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ABSTRACT 

This report, which includes a series of maps, 

is a compendium of the available Information on 

exposed crystalline rocks in Maine, New Hampshire, 

Vermont, northeastern New York (Adirondack Mountains), 

Massachusetts, Rhode Island, Connecticut, southeastern 

New York, northern New Jersey, and southeastern 

Pennsylvania. Crystalline rocks are defined in this 

report as bodies of medium- and coarse-grained Igneous 

and high-grade metamorphlc rocks. The study was 

undertaken to provide background information to assist 

in evaluating the geologic suitability of such rocks 

for isolating high-level radioactive waste. Available 

Information describing the size, shape, and location; 

relative and absolute age; origin; petrography; 

secondary Intrusions; country rock; structure; and 

geophysical characteristics is presented for each 

crystalline rock body in the study region that has an 

area of at least 78 km^ (30 mi^). 



EXECUTIVE SUMMARY 

Because of their high strength and relatively low hydraulic conductiv

ity, large bodies of crystalline rocks of Igneous and high-grade metamorphlc 

origin are potentially suitable sites for underground repositories for high-

level radioactive waste. Sponsored by the U.S. Department of Energy (DOE), 

this report aurveyn the available Information on the characteristics of 

crystalline rock bodies of the northeastern United States whose mapped areas, 

within which outcrops occur, equal or exceed about 78 km (30 ml ). 

Battelle Memorial Institute's Office of Crystalline Repoaitory 

Development (OCRD) has defined cryatalllne rocks as medium- and coarse-grained 

Igneous and high-grade metamorphlc rocks, and has specified that the region to 

be discussed In this report comprises Maine, New Hampshire, Vermont, 

northeastern and southeastern New York, Massachusetts, Rhode Island, 

Connecticut, northern New Jersey, and southeastern Pennsylvania. 

All available Information was reviewed to obtsln the following specific 

Information on Individual crystalline rock bodies: size, shape, and location; 

relative and absolute age; origin; petrography, including mineralogy, textural 

relations, and alteration; secondary Intrusions; characteristics of the 

country rock; rock structure; and geophysics. The results of the review are 

mapped In Plates I-IX and described, state by state. In the body of this 

report. 

Each crystalline body Is considered In both a chronologic and tectonic 

context. Four broad chronological groupings of crystslllne rock bodies were 

established for this report: Middle and Late Proterozoic (about 1600-570 

million years (m.y.l ago), Cambrian to Silurian (about 570-408 m.y. ago), 

Devonian to Pennsylvsnlan (about 408-286 m.y. ago), and Permian to Cretaceous 

(about 286-66 m.y. ago). Because the several tectonic and Igneoua events 

generally took place over long periods of time, this report discusses the 

crystalline rock bodies In terms of their relationships to the main tectonic 

episodes, rather than In term* of their abaolute ages. All Individual or 

related plutons and crystalline rock bodlea meeting the minimum 78-km (30-

ml ) criterion are grouped by stste and then by tectonic association; that 1*, 

Grenvllle and Avalonian, Taconic, Acadian and post-Acadian, or Alleghenian and 

post-Alleghenlan (see Geochronology, p. xx). 

Grenvllllan and Avalonian crystalline rock bodies, which are che most 

complex In the northeastern region, crop out In all the states of the region. 

They are highly folded and faulted, and extremely foliated and fractured, and 

they have been aubjected to high-grade metamorphlsm. These Precanhrlan rock 

bodies consist of complex associations of orthognelss and paragnelss, granite, 

tonallce, snorthoslte, granullte, syenite, gabbro, and minor amounts of 

amphlbollte. They are often gnelsslc and mlgmatltlc. 



Crystalline rock bodies associated with the Taconic and Acadian-post-

Acadian tectonic episodes are distinguishable primarily by composition, 

fabric, and structure, all of which reflect differences in parental magma 

composition, fractionation history, emplacement mode, temperature of country 

rock, and thermotectonic modifications. 

The nonstratifled Taconic rock bodies exhibit features suggestive of 

forcible Injection and in situ fractionation, and were altered by Acadian 

metamorphlsm. Characteristic rock types may be classified as granitic, 

syenitic, dioritlc, gabbrolc, and minor ultramafic and alkallc Intruslves that 

show weak to strong tectonic fabric. Many of the Taconic crystalline rock 

bodies are stratified and composite, containing mafic and felslc fractions. 

Acadian crystalline rock bodies are represented by generally uniform 

gabbro, dlorlte, and granite. Many gabbros have associated granitic phases. 

Granitic rocks have igneous flow structure, some of them with tectonic 

fabrics. The older crystalline rock bodies are gnelsslc and more elongated 

than the younger ones, and tend to be oriented parallel to Acadian folds. 

They often enclose domed masses of the Taconic Oliverian series. 

Post-Acadian intrusive rocks are less distinctive than those of the 

Taconic and Acadian intrusive episodes. The posttectonlc plutons are near the 

earlier syntectonlc plutons and are associated with abundant pegmatite. In 

general, these intruslves are mainly of Late Devonian and Misslsslppian age 

and form a sequence of ultramafic, gabbro, norite, granodlorlte, monzonite, 

and granite bodies. 

The Alleghenian and post-Alleghenian granitic rocks occupy much of 

east-central and northern New Hampshire, the western fringes of Maine, 

southeastern Vermont, and central Rhode Island- Granite is the dominant rock 

type. Syenite and quartz syenite are common in the form of ring dikes; plug

like bodies of gabbro and dlorlte occur but are rare. 

In addition to differences in composition based on tectonic and chrono

logical associations, syntectonlc intruslves generally have moderately to 

strongly foliated internal structures, while posttectonlc intruslves usually 

have a more isotropic rock fabric. 



1 INTRODUCTION 

1.1 PURPOSE AND SCOPE 

This topical report reviews and analyzes available geologic Information 

relating to crystslllne rocks of the northesstern United States. The study 

was undertaken to help evaluate Che sultsblllty of such rock bodies for 

Isolating high-level radioactive waste. 

Crystalline rocks are defined herein to Include medium- and coarse

grained Igneous and high-grade metamorphlc rocks. The nine state* of the 

study region (see Plate I) have numerous outcrops of crystalline rocks. The 

presenC study summarizes available Information on each crystalline rock body 

whose mapped area equals or exceeds about 78 km (30 ml ). Subjects treated 

In this reporc Include the geometrical aspects of the size and shape of the 

rock bodies; temporal aspects of chelr relative and absolute age; descriptive 

aspects of petrography, rock structure, and geophysical signature; and the 

genetic aspect of rock origin. A corapsnlon report (Harrison et al., 1983) 

describes the geology, hydrology, and mineral resources of the crystalline 

rock areas of the region. Drafts of these reports were used as sources for a 

separate report, a review draft of which was published by the Office of 

Crystalline Repository Development (1983a). 

In chis reporc, only those crystalline rock bodies whose mapped area* 

as shown on Plates II-IX equal or exceed the above-mentioned minimum area are 

considered. Preparation of the report Involved no field work and relied 

mainly on published llceracure. Some suppleraencal InformaClon gachered from 

the public domain and from knowledgeable experts wss Incorporated to Increase 

the comprehensiveness and utility of che reporc. 

1.2 SPONSORSHIP 

This work was sponsored by Che U.S. DeparCmenc of Energy (DOE) to 

provide background geological Information for lea CrysCalllne Rock Project 

(Office of CrysCalllne Repoaitory Developmenc, 1983b). The preaent report 1* 

being published on behalf of DOE as a multiple-use resource document of 

potential benefit to many governmental, educational. Industrial, and personal 

users. As such, lc represencs a Cransfer to the public of knowledge gained 

through expenditure of public funds. 

1.3 PLATES 

Accompanying this report under separate cover are nine plates. Plate I 

shows the distribution of major cryscalllne rock bodies and faults In the 

northeastern Unlced ScaCes. Places II-IX, which were used to compile Place I 

show the dlscrlbutlon of crystalline rocka In Maine; New Hampahlre; Vermont; 



northeastern New York (Adirondack Mountains); Massachusetts; Rhode Island; 
Connecticut; and southeastern New York, northwestern New Jersey, and 
southeasteim Pennsylvania, respectively. In addition, Plates II-IX show the 
locations of major faults, active and inactive mines, and quarries. 

All plates were prepared by the authors of this report from available 
published Information, including the most recent versions of state geologic 
maps. Boundaries of crystalline rocks shown on state maps were modified, 
wherever possible, to reflect information obtained from more recent pub
lications. Thus, crystalline-rock boundaries shown on the accompanying plates 
may not always correspond with those on previously published state geologic 
maps. Some of these boundaries remain controversial because of local 
overburden, inadequate field data, or conflicting geologic interpretations. 
Bedrock maps change over time as new information becomes available, as 
different geologists assume responsibility for compilations, and as guidelines 
for the compilation of maps change. 

1.4 REFERENCES FOR SECTION 1 

Harrison. W., et al.. Geology, Hydyology, and Mineral Resources of Crystalline 
Rock Areas of the Northeastern Region, United States, Argonne National Lab
oratory Report ANL/ES-136 (Oct. 1983). 

Office of Crystalline Repository Development, Northeastern Regional Geologic 
Characterization Report (review draft), Battelle Memorial Institute, Columbus, 
Ohio (1983a). 

Office of Crystalline Repository Development, 4, National Survey of Crystalline 
Rocks and Recommendations of Regions to Be Explored for High-Level Radioactive 
Waste Repository Sites, Battelle Memorial Institute Report OCRD-1, Columbus, 
Ohio (1983b). 



2 SYNOPSIS OF CRYSTALLINE ROCKS 

This synopsis summarizes the chronologic, spatial, and petrogenetlc 

aspects of crystalline rock bodies within the eoncexc of tectonic evolution. 

Crystalline rocks sre defined for the purpose of this report to Include all 

medium- and coarse-grained Igneous and high-grade regional metamorphlc 

rocks. The pressure-temperature regimes that have affecCed the crystalline 

rocks of the region have been predominantly those Chat produce metaanrphlsm in 

the range from greenschlst to granullte (see Fig. 2.1). 

2.1 ROCK NOMENCLATURE 

For the detailed geologic discussions In Sees. 3-10, the mlneraloglc 

classification of Streckelsen (1976) has been adopted for plutonlc Igneou* 

rocks (see Fig. 2.2). As an example of how this type of diagram Is used, note 

that a fold syenite (e.g., a nephellne syenite) Is a plutonlc rock with 10-601 

feldspathold minerals and a plagloclase-to-total-feldspar ratio of less Chan 

10. The classifIcaclon of Winkler (1976) has been followed for metamorphlc 

rocks. Figure 2.3 defines the composlclonal domains of high-grade quartzo-

feldspathlc crystalline rocks. The contrasting chemical and mlneraloglc 

characteristics of granitic rocks are probably related to their contrasting 

tectonic environments. 

2.2 GENETIC CLASSIFICATION AND ENVIRONMENT OF CRYSTALLINE ROCKS 

Plutonic Igneous rocks reflect long and complex emplacement hlstorte* 

(Pitcher, 1978 and 1979), which can he Interpreted from petrologlc and geo

chemical Information, spstlal relationships, and chronologic studies. A 

spatial and temporal connection Is recognized between regional deformation and 

Che generation and emplacement of granitic magma (Read, 1957; Stephansson, 

1975). This relationship Is usually referred to In terms of eplzonal, 

mesozonal, and catazonal associations, and reflects the ductility contrast 

between an Intrusive body and country rock (Buddlngcon, 1959; Hamilton and 

Myers, 1957). This ducclllcy contrasC Involves three malor variables: 

llthologlc contrssc, relative cruscal level of emplacement, and the time gap 

between Intrusion and regional metamorphlsm. 

Granite formed through "ultrametamorphlsm" Is a possibility, but the 

connection may not be direct becauae of the often extensive period between 

metamorphlsm and Intrusion. Experimental studies (Wyllle, 1977) suggest that 

water content and temperature are not high enough In anorogenlc settings to 

permit crustal remeltlng without supplemental heat from manele-derlved magna 

(Brown and Hennessy, 1978; Brown, 1979). However, In the orogenlc 

environment, breakdown of mica during prograde raecamorphlsm of a sedimentary 

wedge may provide a substantial amount of water, which depresses the 
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Ranges (Source: Adapted from Winkler, 1976) 

melting point of the rock, bringing it within the range of the prevailing 

geothermal conditions. In general, granitic magma is generated in harmony, in 

both time and space, with its metamorphlc environment (Pitcher, 1979). 

Chemical and mlneraloglc studies define two main granite series, each 

of which is characteristic of a type of orogenlc belt. Both series are calc-

alkaline, but each Is represented by a distinctive compositional range. The 

approximate ratio of gabbro-dlorite to tonallte-granodiorite to granite is 

typically 15:50:35 for the first type and 2:18:80 for the second (Pitcher, 

1979). 

Chapell and White (1974) differentiated granite types into S-type and 

I-type, by source material. The S-type is peralumlnous (Shand, 1951), 

biotite-muscovite granite and is probably produced through prograde 

metamorphlsm of pelitic metasedimentary material. In comparison, the I-type 

is metaluminous, blotite-hornblende granite derived from basic igneous 

material or melting of deep-seated igneous material. However, voluminous 
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Precambrlan shield granites, both metaluminous and peralumlnous, are thought 

to have been derived from partial melclng of volcanogenlc graywackes (Arth and 

Hanson, 1975; Barker, 1981), and do not fit the Chappell and White 

classification. A strontium Isotope ratio (Sr'"/Sr''*) of 0.706 is considered 

a distinguishing value for the two Cypes: it 1* relatively higher In the S-

type (Klstler, 1974; Armstrong et al., 1977). Granites of the S-type are more 

reduced. In that they contain lower Fe20.j/FeO ratios In whole rock and lower 

Fe*^/Fe*^ ratios In mafic minerals (Ishlhara, 1977), than do I-type granites 

(Coleman, 1977; White and Chappel, 1977). Ishlhara's (1977) classification of 

granitoids into magnetlte-serles and llmenlte-*erles closely approximates the 

I-type and S-type granites, respectively. 

The relationship between magmatlsm, tectonics, and site of emplacement 

In the crust has been discussed by numerous authors (cf. Mlyashlro, 1967; 

Zwart, 1967 and 1969). Zwart (1967) proposed three broad orogenlc types: 

alplnotype, andlnotype, and hercynotype (see Table 2.1 and Fig. 2.4). These 

represent newly developed subductlon zones, mature subductlon zones, and 

collision of continental plates, respectively. The Appalachian orogenlc belt 

has evidently experienced these stages, as reflected In changes In grsnltlc 

intrusions from the early Paleozoic through the Mesozolc. Only the andlnotype 

Is associated with clear time-space relationships between plutonlc and 

volcanic activity. There are also significant differences In mode of 

emplacement. Extenslonal CecConlcs above a mature subductlon zone 

(andlnotype) will tend to favor passively Infilled cauldron plutons that are 

dlshaiTnonlous with regional structures and metamorphlc Isograds. Compressive, 

ductile tectonic regimes of Intracontlnental orogens (hercynotype) will favor 

emplacement as dlaplrs that are harmonious with tectonic Ilneatlon and 

metamorphlc Isograds. Mode of emplacement. In addition to the subsequent 

tectonic and metamorphlc overprint, is an Important determinant of the rock 

fabric as the magma cools. 

2.3 CHRONOLOGIC AND TECTONIC CLASSIFICATION OF CRYSTALLINE ROCKS 

IN THE NORTHEASTERN UNITED STATES 

Each CrysCalllne rock body in this study Is considered in both a 

chronologic and tectonic context. Four broad chronologic grouplnga of 

crystalline rock bodies were defined for this report: Middle and Late 

Proterozoic (shout 1500-570 million years [m.y.] ago), Cambrian to Silurian 

(about 570-408 m.y. ago), Devonian to Pennsylvsnlan (about 408-286 m.y. ago), 

and Permian to Cretaceous (about 286-56 m.y. ago). Plate I show* the 

locations of crystalline rock bodies of these groupings. As both tectonic and 

igneous events generally occurred over considerable periods of time, thl* 

report, for consistency, discusses the cryscalllne rock bodies In term* of 

their relationships to the main tectonic episodes rather than In terms of 

their absolute ages. All Individual of related plutons meeting the minimum 

78-kra (30-ml ) criterion are grouped by state and then by tectonic 

association; thot Is, Grenvllle ond Avalonian, Taconic, Acadian and 
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Table 2.1 Contrasting Characters of Orogens on a Structural Basis 

Alplnotype Orogenies. Island-arc-derived volcanlclastlc sedi

ments and lavas deposited in oceanic trenches; crustal shortening 

involving thrusting with nappes predominant; high-pressure 

regional metamorphlsm with wide progressive zonatlon; ultrabasic 

rocks abundant. Granitoid batholiths characteristically absent. 

Andlnotype Orogenies. Island-arc volcanlclastlc sediments and 

lavas deposited in troughs of eugeosyncllnal type located within 

the continental lip and paired with belts of shelf-facies 

elastics; little crustal shortening but vertical movements 

dominant, with open drape-folding, lacking cleavage; regional 

burial metamorphlsm. Composltionally expanded, disharmonious, 

granitoid batholiths with important basic plutonlc and andesitic 

volcanic associations. I-type granites with crustal involvement 

only in the later stages of evolution; Sr°'/Sr < 0.706; restite 

material from subcrustal source included. 

Hercynotype Orogenies. Nonvolcanic, contlnentally derived 

sediments in intracratonlc basins of miogeosynclinal type; 

crustal shortening with upright folding and cleavage; low-

pressure metamorphlsm with prograde zonatlon; ultrabasic rocks 

rare. Composltionally contracted, harmonious, granitoid batho

liths with only minor basic association and generally lacking 

contemporaneous volcanics. S-type or mixed S- and I-type 

granites; Sr /Sr ratio > 0.706; inherited xenocrysts derived 

from recycled crustal rocks. 

Source: Pitcher, 1979, partly after Zwart, 1969. 

post-Acadian, or Alleghenian and post-Alleghenian (see Geochronology, p. 

xx). Lyons et al. (1982) proposed a continuous magmatlsm from Taconic to 

Acadian, and also a relative prominence of Alleghenian events in eastern New 

England. 

The plutons associated with each of these tectonic episodes may be 

distinguished by mlneraloglc and chemical composition, fabric, and structure, 

all of which can be attributed to differences in parent magma composition, 

fractionation history, emplacement mode, wall-rock temperature, and especially 

tectonic environment (Page, 1968). 
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2,3,1 Grenvllle and Avalonian 

In the northeastern region, Precambrlan Intruslves of Grenvllle and 

Avalonian age are almost always tnetaraorphosed. They are faulted, extremely 

fractured, and Invariably foliated. 

Grenvl1le rocks form the metanorphosed core of western New England and 

northeastern New York; In contrast, Avalonian rocks are the baseaent In 

eastern New England. The degree of structural and llthologlc complexity Is 

relatively greater In the GrenvlHe than In the Avalonian rocks. In Maine, 

the Chain Lakes massif is a portion of IbOO-m.y.-old crust (Naylor, 1975)a 

In the Adirondack region of northeastern New York, rocks 1050-1300 B^y* 

old are well exposed In a dome-shaped body, Anorthoslte-gabbro, granite-

granitic gneiss, and syenlte-quartr syenite (mangerite-charnockite) gneiss 

llthologles are wel 1 represented. All of these Uthologles were modified by 

the high-grade metamorphlsm of the Grenvllle orogeny, which produced complex 

and heterogeneous llthologlc characterlatlea and atrong tectonic fabrics. The 

rocks display a well-developed, northeast-trending structural grain and east-
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northeast-trending high-angle faults. Lithologically similar bodies have 

discontinuous surface expressions, with some having collective areas of 2000-

4300 km (700-1700 ml ). Gravity contrast data suggest that the anorthoslte 

bodies extend to depths as great as 32 km (20 mi), while the Alexandria 

granite gneiss extends to 5 km (3 ml). Anorthosites also exhibit heat flows 

of 0.80 X 10 cal/cm "s, which is lower than the average for shield rocks of 
—6 7 

about 1 X 10 " cal/cm 's. 

The Precambrlan crystalline rock bodies underlying the Hudson, 

Housatonic, and Berkshire highlands are mostly 950-1300 m.y. old. They form 

the metamorphosed core of the Appalachian orogen, the western margin of which 

marks a prominent gravity high consistent with the northeast-trending tectonic 

fabric. In addition to the common intrusive llthologles, there are complex 

and heterogeneous gneisses, amphlbolites, and migmatltes. The Ramapo-Canopus 

fault zone Is an Important structural feature in the Hudson Highlands, which 

separates it into eastern and western llthlc zones (Hall, 1980). The 

charnockitlc and alaskltlc gneisses In the eastern Hudson Highlands 

demonstrate their petrologlc affinity to those of the Adlrondacks. The 

. Housatonic and Berkshire llthologles are somewhat similar, but the latter 

highland is structurally more complex. 

Crystalline rocks of Avalonian age (550-600 m.y.) occur to a limited 

extent in the highland areas, but they form a significant portion of the 

basement in eastern New England. Although they are largely interlayered 

tonalltes and amphlbolites, they are also represented by feldspathic and 

granitic gneisses and amphlbolites in coastal Maine, and by gabbro, dlorlte, 

granodlorlte, and granite in coastal Massachusetts and Rhode Island. 

2.3.2 Taconic 

Crystalline rock bodies associated with the Taconic orogeny may be 

pretectonlc, syntectonlc, or posttectonlc; they were Intruded into unmeta-

morphosed Cambrian and Ordovician sediments under unique conditions. Many of 

these plutons belong to the Hlghlandcroft and Oliverian magma series that show 

internal structures (e.g., foliation or lineation that conforms to a dome). 

In general, Taconic magmas seem to have been forcibly injected, 

fractionated in situ, and metamorphosed during the subsequent Acadian 

orogeny. Early foliation is marked by grains of blotite, feldspar, and 

quartz; later foliation is marked by fine-grained aggregates. The textures of 

the plutons are a composite of relict Igneous and superimposed metamorphlc 

fabrics. Recrystalllzed secondary minerals are much finer grained than 

primary minerals. Gnelssose wall rock is often volcanlclastlc in origin, but 

may not show cataclastlc structures because of complete metamorphlc 

recrystallization. In the vicinity of faults of Permian-Trlasslc age, Taconic 

bodies may show a third local foliation that is at variance with the other 

two. In general, these bodies are composltionally diverse and contain both 

mafic and felslc fractions. They may be porphyritic and equigranular, and are 
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distinguishable from other pre-Devonlon intrusive* by their retention of 

primary Igneous structures. Apllte and pegmatite velnlng Is present. 

2.3.3 Acadian and Post-Acadian 

The Acadian Co post-Acadian rock bodies of the New Hampshire plutonlc 

series. In New Hampshire and Maine, form sheetlike or blocklike Intruslves. 

Individually, they tend to be elongate, and the group forms a flattened oval 

elongated to the northeast. In general, Acadian rock bodle* tend to hove 

gnelssose margins with coorser, uniform centrsl portions. Contact metamorphlc 

effects due to high temperatures are present. 

Posttectonlc members of the series occur slde-by-slde with syntectonlc 

members. Emplacement by stoplng and Intrusion along fractures and Acadian 

weak zones Is typical, as are faint foliation and medium- to fine-grained 

textures. Abundant pegmatite also la characteristic. Although these member* 

sre similar to the Acadian plutons, they show little evidence of forceful 

Injection. Also, the contact metamorphlsm that they produce In the host rock 

tends to be retrograde Instead of prograde metamorphlsm. 

