New England: Geol. Soc. America Mem. 148, p. 149-216.

Peper, J.D., Pease, M.H., Jr., and Seiders, V.M., 19/5, Stratigraphic andstructur-
al relationships of the Brimfield Group In northeast-central Connecticut and ad-

Jacent Massachusetts: U.S. Geol. Survey Bull. 1389, 31p., Scale 1:125,000.

Pope, D.M., 1975, Geology of the Foster Gabbro, west-central Rhode Island, unpub.
M.S. thesis, Univ. Rhode Island, 9/p.

Quinn, A.W., 1971, Bedrock geology of Rhode Island: U.S. Geol. SurveyBull. 1295,
68p., map scale 1:125,000.

Rast, N. 1980, The Avalonian plate In the northern Appalachians and Caledonides,
p. 63-66: 1IN Wones, D.R.,ed., Proceed. The Caledonides In the USA, IGCP project
Z27- Caledonide Orogen, Virginia Polytechnic Inst, and State Univ. Mem. 2, 329p.

, O"Brien, B.H., and Wardle, R.J., 1976, Relationships between Precambrian
and lower Paleozoic rocks of the "Avalon Platform'® 1n New Brunswick, the north-
east Appalachians and the British Isles: Tectonophys., v. 30, p. 315-338.

Robinson, P. and Hall, L.M., 1980, Tectonic synthesis of southem New England, p. 73-
8- In, Wones, D.R., ed., Proceed. The Caledonides In the USA, IGCP project 2Z7-

Caledonide Orogen, Virginia Polytechnic Inst, and State Univ. Man. 2, 329p.

Scrhwab, W.C. and Fronlich, R.K., 1979, The structural Interpretation of aercmagnet-
iIc lineaments In northern Rhode Island: In, Poowysacki, M. H. and Earle, J.L.,
eds., Proceed. Second Int. Conf. on Basement Tectonics, p. 86-98.

Shaler, A.S., Wooaworth, J.B., and Foerste, A.F., 1899, Geology of the Narragansett
Basin: U.S. Geol. Survey Mon. 33, 402p.

Shaw, A.B., 1950, A revision of several early Cambrian trilobites frcm eastem
Massachusetts: Jour. Paleontology, Vv. 24, p. 5/77-590.

Shride, A.F., 1976, Stratigraphy and correlation of the Newbury Volcanic Canplex,

northeastern Massachusetts, In Page, L.R., ed., Contributions to the stratigraphy
of New England: Geol. Soc. America Mon. 148, p. 147-178.



1S

Skehan, J.W., S.J. and Murray, D.P. 1980, A model for the evolution of the eastem
margin &0 of the northern Appalachians, p. 6/7-72: 1n Wones, D.R., ed., Pro-
ceed. The Caledonides In the USA, ICGCP project Z2/7: Caledonide OrogenT-Virginia
Polytechnic Inst, and State Univ. Mem. 2, 329p.

, Heppbum, J.C., Ballings, M.P., Lyons, P.C., and Doyle, R.G., 19/9, Mass-
achusetts, Rhode Island, and Maine In the Mississippian and Pennsylvanian (Car-

pboniferous) systemns In the United States: U.S. Geol Survey Prof. Paper 1110-A-L,
D. A2-A32.

gsPalmer, A_R., and Smith, A.T., 1977, The geological significance of Middle
Cambrian trilobite-bearing phyllites from southern Narragansett Basin, Rhode
Island: Geol. Soc. America Abst. w/Prog., v. 9, p. 319.

Skehan, J.W., S.J. and Osberg, P.H., eds., 1979, The Caledonides In the USA: Geol-
ogical excursions In the northeast Appalachians: Coit. to Int. Geological Corre-

lation Prog., Project 27, Boston College.

Snith, P.V. and Barosh, P.J., 1981 Structural geology of the Nashua trougnh, south-
ern New Hampshire: Geol. Soc. America Abst. w/Prog. v. 13, p- 1/8.

Toulmin, P., 3d, 1964, Bedrock geology of the Salon Quadrangle and vicinity, Mass-
achusetts: U.S. Geol. Survey Bull 1163-A. PI. 1, 1:24,000.

Tyler, D.A., Ladd, J., and Bums, H.W., 1979, Crustal subsidence In eastern Maine:
U.S. Nuclear Reg. Conm. Rept. NUREG/CR-0087, Hip.

Weed, E.G.A., Minard, J.P., Perry, W.J., Jr., Rodehamel, E.C., and Roobins, E.I.,

1974, Generalized Pre-Pleistocene geologic map of the northern United States
Atlantic continental margin: U.S. Geol. Survey Misc. Investigation Map 1-861,

scale 1:1,000,000.

Williams, H., 1978, Tectonic lithofacies map of the Appalachian Orogen: Manorial
University of Newfoundland.

Zartman, R.E., 1977, Geochronology of sane alkalic rock provinces In eastern cen-
tral United States: Ann. Rev. Earth Planet. Sci., v. 5. p. 25/7-286.

, Hurley, P. M., Krueger, H.W., and Giletti, B.J., 19/0, A Permian disturbance
of K-Ar radiometric ages In New England— 1ts occurrence and cause: Geol. Soc.
America Bull., v. 81, p. 3359-337/3.

, and Marvin, R.F., 1971, Radianetric age (Late Ordovician) of the Quincy,
Cape Ann, and Peabody Granites of eastern Massachusetts: Geol. Soc. America Bull.
V. &, p. 937-958.

, and Naylor, R.S., In press, Structural mmplications of sane radianetric ages
of 1gneous rocks In southeastern New England: Geol. Soc. America Bull.




	General Structural Setting of Rhode Island and Tectonic History of Southeastern New England
	Recommended Citation

	tmp.1621874522.pdf.wUy09