In New Hampshire, crystslllne rocks of this age and tectonic 

association are the early- to late-cectonlc tonallte-granlte of the Kinsman 

and Bethlehem Intruslves; the gsbbro-monzonlte of the Spauldlng series; and 

the highly aluminous, two-mica, Concord-cype post-Acadian granites. In Maine, 

such rocks are gabbrolc but have associated granite phases. The easternmost 

Intrusions of this age are alkallc. In overall characteristics, the Acadian 

and post-Acadian cryscalllne rock bodies are of relatively uniform llthologles 

and somewhac Isotropic. The older bodies sometimes exhibit prominent flo* 

features, but the younger ones lack foliation. 

2.3.4 Alleghenian and Post-Alleghenlan 

The late Paleozoic to Mesozolc bodies of Alleghenian and post-

Alleghenian association are the least common In che region. They occur most 

frequencly as cyllndrlcsl Intrusions, as Indicated by gravity data; the most 

prominent of them are members of the White Mountain magma series, which are 

mainly alkallc granite, syenite, and monzonite bodlea. The intruslona are 

relatively homogeneous and Isotropic. 

2.4 CAVEATS 

Problem* abound In Interpreting scrstIgraphlc relations and also In 

compsrlng radiometric age data derived over two decades ot different 

laboratorlea by different method*. Such problem* are compounded hy the 

varlou* tectonic epl*odes and the Isotoplc r.equlllbrotion that moy have 

occurred. In addition, distinguishing between primary Igneous foliation and 
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tectonic foliation is often difficult, and Intrusive contact relationships are 
frequently ambiguous. In this report, syntectonlc and posttectonlc pluton 
associations based on significant differences in plutonlc rock fabric have 
been emphasized, but with the understanding that some readers may disagree 
with some of the designations. 

2.5 PRESENTATION OF INDIVIDUAL PLUTON REPORTS 

Sections 3-10 present the available information on crystalline rocks in 
Maine, New Hampshire, Vermont, the Adirondack area of northern New York, 
Massachusetts, Rhode Island, Connecticut, and the area contained by 
southeastern New York, southeastern Pennsylvania, and northern New Jersey. 
Within each state or area, those crystalline rock bodies or complexes that met 
the minimum-area criterion of 78 km (30 ml ) were numbered, beginning In the 
southwest corner of the state or area and proceeding clockwise; these are the 
numbers by which the rock bodies are identified on the plates accompanying 
this report, and the numbers have no other significance. In the text section 
for each state, the plutons are discussed alphabetically within the tectonic 
categories specified above in Sees. 2.3.1-2.3.4. The appendix provides a 
chronological list of the crystalline rock bodies in each state, according to 
radiometric or llthostratlgraphlc age. 
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3 CRYSTALLINE ROCKS OF MAINE 

3.1 GRENVILLE AND AVALONIAN 

3.1.1 Chain Lakes Massif (Plate II. Pluton 21) 

3.1.1.1 Size, Shape, and LocaClon 

The Chain Lakes massif Is a roughly oval coraposlce body located on 

Maine's northwestern Canadian border. Boudette and Boone (1976) reporc that 

the massif forms the core of the Boundary Mountains antIcllnorlum. The massif 

is a layered sequence of gnelsslc granofels, gneiss, schist, gnelsslc 

quartzlte, and thinly layered amphlbollce. This body Is about 3100 m (10,170 

ft) thick, and outcrops are found over an area of abouC 850 km (3 

100 m (10,1 

332 ml^). 

3.1.1.2 Relative and Absolute Age 

On the basis of scratIgraphlc position, these rocks have been 
considered to be pre-Sllurlan. However, Naylor et al. (1973) reported a 

yOf. 90 7 

Pb -Pb radiometric age of 1500-1600 m.y. for the Chain Lakes massif. 
An ophlollce body of Cambrian or Ordovician age Is tectonically attached to 
Its southern margin and Is referred to as Che Boll Mountain complex by 
Boudette (1982). 

3.1.1.3 Origin 

The mode of emplacement has been obscured by subsequent tectonic 

events. The rocks were derived from a volcanic-sedimentary proCollth 

subjected Co amphlbollte-granullce facies meCamorphlsm, perhaps during che 

Precambrlan (Boudette, 1978). Following metamorphlsm, che massif was probobly 

rafced Co Its presenC posldon during the Taconlan-Caledonlan evenc as a 

decached fragraenC of Europe or Africa (Boudecte, 1982). 

3.1.1.4 Petrography 

Mineralogy and Textural Relations. The Chain Lakes massif may be con

sidered to be composed of cwo unlcs. The lower unit Is overloln by gneiss. 

It Is predomlnancly massive, light to medium gray, medium to coarse grained, 

and chloride and serlclclc. The rock mlghc be called a granofels, alchough 

It contains some Chin layers and laminae Ions; It Is a quortz-feldspar-

sllllmanlte-rauscovlte-blodce gneiss, with Inclusions of fragments of older 

rock a few cendmeCera across, and quartz nodules (Boudette and Boone, 1976). 
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The lower unit grades upward into a more systematically bedded, 

lithologically heterogeneous upper unit. However, gneiss that is mineralogi-

cally comparable to the lower unit, but evenly layered, is abundant in the 

upper unit. The layers vary from 1 cm (0.4 in.) to 10 cm (4 In.) thick, and 

have internal laminations. In addition to the gneiss, the upper unit also 

contains chloride and serlcitic quartzofeldspathlc schist, thick-bedded 

feldspathic quartzlte, felslc metavolcanic rocks, thick-bedded and laminated 

quartzlte, black schist, and finely laminated amphlbollte. The gneiss, 

schist, and quartzlte commonly are Intergradational (Boudette and Boone, 

1976). 

The Boil Mountain complex rocks, though not part of the Chain Lakes 

massif, include serpentinlte, pyroxenite, gabbro, and epldiorite, which are 

generally highly altered; however, unaltered examples occur in the 

northeastern part. 

Alteration. The entire massif was metamorphosed to silllmanite grade 

during Precambrlan time. The rocks have been further altered by later hydro-

thermal and metamorphlc events. 

3.1.1.5 Secondary Intrusions 

An ophiolite sequence, the Attean quartz monzonite, and the Seven Ponds 

pluton are the major secondary intrusive phases In the massif. 

3.1.1.6 Country Rocks 

The Chain Lakes massif is in contact with the Ordovician Attean quartz 

monzonite to the north and northwest, the Cambrian-Ordovician Boil Mountain 

complex to the south, and Devonian intruslves to the west (see Fig. 3.1). 

3.1.1.7 Rock Structure 

Where rocks of the massif are gnelsslc or schistose, foliation is 

parallel to the compositional layering. Relatively abundant, small fragments 

of metamorphic rocks within these layers have a foliation that varies in 

angular divergence from the regional foliation, which postdates that In the 

fragments (Boudette and Boone, 1976). Fracturing is extensive (Albee and 

Boudette, 1972). 

The Chain Lakes massif forms the core of the Boundary Mountains 

anticlinorlum. The regional structural trend in this area is consistently 

northeast to southwest. 
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Fig. 3.1 Major Tectonic Features and Plutons of the Rangeley Lakes-Dead River Basin (Source: 

Boudette. 1982. Copyright 1982, Ceol. Aaaoc. Canada; reprinted with permission) 
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3.2 TACONIC 

3.2.1 Attean Quartz Monzonite (Plate II, Pluton 22) 

3.2.1.1 Size, Shape, and Location 

The Attean quartz monzonite crops out In the Attean, Spencer, Long 

Pond, Pierce Pond, and Skinner quadrangles. Outcroppings are found throughout 

an Irregularly shaped area about 32 km (20 ml) long and 29 km (18 ml) wide, 

covering about 435 km (168 mi ). It is located on the crest and southeastern 

limb of the Boundary Mountain anticlinorlum, adjacent to the Chain Lakes 

massif. 

3.2.1.2 Relative and Absolute Age 

An Ordovician age is postulated for the Attean quartz monzonite (Albee 

and Boudette, 1972). It has been dated at 356 + 15 m.y., on the basis of K-Ar 

ratios in blotite, and at 395-500 m.y. on the basis of the Pb-a method (Faul 

et al., 1963). Boone et al. (1970) and Boudette and Boone (1976) quote a U-Pb 

zircon age of about 470 m.y. for the pluton, thus making it equivalent to the 

Hlghlandcroft plutonlc series (Billings, 1956) of New Hampshire. 

3.2.1.3 Origin 

Attean quartz monzonite is close to, and may be co-intrusive with, the 

mafic Alpine complex. Together, they form an elongate intrusive prism. The 

Attean may be petrogenetically related to the Alpine complex, representing the 

late llthlc phase of the Ordovlcan igneous activity that produced the Alpine. 

3.2.1.4 Petrography 

Mineralogy and Textural Relations. The Attean quartz monzonite is a 

mottled pink-and-green, medium- to coarse-grained porphyritic rock. 

Phenocrysts are tabular potassium feldspar grains 1-5 cm (0.4-2 in.) in 

length. The groundmass has a uniform grain size and consists of quartz and 

plagloclase in equant grains 3-5 mm (0.1-0.2 in.) across. The texture is 

massive, with little alignment of feldspar grains. Major minerals include 

quartz (25-30%), potassium feldspar (30-35%), plagloclase (35-40%), and mafics 

(5-10%). Accessory minerals Include hornblende, btotite, chlorite, apatite, 

llmenlte, sphene, magnetite, calcite, apatite, and zircon. A highly altered 

version of the rock is found in the north and west of the outcrop area. In 

this facies the rock has a cataclastlc schlstosity due to alignment of quartz 

and mica grains. Quartz grains are granulated and give the rock a hobnailed 

appearance. The overall rock is green and has a mortar structure (Albee and 

Boudette, 1972). 
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Alteration. The degree of alteration of the Attean quartz monzonite 

varies from place to place, being greaCer to che north and west In the Attean 

quadrangle. Alteration of plagloclase has produced white mica, clay, and 

cllnozolslte-epldoce. Micaceous mlnerala and quartz may be aligned, producing 

a micaceous schlstosity. Indications of cataclasls include morcar structure, 

undulatory extinction, and granulation In quartz (Albee and Boudette, 1972). 

3.2.1.5 Secondary Intrusions 

Dork-gray mafic dikes as wide as a few meCers (several feet) cut the 

Attean quartz monzonite. The dikes are very fine grained, and conslsC of 

aggregaCes of hornblende, chlorite, cllnozolslte-epldote, plagloclase, quartz, 

whlce mica, llmenlce, and sphene (Albee and Boudecte, 1972). 

The Attean quartz monzonite Is InCruded Into by the Hog Island grano

dlorlte of Devonian age. This Is a light-gray, medium-grained rock containing 

plagloclase (40-55%), potassium feldspar (mlcroperthlte) (15-20%), quartz (20-

35%), and blotite (5%). The plagloclase and quartz are finer grained (1-2 mm, 

or 0.04-0.08 In.) than the potassium feldspar (4-5 mm, or 0,15-0.24 in.). The 

rock is massive and slightly jointed (Albee and Boudette, 1972). 

3.2.1.6 Country Rocks 

The Attean quartz monzonite was Intruded Into pre-Upper Silurian 

granofelslc and dlorldc rock masses of the Chain Lakes massif. 

3.2.1.7 Rock Structure 

The Attean quartz monzonite contains abundant joints with variable 

spacing. Few of these joints contain sllckensides, mineral filling, or 

alteration. Several schistose shear zones are parallel to and appear to be 

associated with che jolnc systems. The dip of most joints Is verdcal but 

some are horlzoncal. The scrlke of jolnclng Is variable, buC a common set 

appears to strike abouC norch-souch. A fault striking norch-norchwesc occurs 

In the southern half of the Attean quadrangle. The dip of the fault plane 1* 

nearly vertical, and the east side Is downthrown (Albee and Boudette. 1972). 

A secondary schlscoslcy Is presenC In the northwestern port of the 

outcrop (Albee and BoudetCe, 1972). No folding has been observed In the 

Attean quartz monzonite. Because planar features are very rare In this rock, 

observations of folding are difficult (Albee and Boudette, 1972). 

3.2.1.8 Geophysics 

The Attean quartz monzonite has a magnetic *u*ceptlblllty thac Is lower 

than che values for the older granofels and dlorlte. The magnetic pattern 
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over the monzonite is generally uniform, although higher values appear to be 

associated with the granofels roof pendants. In this region, topographically 

low areas tend to correspond with magnetically low areas underlain by the 

Attean quartz monzonite (Albee and Boudette, 1972). 

3.3 ACADIAN AND POST-ACADIAN 

3.3.1 Biddeford Pluton (Plate II, Pluton 3) 

3.3.1.1 Size, Shape, and Location 

The Biddeford pluton lies on the coast of Maine not far from the New 

Hampshire border, in the Biddeford 7.5-min quadrangle and the northeastern 

corner of the Kennebunk 15-mln quadrangle. The pluton is elongated about 14 

km (9 mi) in an approximately northwesterly direction inland; it is about 10 

km (6 mi) wide in Its dry-land exposure. Outcrops appear in a roughly oval 
2 2 

area of more than 102 km (39 mi ) . The Biddeford pluton is just southeast of 

the Lyman pluton. 

3.3.1.2 Relative and Absolute Age 

The Biddeford pluton does not appear to belong to the New Hampshire 

plutonlc series; it is probably younger (Doyle et al., 1967). Lyons et al. 

(1957) established an age of 303 m.y. for the granite of the Biddeford pluton 

by use of Pb-a analysis, and Gaudette et al. (1975) determined an age of 345 + 

12 m.y. by Rb-Sr analysis in whole rock. Page (1968) also suggested that the 

Biddeford pluton resulted from an Igneous event more recent than the activity 

that created the New Hampshire series. 

3.3.1.3 Origin 

The Biddeford pluton, with others assigned to a Late Devonlan(?) 

plutonlc series by Page (1968), is thought to have been emplaced by forceful 

injection and stoplng, taking the form of cylindrical stocks and slll-llke 

structures. In the territory north and south of the Biddeford pluton, 

numerous stringers of granitic rock have intruded into the country rock and 

produced isolated roof pendants, as evidenced by the attitude of the bedding 

in these blocks. 

3.3.1.4 Petrography 

Mineralogy and Textural Relations. Hussey (1962) described the 

Biddeford pluton as considerably more homogeneous in color, texture, and 
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composition than either the Lyman or Webhannet plutons. It consists of a 

light-gray to pinkish blotite granite, grading Into a quartz monzonite. The 

Biddeford pluton Is medium to coarse grained and evenly textured. 

Alteration. Alterations of this pluton are not mentlon.d in the 

literature. 

3.3.1.5 Secondary Intrusions 

InformaClon on secondary Incruslons Is lacking. 

3.3.1.6 Councry Rocks 

The Biddeford pluton contacts the meCaraorphosed calcareous rocks of the 

Berwick formation; the meCasedlments of the Klccery formadon, which contain 

calcareous sandstone, slltstone, and graywacke; and the metasedlments of the 

Eliot formation (Doyle et al., 1967). 

3.3.1.7 Rock Structure 

The Biddeford pluton shows no significant foliation toward Its north

western end, while its southeastern extension, especially near the coast, 

shows moderate to strong foliation. 

Three major faulcs In Southern Maine run parallel to the regional 

structural fabric. Hussey and Newburg (1978) Interpreted the Nonesuch River 

fault as a right lateral fault. The Copographlc llnearaenc In the Lyman pluton 

may be related to the reactivation of the fault after emplacement. 

3.3.2 Bottle Lake Quartz Monzonite (Plate II, Pluton 27) 

3.3.2.1 Size, Shape, and Location 

The Bocde Lake complex Is located In the Grand Lake area of east-

central Maine about 22 km (14 ml) from the New Brunswick border. It extends 

for abouc 45 km In the east-west direction (Ayuso. 1979) with Ics center at 

the Junction of Penobscot, Hancock, and Washington coundes. 

^ The Beetle Lake complex has a mapped oreo of obout UOO km* (425 

ml ). Its shape is roughly that of Cwo overlapping circular bodies, with a 

narrow tall protruding abouC 15 km (9 ml) Co the northeast. Folded, low-grade 

mecasedlmencs of che Merrimack syncllnarlum surround Che complex (Avuso and 

Wones, 1980). The Norumbega fault zone Is adjacent to Che complex on It* 

southern side, truncating the lower edge of the eastern lobe. 
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3.3.2.2 Relative and Absolute Age 

The Bottle Lake complex consists of two related intrusions. The 

western lobe of the complex, called the Passadumkeag River granite, yielded a 

Rb-Sr whole-rock age of 360 + 16 m.y. (Ayuso and Wones, 1980). The eastern 

lobe of the complex, the Whitney Cove granite, gave a K-Ar date, in blotite, 

of 370 m.y., and a Pb-a age, in zircon, of 380 m.y. (Faul et al., 1963). The 

northeast extension of the Bottle Lake complex is thought to be part of the 

Whitney Cove granite, which was dated by Ayuso and Arth (1983) at 380 ± 5 m.y. 

by the Rb-Sr method applied to whole rock, and at 393 + 11 m.y. by the Pb-Pb 

method on zircon. Local structural relationships indicate a relative age for 

the Bottle Lake complex of a bit later than Early Devonian. 

3.3.2.3 Origin 

Larrabee et al. (1965) mentioned the occurrence of country rock 

inclusions in the western lobe of the complex near the southern margin. On 

the basis of field relations, Ayuso (1979) proposed that the eastern body was 

emplaced before the western body. Ayuso and Wones (1980) mentioned numerous 

inclusions In the core of the Passadumkeag River granite (the western lobe). 

A well-developed contact aureole also indicates fluid emplacement. This 

intrusion is clearly posttectonlc (Lolselle, 1981). 

3.3.2.4 Petrography 

Mineralogy and Textural Relations. The Bottle Lake complex consists of 

two major phases — the granite of Whitney Cove and the granite of the Passa

dumkeag River. The Passadumkeag River granite has two distinct facies with 

different textures — core and rim. The core facies is a gray, coarse

grained, porphyritic hornblende-biotite quartz monzonite with rapakivi 

texture. The rim facies is a pink hornblende-biotite granite that is seriate 

to equigranular. The Whitney Cove granite also has core and rim facies. The 

core is a pink, medium- to coarse-grained, anhedral, seriate blotite granite 

with equidimenslonal texture. The Topsfield facies, which is related to the 

Whitney Cove rim facies, is very similar both mlneralogically and texturally 

to the rim facies (Ayuso and Wones, 1980). 

For the Bottle Lake complex as a whole, alkali feldspar is about Or-85-

95 In composition, while plagloclase crystals, which are zoned normally, range 

in composition from An-0 to An-50 (Ayuso and Wones, 1980). Small amounts of 

magnetite, llmenlte, allanlte, sphene, zircon, apatite, and sulfides are 

present (Ayuso and Wones, 1980). 

Alteration. Secondary alteration of the Bottle Lake complex is not 

prominent, although some secondary metamorphic recrystallization is evident, 

and could be related to Che intrusion of the Passadumkeag River magma (Ayuso, 

1979; Ayuso and Wones, 1980). 
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3.3.2.5 Secondary Intrusions 

The Whitney Cove granite contains apllte and pegmatite dikes, generally 

less than 6 mm (0.25 In.) In width. These dikes are more abundant near the 

granite contacts. 

3.3.2.5 Country Rocks 

The Bottle Lake complex Is bounded on all sides except the northeast by 

what Is thought to be che Vassalboro formation, a calcareous pellte of early 

Silurian age (Osberg, 1979). On the northeast are undifferentiated volcanic* 

ond pelitic sllcstones choughc to be Lote Ordovician to Early Silurian, and a 

unit of graywackes, slltstones, and slates of Late Cambrian to Early 

Ordovician age (Ayuso and Wones, 1980). The metamorphlc aureole of the 

complex extends away from the body generally less than 1.2 km (0.75 ml) 

(Larrabee et al., 1965). 

3.3.2.7 Rock Structure 

Although joints and fractures are abundant, they seem to have no 

preferred orientation. In che Grand Lake area, che Whlcney Cove granite Is 

cut by the left lateral Norumbega fault system and a northeasterly cataclastlc 

zone. An east-to-west fault, southeast of East Musquash Lake, bisects the two 

bodies of the pluton (Ludman, 1978; Ayuso, 1979). The northeasterly Norumbega 

fault system is a major regional structure, 3-4 km (2-2.5 ml) wide, that 

contains subparallel faults (Wones and Thomson, 1979) The associated fabric 

suggests ChaC the principal comprehensive sCress was from ease Co west. 

Feldspars form limited foliation zones with norcheasCerly orientation 

in the core of the Passadumkeag River granite. Randomly oriented foliation 

zones, probably flow structures, also occur In the Whlcney Cove granite. No 

folding In or associated wleh the Bottle Lake complex has been reported. 

3.3.2.8 Geophysics 

A magnetic survey was completed In the Bottle Lake area and was used to 

trace covered contacts (Larrabee et al., 1955). Studies by Hodge et al. 

(1982) suggest that the Lead Mountain and Bottle Lake batholiths connect 

underground, as they show a continuous Bouguer anomaly thot Indicates a body 

8-10 km (5-6 ml) thick. 
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3.3.3 Cadillac Mountain and Somesvllle Plutons (Plate II, Pluton 39) 

3.3.3.1 Size, Shape, and Location 

Together, Cadillac Mountain and the Somesvllle pluton make up a roughly 

circular, stock-like unit of rocks extending over an area of about 118 km (45 

ml ) . They constitute the center, and most of the area, of Mount Desert 

Island, between Blue Hill Bay and Frenchman Bay on the coast of Maine. 

3.3.3.2 Relative and Absolute Age 

Chapman (1969) proposed that the Somesvllle pluton Intruded into the 

Cadillac Mountain granite and is therefore younger, but both Cadillac Mountain 

and the Somesvllle pluton are Devonian in age (also see Doyle et al., 1967). 

Faul et al. (1963) have given a K-Ar blotite age of 389 m.y. for the 

Somesvllle pluton in Hall's Quarry, and an age of 400 m.y. for granite of 

Cadillac Mountain (Great Head). 

3.3.3.3 Origin 

Chapman (1969) considered the Cadillac pluton to have formed by 

crystallization of a granitic magma. He based this conclusion on the decrease 

of grain size toward the contact with the country rock, the fact that the 

granite cuts across the country rock and fills fractures in it, the angular, 

diversely oriented inclusions of country rock, and the perthitlc feldspar that 

appears Inverted from a high-temperature form. The magma would have been 

emplaced in a large chamber by ring fracturing and cauldron subsidence, 

producing a saucer-like structure. This mode is suggested by the subclrcular 

outline of the plutons, the smoothly curved but sharp contacts, the paucity of 

granitic apophyses, the presence of ring dikes that Intrude into the shatter 

zone along the contact, the existence of the shatter zone, the web-vein and 

web-breccia pattern in the country rock, the external centripetal dip pattern, 

and the chilled contacts representing rapid ascent of magma. 

Light-colored inclusions, rich in quartz and alkali feldspar, were 

derived from stratified rocks of the Bar Harbor series and felslc volcanic 

material. Dark-colored inclusions, rich in plagloclase and hornblende, 

represent fragments of mafic volcanic material and intrusive doleritlc rock 

(Chapman, 1969). 

3.3.3.4 Petrography 

Mineralogy and Textural Relations. The Somesvllle pluton is a biotite-

muscovite granite that intrudes into the northwest side of the Cadillac 

Mountain pluton. 
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The Cadillac Mountain pluton has a zonal structure more Chan 1 km (0.6 

ml) wide extending Inward from Che counCry rock; che plucon becomes 

progressively coarser-textured toward che core (see Fig. 3.2). It Is composed 

of a pale pink to greenish-gray, medium- to coarse-grained, hypldlomorphlc 

granular hornblende granite. The chief minerals are microperthlte (60%), 

quartz (30%), and hornblende (5%). ApatlCe, magnetite, and zircon are 

accessory minerals. Locally, blotite and sphene are found. Quartz is 

Intergrown with microperchlce, buC Is commonly Intersdtlal wich feldspar. 

Holllscer eC al. (1974) related the weak and scattered molybdenum 

mlnerollzadon associaced wich Cadillac pluCon to the brecclated contact zone. 

Alceradon. Alteration Is prominent near the contact zone, and Is 

expressed In the development of serlclte from feldspar and of chlorlce from 

the mafic mineral components. 

3.3.3.5 Secondary Intrusions 

LaCe-sCage dike phases are present near the contact. 

3.3.3.6 Country Rocks 

The Cadillac and Somesvllle plutons Intrude Into the mafic and felslc 

phases of the Early Devonian Bays-of-Malne Igneous complex and the older 

stratified volcanic and sedimentary unlcs. A continuous shatter zone 

surrounds the Cadillac In the country rock but not In the Somesvllle pluton 

(see Fig. 3.2). The breccia developed from the tuffaceous beds and well-

stratlfled slltstones of the Bar Harbor series. Locally, che breccia 

represencs disrupted mafic sills and dikes. Undisturbed beds of the Bar 

Harbor series are found in and beyond Che oucer edge of che shaccer zone. 

3.3.3.7 Rock ScrueCure 

A brecclaced and shatcered zone Is developed In the councry rock at the 

contact. Jointing, both tecconlc and due Co cooling. Is well developed, and 

In places Is mineralized or filled with quartz veins (HolUster et al., 1974). 

3.3.4 Calais Gabbro-Dlorlte Complex (Place II. PluCon 29) 

3>3.4.1 Size. Shape, and Locadon 

The Calais gabbro-dlorlCe complek Is locaCed aouCh of Calais on the New 
Brunswick border (see Fig. 3.3); u extends souch about 10 km from near the 
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Fig. 3.2 Mount Desert Island and Llthologlc Relations 
of the Cadillac Mountain Pluton (stipple: Cadillac 

Mountain hornblende granite; dashes: Somesvllle 
blotite granite) (Source: Chapman, 1969) 
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mouth of the St. Croix River, then 

turns west to form the northeastern 

border of the Meddybemps granite. 

Outcrops of the Calais Complex 

found over an area of about 

(45 ml^). 

3.3.4.2 Relative and 

Absolute Age 

The relative age of the complex 

Is placed at later than Early 

Devonian. as It Intrudes Into the 

Lower Devonian EascporC formation, but 

somewhat older than the other granites 

of the area that Intrude into It 

(Spooner and Fotrbolrn, 1970). 

3.3.4.3 Origin 

It appears that the rocks of 

the complex originated as magma 

Intruded along structurally weak 

discontinuities. This origin Is 

Indlcsted by many features, such aa 

the sharp and discordant contact, the 

uniform chemical composition of 

mineral phases In rocks from different 

areas In the pluton, the rhythmic 

compositional layering, che pro

gressive enrlchmenc of sodium and Iron In Isoraorphous minerals, and the 

aasoclated physical features. All of these features lead to the conclusion 

thac magma of uniform composition was subjected to fractionation by 

cryscalllzaclon and gravlcaclonal settling. 

Fig. 3.3 Sketch Map of Geology 

along St. Croix River near 

Calais, Maine, Showing the 

Relationship of Colols 

Dlorlte to the Other 

Granitic Bodies 
(Source: Spooner 

and Falrbalrn, 1970) 

3.3.4.4 Petrography 

Mineralogy and Textural Reladons. Mafic rocka In the Calais complex 

are represenCed by layered norltes and nonlayered gabbros, with norltes being 

prominent In che norchwesc border of che pluconlc belt. They have been well 

described by Amos (1953). The norite contains bronzlte (orthopyroxene) (15-

17%); cslclc plagloclase (50-54%); snd augltlc clInopyroxene (12-13%), with 

minor amounts of olivine (2-3%), hornblende (up to 7%), and blotite (1-3%). 

Variations In the plagloclase, auglce, and olivine propordons characCerlze 
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the different mlneraloglc varieties of the norltes in this complex and also 

define the streaked and layered appearance of the mafic rocks. 

The gabbros themselves are essentially unlayered normal gabbros 

(plagloclase, 48-58%; orthopyroxene, trace to 2%; and cllnopyroxene, 10-38%); 

they are abundant in the central part of the plutonlc belt. 

The predominant intermediate rock of the complex is medium-grained 

biotlte-quartz dlorlte. It is composed of zoned plagloclase (39-51%), blotite 

(25-28%), hornblende (1-5%), microcline (5-6%), and quartz (13-23%). 

Variations in the proportion and type of mafic minerals present define the 

other less abundant dlorites In the complex. 

Alteration. The prominent alteration in the mafic rocks is the 

formation of chlorite and epidote. The dlorites are relatively less altered. 

3.3.4.5 Secondary Intrusions 

Small dikes and less definitely shaped masses of mafic pegmatites, 

together with pods and velnlets of sulfides, occur in the norltes. Granites, 

e.g., the Meddybemps, Charlotte, and Red Beach plutons, are major intrusive 

rocks and may have originated in a late phase of the main Igneous activity. 

3.3.4.6 Country Rocks 

The Calais complex is bounded on the north by the Lower Silurian Oak 

Bay formation of metacongloraerates, and on the southwest and south by the 

Meddybemps and related granitic Intrusions and the Eastport formation (see 

Fig. 3.3). 

3.3.4.7 Rock Structure 

Ludman (1977) reported a fault along the southwestern margin of the 

Calais complex. Several northeast-trending faults are reported in the belt 

(Amos, 1963). Large-scale and small-scale petrologlc layering is a well-

developed feature of the mafic rocks. 

3.3.5 Center Pond Quartz Monzonite (Plate II, Pluton 26) 

3.3.5.1 Size, Shape, and Location 

The Center Pond quartz monzonite, also known as the Lincoln granite 

(Larrabee et al., 1965), is a roughly elliptical Intrusive body that trends 

northeast to southwest. It occupies a large part of the Winn quadrangle and 
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ports of the Lincoln, Passadumkeag, and Saponoc quodrongles tn Penobscot 

County In east-central Maine. OuCcrops of the pluton are found over an area 

approximately 24 km (15 ml) long and 10 km (5 ml) wide, covering approximately 

154 km^ (59 ml^) (Scambos and Lolselle, 1979 and 1980). Cold Scream Pond, 

Eskutassls Pond, Upper Cold Stream Pond, Upper Pond. Matcanawcook Pond, and 

Caribou Pond are glacial lakes chac H e within the outline* of thl* pluton. 

3.3.5.2 Relative and Absolute Age 

The Center Pond pluton intrude* Into Silurian and older metasedlmenCary 

units, and Is Itself cut by a fault associated with the post-Acodlan tectonic 

activity of the Norumbega fault zone (Ayuso and Wones, 1980; Scambos and 

Lolselle, 1980). These relationships Indlcste a relative age of Devonian. 

Larrabee et al. (1965) cited several wrlccen communlcaclons and published 

values of absoluce age of Che Center Pond quartz monzonite: (1) 340 m.y. and 

370 m.y.. Pb-a; (2) 349 m.y. and 359 m.y., K-Ar; and (3) 350 + 100 m.y., Rb-

Sr. The high uncertainty factor for the Rb-Sr date Is due to the presence of 

a large amount of normal strontium relative to radiogenic strontium (Larrabee 

ec al.. 1955). Lolselle et al. (1983b) found o Rb-Sr whole-rock age of 372 • 

10 m.y. and a Pb-Pb zircon age of 380 + 5 m.y. for the emplacement of the 

pluton. 

3.3.5.3 Origin 

Emplacement as a fluid magma Is Indicated by the weak primary 

foliation, by evidence of llt-par-llt Intrusion, by metasedimentary Inclusions 

near the contacts; and by a wide, thermally altered aureole around the pluton 

(Lolselle and Ayuso. 1980). Geochemical anaylsls shows that the rocks are 

similar to I-type granitoids. chus precluding their derivation from 

preexisting raeCasedlmenCary unlcs (Lolselle and Ayuso, 1980). 

3.3.5.4 Petrography 

Mineralogy and Textural Relations. The Center Pond pluton consists of 

colc-olkallne quartz monzonite, monzonite, and granite (Scambos and Lolselle, 

1979). Typical rock specimens are composed of abundant hornblende, nearly 

equal amounts of qusrcz, plagloclase, and microcline, and leaser amounts of 

blotite and imjscovlte. Accessory minerals are primary sphene, zircon, 

allanlte, and opaques; hydrothermal minerals are chlorlce, epidote, and 

serlclte (Lolselle and Ayuso, 1980). The amphlbole/blotlte ratio In the 

Center Pond granite varies from 0 to 1.2. The texture Is predominantly medium 

grained and equigranular, alchough boch medium-grained aplldc and coarse

grained porphyritic facies are present. Local porphyritic zones Include 

cabular phenocryscs of microcline ChaC are 2.5 cm (1 In.) long and 0.6 cm 

(0.25 In.) wide. Microcline phenocrysts, blotite books, and lenses measuring 
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up to 30 cm x 10 cm (12 in. x 4 in.) exhibit subparallel orientation, which 

produces foliation. Near the margins of the pluton are abundant inclusions of 

metasedimentary country rock. In addition, partially resorbed mafic 

inclusions are randomly distributed throughout the granite body (Lolselle and 

Ayuso, 1980). 

Alteration. Hydrothermal alteration has changed some blotite and 

feldspar components to chlorite and serlclte. 

3.3.5.5 Secondary Intrusions 

The Center Pond pluton is cut by a northeast-to-southwest-trending 

mylonite belt that is approximately 1.5 km (0.9 mi) wide (Lolselle and Ayuso, 

1980). 

3.3.5.6 Country Rocks 

The Bottle Lake pluton lies near the Center Pond quartz monzonite, and 

the contact-metamorphlc aureoles of the two merge. The adjacent bedrock 

formations include metamorphosed gray and green slltstone, sandstone, shale, 

black shale, chert, and a conglomerate of quartzose raetagreywacke. The 

Center Pond quartz monzonite intrudes into strata of the Merrimack 

synclinorium that have been regionally metamorphosed to chlorite grade. The 

metasedlments immediately surrounding the pluton are metasiltstone and slate 

of Silurian age and a range of metamorphosed sandstone, chert, conglomerate, 

and greywacke equivalent to the Vassalboro formation. The metasiltstone and 

slate exposed along the main road eastward from Lincoln contain iron and 

calcium carbonates, interlaminated metasandstone and metasiltstone, and 

quartzose metaconglomerate (Larrabee et al., 1965). Inclusions of the country 

rock are present near the contacts. 

3.3.5.7 Rock Structure 

A major strike-slip fault trending to the northeast cuts diagonally 

across the map plan of the Center Pond pluton (Ayuso and Wones, 1980). Along 

the 18-km (11-mi) fault, the northern half of the pluton is offset 2.6 km (1.6 

mi) to the northeast. The fault is associated with the Norumbega fault zone 

of post-Acadian age. 

The foliation expressed by the alignment of microcline phenocrysts and 

mafic minerals may represent a primary flow feature. The orientation of the 

grains may have occurred under a confining pressure while the rock was still 

partially molten and mobile. The foliation is variably developed through the 

intrusive rock body. 
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The Center Pond quartz monzonite pluton has not been deformed by 

folding events. 

3.3.6 Chlputnetlcook Quartz Monzonite (Plate II, PluCon 28) 

3.3.6.1 Size, Shape, and Location 

The Chlputnetlcook quartz monzonite Is also known as Che Skiff Lake* 

granice (Lutes, 1980). It Is a small part of the Poklok bathollth; It 1* 

exposed In an arcuate band along the Islands and shores of the Chlputnetlcook 

lakes In eastern Maine on the U.S.-Canadian border (see Fig. 3,4). The major 

part of che bachollth extends northeast at least 64 km (40 ml) into New 

Brunswick. The small silver of the bathollth that occurs In Maine Is a strip 

obout 29 km (18 ml) long and 2-6 km (1-4 mi) wide on the western and 

southwestern shores of the lakes, with Intermittent outcrops In the Vonceboro, 

Forest City, Donforth, and Amity 7.5-mln quadrangles. 

3.3.6.2 Relative and Absolute Age 

The Chlputnetlcook quartz monzonite Intrudes into Silurian and older 

metasedimentary rocks. An absolute age of 400 m.y. deCermined by the K-Ar 

method was reported by Faul et al. (1963) for a sample from the Danforth 

quadrangle; Tupper and Hart (1951) daced a sample from FosCerville, New 

Brunswick, at 380 m.y. McCutcheon et al. (1981) provided a definitive Rb-Sr 

age of 389 + 20 m.y. for the Poklok bathollth. 

3.3.6.3 Origin 

The mode of emplacement of the Chlputnetlcook quartz monzonite Is 
thought to be the same as that of ocher Devonian Intruslves In Maine, i.e., 
fluid magma Injection. Evidence of flow foliation within a meter or so of the 
border of the pluton supports this point of view. 

3.3.5.4 Petrography 

Mineralogy and Textural Relations. The rocks range In composition from 

a light-gray to medium-gray blotite quartz monzonite to a llghc-gray 

granice. The grains average larger than 5 mm (0.25 In.) In lengch. The rock 

Is commonly porphyritic. wlch very large, euhedral potosslum-feldspor 

phenocryscs chat someclmes exhibit rapakivi texture, but the porphyritic 

texture does not occur within a mecer.or so of the pluton margins. Lutes 

(1980) recognized an extension of the Skiff Lake granite body In New Brunswick 

as a zoned blotite granite ChaC grades from porphyritic to somewhot massive 

from the rim to the core of the pluton (see Fig. 3.4). 
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Fig. 3.4 Geologic Relations of the Chlputnetlcook Pluton 
to the Poklok Batholith of New Brunswick 

(Source: McCutcheon et al., 1981) 

3.3.6.5 Secondary Intrusions 

In addition to the mutually intrusive relations of the various phases 
of the pluton (see Fig. 3.4), a west-southwest-trending diabase dike of post-
Devonian age cuts across the Chlputnetlcook quartz monzonite at approximately 
45° 44' N. latitude. Aeromagnetic data Indicate that this steeply dipping 
dike extends 160 km (100 mi). Its length in the Chlputnetlcook quartz 
monzonite body is approximately 5 km (3 ml); It is 60 m (200 ft) wide at Dark 
Cove in the Danforth quadrangle (Larrabee et al., 1965). The rock is medium 
grained and contains 3-5% magnetite. 
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3.3.5.5 Country Rocks 

The Chlputnetlcook quartz monzonite Intrudes Into the Daggett Ridge 

formation, Baskahegan Stream slate, Croperly Turn limestone mecaconglomerate. 

Snow Mountain metasedlmencs, and other Ordovician and Silurian metasedlmenCary 

rock units. A thermal conCact aureole Is developed around che Incruslve and 

contains blotite, andoluslte, cordlerlte, and silllmanite Isograds. 

3.3.6.7 Rock Structure 

The Chlputnetlcook quartz monzonite Is not faulted, but faulting was 

reported by McCutcheon et al. (1981) In the main Poklok bathollth In Canada. 

Joints are present, but directional data are not available. At least two 

faults In the Ordovician and Silurian metasedimentary units are truncated 

against che southwestern edge of the body and. therefore, predate the Devonian 

Intrusions. 

The structural trend of che quarcz monzonite body Is to the northeast, 

which parallels major structures. Foliation Is present and parallel near the 

margin. The quarcz monzonite body Is not structurally deformed by folding. 

3.3.6.8 Geophysics 

Aeromagnetic surveys of Maine that Include the Chlputnetlcook quartz 

monzonite were conducted by the Maine Geological Survey (Forsyth, 1953; 

Trefethen, 1953) and the U.S. Geological Survey (Grlscom and Larrabee, 

1963). The Skiff Lake Intrusion shows a strong magnetic and gravity 

expression Indicating it to be separate from other phases of the bathollth 

(McGrath. 1970). 

3.3.7 Concord and RelaCed Plutons (Plate II. Pluton 5) 

See Sec. 4.3.12 and Plate III. pluCon 7. This rock cype crops ouC In 

Maine over an area of only 30 km (19 ml ); che major pare Is located In New 

Hampshire, and It Is therefore described with che plutons of that state. 

3.3.8 Cranberry (Wabassus) Lake Pluton (Plate ll, PluCon 35) 

3.3.8.1 Size, Shape, and Location 

The Cranberry Lake pluCon Is a north-to-south elongated body located In 

eastern Maine juat south of the Bottle Lake complex. The pluton Is be»t 

exposed In the Wabaasus Lake quadrangle along the eastern shore of Grand Lake, 

becween Grand Lake Scream and Dyer Cove Point (Larrabee, 1964b), and olong che 
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road to Wabassus Lake, between the village of Grand Lake Stream and Grand Lake 
Brook (Larrabee et al., 1965). It also crops out in the Big Lake quadrangle, 
in the southeastern part of the Nicatous Lake quadrangle, and along the shores 
of Machias Lake and Wabassus Lake. It is approximately 45 km (28 mi) long at 
its maximum length and 23 km (14 mi) wide at its widest point, and occupies an 
area of about 435 km (168 ml ). 

3.3.8.2 Relative and Absolute Age 

The relative age of the Cranberry Lake quartz monzonite is indicated by 
its Intrusion into the surrounding Silurian and older metasedlments and by its 
petrographical and geochemical similarities with a group of post-Acadian 
intrusive bodies in Maine. 

The absolute age of a sample of the quartz monzonite from Cranberry 
Lake was reported by Faul et al. (1963) as 356 m.y. by the K-Ar method and 420 
m.y. by the Pb-a method. Samples from Peaked Mountain yielded a minimum age 
of 332 m.y. by the Rb-Sr method. 

3.3.8.3 Origin 

Although the Cranberry quartz monzonite is partly granite (Stuesser, 
1966), the variation in composition Is continuous, suggesting that one 
intrusive event formed the pluton. Emplacement as a fluid magma is Indicated 
by changes in texture and mineralogical abundances from the interior outward 
to the borders of the pluton, by inclusions, and by the contact aureole, which 
is characteristically well developed at the contacte with associated Devonian 
intrusions and metasedlments. 

3.3.8.4 Petrography 

Mineralogy and Textural Relations. The body consists of a pink or 
gray, blotltlc or hornblendlc quartz monzonite. The rock is generally 
equigranular and coarse grained, with particle sizes ranging from 3-10 mm 
(0.125-0.375 in.). In some places the rock contains phenocrysts of microcline 
as large as 25 mm (1 in.) long and up to 6 mm (0.25 in.) wide. On Amazon 
Mountain the monzonite is medium gray and leucocratic (Larrabee et al., 
1965). Biotite and hornblende Increase in abundance near inclusions and at 
the borders of the pluton. 

The rock can be described as a porphyritic perthite-oligoclase-quartz-
biotite granite (Stoeser, 1966). The perthite is gray to pink, occurring as 
anhedral to subhedral crystals up to 25 mm (1 in.) long. The oligoclase 
grains are anhedral and less than 13 mm (0.5 in.) long. Anhedral gray quartz 
grains less than 13 mm (0.5 in.) in diameter are abundant, and smaller, black, 
anhedral to subhedral biotite grains are moderately abundant. The groundmass 
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matrix consists of feldspar, quartz, and bloclce grains less than 2.5 mm (0.1 

in.) in diameter. Phenocrysts of orthoclase, quartz, and minor plagloclase 

occur in a phenocrysc-Co-groundmoss ratio of approximately 1 to 3. Rapakivi 

structure Is variably developed throughout the Cranberry quartz monzonite. 

Alceradon. Alceradon Is not clearly described In the literature. 

3.3.8.5 Secondary Intrusions 

Small apllte and pegmatite dikes and quartz veins occur In the quartz 

monzonite bodies of the area, but they are less than 15 cm to 0.6 m (5 In. to 

2 ft) thick. 

3.3.8.6 Country Rocks 

The magma Intruded Into rocks of Cambrian or Ordovician age and che 

Silurian Kellyland formadon. which Is somedmes called the Pale argllllte. 

All of the country rock was metamorphosed to chlorlce grade — Che Cambrlan-

Ordovlclan rocks co quarczlce, sandy metasiltstone, a minor thin 

metaconglomerate, and slate, and the Kellyland formation to predominantly 

metasiltstone and metasandstone. The Kellyland formation Is slllclfled to 

varying degrees. Metasedimentary rocks of Cambrian or Ordovician age moy have 

been faulted upwards Into younger rocks prior to Intrusion of the quartz 

monzonite magmas (Larrabee et al., 1965). 

The contact metamorphlc aureole, which extends less than 1.2 km (0.75 

ml) away from the pluton. contains magnetite and blotite In great abundance. 

The aureoles are more extensive In surrounding slates and oeCaslltstones than 

In the quartzites (Larrabee et al., 1965). 

3.3.8.7 Rock Structure 

The outcrop area of the Cranberry Lake quartz monzonite may hove been 

subjected to two periods of fsult ocdvlty thoC postdote the Intrusion of the 

monzonite. The earlier discontinuous faults trend northeasterly to east-

northeasterly and are parallel to the strike of the major Sprlnghlll fault 

near Frederlcton, New Brunswick, and the Fundy and Lubec faults to the 

southeast (Larrabee, 1954). There Is some displacement within the Cranberry 

Lake quartz monzonite along the Norumbega fault, which bounds the body at It* 

north end. A second fault system In the Wabaasus Lake quadrangle trends west-

northwest. 

Minor fractures exlsc In che plutbn, but chey do not form a major Joint 

system. A zone of sheared quartz monzonite occur* near Nicatous Lake. The 

Cranberry quartz monzonite does not exhibit foliation, flow structures, or 
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preferred orientation of mineral grains. Fold structures in the pluton have 
not been described in the available literature. 

3.3.9 Flagstaff Lake Complex (Plate II, Pluton 19) 

3.3.9.1 Size, Shape, and Location 

The Flagstaff Lake complex (Boone, 1973) Is an elongate belt of rocks 
ranging from gabbro to granite in west-central Maine. The belt, occupying an 

2 2 area of about 282 km (109 mi ), strikes southwestward from the Little Bigelow 
Mountain across the Stratton and Kennebago Lake quadrangles to the northern 
part of the Rangely quadrangle. The complex is batholithlc in size, with 
outcrops occurring over a length of about 40 km (25 mi) and a width of 5 to 8 
km (3-5 mi). 

3.3.9.2 Relative and Absolute Age 

Boone (1973) assigned a Devonian age to the Flagstaff Lake complex, as 
it intrudes into the Cambrian(?) or Ordoviclan(?) Dead River formation and 
folded structures in the Lower Devonian Seboomook formation on the northeast; 
therefore the Intrusion is probably late Acadian. 

3.3.9.3 Origin 

The Flagstaff Lake complex is a southeast-dipping felslc sheet that 
intruded along pre-existing structural weaknesses or discontinuities 
(Boudette, 1978). The garnet granofels contact zone is believed to represent 
the residue from the Qulmby and Greenvale Cove formations assimilated by the 
intrusive through anatexis (Moench et al., 1982). 

3.3.9.4 Petrography 

Mineralogy and Textural Relations. The gabbrolc rocks (gabbro, 
troctolite, norite, etc.) in the complex are massive, equigranular, and medium 
to coarse grained. Pyroxene gabbros are predominant, with hypersthene 
diopsidic augite. The modal composition of the pyroxene hornblende gabbro is 
plagloclase, 50%; hornblende, 10-45%; dlopslde, 4%; magnetite, 2%; blotite 
with minor chlorite, 1.6%; quartz, 0.3%; hypersthene, 0.1%; and sphene, 0.1% 
(Boone, 1973). Eastward, from the Flagstaff Lake basin to the Round Top 
Mountain lobe, the rock becomes finer grained with a doleritlc texture. 

The dioritlc rocks in the complex are inequlgranular, fine to medium 
grained, and weakly porphyritic. Polygranular aggregates of quartz mantled by 
pyroxene or hornblende are common. Plagloclase phenocrysts are formed. The 
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modal composition of the coarse-grained hornblende quartz dlorlte 1* 

plagloclase. 52%; quartz, 20%; hornblende, 18%; blotite with minor chlorite, 

8.5%; hypersthene. 0,3%; dlopslde, 0.3%; and perchlce, 0.2%. Where Che quarcz 

conCenC decreases, the rock becomes a quartz-bearing hornblende-hypersthene 

dlorlte (Boone, 1973). 

Quarcz monzonlce In Che complex Is light gray, medium Co coarse 

grained, massive, ond porphyritic wlch a hypldlomorphlc groundmass. 

Phenocrysts of mlcrocllne-perthlte and plagloclase are subequant, blocky, 1.5 

to 3 cm (0.6-1.2 In.) long, and constitute about 5% to 15% of the rock. The 

modal composition is plagloclase, 38%; quartz, 27%; perthite, 23%; blotite 

with minor chlorite, 10%; chlorlce, 1.5%; muscovlce, 0.5%; and Crace omounts 

of magnetite, apatite, and garnet (Boone, 1973). 

Garnet granofels In the complex Is medium to coarse grained and 

massive. The major minerals are almandlne garnet (5-60%) and andeslne (up co 

50%) (Moench et al., 1982). Blotite and quarcz are acces*ory mineral*. 

Hypersthene and amphlbole or cordlerlce are common. 

Alteradon. In che central porCIon of the larger masses, there Is no 

alteration of the gabbrolc rocks, but elsewhere, they are commonly retrograded 

to hornblende-chlorlte-blodte-bearlng assemblages (Boone, 1973). Saussurltlc 

(chlorlte-epldote) alteration Is pervasive In che Kennebago Lake and Blglow 

Mountain area. 

3.3.9,5 Secondary Intrusions 

In che complex, the Pierce Pond pluton, Sugarloaf massif, and Che 
Lexington bathollth are secondary Intrusions. In che dlorlce and gabbro 
facies, fine-grained, Inequlgranular, porphyritic, garnetlferous granite 
occurs as dikes and apophyses. Alblte-rlch pegmatite dlkea are abundant 
(Boone, 1973). 

3.3.9.6 Councry Rocks 

To the east of the complex, the Pierce Pond Pluton lies In fault 

contact; to che southeasc Is che Lexington bathollth. Sugarloaf massif Is 

Cowards che south, and the Huscon diorlte-granlte composite scock Incrudes at 

the aouthern end of Flagstsff Lake. Metasedimentary rocks of the Seboomook, 

Corrabasset, and Dead River formadons surround Che complex. To the norch, an 

aureole 1* pre«enc sC che boundary. The conCocC rone Is marked by prominent 

garnet granofels. 

The complex conforms Co the Regional trend of the folded meta
sedimentary rocks. Locally, small-scale gradatlonol contacts ore found. 
Spessartlne-almandlne garnet Is found at the contact between quartz monzonite 
and the country rock. 
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3.3.9.7 Rock Structure 

The most extensive faults (parallel to the major fault traces) cut the 
quartz monzonite and pegmatite dikes below the Long Falls Dam. Cataclastlc 
zones 0.5 m (20 in.) wide bound the faults where the quartz monzonite was 
hydrothermally altered. The longest fault trace, trending northwest from Hill 
1900 to the Pierce Pond quadrangle, is in en-echelon relationship with the 
fault offsetting the batholith contact north of West Carry Pond (Boone, 1973). 

3.3.9.8 Geophysics 

The available data Indicate that the fault sets in the Flagstaff Lake 
Complex are not seismlcally active (Boone, 1973). 

3.3.10 Gardner Lake Gabbro-Dlorlte Complex (Plate II, Pluton 31) 

3.3.10.1 Size, 

The Gardner Lake complex is an Irregularly indented, somewhat rounded 
body of gabbros and dlorites in southeastern Maine (Westerman, 1979). The 
complex extends over an area of 241 km (93 ml ) in the Gardner Lake 
quadrangle. It Is about 25 km (15 mi) in its longest axis from east to west, 
and about 11 km (7 ml) in its shortest axis from north to south. 

3.3.10.2 Relative and Absolute Age . 

Gates (1978) and Doyle et al. (1967) identified Gardner Lake as part of 
the Devonian igneous intrusive rocks known as the Bays-of-Malne complex 
defined by Chapman (1962). 

3.3.10.3 Origin 

The Gardner Lake complex is an intrusive pluton with an overall alkallc 
composition. 

3.3.10.4 Petrography 

Mineralogy and Textural Relations. Gardner Lake rocks are massive, 
equigranular, fine- to medium-grained gabbrolc rocks composed mainly of 
plagloclase and hornblende, with varying amounts of augite (Young, 1963). 
They Include norltes, gabbros, and dlorites, as do the other alkallc rocks of 
the area (Amos, 1963; Blckford, 1963). Sulfides are accessory minerals. 
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Alteration. Alteradons are pervasive near local mineralized zones. 

Young (1953) stated thac chere may have been a minor late-stage sulfide 

remobtllzatlon. 

3.3.10.5 Secondary Intrusions 

Sulfide stringers and velnlets are common In the basic rocks (Young. 

1963). 

3.3.10.5 Country Rocks 

The Meddybemps granite is In discordant contact to the north. To the 

northwest lies the Pocamoonshlne gabbro-dlorlce. The gronodlorlce at 

Whltneyvllle is In contact with the Gordner Loke complex to the southwest. 

Silurian rhyolltlc to basaltic flows, tuffs, and sedimentary rocks are hose 

rocks to the Gardner Lake complex (Doyle et al., 1967). Mineralized zones 

grade into the diabase (Young. 1953). 

3.3.10.7 Rock Structure 

A well-developed foliation Is present, formed from biotite. 

3.3.10.8 Geophysics 

Young (1953) reported magnedc anomalies associaced wlch che sulfide 

mineralIzaclon on various prospecCs In che Gardner Lake 15-mln quadrangle. On 

Che basis of gravlcy contrasc dsca. Blggl and Hodge (1983) postulate that Che 

Gardner Lake pluton Is a thin body underlain by granitic rocks. 

3.3.11 Gouldsboro Pluton (Plate II, Pluton 38) 

3.3.11.1 Size, Shape, and Location 

The Gouldsboro Is an Irregular pluton that belongs to the granltlc-

granophyrlc phase of the Baya-of-Malne Igneous complex. It exCends over an 

orea of abouC 105 km (41 ml ) on the eaat side of Frenchman Bay on the coasc 

of Maine. The minimum and maximum dimension* of the area within which 

outcroppings are found are approximately 8 and 17 km (5 and U ml), 

respecdvely. 
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3.3.11.2 Relative and Absolute Age 

The Gouldsboro pluton is part of the late phase of the Bays-of-Malne 
emplacement. It intrudes into the Ordovician Ellsworth schist, and thus is 
probably of Devonian age (Chapman, 1962; Doyle et al., 1967). 

3.3.11.3 Origin 

Chapman (1962) stated that the Bays-of-Malne complex is a maflc-felslc 
assemblage that was emplaced within and beneath Silurian and Devonian volcanic 
and sedimentary rocks. The Gouldsboro pluton and other, associated, granites 
may represent differentiated portions of the gabbros (Chapman, 1962), which 
reached the surface along deep crustal fractures (Blggl and Hodge, 1983). 

3.3.11.4 Petrography 

Mineralogy and Textural Relations. The granite is normal and fine to 
medium grained. It is composed of mlcrocllne-perthlte, alblte, biotite, and 
quartz. Small amounts of hornblende are also present (Young, 1962). 

Alteration. Hydrothermal mineralization and alteration have affected 
the rocks (Young, 1962). 

3.3.11.5 Secondary Intrusions 

No significant intrusions are described except for mineralized 
stringers. Chapman (1962) stated that the swarms of xenoliths represent 
remnants of a contact zone below a flat, undulating, granite-granophyric-phase 
roof. 

3.3.11.6 Country Rocks 

To the east of the Gouldsboro pluton lies a unit of granodlorlte, up to 
Narraguagus Bay, that Doyle et al. (1967) and Chapman (1962) identified as a 
similar rock type; it may be an extension of the pluton, but no detailed 
information is available to verify this identification. Towards the south 
lies the Atlantic Ocean; the Bar Harbor series lies to the west in discordant 
contact with the Gouldsboro. Near Jones Cove, at the northwest side of the 
pluton, greenstone is in contact with the Gouldsboro rocks. Towards the north 
lie the Ellsworth schist and the Tunk Lake pluton. 



3.3.11.7 Rock Structure 

Sheecs of granidc rocks Incrude che layered and lamlnaCed gabbrolc 

phase of Che Bays-of-Malne complex (Chapman, 1962). Foliation Is pronounced 

in the dlorlte. Local shear zones are present at the Gouldsboro prospect, In 

Gouldsboro Township (Young, 1962). 

3.3.11.8 Geophysics 

Young (1962) has described magnetic anomalies associated with 

mineralized zones. 

3.3.12 Granodlorlte of Whltneyvllle (Plate II. Pluton 32) 

3.3.12.1 Size, Shape, and Location 

In eastern Maine, near the town of Whltneyvllle, lies on arcuate body 

of granodlorlte that occupies an area of 100 km (39 ml ) in the Columbia 

Falls, Whlcneyvllle. and Wesley quadrangles. Its length and width are 20 and 

5 km (12 and 3 ml), respectively. 

3.3.12.2 Relative and Absolute Age 

The granodlorlte of Whltneyvllle is pare of che Jonespore Incruslve 

series (Terzaghl, 1946). The series Is younger ehan che Jonesboro granice 

(Terzaghl. 1946), which has been assigned a Pb-a zircon age of 430 m.y. by 

Faul ee al. (1963). The granodlorlce Is also classified as pare of Che 

Devonian granldc-granophyrlc phase of Che Bays-of-Malne complex (Chapman, 

1962; Doyle et al., 1967). Pajarl et al. (1974) and Westerman (1973) reporced 

ages of 408 ± 14 to 424 ± 24 m.y. for the granites and gabbros of the Bays-of-

Malne complex, suggesting ChaC part of It may be Late Ordovician (also see 

Westerman. 1979). 

3.3.12.3 Origin 

The gronodlorlce of Whlcneyvllle resulced from che lace-stage, 

comogmotlc granltlc-granophyrlc phase of the Igneous activity that developed 

the Boys-of-Molne complex from on olkoUc magma (Chapman, 1962). 

3.3.12.4 Petrography 

Mineralogy and TexCural Relation*. The granodlorlte Is coarse groined 

and concains angular aggregaCes of pyroxene. It 1* composed of oligoclase, 

80%; quarcz, 10%; perthite, 4%; and blotite (Terzaghl, 1945). 
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Alteration. Terzaghl (1946) reported that pyroxene is partially 
altered to blotite, amphlbole, and/or chlorite. 

3.3.12.5 Secondary Intrusions 

Small dikes and veins of granites, mlcrogranites, and pegmatites can be 
found (Terzaghl, 1946). 

3.3.12.6 Country Rocks 

Contacts with the country rocks are largely inferred; in some places 
contact is marked by fine-grained alblte porphyry (Terzaghl, 1946). The 
Peaked Mountain Pond gabbro-dlorite complex lies to the east; the Jonesboro 
granite is the wall rock to the south. All other surrounding areas are 
primarily Silurian rhyolltlc and basaltic flows and tuffs (Doyle et al., 
1967). 

3.3.12.7 Rock Structure 

Jointing and small-scale shearing is evident in the granodlorlte 
(Chapman, 1962). 

3.3.12.8 Geophysics 

On the basis of gravity models, Biggl and Hodge (1983) suggesCed a 
thickness of 0.8 km (0.5 mi) for the Whltneyvllle body. 

3.3.13 Hallowell and Togus Plutons (Plate II, Pluton 9) 

3.3.13.1 

The Hallowell and Togus plutons are about 2 km (1.2 ml) apart in south-
central Maine, bracketing the city of Augusta. The plutons occupy an outcrop 
area of approximately 123 km (47 mi ), with overall conformity to an oval 
shape. Two protuberances extend from the main granitic mass in a 
southeasterly direction both north and south of Augusta. Several outlying 
satellite bodies occur in the surrounding metasedlments. 

3.3.13.2 Relative and Absolute Age 

The Htillowell granite and its satellite bodies intrude into meta
sedimentary rocks of the Silurian Watervllle formation and the Lower 
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Silurlan(?) Vassalboro formation, which indicates a maximum relative age of 

post-Sllurlan (Osberg, 1968 and 1979; Ferry, 1978). Two conflicting absoluCe 

age dates occur In the literature. Hurley et al. (1958) reported a K-Ar age 

of 260 m.y.. obtained from a blotite sample from the Hallowell granites. 

Osberg (1968) reported primarily Devonian Pb-a ages for several nearby stocks 

of the same mineralogy. 

Dallmeyer and Van Breeman (1978) reporCed a radiometric age of 387 t 11 

m.y. for the Hallowell and 394 + 8 m.y. for the Togus pluton, on the basis of 

Rb-Sr whole-rock data. 

3.3.13.3 Origin 

The Hallowell pluton is a discordant, coarse-grained. Igneous body 

emplaced to a depth of approximately 11 km (7 ml) below the surface (Perry, 

1978). The main mass consists of multiple magmatic Intrusions of contrasting 

structural relations and petrology. Initially, concordant lenses of 

granodlorlte and tonallte were emplaced. The dominant rock type was then 

emplaced along channelways, sccompanled by stoplng of large mosses of both the 

previously intruded granodlorlte and tonallte, and the surrounding 

metasedimentary country rocks (Barker, 1954). Tongues of the main granitic 

mass Intruded Into the country rocks along cracks, fractures, and bedding 

planes. Irregular pegmatite veins about 2.5 cm (1 In.) thick were 

subsequently Intruded, crosscucclng Che follaclon in che granites and Che 

schlscoslcy in che counCry rock (Ferry, 1978). Injecdon of a few thin, 

vesicular, alkallc olivine basalt dikes of Late Jurassic to Early Trlasslc age 

Is Che lasc recorded Igneous evenC. 

3.3.13.4 Petrography 

Mineralogy and TexCural Reladons. The Hallowell pluCon Is basically a 

muscovlce-blodee-garnee quarcz monzonlce. The composldon of Che main 

granidc mass falls wlehln che following rangea: 26-36% (by volume) quarcz, 

19-43% poeasslum feldspar, 17-41% plagloclase feldspar, 0-5% bloClCe, 0-10% 

imiscovlce, and minor accessory minerals (Barker. 1964). This range In 

composldon reflecCs Che imjldple-lnCruslon naCure of Che pluton: up to four 

different magmadc pulses have been recognized In single outcrops. The more 

mafic minerals crystallized flrsC, followed by Che more felslc minerals from 

Che residue. Quarcz grains are anhedral, equidimenslonal, and overage 8 •• 

(0.3 In.) In dlamecer. PoCasslum feldspar 1* pre*ent a* microcline and 

microperchlce megacryscs up to 4 cm (1.5 In.) long. Blotite, the only mafic 

mineral preaent, occurs a* flakea up to 5 cm (2 In.) in diameter, and Is 

frequently cut by even larger imiscovlte grains. Cornet occurs os red onhedrol 

or dodecahedral grains 7-40 mn (0.3-1.5 In.) In diameter. The plagloclase Is 

anhedral, equidimenslonal Co sllghely elongate, and ho* on overage composldon 
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of Ab-90, An-8, Or-2. Minor and trace quantities of apatite, zircon, 

monazlte, llmenlte, pyrrhotite, hematite, and magnetite occur. 

Alteration. All of the granites near Augusta, including the Hallowell, 

contain plagloclase and microcline that have been altered from 1-10% by volume 

to the mineral assemblages muscovite, calcite, and quartz; muscovite, epidote, 

and quartz; or muscovite, calcite, epidote, and quartz. The blotltes have 

been metasomatically altered from 1-90% by volume to the mineral chlorite. 

Small but significant amounts of carbon dioxide, water, hydrogen, and 

potassium have been added to the intruslves during this metasomatlc event. 

This alteration process occurred soon after the emplacement of the granites; 

the magmatic rock acted as a heat source, circulating metasomatlc fluids 

through both the granite and country rock (Ferry, 1978 and 1979). 

3.3.13.5 Secondary Intrusions 

The two contrasting types of secondary Intrusions that occur in the 

pluton are the pegmatltic and basaltic (Mesozolc) dikes. 

3.3.13.6 Country Rocks 

The country rocks of the Silurian Watervllle formation and the Lower 

Silurian(?) Vassalboro formation consist of metamorphosed interbedded 

sandstones, pelites, and argillaceous carbonates. The carbonate rocks 

constitute only a small percentage of the rock surrounding the Intrusion 

(Osberg, 1968 and 1979; Ferry, 1976). Nonetheless, the carbonates played an 

Important role as a source of carbon dioxide in the metasomatlc reactions 

between sedimentary and igneous rock (Ferry, 1978). 'The Watervllle formation 

at its lowest metamorphic grade consists of quartz, plagloclase, muscovite, 

and chlorite. The metamorphic grade Increases as one approaches the pluton, 

passing through the biotite, garnet, andalusite-staurolite, and cordlerlte 

assemblage into a silllmanite mineral assemblage adjacent to the pluton 

(Osberg, 1971; Ferry, 1980). These isograds have not been mapped on the east 

side of the pluton, where igneous rock is in contact with the Vassalboro 

formation. Porphyroblasts associated with the igneous-induced metamorphic 

event cut across the schlstosity, indicating that thermal metamorphlsm 

postdates deformation. The zolsite metamorphic isograd has been mapped for 

both formations and exhibits a concentric geometry around the pluton (Ferry, 

1978). 

3.3.13.7 Rock Structure 

The Hallowell pluton is cut by vertical joint sets whose attitudes are 

N. 60° W. and N. 30° E., meeting at 90° (Barker, 1964). The strike of the one 

set is parallel to the long axis of the pluton. No documented faults cut 

across the intrusion. 
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The granite body has what appears eo be a flow cexCure. BloClte flake* 

are vertical, wleh a scrlke of N. 20° E. This scrlke Is parallel Co boCh Che 

long axis of che Ineruslon and one of the prominent Joint sets. The long axes 

of scoped blocks and large xenoUchs also are parallel Co chis follodon. 

Smaller xenoliths exhlble random orlencaclon. 

The pluCon belongs to Che laCe orogenlc sulce of granlees of che 

Devonian Acadian orogeny. There Is no evidence of lacer deformation. 

3.3.14 Hartland Pluton (Plate II, Phiton 10) 

3.3.14.1 Size, Shape, and Locadon 

The Hardand pluCon Is a dlscordane Incruslve In souch-centrol Maine. 

The major axis of this roughly elllpdcal pluton trends In a northeasterly 

dlrecclon, roughly parallel to regional sCrucCures In che area. OuCcropplngs 

of the pluton occur predominantly In the Skowhegan and Plccsfleld 15-mln 

quadrangles, hue che plucon also exCends a llctle southward Into che 

Watervllle quadrangle; It Is partially covered by GreaC Moose Lake. The 

Hartland pluton Is abouC 30 km (19 ml) long and 10 ka (6 mi) wide, and 
2 2 occupies an area of 195 km (75 ml ). 

3.3,14.2 Relative and AbsoluCe Age 

Potassium-argon age decermlnaclons by Hurley (1964) Indlcace an age of 

375 m.y. for Che mica of Che Hardand granite. Faul et al. (1963) also used 

the K-Ar dating method, and arrived at an age of 356 m.y. for the granite. 

However, their Pb-a age determinations on zircon Indicated an age of 450 

m.y. Faul et al. (1963) suggested chac a recryscalllzatlon of mild Intensity 

affected the K-Ar mica dates but not che Pb-a zircon daces (Toys, 1955). On 

Che other hand, Borns (1959) stated chsc no recrystalllzaclon has caken place 

in che Hardand pluton (Toys, 1955). Dallmeyer et al. (1982) gave a 360 ± 8 

m.y. Rb-Sr whole-rock age. 

3.3.14.3 Origin 

The Hardand pluton la chemically and mlneralogically almllar to S-type 

granites described from oCher Cectonlc provinces, which suggescs ChaC they 

were derived by pardal melclng of sedtmenCary maCerlal (Chappell and White, 

1974; Dallmeyer et al.. 1982). The depCh of Incruslon Is esdmated to be le** 

than 10 km (6 ml), due to the absence of muscovite (Ferry, 1978) as a magmatic 

phaae. Such a depth conslderadon Is supporced by the Acadian low-grade 

regional metamorphlsm In the vicinity of Che Intrusion. Llthological 

differences may be o reflecdon of Initial magma composldon. 
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3.3.14.4 Petrography 

Mineralogy and Textural Relations. The Hartland pluton is a 

heterogeneous, equigranular, medium-grained granodlorlte Intrusion that 

locally grades into quartz monzonite and blotite granite (Dallmeyer et al., 

1982). Toys (1965) gave a modal composition of microcllne-pertfiite, 45%; 

quartz, 35%; oligoclase, 10%; and blotite, 7%; with lesser amounts of 

hornblende (2%) and chlorite (1%). Accessory minerals are sphene, zircon, and 

magnetite (Toys, 1965). 

Quartz is anhedral and usually exhibits undulatory extinction. 

Oligoclase occurs as subhedral to euhedral grains and commonly forms 

intergrowths with the quartz to produce myrmekite. Blotite is the more common 

ferromagnesian mineral and is often associated with chlorite. The anhedral 

grains of hornblende are usually bent and exhibit very little chloritization 

(Toys, 1965). 

Alteration. Serlclte is common in thin section and probably results 

from the weathering of feldspar. Most of the chlorite observed appears to be 

after blotite, with which it is associated; some chlorite is associated with 

hornblende grains. 

3.3.14.5 Secondary Intrusions 

There is no mention of secondary intrusions in the literature. 

3.3.14.6 Country Rocks 

The Hartland plutonlc body Intrudes into the polydeformed and 

metamorphosed sequence of Silurian-Devonian sedimentary rocks (Pankiwskyj 

et al., 1976; Osberg, 1979) with Buchan-type metamorphic zones increasing to 

the south (Osberg, 1971). Hartland in general is surrounded by a well-

developed contact aureole. Xenoliths of the country rocks occur in the 

pluton. 

3.3.14.7 Rock Structure 

Gently plunging, nearly isoclinal folds underlie the region around the 

southern tip of the pluton. The axial traces of these folds are oriented N. 

40° E. and help form the regional structural trend. The pluton is discordant 

to the bedding and foliations in the country rocks, even though the general 

shape is elongated with the regional structural grain. 
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3.3.15 Katahdln Bathollth (Plate II. Pluton 24) 

3.3.15.1 Size, Shape, and Location 

The Katahdln bathollth Is located In north-central Maine In the 

Kotahdln quadrangle, che norchern portion of the Jo-Mary Mountain quadrangle, 

the western porcion of Che Scacyvllle quadangle, Che eascern pordon of the 

Harrington Lake quadrangle. the northwestern porclon of Che Norcross 

quadrangle, and Che souChern pordon of Che SouCh Traveler MounCaln quadrangle 

(chese are all 15-mln quadrangles). The encire southern half of Baxter ScaCe 

Park, which includes MC. Katahdln, Is underlain by the pluton. The bathollth 

has a roughly elliptical shape, wlch a 55-km (35-ml) long axis that scrlkes 

approxlmacely northeast; It Is about 32 km (20 sii) wide. Almost three-fourths 

of the 1283-km^ (495-mI ) area In which surface exposures of the granite mass 

are found lies outside Che park's souChern and eastern boundaries. 

3.3.15.2 Relative and Absolute Age 

The absolute ages obtained by Faul et al. (1963) using both Rb-Sr ond 

K-Ar mechods fall in the range 355-390 m.y., which Is Devonian. This age Is 

roughly Che same as che stratlgraphlcally determined relative age of post-

Early Devonian (Caldwell, 1960). The manner In which Che pluCon cuts across 

structures of the Acadian orogeny also Indlcaces Chat It Is post-Early 

Devonian in age. Lolselle ec al. (1983a) reporCed a Rb-Sr whole-rock age of 

388 ± 5 m.y., buC a Pb-Pb zircon age of 414 + 4 m.y., which Is older than the 

early Devonian value in use. 

3.3.15.3 Origin 

The Katahdln bachollch Is a dlscordane Igneous body emplaced by 

diapirism, or passive stoplng with associated assimilation and dlgesdon of 

overlying roof rocks (Neuman. 1967). The contact zone on Its southern, 

eastern, and wescern sides conslscs of breccias and partially assimilated, 

concact-metamorphlc hornfelslc sedimentary and volcanic unlcs. Extensive 

shouldering of the surrounding rocks occurred during che Intrusive event, 

causing faulting and modifying che pre-lnCruslon structural relationships. 

Numerous scope blocks of che now eroded roof rock occur In che granice as 

xenollchs. The depch of emplacemenc is esdmated at 1 km (0.6 ml) (Lolselle 

ec al.. 1983b). 

3.3.15.4 PeCrography 

Mineralogy and Textural Relations. The Katahdln pluton la composed of 

quartz monzonite (Grlscom and Larrabee, 1963), consisting of potosslua 

feldspar (30% by volume), plagloclase (30%), quarcz (30%), and hloclte 
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(5-10%). The plagloclase feldspar has an average composition of An-22. The 

feldspar crystals are anhedral and can be as large as 10 mm (0.4 in.) 

across. Quartz grains are euhedral and average 5 mm (0.2 in.) in diameter. 

The biotite grains are anhedral and average about 2-3 mm (0.1-0.15 in.) in 

diameter. The quartz monzonite is by far the most abundant rock type. Two 

minor facies, one containing hornblende and the other with a granophyric 

texture, also occur in the Katahdln and Harrington Lake quadrangles but not in 

the Stacyville quadrangle (Neuman, 1967). The contact breccia zone on the 

eastern flank can be up to a mile wide and has a slightly different 

mineralogy. It varies from equal amounts of xenoliths and granitic matrix to 

predominantly xenoliths. The granitic matrix In this zone is highly variable 

as a result of different degrees of assimilation, and can range from fine

grained aplites and pegmatites to areas devoid of quartz. 

Alteration. The Katahdln quartz monzonite has been subjected to 

synintruslve interactions between rock and water. The feldspars have been 

sericltized, causing a change in color from gray to pink in the main mass of 

the quartz monzonite (Neuman, 1967). This alteration of the feldspars appears 

to have been restricted to the upper portions of the intrusion, as evidenced 

by the pink quartz monzonite being the most common rock type at the higher 

elevations on Mt. Katahdln (Caldwell, 1960). This color change does not occur 

in the matrix granitic rocks of the surrounding breccia zone. There has also 

been a certain amount of alteration of biotite to chlorite. 

3.3.15.5 Secondary Intrusions 

The only major secondary intrusion is a large Devonian dlorlte that 

cuts across the extreme southwestern tip of the Katahdln bathollth. 

3.3.15.6 Country Rocks 

The Lower Devonian Seboomook formation surrounds the southern third of 

the bathollth. This formation consists of approximately 1500 m (5000 ft) of 

interbedded and intercalated fine-grained sandstone, dark-gray slltstone, and 

slate. The southwestern tip consists of a large dlorlte Intrusion. 

The oldest rock units intruded into by the granite at the eastern 

boundary are metavolcanlcs, which are collectively referred to as 

greenstones. They span a compositional spectrum from basalt to andeslte to 

dacite. Relative ages Indicate an age of Ordovician, which associates them 

with the earlier Taconic orogeny. The next youngest unit stratigraphically, 

which is also Ordovician, is the Wassataquick chert. This unit consists of 

thinly bedded cherts Interbedded with minor tufaceous units. The next unit, 

found only in fault blocks adjacent to the Intrusion, is an Upper Silurian 

conglomerate. It Is a gray, polymlctlc pebble and cobble conglomerate, whose 

clasts are composed of quartz, quartzlte, and shale fragments. The matrix is 

a micaceous, quartzose sandstone. 
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The mineralogy and petrology of the rocks on the western flank are 

virtually unknown. The only statement that can be made Is that they consist 

of Ordovician metasedlments and meCavolcanlcs. 

The councry rocks of che norchwesCern and northern flanks of the pluton 

are composed of Lower Devonian Traveler rhyollce, which consists of many 

separate flows and ash falls (Rankin, 1952 and 1968). This formation Is 

regarded as the ash-flow eruptive counterpart of the Katahdln magmas (Hon et 

al., 1981). 

3.3.15.7 Rock ScrueCure 

In the Mt. Katahdln area, the quartz monzonite Is cut by very closely 

spaced vertical joints. Slopes in che area eonslsc primarily of rubble. A 

small zone of fauldng occurs In the west central portion of the bathollth, 

just west of the souChwesCern corner of Bsxcer Scace Park. 

The main body of Che bachollch Is devoid of foliation. The breccia 

zone contains a concentration of country rock xenoliths with preferred 

orientation. The zone also exhibits preferred orlencaclon of blodce 

flakes. Such orlencaclon Indicates some synintruslve shearing. 

No postlntruslve folding of this pluton body has been reported. 

3.3.15.8 Geophysics 

Geophysical surveys In the area have been limited to the country-rock 
margins of the bathollth. Electromagnetic surveys have traced the greenstone 
metavolcanlcs. 

Scudles indicate a near-circular residual gravity low of -32 n^al (see 
Fig. 3.5) over the Katahdln (Hodge eC al., 1982). Gravlcy eoncrast profiles 
Indlcace chat the pluton continues Co a depch of abouC 3 km (1.9 ml). 

3.3.15 Lead Mountain Pluton (Plate II, Pluton 36) 

3.3.16.1 Size. Shape, and LocaClon 

Outcrops of the Lead MounCaln plucon are found In che Lead Mountain, 

Great Pond, Ellsworth, Tunk Lake, and Cherrvfleld 15-mln quadrangles In 

eastern Maine. Its map plan Is nearly Crlangular, wlch Irregularly shaped 

extensions at the northern end (In the Nicatous Lake quadrangle) and ac Che 

southeast corner. The pluton is approximately 58 km (36 ml) long and 35 km 

(22 ml) wide ac Its maximum extent; outcrops occur over on area of about 1048 

kn (405 m r ) . 
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Fig. 3.5 Bouguer Gravity Anomaly Map over the Mt. 
Katahdln Bathollth (Source: Hodge et al., 1982) 

3.3.16.2 Relative and Absolute Age 

The Lead Mountain pluton intrudes into the lower Paleozoic 

metasedimentary rocks of the greenschlst facies, and is associated with post-

Acadian activity in eastern Maine (Page, 1968; Lolselle and Ayuso, 1980), 

suggesting that its relative age is Late Devonian. Radiometric analyses of 

rocks with mineralogies equivalent to that of the pluton yielded a Rb-Sr 

whole-rock age of 392 + 17 m.y. (Lolselle et al., 1983b). 

3.3.16.3 Origin 

The pluton exhibits a chemical composition characteristic of granitic 

magma emplacement in nonorogenlc settings. The rock has a higher absolute K2O 

content, a higher K20/Na20 ratio, a higher absolute Rb content, a lower CaO 

content, and a lower K/Rb ratio than other Maine Intruslves Interpreted as 

I-type granitoids (Lolselle and Ayuso, 1980). The magma does not appear to be 

derived from the melting of metamorphosed pelitic sedimentary strata or from 
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mature sedimentary source material (Lolselle and Ayuso, 1980); It was probably 

emplaced by stoplng. 

3.3.16.4 Petrography 

Mineralogy and TexCural Reladons. The pluton Is a coarse-grained 

alkallc granite with subhedral feldspar, quartz, and mafic mineral grains. It 

has a low color Index, and blotite predominates over hornblende. Accessory 

minerals Include zircon, apatite, allanlte, amphlbole, and opaque mineral* 

(Lolselle and Ayuso, 1980). 

Alteradon. Secondary alteration of the granitic body has not been 
described. 

3.3.16.5 Secondary Intrusions 

Very small quartz and sulfide veins are present In the granidc body. 

3.3.16.6 Councry Rocks 

The pluton exhibits sharply defined Intrusive contacts with che 

metasedimentary country rocks. The contact-metamorphlc aureole Is 

approxlmacely I km (0.5 ml) wide (Lolselle and Ayuso, 1980) and extends Into 

rocks of Cambrian co Silurian age. 

3.3.16.7 Rock StrucCure 

Fauldng in che Norumbega fault zone has cut and deformed the norch end 

of Che plucon. The post-Acadian displacement Is a righc lateral strike-slip 

motion parallel to che crend of che Merrimack synclinorium. Alchough the 

plucon Is fractured by local jolnclng, there Is no major Joint system. 

No major flow structures are present on a large scale; local gnelssold 
banding occurs In Isolaced outcrops or samples. No fold structures In che 
granite body have been described. 

3.3.16.6 Geophysics 

Gravlcy data of Hodge eC al. (1982) suggesc that Chis plucon most 
likely connects wlch che BoCCle Lake complex in che subsurface, and may extend 
to a depth of 10 km (5 ml ). 
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3.3.17 Lexington Pluton (Plate II, Pluton 17) 

3.3.17.1 Size, Shape, and Location 

The Lexington pluton is located in west-central Maine in the Little 

Bigelow Mountain, Stratton, Pierce Pond, and Kingfield quadrangles. Small 

portions occur in eastern Bingham and Anson quadrangles. It is elongated from 

north to south, with a smooth east side and a knobby west side. The length is 

about 35 km (22 mi); the width Is about 10 km (6 mi). Outcroppings are found 
2 2 

throughout an area of about 307 km (118 mi ). 

3.3.17.2 Relative and Absolute Age 

Intrusion of the Lexington into the Seboomook, the youngest 

metasedimentary unit in the area, places a maximum relative age of Early to 

Middle Devonian on the Lexington pluton. The truncation of Acadian fold 

structures In the metasedlments Indicates post-Acadian, or at least 

posttectonlc. Intrusion. The metamorphlc halo of the pluton is superimposed 

on the contact metamorphlc halo of the nearby Sugarloaf gabbrolc massif, 

indicating that intrusion occurred after emplacement and crystallization of 

the Sugarloaf body (Boone, 1973). The only radiometric study of the Lexington 

pluton was by Naylor (1973), who gave a Rb-Sr age of 360 ± 12 m.y. 

3.3.17.3 Origin 

Forcible emplacement of the Lexington pluton occurred in three phases, 

which are reflected in the contrasting mineralogies hnd petrologies that occur 

in three lobes of the pluton. Emplacement of the pluton marked the final 

stage of the structural evolution of the area. Pre-intruslve Acadian fold 

structures to the east of the intrusion are relatively undisturbed and, at map 

scale, the pluton is strongly discordant to those structures. On the western 

side of the pluton, the surrounding country rock exhibits features directly 

related to emplacement of the Intrusion. The close proximity of several 

gabbrolc massifs to the west and north of the Lexington pluton also has caused 

superimpositlon of both structural and metamorphic effects on the intervening 

metasedlments. All indications are that the granitic bodies post-date the 

gabbrolc intruslves. 

Forced emplacement of the magma was accompanied by stoplng of wall and 

roof rocks. Large roof pendants of Carrabassett and Seboomook pelitic rocks 

are present, and have been metamorphosed to a granofels. Both sharp and 

diffuse boundaries occur at Igneous rock contacts, with tongues, dikes, and 

sills intruding into the metasedimentary country rocks. On the basis of 

gravity data and Internal fabric, Roller (1978) proposed that the pluton 

evolved by lateral spreading of pulses of granitic magma from a feeder from 

the north. 
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3.3.17.4 Petrography 

Mineralogy and Textural Reladons. The main mass of the Lexington 

pluton consists of Chree dlfferenc mineralogies and textures (Boone. 1973). 

As conCacC relations becween Chese chree phases have not been determined, 

there Is no reason to consider any of chem as secondary. 

The norch lobe of Che Incruslon Is sn equigranular blotite-magneclce 

quartz monzonlce that Is coarse grained, with some minor porphyritic 

variants. It Is massive, with no evidence of zoning due to flow or 

fractionation. The average bulk composition of feldspar Is An-20, with a 

zoning from tnore calcic cores to albldc rltis. The minor mineral, blotite, 1* 

an Iron-rich phase, while the alteration product, chlorite. Is of Che 

greenallte variety. Octahedrons of magnetite occur everywhere, but In very 

small propordons. 

The central part of the pluton consists of very coarse-grained quarcz 

monzonites and quartz syenite porphyries. In which a concentration of 

granofelslc roof pendants occurs. The phenocrysts In the syenitic phase are 

almost entirely alkallc feldspsr. Condnuous gradations from quartz monzonite 

porphyries to quartz syenite porphyries occur. The average modal composition 

of the quartz monzonite porphyries Is qusrtz, 16-30%; alkallc feldspar, 20-

55%; and albldc plagloclase. 17-45%; wlch minor volumes of blotite, 

magnetite, apatite, muscovite, and courmallne. Mineral segregadon and 

allgnmenc of phenocrysts are pervasive In chis phase of the Intrusion. 

The southern lobe of the Incruslon, which occurs In che northeastern 

quarter of the Kingfield 15-mln quadrangle and Che norChwesCern quarter of the 

Anson 15-raln quadrangle. Is s fine- to raedlura-gralned blotICe-muscovlCe quarcz 

monzonlce. A single pecrographlc rnode analysis yielded che following 

composldon: qusrtz, 31%; alkali feldspar, 28%; plagloclase, 28%; blotite, 

5%; and imjscovlce, 7%; with minor to trsce quantities of magnetite, apatite, 

and Courmallne. 

Alteration. Plagloclase feldspar phenocrysts in the porphyritic phase 

of the Intrusion have been largely alcered to polygranular aggregates of 

muscovite. blodce, and epidote. Roughly 30% of all blotite la partially 

altered to chlorite and magnetite. Large crystals of muscovite occur 

occaslonolly as Inclusions In plagloclase. These are probably replacement 

crystals, being cogenedc wlch chloride alceradon of blocltes. 

3.3.17.5 Secondary Incruslons 

Although Chere Is no field evidence for determining che order of 

Intrusion of the three lobes, posslbU sequences of emplacement have been 

inferred on che haals of Indirect petrologlc evidence. If che percencage of 

mafic minerals and che calcic naCure of che plagloclase Is taken as a simple 

fractionation Index, the cryatalllzatIon sequence would be from Che moderaCely 
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mafic quartz monzonite and quartz syenite porphyry to the less mafic, 
equigranular quartz monzonites, which have more quartz. 

3.3.17.6 Country Rocks 

The country rock consists of a sequence of Middle Silurian to Lower 

Devonian metasedimentary rocks. The Middle Silurian Perry Mountain formation 

consists of potassic metashales and cyclically Interbedded quartz-rich 

metasandstones. The Middle to Upper Silurian Small Falls formadon consists 

of black sulfidic metashales interbedded with thin, quartzose metasandstones 

and sulfidic calc-silicate rocks. The Upper Silurian to Lower Devonian Madrid 

and Carrabassett formations consist of quartzites, metagraywackes, and 

metaslates. The Lower Devonian Seboomook formation consists of interbedded 

and intercalated fine-grained sandstones, dark-gray slltstones, and slates. 

Coarse, pelitic granofelslc roof pendants of the Seboomook and Carrabassett 

formadons occur in the syenitic porphyry phase of the intrusion. Complexes 

of igneous dike swarms also occur in these pendants. 

3.3.17.7 Rock Structure 

No postlntrusion faulting of the igneous body has occurred. Data on 

Joint sets could not be found in the literature. 

The preferred orientation of feldspar grains and biotite flakes in the 

porphyritic phases of the intrusion indicates extensive flow. The absence of 

preferred orientation in the equigranular mlneraloglc phases Indicates that 

this is a primary texture and not tectonically induced. No folding of either 

the intrusion or the surrounding country rock oceurrdd in post-Acadian time. 

3.3.17.8 Geophysics 

On the basis of a regional gravity study by Kane and Bromery (1968), 

the Lexington pluton was thought to be one of three cupolas of a large 

granitic mass. The Phillips and Redington intruslves were proposed as the 

other two cogenetlc bodies. Although the quartz monzonite phases of all three 

intrusions are similar, the syenitic phase occurs only in the Lexington 

pluton. The gravity field has a maximum negative anomaly over the foliated 

porphyritic syenite phase of the Intrusion, and indicates that the Intrusion 

is at least 2700 m (9000 ft) thick at that point. A comprehensive gravity 

study by Roller (1978) suggested that the Lexington pluton is roughly 

horizontal and tabular at depth, with a maximum verdcal thickness of 3500 m 

(11,500 ft). It has vertical contact with the rocks in the north and dips at 

low angles in the other directions. 
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3.3.18 Lucerne Pluton (Plate II, Pluton 41) 

3.3.18.1 Size, Shape, and Locadon 

The Lucerne pluCon Is located In Hancock and PenobscoC eouncles. It Is 

exposed about 5 km (3.1 ml) from the ocean and extends Inland about 66 km (41 

ml) in a northeasterly direction. The extrapolated surface area Is about 670 

km (259 ml ). The mapped shape of the pluton Is Chac of an elongaCed 

triangle. The Lucerne pluton Intrudes into three to four fault-bounded blocks 

that are elongated parallel to the coast (see Fig. 3.6). The pluton Is 

adjacent to the Norumbega fault zone on Its norchwestern side. Local 

metamorphlc rocks are high-grade pellces, which have been moderaCely Co 

severely diced and folded. 

3.3.18.2 Relaclve and Absolute Age 

The Lucerne body has been dated by several means. Faul et al. (1963) 

arrived at a K-Ar age on mica of 355 m.y. Lolselle et al. (1983b) found an 

age of 371 + 21 m.y. by the Rb-Sr whole-rock method, and 380 + 5 m.y. by Pb-Pb 

analysis on zircon. The pluton cuts the norcheasterly Acodlan foliation. 

3.3.18.3 Origin 

The Lucerne granite was emplaced by forceful Intrusion. The evidence 

Includes drag folding of surrounding metasedlments. Inclusions of councry 

rocks In the body of the Intrusion, dikes of Che Intrusion In surrounding 

rocks, and the spreading of che magma along preexlsclng planes of weakness In 

country rocks (Wones, 1980). 

3.3.18.4 Petrography 

Mineralogy and Textural Relations. The subhedral blotICe-mlcroperthlte 

gronlte of the Lucerne pluCon has two major faclea — seriate (norch and souch 

of Sunny Side faulc) and porphyrldc (Wones, 1980). The pluton Is abundantly 

coarse grained, hypldlomorphlc. and sparingly kapaklvl cexcured (only 5% of 

Che alkali feldspar crystals sre mantled by plagloclase). The principal 

minerals are quarCz (21-36%), alkali feldspar (32-53%), plagloclase (19-30%), 

and bloclce (2-9%). Accessory minerals Include fluorlte, tourmaline, 

llmenlte, and apatite. 

Alteration. Secondary alteradon of Che Lucerne pluton Is minor, and 
Is represented by uraUdzed pyroxene', chlorlclied blotite, and secondory 
magnetite (Wones, 1980). 
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Fig. 3.6 Generalized Geologic Relations of the 
Lucerne Pluton (Source: Wones, 1980. 
Copyright 1980, Am. Mineralogist; 

reprinted with permission) 
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3.3.18.5 Secondary Intrusions 

Wones (1974) has reported the presence of swarms of apatlce dikes. 

Wones (1980) decrlbed the only pegmatite from near Moose Brook. 

3.3.18.6 Country Rocks 

On the northwest and northeast, the Lucerne pluton Is bounded by the 

Vassalboro formadon. a calcareous pellte (see Fig. 3.6). On the southeast, 

the pluton contacts the Ellsworth schist. The PenobscoC formation, a 

graphitic sulfide schist, bounds the Lucerne on Its souChwescern and east 

central sides. The pluton's contact metamorphic aureole extends about I ka 

(0.6 mi) from Its edges (Novak and Wones, 1979). 

3.3.18.7 Rock Structure 

The Sunnyslde fault separates the northern porphyritic facies from the 

southern seriate facies. The Norumbega faulc syscem truncates the pluton on 

the north (Wones, 1979). There are only a few small flow structures at the 

margins of the pluton. There Is no reported folding or fold structure in or 

related to the Intrusion. 

3.3.18.8 Geophysics 

The Lucerne pluton contains no primary magnetite. As a result, the 
pluton has a flat magnetic signature as compared Co surrounding councry 
rocks. This feature has helped to locate the covered edges of the pluton 
(Wones, 1980). 

A Bouguer anomaly of -30 mgal coincides with che plucon in a broad flat 

gravity region (see Fig. 3.7). Sharp gravlcy gradlencs sc Che edges of the 

Lucerne pluton indicate steep contacts and a relatively shallow, flot bose. 

Sweeney (1975) suggested o 4-8-km (2.5-5-ml) thickness (olso see Hodge et ol., 

1982). Gravity studies Indlcste upward vertical dlsplacemenc of abouC I km 

(0.5 ml) on the southern side of the Sunnyslde fault (Wones, 1980). 

3.3.19 Lyman Pluton (Plate II. Pluton 4) 

3.3.19.1 Size, Shape, and Location 

The Lyman pluCon Is approxlmacely 32 km (20 ml) long and 8 km (5 ml) 

wide, and Is roughly rectangular with somewhat rounded ends. OuCcrops occur 

wichln an area of abouc 205 km^ (89 ml^). primarily In the Kennebunk and 

Buxton 15-mln quadrangles. The pluton parallels the regional structure, 

extending In a northeasterly dlrecclon. 
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Fig. 3.7 Bouguer Anomaly Map over the Eastern Coast of Maine 
(granitic rocks are represented by the stippled pattern; 
gabbrolc rocks of the Bays-of-Malne complex are shown by 

patterned lines; unpatterned areas are low-grade 
metamorphlc rocks; faults are heavy lines) 

(Source: Hodge et al., 1982) 

3.3.19.2 Relative and Absolute Age 

Doyle et al. (1967) do not consider the Lyman pluton to belong to the 
New Hampshire plutonlc series. Gaudette et al. (1975) reported whole-rock 
Rb-Sr ages of about 440 m.y. This age has recently been revised to 322 ± 12 
m.y. (Gaudette, in press). 

3.3.19.3 Origin 

Page (1968) interpreted the Lyman pluton as belonging to a Late 
Devonian plutonlc series, and as being emplaced by forceful injection and 
stoplng. 

3.3.19.4 Petrography 

Mineralogy and Textural Relations. The Lyman pluton is a light-gray to 
pinkish-gray biotite-muscovite granite (Hussey, 1962) of fine to medium grain 
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size thac Is locally porphyrldc. Blotite Is the predominant mica In the 

southwestern half of che mass, which grades norcheastward Into a granite 

richer In muscovite. In the vicinity of Lyman, It closely resembles che 

blotlte-muacovlte granites found at Freeport and Hallowell, Maine (Hussey, 

1962). 

The Lyman pluton contains many small pegmatites and apllte stringers. 

These bodies are mlneralogically slrallsr to the main body and tend to be more 

abundant near the margins of che pluton. The northern end of the pluton tends 

Co be associaced with more massive pegmatites. 

Alteration. Information about secondary alteradon of minerals Is noC 

well documenced In the literature. 

3.3.19.5 Country Rocks 

Although the Lyman pluton Is Intruded primarily into the metamorphosed 

calcareous rocks of the Berwick formation, Ic also has concacCs with a gray 

hlotlte-muscovlce schist from the lower part of the Rlndgemere formation and a 

silvery blotlte-muscovlte-staurollte schist from the Gonlc formation. 

3.3.19.6 Rock ScrueCure 

The Lymon pluton shows slight follaclon at Its southern end and become* 

Increasingly foliated northward. The foliation generally follows the Inferred 

contacts of che rock body. In che center of the pluton, the follaclon crends 

northeastward, following the regional structural trend of che surrounding 

councry rock. At the pluton's northern and southern ends, the foliation 

becomes nearly east-west In orientation (Hussey, 1962). 

Hussey and Newberg (1978) Interpret the topographic lineament expressed 
by the Lyman pluCon as an Indlcadon of Che reactivation of the Nonesuch River 
fault In the area. 

3.3.20 Meddybemps and Related Granite (Place II. Pluton 30) 

3.3.20.1 Size, Shape, and Location 

The Meddybemps granites and several adjacent Intrusions (che Boring, 

Charlotte, ond Cooper plutons) are small, related plutons In southeastern 

Maine. They together cover about 147 km^ (57 ml^); they are Created as one 

complex m chis report. This belt of Intrusions extends from near Calais, aC 

the mouth of Che Sc. Croix River, souchwescward InCo che Bavs-of-Maine Igneous 

complex (see Fig. 3.3). The Baring granite la located souchwesc of the Calais 

gabbro-dlorite; the Meddybemps granite Is souCheast of the Baring granite; and 

to the east of che Meddybemps granite Is che Charlotte granite. 
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The composite shape is roughly that of a rectangle with rounded corners 

that extends from northwest to southeast. The surrounding geologic environ

ment consists of moderately to steeply dipping low-grade metasedlments and 

metavolcanlcs. The intruslves and the surrounding country rocks parallel the 

regional northeast-southwest structure of the area (Amos, 1963). 

3.3.20.2 Relative and Absolute Age 

The Baring, Charlotte, and Meddybemps granites intrude into the Calais 

gabbro-dlorite, which indicates a Middle Devonian time of emplacement of the 

intrusions. Radiometeric K-Ar and Rb-Sr age data on biotite (Faul et al., 

1963) and Rb-Sr data on whole rock (Spooner and Falrbalrn, 1970) clearly 

Indicate a 400-m.y. age for these Intrusions. 

3.3.20.3 Origin 

Amos (1963) states that emplacement of the complex was by passive magma 

intrusion along a linear structural weakness, accompanied by some 

assimilation. This is supported by the gravity studies of Blggi and Hodge 

(1983). No mention of brecciation, xenoliths of country rock in the 

intrusions, or folding of country rocks due to Intrusion was found in the 

literature. 

3.3.20.4 Petrography 

Mineralogy and Textural Relations. The following description is 

excerpted from Amos (1963). The Meddybemps granite consists of a light-

salmon, medium-grained biotite granite. The alkali feldspar is not perthitlc, 

and the plagloclase is normally zoned. The Baring granite is a homogeneous, 

white, medium-grained, subporphyritic biotlte-perthlte granite. The potassium 

feldspar is microcline, and the nonperthitlc plagloclase ranges from An-24 to 

An-38. Traces of magnetite and chlorite are present. The Charlotte granite 

is a light-tan to light-brlck-red, medium-grained biotite granite. The alkali 

feldspar is nonperthitlc, and the plagloclase is normally zoned. 

Other rock types include fine-grained biotite granite (An-23-26), fine

grained granophyre, and quartz-rich to quartz-poor quartz monzonite. 

Micrographic Intergrowths of quartz and potassium feldspar are common, as are 

myrmekite, cuneiform intergrowths, and other Irregular Intergrowths. Another 

common characteristic of these intrusions is an abundance of miarolitic 

cavities (Abbott, 1978). 

Alteration. There is little mention in the literature of secondary 

alteration, except for weathering. 
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3.3.20.5 Secondary Intrusions 

Small pegmatite and apllte dikes are sparsely scattered throughout the 

complex (Amos, 1963). 

3.3.20,6 Country Rocks 

The Baring granite Is bounded on the norchwest by the pre-Sllurlan(?) 

Charlocce group, which consists of dark argllllte, slace, mica schlsc, 

quartzlte. phylllte, mica gneiss, and metamorphosed mafic volcanic flows. The 

Charlotte group also occurs on the southwestern side of the Meddybemps 

granite. To the south of he Charlotte granite occur the Pembroke formation, 

the Quoddy shale, and the Eastport formation. The Pembroke formation is a 

gray shale, which dips gently north. The Lower Silurian Quoddy shale is an 

easterly dipping (20°-30°) shale with Intercalated rhyolites and tuffs. The 

Lower Devonian Eastport formation, to the south of the Red Beach granite 

(Spooner and Falrbalrn, 1970) Is a moderately northeast-dipping series of 

basalt, rhyollce, and andeslte flows mixed In with several chin red shales and 

arglllltes. The Upper Devonian Perry formadon lies Co che east of the Red 

Beach granice. and Is a gencly soucheascerly dipping unIc of conglomerace, 

arkose, sllcscone, shale, and Incerbedded basalt flows. The contact aureoles 

of che Intrusions extend less than 460 m (1500 ft) Into the country rocks 

(Amos, 1963). 

3.3.20.7 Rock Structure 

A number of northwesc-trending faults cut the Intrusive complex. Two 

faults that have each been traced for 3-5 km (2-3 ml) cut the Red Beach 

granite but have lateral displacements of less than 0.8 km (0.5 mi). A fault 

at least 8 km (5 ml) long occurs between the Charlotte granite and the 

Meddybemps granite. Amos (1953) shows two extensive faults along the 

southwestern edge of Che Baring granice. The only Indication of flow In the 

complex occurs In the Baring granite. I.e.. as scattered areas of aligned 

microcline crystals and areas of aligned blotite crystals near contacts (Amos, 

1963). Late Carboniferous folding and fauldng are well known In souChwesCern 

New Brunswick noC many miles Co che eaat (Rase and Scrlnger, 1975). 

3.3.20.8 Geophysics 

Hodge et al. (1982) reported an Increase In Bouguer values In this 

area. They also suggested thst che Jonesboro and Norchfleld plutons may be 

connected at depth. The pluconlc bodies are Cyplfled by circular anomoUes on 

o residual grovlcy map (see Fig. 3.8) (Blggl and Hodge, 1983). 
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Meddybemps 
Granite 

Pleasant 
Bay Gabbro 

Fig. 3.8 Residual Bouguer Gravity Map for Part of the Eastern 
Coast of Maine (relevant mafic and felslc plutons: 5 - Peaked 

Mountain Pond gabbro-dlorite complex; 6 - granodlorlte of 

Whltneyvllle; 10 - Gardner Lake gabbro-diorite 
complex; 13 - Pocamoonshlne gabbro-diorite; 17 
- Meddybemps granite; 18 - Charlotte granite; 
19 - Red Beach granite; 20 - Baring granite; 

21 - Calais gabbro-dlorite complex) 
(Source: Hodge et al., 1982) 
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3.3.21 Mooselookmeguntic Pluton (Plate II, Pluton 13) 

3.3.21,1 Size, Shape, and Location 

The map plan of the Mooselookmeguntic pluton Is very Irregular, though 

basically arcuate. The plucon Is 48 km (30 ml) long from Che northern d p of 

the arc to the southern tip. Its greatest width Is 19 km (12 ml). The 

exposed area of the pluton Is over 634 km^ (245 ml ). Outcrops are found In 

the Oquossoc, Rangeley, and Rumford quadrangles. 

3.3.21.2 Relative and Absolute Age 

A whole-rock Rb-Sr age of 379 + 6 m.y. has been suggested for the 

Mooselookmeguntic pluton (Moench and Zartman, 1975). The pluton is a member 

of the New Hampshire plutonlc series, which was emplaced late in the Early or 

Middle Devonian. Pegmatites from the area have ages consistent with that of 

che Mooselookmeguntic pluton (Moench and Zartman, 1975). 

3.3.21.3 Origin 

The Mooselookmeguntic pluCon has been Interpreted as a portion of a 

sheetlike Intrusion thac arches upward; Kane and Bromery (1968) relied on 

gravity daca in proposing that che pluton may extend to the northeast, under a 

thin veneer of metasedlmenCary rock, to the Lexington pluton. Smaller 

plutonlc bodies In the area are Interpreted either as cupolas or Isolated 

granitic masses emplaced above the main sheet(s). Supporting this theory Is 

the fact that the contacts of the pluton dip shallowly outward In all direc

tions (Moench and Zartman, 1975). Ic is not clear whether the plucon Is 

syntectonlc or posttectonlc. Lux (1983) suggested that either cooling and 

uplift events at different stages of evolution of the pluton, or post-Acadian 

reheating, are consistent with the argon distribution In hornblende-blot Ice 

mineral pairs In chis and oCher relaCed rock bodies. 

3.3.21.4 PeCrography 

Mineralogy and Textural Relations. The northeastern part of the pluton 

Is composed mostly of a binary quartz monzonite. Blotite In this rock Is rare 

or absent. Pegmatite dikes are locally abundant and form many of Che higher 

elevadons In the region because of their resistance to weathering. 

The south-central portion of the pluton Is composed of o two-nlco 

granice that Is light gray In color and fine to medium grained. The minerals 

microcline and oligoclase occur In similar percentages. Quartz accounts for 

nearly one third of the rock, while blotite account* for only 1-2%. Accessory 

minerals are apatite and zircon. 
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The southeastern portion of the pluton is composed of a transitional 

zone containing both the two-mica granite and a sphene-bearing granodlorlte. 

The zone contains abundant Inclusions of granodlorlte, tonallte, and quartz 

dlorlte, as blocky cubes roughly 1 m (3 ft) on a side. They are coarse 

grained and show no particular orientation. Primary foliation in the more 

mafic rock is cut sharply by the granite. 

The far southeastern corner of the pluton is composed of sphene-bearing 

granodlorlte, tonallte, and quartz dlorlte. The rocks are medium to dark gray 

and medium grained. Major constituent minerals Include oligoclase-andeslne, 

quartz, and biotite (13-25%). Microcline, muscovite, and hornblende occur 

locally. Accessory minerals Include sphene, allanlte, apatite, epidote, 

zircon, llmenlte, and pyrite (Moench and Hildreth, 1976). 

Alteration. The finer-grained varieties of the sphene-bearing 

granodlorlte in the southeastern corner of the Mooselookmeguntic pluton 

commonly weather to a rust color (Moench and Hildreth, 1976). Chlorite after 

blotite is extremely common. Saussuritizatlon of calcic plagloclase also 

occurs commonly (Moench and Zartman, 1976). 

3.3.21.5 Secondary Intrusions 

Pegmatites are common in the Mooselookmeguntic pluton and the 
surrounding metasedimentary country rock. 

3.3.21.6 Country Rocks 

The contact zone is extremely complex in map 'plan and is surrounded in 

places by a contact metamorphic aureole. The pluton is in contact with a wide 

ariety of Igneous and metasedimentary rocks (see Fig. 3.9). In the inner, 

concave portion of the pluton, it is in contact with the Devonian Umbagog 

granodlorlte. On its outer northern margin, the pluton Intrudes into an 

Ordovician granite; on the outer northeastern edge, it intrudes into a small 

body of Devonian gabbro. The pluton shares boundaries with many meta

sedimentary units and contains small blocks of these rocks, which may be 

remnants of roof pendants (Moench and Hildreth, 1976). 

Along the outer northern edge of the pluton, the wall rock consists of 

a Cambrian-Ordovician sulfidic shale, a slate and metasiltstone of the 

Aziscohos formation, and other unnamed units. Also present are undifferen

tiated sedimentary rocks, including graywacke, sandstone, slltstone, and 

shale; a metamorphosed shale; and a sandstone having subordinate quartz-rich 

polymlctlc conglomerate. 

The southern outer margin of the pluton is In contact with metamor

phosed sandstone and shale; dark-gray sulfidic phylllte, schist, and gneiss. 
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calc-silicate gneiss and granullte of the Boot and Howard Pond members of the 

Littleton formation; and rhythmically bedded shale and sandstone. The far 

southern margin is in contact with dark-gray slate, schist, gneiss (Including 

parts of the Littleton formation above the Boot member and some of the Upper 

Rlndgemere formation), sulfidic schist, and minor amounts of metaconglomerate 

and metasandstone. The inner northern margin of the pluton is in contact with 

a phylllte that is relatively rich in chlorite and a slate with variable 

amounts of interbedded quartzlte. The granodlorlte of the Umbagog pluton 

shares a boundary with the Mooselookmeguntic pluton at approximately the 

midpoint of the arc of its concave side. 

The southern inner margin of the pluton is in contact with the Ordo

vician metamorphosed felslc to mafic volcanic rocks, Interbedded metavolcanlcs 

of the Ammonoosuc volcanics, and minor amounts of granite gneiss, 

metaconglomerate, metasandstone, sulfidic metasandstone, and slate (Moench, 

1970a; Moench and Hildreth, 1976). 

3.3.21.7 Rock Structure 

The area surrounding the eastern margin of the Mooselookmeguntic pluton 

abounds in apparently Inactive faults that are oriented in a northeastly or 

northwesterly direction. Many of these are truncated by the pluton. 

The primary foliation in the two-mica granite suggests syntectonlc 

emplacement; it consists oJ subparallel orientation of micas and feldspars 

that is not Immediately noticeable. The sphene-bearing granodlorlte usually 

is well foliated. 

The area surrounding the pluton has undergone at least three episodes 

of metamorphlsm. The younger metamorphic features can be attributed to a late 

deformation that resulted in the last two metamorphic events. The most recent 

deformation manifests Itself in small recumbent and large flexural folds; 

complex slip cleavage and a related schlstosity; domes; and conspicuous 

flexural cross folds that trend in a northwesterly direction. The fold and 

fault interrelationships in the Phillips and Rangley quadrangles are displayed 

in Fig. 3.10. 

Kane and Bromery (1968) suggested that the Mooselookmeguntic pluton and 

several other plutons in the area are related to a subhorizontal sheetlike 

intrusion originally emplaced at a depth of 11-14 km (7-9 ml). Moench and 

Zartman (1976) noted that the eastern contact of the pluton, which dips gently 

to the east, could extend at depth to the Lexington pluton. They described 

the Lexington pluton as composed of a cupolalike mass wider than it is thick 

and a subhorizontal sheet believed to occur at a depth of 1.5-3 km (1-2 ml). 

The thickness of the sheet is believed to be about 1.5-2 km (1-1.2 ml) (Moench 

and Zartman, 1976). 
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Fig. 3.10 Isometric Block Diagram of Central Parts of Rangeley 

and Phillips Quadrangles Showing Early Folds and Faults, 

Preferred and Alternative Interpretations of Plutonic 

Structure, Metamorphlc Zoning, and Superposed 

Late Recumbent Folds (Source: 

Moench and Zartman, 1976) 

3.3.22 Mt. Waldo Pluton (Plate IT, Pluton A2) 

3.3.22.1 Size, Shape, and Location 

The Mt. Waldo pluton Is located In eastern Hancock County, Maine, west 

of the Lucerne pluton and northwest of the Sedgwick granite. It Is exposed on 

the west bank of the Penobscot River about 1.3 km (0.8 ml) from the ocean and 

extends Inland for about 10 km (6 ml).. Outcrops occur within a rough triangle 

with rounded corners, whose surface area Is about 123 km (47 ml ). 
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3.3.22.2 Relative and Absolute Age 

Zartman et al. (1970) arrived at a K-Ar age on biotite for the Mt. 

Waldo granite of 325 m.y. Sweeney (1975) quoted a personal communication from 

D.G. Brookins in which Brookins reported a Rb-Sr whole-rock age of 390 + 10 

m.y. for Mt. Waldo rocks. The Mt. Waldo pluton intruded into metamorphosed 

rocks older than Middle Devonian. 

3,3.22.3 Origin 

The mode of emplacement is disputed. Trefethen (1944) stated that flow 

structures within the granite and possible drag effects in surrounding country 

rocks indicate forceful intrusion along faults or fractures. King (1977) 

said that numerous small inclusions of country rock in the Mt. Waldo granite 

and the map pattern indicate stoplng as a more likely means of emplacement. 

3.3.22.4 Petrography 

Mineralogy and Textural Relations. The Mt. Waldo granite is a light-

to medium-gray, medium- to coarse-grained, porphyritic blotite granite (Trefe

then, 1944). Perthitlc microcline is the predominant potassium feldspar. 

Nonperthitlc plagloclase is oligoclase (An-12-15) (King, 1977), and hornblende 

is occasionally abundant. Trace amounts of apatite, magnetite, tourmaline, 

zircon, zolsite, muscovite, and secondary chlorite are present. 

Alteration. Secondary alteration of the Mt. Waldo granite occurs to a 

minor extent. 

3.3.22.5 Secondary Intrusions 

Local occurrences of an irregular hornblende dlorlte may be an early 

phase of the Mt. Waldo pluton. Apllte dikes are relatively common, as are 

simple pegmatite lenses (Trefethen, 1944). 

3.3.22.6 Country Rocks 

The northern half of the Mt. Waldo granite is bounded by the 

Passagassawakeag gneiss. The Vassalboro formation (Kellyland-Bucksport 

formation), a calcareous pellte, occurs to the east and southwest. The 

southeastern corner of the pluton is bounded by the Penobscot formation, a 

graphitic sulfide schist. The pluton's metamorphlc aureole extends out less 

than 2 km (1.25 ml) and is a hornblende hornfels facies (Winkler, 1967). 



72 

3.3.22.7 Rock Structure 

Map-scale joints are Infrequent, but strike roughly west-northwest. A 

similar set, possibly related to Che set within the pluton, occurs In adjocent 

metamorphlc rocks. Many of the fractures show minor offsets of dikes and 

sllckensides (Trefethen, 1944). 

The Mt. Waldo granice is famous for Ics rock bursts, which are sudden 

and often violent breakings of rock caused by the rapid or Instantaneous 

release of accumulated strain energy In highly stressed rock masses (Ue 

et al., 1979). 

Much of the Mt. Waldo granite contains a distinct flow pattern, 

parallel to the contacts, that Is formed by subparallel feldspar phenocryst* 

(Trefethen, 1944). There are no major folds In or related to the Mt. Waldo 

pluton. 

3.3.22.8 Geophysics 

Gravity studies (Sweeney, 1976) and modeling Indicate an average 

thickness for che Mc. Waldo granite of less than 7 km (4.4 ml); much of the 

body Is probably about 5 km (3 ml) thick. The southern contact Is near 

vertical (Sweeney, 1975); the western side dips at an angle of less than 60* 

west; and the eastern side dips about 75° west (Sweeney, 1976). The gravity 

low Is outlined by a -20 mgal contour on the Bouguer map (see Fig. 3.7). 

3.3.23 Moxle Pluton (Plate II. Pluton 23) 

3.3.23.1 Size, Shape, and Locadon 

The Moxle plucon la a mafic Intrusive body located In west-central 

Maine, at the southwestern end of Che Mt. Katahdln pluCon. The pluton Is 

about 70 km (43 ml) long and, on average, about 5 km (3 ml) wide. Three major 

protuberances of greater wldch occur In Che south and central pordons of the 

Incruslon. OuCcrops are found wichln a CoCal area of approxlmacely 371 km 

(143 ml ). Gravlcy survey data (Kane, 1961) suggesC Choc Che northeostern 

part of che pluCon may have che form of a 3-kra (1.8-ml) Chick, steeply dipping 

dike, and chac che wide Irregular areas fsrcher northeast and southwest 

reflect undulations In a large sheet like body thac Is several miles thick 

(Espenshade, 1972). The long axis of the Intrusion has an approximate scrlke 

of N. 55* E., vrtilch Is parallel Co Che sCrlkes of regional sCrucCures. 

Outcrops are found In che aouchern half of First Roach Pond quadrangle, the 

soucheascern quarcer of Mooaehead Lake'quodrangle, the norchwestern quarter of 

the Greenville quadrangle, the southeasCern quarcer of the Forka quadrangle, 

ond Che northern quarter of che Bingham quadrangle. 
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Metamorphosed country rocks form topographically high landforms, and 

unmetamorphosed sedimentary and Igneous rocks have weathered into lowlands and 

valleys. Morainal and outwash deposits from Pleistocene glaciers cover most 

of the bedrock in the area. 

3.3.23.2 Relative and Absolute Age 

The mafic rocks of the pluton intrude into Upper Silurian and Lower 

Devonian metasedimentary rocks (Espenshade and Boudette, 1967; Espenshade, 

1972). Adjacent to the pluton these rocks have been metamorphosed to 

hornfels, indicating that emplacement and metamorphlsm were contemporaneous. 

This places a maximum relative age of Early to Middle Devonian on the intru

sive event. The absence of younger rocks precludes estimating a minimum 

relative age. Faul et al. (1963) report a K-Ar date of 393 m.y. from biotite 

contained in a norite sample. 

3.3.23.3 Origin 

Field investigations of textural and mlneraloglc variations (Espenshade 

and Boudette, 1967; Espenshade, 1972), coupled with magnetic data (Kane and 

Bromery, 1968), indicate that the intrusive is thick, steeply dipping, and 

sheetlike. As indicated by magnetic data, the body has a 60° dip 

southeasterly, with the southeastern contact being the top of the intrusive 

and the northwestern contact the floor. Texture is produced by discordant 

flow orientation of phenocrysts with respect to the wall rock. Both the 

textural and geophysical data suggest that the large oval protuberances are 

conduits. The width of the contact aureole is much larger (up to 3 km (2 ml]) 

than those associated with the more felslc intruslves in Maine. This can be 

attributed to mafic magmas being hotter. 

The divergence of fold axes in the country rocks as they approach the 

Intrusion indicates a degree of forceful injection (Espenshade and Boudette, 

1964), There are few reported occurrences of xenoliths in the pluton, but 

this could be due to complete melting of inclusions by the high-temperature 

magma. The inclusions that do occur are xenoliths of hornfels, and they occur 

only adjacent to the contacts. Very tight minor folds occur in the hornfels 

adjacent to the pluton but not in the nonmetamorphosed sedimentary rocks, 

which also indicates forceful Injection (Espenshade and Boudette, 1967). 

Schulman and Hon (1983) proposed, from mlneraloglc and geochemical 

considerations and the distribution of high-magnesium and high-iron rocks, 

that the central part of the pluton resulted from fractionation of a high-

aluminum gabbrolc magma. 
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3.3.23.4 Petrography 

Mineralogy and Textural Relations. The Moxle pluton consists of 

several related mafic rock types. TrocCollCe and norlCe are the mosC 

abundant, with minor occurrences of gabbro, dunlce, and dlorlce. The 

troctolite Is a dark, medium-grained rock composed of plagloclase (50-80Z), 

olivine (15-40Z), orthopyroxene (4-1231), cllnopyroxene (0-3?), ond minor 

amounts of hornblende, blotite, opaque minerals (probably magnetite), and 

apadce (Espenshade, 1972). Plagloclase composldon Is An-55-75, while chac 

of olivine Is Fo-25-75. Troctolite dominates In the northern and western 

outcrops. Indicating that It may form che dominanc rock on Che floor of the 

Intrusion. 

Norltes InCergrade wlch che crocCollte; they are brown, medium- to 

fine-grained rocks wlch a modal composldon of plagloclase, 50-851; olivine, 

0-6J; orchopyroxene, 13-40X; cllnopyroxene, O-IOZ; and hornblende, 0-lOt; with 

minor amounts of blotite, magnetite, cummlngtonite, and apatite (Espenshade, 

1972). Plagloclase composition Is An-25-50; olivine Is of unknown 

composldon. Norite Is the dominanc rock cype along the southeastern contact 

of the Incruslon. In general, raagneslum-rlch mineralogies domlnace che 

souChern pordons, and Iron-rich mineralogies domlnaCe Che cencral and 

northern pordons of Che Intrusion. Acheson and Hon (1983) reported that 

cumulate and noncumulate portions define Che Iron-enrlched and calc-alkallne 

phases, respecdvely. 

Alceradon. The mafic rocks of Che Moxle pluton characCerisdcally are 

very fresh and unmetamorphosed (Espenshade, 1972). Minor alceradon does 

occur In che dlorldc phases, which are a less common rock type In the 

complex. The absence of weathered or altered zones has been attributed to 

differencial erosion during Plelscocene glacladon. The altered and weathered 

rocks were stripped off because they were less reslstont. 

3.3.23,5 Secondary Intrusions 

The Moxle pluton contains a diverse suite of mafic rock Cypes ranging 

from gabbros Co dlorlces. When compared Co ocher major stratiform Intruslves 

containing the same suite of rocks, che Moxle Incruslve moss Is conspicuous In 

Chat It lacks regular cyclic layering (Espenshade, 1972). Poor bedrock 

exposure complicates attempts to relate Individual rocks to dlfferendatlon 

schemes. Alchough classifIcaclon of Che various mineralogies as eicher 

primary or secondary Is not supported by field evidence, the complex 

Incerreladonshlps and distribution of known rocks Indicate multiple 

Intrusion*. 

Although rock types other than the norite or troctolite occur, no 

secondary dikes or all la sr. recognized to be the result of separate mogmotlc 

events. The Moxle pluton Is cut by flne-grolned felslc dikes ot Rum Cove and 

lower Wilson Pond. Additional exposures of small dikelike bodies of felslc 
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rock at Trout Pond and north of Moore Bog do not appear to intrude into the 

mafic rock (Espenshade and Boudette, 1967). In the northeastern to central 

part of the pluton small, fine-grained granitic bodies of potassium feldspar, 

quartz, and biotite are exposed along the eastern side of Moosehead Lake and 

east of Beaver Cove. Espenshade (1972) mapped these as small dikes or sills 

of quartz monzonite and granodlorlte. He also observed quartz-feldspar 

pegmatites a few Inches thick in that part of the Moxle pluton. However, none 

of these occurrences can be proven to be differentiated secondary intrusions. 

3.3.23.6 Country Rocks 

The Devonian sedimentary country rocks have been subjected to four 

separate events leading to four characteristic mineralogies: (1) primary 

sedimentation, (2) secondary regional metamorphlsm, (3) contact metamorphlsm, 

and (4) retrograde metamorphlsm resulting from diagenesls. The primary 

sedimentary mineralogy occurs in a lower 760-m (2500-ft) section of limey 

sandstone capped by 1500-1800 m (5000-6000 ft) of pelitic rocks. The pelitic 

sequence consists of a 150-m (500-ft) shale unit interbedded with fine-grained 

sandstone and feldspathic sandstone, a middle 900-1050-m (3000-3500-ft) shale 

unit with very localized thin beds of sandstone, and an upper 600-750-m (2000-

2500-ft) sequence of dark gray shales commonly Interbedded with graded 

sandstone beds 13-30 cm (5-12 in.) thick. Prior to intrusion, the entire 

sequence experienced a regional metamorphlsm to chlorite grade, which 

transformed the shales to slates. 

The slates, slltstones, and sandstones intruded into by the Moxle and 

Katahdln plutons have been thermally altered to hornfels-grade metamorphic-

rocks. These contact aureoles are more resistant to weathering and erosion 

than the crystalline igneous rocks, and stand out as prominent ridges around 

the intruslves. In many circumstances, these ridges serve as the sole 

indicator of the boundaries of the intruslves. Directly adjacent to the Moxle 

pluton, the silllmanlte-cordlerite metamorphic zone has a gnelsslc to 

granoblastic texture, with some vestiges of original bedding. Accessory 

minerals are quartz, perthitlc potassium feldspar, rare zoned plagloclase, 

biotite, muscovite, and andalusite. This zone is occasionally absent but may 

extend up to 3 m (10 ft) from the intrusion, at which point it is replaced by 

the andalusite-amphlbole metamorphlc belt. This zone, which varies from less 

than 300 m (1000 ft) to more than a kilometer (several thousand feet) wide, 

consists of a light-gray schist. The grain size varies from coarse to fine 

across the zone. The inner coarse-grained portion contains the accessory 

minerals quartz, blotite, feldspars, and muscovite. Actinolite and tremolite 

are common in the more calcareous sequences. After the disappearance of 

andalusite, biotite persists as the lowest-grade contact metamorphic index 

mineral for up to 8 km (5 mi) from the intrusion. 

The mineral Isograds for the higher-grade zones are parallel to the 
contacts of the intrusion. The biotite isograd differs in that it Intersects 
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and Joins biotite isograds for the adjacent Onawa dioritlc pluton. Bald 

Mountain stock, and Shirley Blanchard stock. All of these Isograds have wider 

zones south of the intrusive. This widening can be attributed to two effects 

— the southerly dip of the Incruslve and Che greater heat flux from the top 

of the Intrusion. 

3.3.23.7 Rock Structure 

Structural deformadon of the region apparently took place before 

intrusion. Although che councry rock Is folded and fractured, shear zones and 

associated cataclastlc structures In the Moxle pluton are rare (Espenshade and 

Boudette, 1967). Joints and shear zones trend northwest and are someclmes 

Incompletely lined by che alteration mineral cummlngtonite. South of Big 

Indian Pond, on the southeastern contact of the pluton, are two fault 

exposures (Espenshade and Boudette, 1967). 

Plagloclase crystals arranged In planar orientation parallel to 

compositional layering produce a laminated flow structure dipping 20°-60' N. 

Two interpretations of this flow structure are discussed by Espenshade and 

Boudette (1957). One Is ChaC Che linear orientation of plagloclase crystals 

was created by significant convection currents during fractional 

crysCalllzadon of the magma. The second Interpretation, which does not 

preclude the first. Is that the lamination formed principally by gravitational 

settling but may have been accompanied by convection currents causing linear 

orlencaclon. The flow sCrucCures ac Che margins of the pluton are nearly 

conformable with the southeast-dipping contacts. Within the Intrusive body, 

however, flow structures are highly discordant to the dip of the contacts 

(Pfann, 1979). 

The Moxle pluton and associated granitic stocks have undergone 

deformadon. Since che surrounding councry rocks are dghtly folded, the 

pluton apparently Intruded and solidified after the events that deformed the 

country rock. There are small-scale, dghc folds within a limited region of 

the contact metamorphlc aureole that have been attributed to forceful 

Intrusion of the magma (Espenshade and Boudette, 1967). 

3.3.23.8 Geophysics 

An aeromagnetic survey by Bromery et al. (1963) showed strong magnetic 

anomalies related to the Moxle pluton, which Indicate the structural 

orlencaclon of Che concacts and Che occurrence of associated burled gabbro 

bodies. High magnetic anomalies occur on Llccle Squaw MounCaln (27 units) and 

west of Blue Ridge between Rum Mountain and Cranberry Pond (25 units) on Che 

souChern side of che Moxle plucon. The magnedc data on che norch side of the 

plucon do noe exhibit a pattern as closely relaCed to che shape of the mafic 

body (Espenshade, 1972). 
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On the basis of paleomagnetlc studies, Pfann (1979) concluded that the 
Moxle pluton is a concordantly Intruded, 500-to-2500-m (1640-to-8200-ft) 
thick, sill-like body that has been folded into steeply plunging folds in a 
post-emplacement deformation of moderate to severe intensity. 

Data from a gravity survey by Kane and Peterson (1961) show that the 
Moxle pluton is near a major, conspicuously linear, positive gravity anomaly 
(Espenshade and Boudette, 1967), 

3.3.24 Peaked Mountain Pond Gabbro-Dlorlte Complex (Plate II, Pluton 33) 

3.3.24.1 Size, Shape, and Location 

Peaked Mountain Pond is an oval complex of gabbros and dlorites in 
eastern Maine between the Lead Mountain pluton and the Whltneyvllle 
granodlorlte (Westerman, 1979). The complex underlies an area of about 112 
km (43 mi ); it is an oval about 7.5 km (4.7 ml) long and 3.8 km (2.3 ml) 
wide. 

3.3.24.2 Relative and Absolute Age 

Doyle et al. (1967) assigned a Devonian age to the complex. 

3.3.24.3 Origin 

The Peaked Mountain Pond pluton is part of the, mafic igneous intrusion 
represented by gabbro-diorite complexes, e.g., Gardner Lake and Calais (Amos, 
1963) along the east coast of Maine. 

3.3.24.4 Petrography 

Mineralogy and Textural Relations. The gabbro-dlorite is medium to 
coarse grained. It is primarily composed of plagloclase, hornblende, and 
pyroxene. 

Alteration. Evidence of alteration is not reported in the literature. 

3.3.24.5 Secondary Intrusions 

Late-stage granitic differentiates form small Intrusions (Chapman, 

1962). 
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3.3.24.6 Country Rock 

The Lead Mountain pluton Is In contact with the west side of the Peaked 

Mountain Pond pluton. To the east lies the granodlorlce aC Whltneyvllle. 

Peaked Mountain Pond Is bordered by slate, schists, gneisses, and quarczlce to 

the south and west. 

3.3.24.7 Rock Structure 

No major structural features are described for the body. 

3.3.24.8 Geophysics 

On the basis of gravity data, Blggl and Hodge (1983) suggested thac Che 

Peaked MounCaln body Is probably a sheecllke Incruslon 1.5-3 km (1-2 •!) 

thick. 

3.3.25 Phillips Pluton (Plate II, Pluton 12) 

3.3.25.1 Size, Shape, and Location 

The Phillips pluton Is located In west-central Maine In the southern 

half of the Phillips 15-mln quadrangle and In the western half of the Dlxfleld 

15-mln quadrangle. The pluton has an Irregular, elongate shape, with two 

lobes connected by a narrow neck. The northeastern lobe Is approximately 10 

km (6 ml) long from the northeast Co Che southwest and 5-8 km (4-5 ml) wide. 

The larger lobe lies Co the souchwesc and Is 24 km (15 ml) long and 8-10 ka 

(5-5 ml) wide. Outcrops occur In an area of about 218 km (84 ml ). 

3.3.25.2 Relative and Absolute Age 

Geophysical evidence Indicates that the Phillips and nearby Redington 

and Lexington plucons are cupolas of a condnuous subsurface mass (see Sees. 

3.3.17 and 3.3.29). Therefore, the age of the Phillips pluton Is probably the 

same as that of the other cwo plutons. I.e., Early to Middle Devonian. The 

Mooselookmeguntic pluton. a short distance to the west and possibly continuous 

with the Phillips pluton at depth, has a Rb-Sr age of 379 + 6 m.y. (Moench and 

Zartman, 1975). This Is approximately che boundary between Early and Middle 

Devonian. 

3.3.25.3 Origin 

Plutons of the New Hampshire plutonlc series have Cwo contrasting modes 

of emplacement. They were InCruded eicher hv forced Injecdon or by passive 
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digestion of country rock along margins and roofs. The Phillips pluton was 

forcibly Intruded. Its contacts with country rocks are sharp and steep, and 

exhibit both concordance and discordance on a local scale (Moench and Zartman, 

1976). The bedding, foliations, lineations, and fold axes of the 

metasedimentary country rocks wrap around the pluton. Megascopic foliation in 

the core of the pluton is absent, implying post-tectonic emplacement. A 

faintly preferred orientation of micas, localized near the contacts, has been 

interpreted as a slip cleavage formed during emplacement (Pankiwskyj, 1964). 

3.3.25.4 Petrography 

Mineralogy and Textural Relations. The rocks of the Phillips pluton 

are fine to medium grained and typically equigranular. Minerals exhibit 

random orientations except near contacts with country rocks. The pluton 

consists of granodlorlte, with minor amounts of quartz monzonite and 

granite. The granodlorlte phase is leucocratic, with mafics comprising less 

than 7%. The modal composition is 15-20% quartz and 75-80% feldspar, with a 

7:1 ratio of plagloclase to microcline. Minor mineral phases (less than 1%) 

are muscovite, biotite, epidote, and sphene; trace quanities of apatite, 

zircon, and magnetite occur. The only volumetrically significant rock of 

different character, which was intruded synchronously with the granodlorlte. 

Is a quartz dlorlte, which occurs at or near contacts with country rocks. 

This phase is slightly more mafic than the coarser-grained granodlorlte, with 

biotite composing up to 15% (Pankiwskyj, 1964; Moench and Zartman, 1976). 

Alteration. Saussuritizatlon (replacement of a mineral by the 

assemblage zolsite, epidote, alblte, calcite, serlclte, and zeolites) of the 

feldspars has been noted by Moench (1954), and probably reflects late deuteric 

alteration. Replacement of the blotltes by chloritd also has been observed 

(Pankiwskyj, 1964). The K-Ar dating of btotite, which indicated a metamorphic 

re-equllibration of the rock during the Pennsylvanian, is further evidence of 

extensive alteration at the onset of the Alleghenian orogeny (Pankiwskyj, 

1964). 

3.3.25.5 Secondary Intrusions 

Two minor secondary intrusions occur in the pluton. The oldest is a 

light-colored quartz monzonite, which contains inclusions of the preexisting 

granodlorlte. The monzonite and granodlorlte are, in turn, pervasively cut by 

late-stage aplitic and pegmatltic dikes. The pegmatites, which have a greater 

density in the country rock than in the pluton, consist of quartz, 

clevelandlte, potassium feldspar, biotite, black tourmaline, garnet, apatite, 

and some beryl. The quartz monzonite differs from the main mass of the 

intrusion in having a higher percentage of muscovite and a lower percentage of 

blotite (Moench, 1954; Pankiwskyj, 1964). 
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3.3.25.6 Country Rocks 

The country rock surrounding the pluton consists of approximately 

5000 m (20,000 ft) of metasedimentary rocks. This thickness has been 

subdivided Into three stratlgraphlc unlcs on Che basis of llchology. The 

basal sequence Is about 1200 m (4000 ft) of metamorphosed Silurian sandstones, 

calcareous sandstones, shales, colc-slllcote rocks, and noncalcareous 

shales. The middle sequence is 1500 m (5000 ft) of Lower Devonian sulfidic to 

nonsulfidic shale, sandstone, calcareous sandstone, shale, and calc-slllcate 

rock. This unit Is capped by the Lower Devonian Hildreth formation, which 

consists of calcareous metasbale. The upper sequence is 2100 m (7000 ft) of 

interbedded sandstones and shales (Osberg, 1968). These rocks have been 

metamorphosed above Che regional metamorphic grade Co hornfels around che 

plucon for a distance of I km (0.5 ml) from Che conCact. The hornfels facies 

forms a resistant ridge around the easily eroded granodlorlte (Moench, 1954). 

3.3.25.7 Rock Structure 

Two phases of development of joint sets are recognized In the Phillips 

pluton. The first phase consists of joints and fractures filled wlch apllce 

and pegmadte. Poor outcrop exposure of the easily eroded pluton prevents 

determination of the regional attitudes of this set. The second set, which Is 

devoid of filling, cuts across both the pluton and the country rock. These 

joints have three different structural attitudes. The strongest set Is 

vertical and scrlkes ease Co wesc, perpendicular Co che regional structure. 

The second most prominent set is near vertical and parallels Che regional 

structure, wich s north-co-souch strike. A minor northwest-to-southeasC-

strlklng sec Is presenC, which Is slso verdcal (Moench, 1954). 

A large fault, the TamtraCCle Mountain faulc, cuts across both che 

Intrusion and the country rock. The fault parallels the contact of the 

northern lobe of the Intrusion In the Phillips quadrangle and cuts across the 

narrow neck connecting the two lobes of Che Incruslon. The faulc Is 

associated wlch a heavily slllclfled zone snd areas of slip cleavage tn 

adjacent rocks. 

The Phillips pluton Is a mainly equigranular, nonfollace body. The 

only noticeable flow texture Is at or near Che margins of che pluton, where a 

slip cleavage has oriented micas parallel to the regional structure 

(Pankiwskyj, 1964). The pluCon shows no evidence of postlntruslve folding. 

3.3,25.8 Geophysics 

A model for the three-dimensional shape of Che Phillips pluton has been 

developed by Kane and Bromery (1958) using gravlcy daCa. The resulcs of Chelr 

analyals Indlcace thac the pluton Is a cupola of a granitic sheet Chat 

includes both the Reddlngton and Lexington plutons. In the area between 
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outcrops of the three cupolas, the granite is estimated to be 1500-3050 m 

(5,000-10,000 ft) below the surface, and to have an average thickness of 

1500 m (5000 ft). These interpretations are tenative at best, as the gravity 

data were never terrain-corrected (Moench, 1976). 

3.3.26 Pierce Pond Pluton (Plate II, Pluton 18) 

3.3.26.1 

The Pierce Pond pluton of northwestern Maine crops out in the Pierce 

Pond, Little Bigelow Mountain, and Stratton 15-min quadrangles. The pluton 

extends over 141 km (54 mi ); Its long axis trends in a northeasterly 

direction (Boone, 1970) for about 23 km (14 ml). Much of the western half of 

the pluton is covered by Flagstaff Lake, while Pierce Pond lies predominantly 

in the northeastern part of the pluton. A small lobe of the pluton extends 

away from the main body in a southeasterly direction into the Lexington 

pluton. The Pierce Pond pluton is Intimately associated with the Flagstaff 

pluton and may be continuous with the Kennebago pluton, the area between them 

being occupied by the Flagstaff pluton (see Fig. 3.11). 

3.3.26.2 Relative and Absolute Age 

The Pierce Pond pluton is a member of the New Hampshire plutonlc series 

(Boone, 1970 and 1973) which is, in Maine, a northeasterly trending series of 

granodioritic to gabbrolc rocks, from the Umbagog pluton on the Maine-New 

Hampshire border to the Moxle pluton in north-central Maine. Radioisotopic 

data indicate that these bodies were emplaced in th« Early to Late Devonian, 

an age that is supported by the stratlgraphlc relations of the plutons. 

3.3.26.3 Petrography 

Mineralogy and Textural Relations. The Pierce Pond pluton is composed 

chiefly of normal gabbro but also contains lesser amounts of noritic gabbro 

(Boone, 1970 and 1973). The gabbro is massive, nonfoliated, and coarse 

grained. Major minerals Include plagloclase, cllnopyroxene, orthopyroxene, 

and olivine. Lesser amounts of the following minerals, including accessory 

minerals, are found: llmenlte, magnetite, chalcopyrlte, pentlandite, 

pyrrhotite, hornblende, apatite, and blotite. The presence of these minerals 

from one locality to another is variable. Along its southwestern edge and at 

the northwestern tip of the body, part of the pluton abruptly becomes 

granitic in composition. Major minerals of this phase Include plagloclase, 

biotite, quartz, and potassium feldspar. Lesser amounts of apatite and 

magnetite are found, while llmenlte occurs as an accessory mineral. 
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Fig. 3.11 Generalized Geologic Map of South

easCern Spencer. SouChern Pierce Pond, 

Norcheascern Scraccon. and Norchern 

Llccle Bigelow MounCaln Quadrangles 

(Source: Boone eC al., 1970) 

Alteration. Limited alteradon of mineral consClCuencs Is presenC. 

3.3.26.4 Secondary Incruslons 

Veins and dikes of a blodCe-CourraaUne pegmadce cut pordons of Che 
southern psrt of the pluton (Boone, 1973). 

3.3.25.5 Country Rocks 

The Pierce Pond plucon Is surrounded by a contact-metamorphlc 

aureole. The pluCon has metamorphosed pordons of che slace and mecasl ICsCone 

of the Aziscohos formation, which Is exposed around all except che souChern 

edge of che pluton. This formadon also Is In contact with the younger 
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Flagstaff and Lexington plutons and the dark-gray slate and metasandstone of 

the Seboomook formation (Doyle et al., 1967). 

3.3.26.6 Rock Structure 

Minor evidence of flowage in the Pierce Pond pluton is present on the 

east side of Pierce Pond Mountain, Hedgehog Mountain, and on an island in 

Otter Pond Cove. The banding is entirely local and displays some crystal 

sorting and settling. Little compositional variation occurs among the layers. 

3.3.26.7 Geophysics 

The Pierce Pond pluton is situated in a zone of predominantly 

northeast-trending inactive faults. There are also faults that strike in a 

northwesterly direction. 

3.3.27 Pocamoonshlne Gabbro-Dlorlte (Plate II, Pluton 34) 

3.3.27.1 Size, Shape, and Location 

The Pocamoonshlne gabbro-diorite is a north-to-south-trending intrusive 

n eastern Maine. It is 

de; outcrops occur over 

and Wesley 15-min quadrangles. 

body in eastern Maine. It is approximately 29 km (18 mi) long and 10 km (6 

mi) wide; outcrops occur over approximately 141 km (54 mi ) in the Big Lake 

3.3.27.2 Relative and Absolute Age 

The relative age of the Pocamoonshlne gabbro-diorite is Devonian (Doyle 

et al., 1967) because it intrudes into Silurian and older metasedimentary 

units and is crosscut by granitic dikes of Devonian age. No published 

absolute age is available. 

3.3.27.3 Origin 

The intrusive magmatic origin of the gabbro-diorite body is Indicated 

by the inclined contacts, rock textures, the contact-metamorphlc aureole, and 

Inclusions of contact-metamorphosed metasiltstone and slate. Smaller inclu

sions have a llt-par-llt structure, the planes of which strike N. 60°-80° E. 

and dip vertically. Page (1968) states that the mode of emplacement of a 

group of Late Devonian plutons was by forceful injection and stoplng. 
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3.3.27.4 Petrography 

Mineralogy and Textural Relations. The Pocamoonshlne gabbro-dlorite It 

a medlum-grey-green to black gabbro-dlorite ronglng from o fine-grained, salt-

and-pepper hornblende dlorlte to a coarse-grained olivine gobbro (Larrabee et 

al., 1965). The olivine gabbros conCaln mineral grains greaCer than 8 mn (0.3 

in.) in diameter. The rock CexCure varies from gabbrolc to dlabaslc. 

Minerals In the gabbro-dlorite Include cllnopyroxene, olivine (altered to 

brown hornblende), polkllltlc primary hornblende, magnetite, apatite, and 

reddish-brown blotite. 

North of the main gabbro-diorite body, near the mouth of Berry Brook 

Flowage In WalCe quadrangle, a coarsely cryscalllne rock resembling che 

Pocamoonshlne gabbro-dlorite crops out on three very small, closely spaced 

Islands (Larrabee. 1964a). The rock Is a coarse-grained granodlorlte consist

ing of dark-green Co black hornblende crystals averaging 3-5 mm In length, 

whlce plagloclase, orthoclase, and green-black blotite Choc concains zircon. 

Megascopic pecrographlc slmllarldes with the Pocamoonshlne gabbro-dlorlce 

suggesc Chac It may connect beneath che surface to the main body of gabbro-

dlorite (Larrabee et al., 1965). 

Alteration. Most of the original olivine and cllnopyroxene grains hove 

altered to brown hornblende. Schlllerlzatlon Is apparent In the cllnopyroxene 

grains, and relict schlller scructure persists In the altered grains. The 

granodlorlte occurrence directly north of the Pocamoonshlne gabbro-dlorite 

pluton exhibits alteration of bloclce Co chlorlce and plagloclase Co serlclce. 

3.3.27.5 Secondary Incruslons 

The gabbro-dlorlce Is InCruded InCo by dikes of medium-grained blotite 
granice 15-20 cm (6-8 In.) wide. 

A pegmaddc facies containing graphic Intergrowths of feldspar and 
hornblende aggregates up to 15 x 10 cm x 8 cm (6 x 4 x 3 In.) and crystals as 
large as 1.2 x 2.5 cm (0.5 x I In.) Is exposed along Dog Brook. 

3.3.27.6 Country Rocks 

The country rocks Into which the Pocamoonshlne gobbro-dlorlte was 

Intruded are early Paleozoic metasedimentary units. I.e., the dark argllllte 

division of the Charlotte Group of Ordovician age (phylllte, schist, slate, 

and quartzlte) and the argl llaceoua-sl I Iceous Kellyland formadon of Silurian 

age (mainly metasUtsCone). The concacca beCween the Incruslve and Che 

councry rock dip outward, the eastern side more steeply Chan Che wesCern side 

(Larrabee. 1964a; Larrabee eC al., 1965). The eaaCern contacC Is faulced. and 

decreases In Incllnadon beneach the surface Co Che ease (Larrabee, 1964a). 

Tongues of Intrusive gabbro alternate wlch hornfels along che wesCern and 
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southern contacts, where the pluton Interfingers with the contact-

metamorphosed Kellyland formation (Larrabee, 1964a; Larrabee et al., 1965). 

The aureole is well developed and extends approximately 0.8-4 km (0.5-

2.5 ml) away from the pluton in map plan. Contact aureoles are marked by 

increased amounts of magnetite, biotite, silllmanite, graphite, and crystals 

of chiastolite up to 1 x 16 cm (0.5 x 6.5 in.) in size. The Kellyland 

formation also contains cordlerlte, andalusite, pyrite, and pyrrhotite at its 

thermally retrograde-metamorphosed contact with the Pocamoonshlne gabbro-

diorite. 

3.3.27.7 Rock Structure 

The pluton is traversed by joints, but the joints are not organized in 

a major system. The body Is faulted along its eastern contact by a northeast-

trending fault that dips steeply to the east. The northern quarter of the 

body is offset by an east-northeast-trending fault that extends across a large 

area, including the entire width of the Pocamoonshlne gabbro-diorite in the 

Big Lake quadrangle. 

The structural lineations of the gabbro-diorite have a northerly trend 

and may reflect intrusive flow patterns. The Pocamoonshlne gabbro-diorite is 

not folded. It does contain rare local layering in the contact zone. The 

layering dips steeply to vertically, which precludes a relationship to the dip 

of the contact (Larrabee, 1964a). 

3.3.27.8 Geophysics 

The pluton is marked, in part, by a circular gravity anomaly enclosed 

by +2- to -6-mgal contours (see Fig. 3.8). 

3.3.28 Quaker Hill Pluton (Plate II, Pluton 7) 

3.3.28.1 Size, Shape, and Location 

The Quaker Hill pluton is a two-mica granite that lies west of Augusta 

on the east bank of the Androscoggin River. The pluton is arc-shaped, about 

20 km (12 mi) long by 5 km (3 ml) wide, and underlies an area of about 87 km 

(33 mi ) in the Livermore Falls and Lewiston quadrangles. 

3.3.28.2 Relative and Absolute Age 

No radiometric age is available for the Quaker Hill pluton, but 

llthostratlgraphlc correlation indicates that it is part of the New Hampshire 
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plutonlc series (Doyle et al., 1967). Moench et al. (1982) Indicated that 

Quaker Hill Is lithologically similar to Che Sebago bachollchs, and also che 

Mooselookmeguntic pluton. However, Gaudette et ol. (1975) and Lyons (1979) 

proposed that the two-mica granites may be Carboniferous or Permian In age. 

3.3.28.3 Origin 

Quaker Hill lies In the high-grade area of Acadian metamorphlsm. As It 

has similarities to the S-Cype granites, it may be derived from partial 

melting of metasedimentary source rocks. Its Intrusive character Is reflecCed 

In Its discordant reladons to the bedding and foliation in the Sllurlan-

Devonlan(?) sequence. Xenoliths of polydeformed rocks occur In che 

Incruslon. The smaller pluConlc bodies In the area of Che Mooselookmegunclc 

pluton (Moench and Zartman, 1975) and the Sebago Lake pluton (Hodge et al., 

1982) may be cupolas or Isolated granitic masses emplaced above a main, sheet

like batholithlc Intrusion. 

3.3.28,4 Petrography 

Mineralogy and Textural Reladons. The Quaker Hill pluton Is composed 

of a pale gray, fine- to medlum-gralned, equigranular two-mica granite that Is 

massive or weakly foliated. Locally, muscovite granite and two-mica 

granodlorlte are found. Fisher (1941) mapped the entire pluton os s 

granodlorlce. Major minerals are microcline, oligoclase, quartz, and 

blodce. Garnet, tourmaline, silllmanite, zircon, and apatite are accessory 

minerals (Moench ec al.. 1982). 

Alteration. Quaker Hill lies In a silllmanite Isograd (Moench and 
Zartman, 1976). 

3.3.28.5 Secondary Intrusions 

Pegmadces and apllces are common In the Quaker Hill pluton. The 

northeast corner of che pluton was Intruded Into by a Mesozolc alkallc gabbro 

and syenite In the Androscoggin Lake area (Moench et al., 1982). 

3.3.28.5 Country Rocks 

The Quaker HI II pluton Is almost totally surrounded by Sllurlan-

Devonlan(?) metamorphosed calcareous sandstone, slltstone, and graywacke. The 

pluton also has metamorphosed quartz wacke, conglomerace, slltstone, and shale 

as wall rock to the north, and che Watervllle formation aa wall rock to the 

west (Doyle et al., 1957). All contact relations are discordant. 
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3.3.28.7 Rock Structure 

Even though the pluton has a general orientation consistent with the 

regional fabric, it has discordant relations with foliation, etc., in the 

country rocks. 

3.3.28.8 Geophysics 

Kane and Bromery (1968) and Hodge et al. (1982) provided detailed 

gravity studies for Maine, and their data correlate well with the observed 

geology. No specific data are available for the Quaker Hill pluton, but it is 

located in an area of structural and metamorphlc complexity and near the 

junction of regional gravity gradients found by Kane and Bromery (1968). The 

Sebago Lake bathollth to the southwest and the Waldboro pluton to the 

southeast are two prominent gravity anomalies. 

3.3.29 Redington Pluton (Plate II, Pluton 15) 

3.3.29.1 Size, Shape, and Location 

The Redington pluton is a batholith located In west-central Maine in 

the southwestern quarter of the Stratton, the northwestern quarter of the 

Phillips, and the northeastern quarter of the Rangely 15-min quadrangles. The 

Intrusion has a roughly elliptical shape, with a long axis of approximately 18 

km (11 mi) that strikes N. 55° E., and a short axis of about 8 km (5 ml). A 

small protuberance projects to the southeast. In addition, a number of small 

satellite granitic bodies occur in the intrusion's contact metamorphic halo. 

The mapped area shown in Plate II is about 136 km (52 mi ). 

3.3.29.2 Relative and Absolute Age 

The pluton intrudes Into mainly Silurian sedimentary rocks, roof 

pendants of which partially cover portions of the Intrusion. The sedimentary 

rocks include the Lower Silurian Rangeley formation, the Middle Silurian Perry 

Mountain formation, and the Middle to Upper Silurian Small Falls formation. 

This indicates a relative age for the Intrusion of Late Silurian to Early 

Devonian. No stratlgraphlc indication of the minimum age of the intrusion is 

available, as younger Paleozoic rocks are absent. Structural interpretations 

have assigned the intrusion to the New Hampshire plutonlc series (Moench, 

1970). 

Radiometric dates for the Redington pluton are lacking. Limited but 

inconclusive data exist for the Phillips pluton to the south, which is 

considered to be a cupola associated with a large intrusion of which the 

Redington pluton is also a part (Kane and Bromery, 1968). 
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3.3.29.3 Origin 

The Redington pluton shows evidence of forced Injection Into che 

mecasedlmencary councry rocks, as do Ics cogenedc sisters, the Phillips and 

Lexington plutons. Regional structures terminate against and wrap around the 

Intrusion. Discordant reladons are found on both large and small scales. In 

contrasc Co Che Phillips pluCon, where sedlmencary rocks dip away from che 

Intrusion, the sedimentary rocks surrounding the Redington pluton dip towards 

che Incruslon (Moench and ZarCman, 1975). Large roof pendancs occur that are 

oriented opposite to the regional sCructure (Moench, 1954). Contacts exhibit 

Intimate Intercalation of the metasedimentary country rock and the Igneous 

intrusion, with granidc Congues InCruded along bedding planes. Moench and 

ZarCman (1976) Infer chis pluCon to be essentially sheecllke. 

3,3.29.4 Petrography 

Mineralogy and TexCural Reladons. The occurrence of large roof 

pendancs Indlcaces that erosion has exposed only che very Cop of the pluton. 

Mineralogy and petrology are therefore restricted to the suite of rocks at che 

top of the Incruslon. and may noC be represencaclve of Che whole body. The 

cogenedc reladonshlp of che Redlngcon and Phillips pluCons suggesCed by Kane 

and Bromery (1958) Is In pare supporced on a mlneraloglc basis. The two 

Intrusions have very similar compositions but contrasting textures, reflecting 

different degrees of erosion Into their respective magma chambers (Moench, 

1954). The Redington pluton, which partially retains Its eroslon-reslscant 

roof rock, has excellent outcrop exposures. In contrast to the equigranular 

Phillips pluton. It is coarsely porphyrldc, concalnlng abundanc small 

Inclusions of councry rock. The elongate Inclusions, feldspar phenocrysts, 

and blotite flakes have a planar allgnmenc. The xenollchs are rounded to 

angular (Moench, 1954). 

Alteration. Alteradon In the Redington granodlorlte Is Che same as In 
the Phillips stock. 

3.3.29.5 Secondary Incruslons 

The lack of InformaClon In che llceracure on secondary intrusions asy 
Indicate chac they are not significant In che area. 

3.3.29.6 Country Rocks 

The surrounding country rock conslscs of sedlmencary units displaying 

mlneraloglea of both a regional metamorphlc grade and a hornfelslc grade. Che 

laccer from conCacC metamorphiam. Away from che conCacC aureole, Che Silurian 

raecasedlraencsry rocks conslsC of (1) Incerbedded and InCerCongulng metasbale. 

(2) feldspathic metasandstone. (3) polymlctlc metaconglomerate, (4) quartz 
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metaconglomerate of the Rangeley formation, (5) potassic metasbale and 

cyclically interbedded metasandstone of the Perry Mountain formation, (6) 

black sulfidic metashales interbedded with thin quartzose metasandstone, and 

(7) sulfidic calc-silicate rocks of the Small Falls formation (Moench and 

Zartman, 1976). Adjacent to the intrusion and atop it in the roof pendants, 

these contact rocks have been subjected to a secondary (contact) metamorphlsm 

to hornfels grade, which caused decreases in silica, magnesium oxide, and 

calcium oxide, and increases in aluminum oxide and potassium oxide (Moench, 

1954). Texturally, the hornfels exhibits no preferred orientation in its 

petrofabric. 

3.3.29.7 Rock Structure 

No recorded faults occur in the Redington pluton, and a systematic 

analysis of joint sets does not exist in the literature. 

The preferred orientation of feldspar phenocrysts, xenoliths, 

inclusions, and biotite flakes indicates a flow texture. This interpretation 

is supported by the lack of stress-induced foliation in the adjacent hornfels 

metamorphlcs. The turning and twisting of the flow textures in what appears 

to be eddies (turbulent flow) further supports the interpretation of this 

foliation as a primary flow texture. The turbulent pattern precludes 

determining structural attitudes on this foliation (Moench, 1954). 

By the nature of the primary flow texture and lack of foliation in the 

hornfels country rock, the pluton appears not to have been subjected to post

lntruslve plastic deformation. 

3.3.29.8 Geophysics 

As discussed in Sees. 3.3.17 and 3.3.25, the Redington pluton is 

considered to be one of three cupolas of a large granitic sheet (Kane and 

Bromery, 1968). Gravity interpretations indicate an average thickness of 

1520 m (5000 ft). 

3.3.30 Rome Pluton (Plate II, Pluton 11) 

3.3.30.1 Size, Shape, and Location 

The Rome pluton is a roughly triangular body, about 25 km (15 mi) on 

each side, that underlies an area of about 461 km (178 mi ). It lies 

predominantly in the Norrldgewock 15-min quadrangle, but extends into the 

Watervllle, Augusta, and Farmington 15-min quadrangles. A significant part of 

the pluton is covered by moderately large lakes, of which Great Pond is the 

largest. This pluton is one of the larger bodies in a concentration of 

intruslves found in the western part of Maine. 
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3.3.30.2 Relative and Absolute Age 

The Rome pluCon Is a member of the New Hampshire plutonlc series. 

Dallmeyer (1979) dated the oluton at 314 m.y. and 281 m.y., by Incremental-

release analysis of the Ar -Ar conCenC. Dallmeyer sCates that these ages 

are actually much younger than the emplacement of the pluton and probably 

reflect a later metamorphlc episode. Such metamorphlc reheating would have 

affected the argon retention of the rocks. 

3.3.30.3 Origin 

Furlong (1960) noted Che presence of Included blocks and roof pendancs, 

indicating that stoplng probably played a role In the emplacement of the Rome 

pluton. Foliated margins suggest probable syntectonlc emplacement (Osberg, 

1979). 

3.3.30.4 Petrography 

Mineralogy and Textural Relations. The Rome pluton consists of a 

medium-grained, equigranular bloclte granodlorlte. Major minerals are plaglo

clase, microcline, quarcz, and bloclce. Lesser amounts of hornblende and 

garnet occur locally In limited amounts (Furlong, 1950). 

Alteradon. Mafic minerals show alteration to chlorite. 

3.3.30,5 Secondary Intrusions 

Pegmatites In che Rome granodlorlce are generally elongaCed and 

associaced with fractures In che rock (Furlong, 1960; Osberg, 1979). 

3.3.30.6 Councry Rocks 

The regional scruccural crend In che area of the Rome pluton is north-

norcheasc. Ac che northwestern edge of the pluCon, near the town of New 

Sharon, the pluton Is In contacc wlch calcareous mecamorphosed rocks of 

Silurian-Devonian age. Including pares of the Vassalboro and Berwick 

formadons. Proceeding clockwise around che perlmecer of Che pluton, the 

granodlorlte Is In contscC wleh a belc of undlfferenclaced mecasedlmencary 

rocks of Ordovlclan-Sllurlan age. Incerbedded In ehls belc are Chin beds of 

mecamorphosed calcareous sllCsCones and llmesCones. Ac Its norCheasCem tip 

near Urone. the pluton Is In conCacC wleh an Ordovlclan-Sllurlan calcareous 

quarczlce ChaC concains minor amouncs o£ sulfidic quarCzICe and phylllCe. 

From near Che souchernmoac d p of GreaC Pond Co past Norch Fairfield, 

Che pluton Is In contoct wlch an Ordovlclan-Sllurlan metasedimentary quartz 
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wacke, conglomerate, slltstone, and shale. Interbedded within these units are 

minor amounts of limestone and marble and thin beds of slate or schist. The 

southern tip of the pluton is in contact with metamorphosed Silurian 

calcareous sandstone, slltstone, and grajrwacke, a section of which contains 

parts of the Kittery formation. 

The south-to-northwest margin of the pluton is slightly more complex 

than the others. From the southern tip of Long Pond to a little past the town 

of Vienna, the country rock is Ordovlclan-Sllurlan metamorphosed quartz wacke, 

conglomerate, slltstone and shale, units that are identical to those found 

along the northeast-trending edge of the pluton near North Fairfield. Between 

this and another belt of the same rock type is an Ordovlclan-Sllurlan cal

careous quartzlte and minor sulfidic quartzlte and phylllte identical to the 

units found near the town of Larone on the northeastern tip of the pluton. 

Interbedded in this rock are beds of limestone or marble and thin beds of 

slate or schist. Extending north from near Vienna to near New Sharon is more 

of the previously mentioned Silurian calcareous rocks found near Belgrade, and 

Ordovlcian-Devonian metamorphosed conglomerate, slltstone, and shale. 

3.3.30.7 Rock Structure 

Steeply dipping joints and horizontal sheeting are common In the Rome 

pluton (Furlong, 1960). The Rome granodlorlte contains noticeable foliation, 

which is evident near the margins of the body (Osberg, 1979), suggesting 

syntectonlc emplacement. 

3.3.31 Sebago Lake Batholith (Includes Songo Granodlorlte) 
(Plate II, Pluton 6) 

3.3.31.1 Size, Shape, and Location 

The irregularly shaped Sebago Lake batholith extends over roughly 2714 

km (1048 mi ) in southwestern Maine, forming one of its largest intruslves, 

and the largest outcrop of any crystalline rock in Maine. Outcrops occur in 

the Bethel, Bryant Pond, Fryeburg, Norway, Poland, Lewiston, Kezar Falls, 

Sebago Lake, Gray, Freeport, and Portland 15-min quadrangles. A portion of 

the pluton extends westward into the state of New Hampshire. Much of the 

bathollth's area is covered by numerous lakes. Exfoliation domes, some of 

which are over 0.8 km (0.5 mi) In diameter, are fairly common in the Bethel 

region. 

3.3.31.2 Relative and Absolute Age 

The Sebago Lake batholith is regarded as a member of the New Hampshire 

plutonlc series. Guldotti (1965) reported various mid-Paleozoic ages for the 
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pluton based on work hy Hurley In 1955. The values range from 252 m.y. to 340 

m.y. for six K-Ar determinations on mica. Dallmeyer (1979) reported an age of 

227 m.y. based on Ar^'^-Ar'^ analysis of blotite (Guldotti, 1965); this Is most 

likely a reset age, as the country rocks also give the same age. 

3.3.31.3 Origin 

Fisher (1962) indicated that the Songo granodlorlte member of the 

Sebago Lake bathollth should not be attributed to metosomotlc activity. As 

evidence, he cited an apparent roof pendant In this area of the pluton and the 

Inclusion of large blocks of metasedimentary country rock. Also, a slightly 

domal structure Is suggested by the gentle dipping of primary foliation In the 

granodlorlce toward the margins of the body. The foliation In the grano

dlorlte does not dip as steeply as chat of the wall rock, which locally dips 

Coward the margins of the plucon. 

The numerous Inclusions of mecasedlmencary country rock typically ore 

slsbby and oriented parallel to the foliation of the granodlorlte. Although 

the conCacCs between che Inclusions and che granodlorlce usually are sharp, 

some of them are gradaclonal. This Cends Co Indlcace chat forced Injection 

played an Important role in emplacement (Fisher, 1962). Guidotd (1965) 

agreed chat the Sebago Lake bathollth was forcibly Injected, and added chac lc 

may have migrated in a northeasterly direction as iC ascended chrough Che 

country rock. 

Page (1968) suggested that the Sebago Lake bathollth belongs to the New 

Hampshire pluconlc series, che members of which are elongace bodies that 

together form a flattened oval, elongate to the northeast, with Its ends In 

Connecticut and Maine. The Sebago Lake bathollth, along with a large plutonlc 

mass In east-central New Hampshire, lies roughly In the center of this oval. 

The pluCons of the New Hampshire pluconlc series generally were InCruded and 

crystallized under stresses Induced by the Acadian orogeny. The Sebago Lake 

bathollth and others of the series tend to parallel Acadian folds and other 

linear features (Page, 1968). 

3.3.31.4 PeCrography 

Mineralogy and Textural Relations. The rock of Che norchern excenslon 

of che Sebago Lake bachollth Is a gray, medlum-gralned, subhedral blodce 

granodlorlce. The grain size usually Is 1-4 imn In length. Major consClCuent 

minerals Include quarCz, plagloclase (An-28-30), microcline, orthoclase, and 

green to brown blotite. Modal analysis of the Songo granodlorlte yields 
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Minor amounts of amphlbole, chlorite, sphene, and serlclte occur in the 

granodlorlte. Accessory minerals include muscovite, pyroxene, magnetite, 

pyrite, apatite, zircon, allanlte, and leucoxene (Fisher, 1962). Brown and 

green blotite occur in similar concentrations in the granodlorlte. Fisher 

(1962) indicates that the green biotite tends to be deficient in magnesium and 

titanium. 

The far eastern portion of the Sebago Lake batholith consists of 

medium- to fine-grained, pinkish muscovite granite. Major minerals include 

quartz, potassium feldspar (mostly microcline), plagloclase, muscovite, and 

biotite, with accessory minerals of zircon and chlorite. Modal analysis of 

the granite of the Woodbury area yields quartz, 30%; potassium feldspar, 35%; 

plagloclase (An-10), 25%; muscovite, 5%; biotite, 2%; and accessory minerals, 

3% (Fisher, 1941). 

Alteration. Secondary alteration of chlorite after biotite and 

serlclte after plagloclase is present. The green biotite found in the pluton 

could be the result of an early stage of hydrothermal alteration (Fisher, 

1962). 

3.3.31.5 Secondary Intrusions 

The roughly ovoid Mount Pleasant stock of Mesozolc age intrudes into 

the Interior of the Sebago pluton at 44° 2' N. latitude and 70° 50' W. 

longitude. 

The Songo granodlorlte region is cut by numerous pegmatites, which are 

particularly abundant near the Songo granodlorlte itself. The pegmatites 

range from a fraction of a meter to many kilometers (several inches to miles) 

across, taking the form of sills, dikes, discordant lenses, and irregularly 

shaped bodies. They tend to be simple quartz-feldspar-mica rocks, although 

less common minerals like garnet, tourmaline, beryl, lepldolite, and apatite 

are occasionally present (Guldotti, 1965). 

3.3.31.6 Country Rocks 

The Sebago Lake batholith, owing to its large size, is in contact with 

various rock types. The batholith as a whole tends to parallel the fold axes 

formed in the Acadian orogeny. At different points along its Maine perimeter, 

it shares boundaries with parts of the Shagg Pond, Rlndgemere, Littleton, 

Thompson Mountain, Billings Hill, Eliot, Watervllle, Noyes Mountain, Moody 

Brook, Patch Mountain, Vassalboro, and Berwick formations. The pluton is 

unconformable on a regional scale, even though it is locally conformable 

(Guldotti, 1965). • 

The Shagg Pond formation, the Concord member of the Littleton 

formation, and a section of the lower Rlndgemere formation are gray 
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blodte-muscovlte gneiss and schist. This rock type Is In contact with the 

northwestern and southwestern borders of the pluton, extending Into New 

Hampshire. Sulfide gneiss and schist, which are characteristic of parts of 

the Thompson Mountain and Billings Hill formations and the Wilbur Mountain 

member of the Littleton formation, are In contact with the Songo granodlorlce 

at the northern end of the pluton. Immediately north of the Moll Ockett fault 

(Doyle et al., 1967). Across the fault to the south, the Sebago Lake 

bathollth Is In contact with metamorphosed shale, slltstone, and sandstone of 

the Eliot, Watervllle, Noyes Mountain, and Moody Brook formations. Along this 

northeastern margin, the Sebago Lake bathollth also cuts metamorphosed 

limestone and calcareous slltstone of the Potch Mountain and Berry Ledge 

formations. In addition to unnamed members of the Eliot ond WotervlUe 

formations (Doyle et al., 1967). On Ics southeastern border, the pluton cuts 

calcareous metasedimentary rock of the Vassalboro and Berwick formations. 

Almost adjacent to the Maine-New Hampshire border, the plucon Is In contact 

with a granodlorlte of Devonian age (Doyle et al., 1967). 

3.3.31.7 Rock Structure 

Five sees of joints — four vertical and one horlzoncal — are found In 

Che Sebago Lake bachollth. The horizontal sec may be Che result of expansion 

due to regional unloading (Fisher, 1962), The vertical Joints that strike 

parallel to the regional fold structure are probably release fractures formed 

when the northwest-to-southeast compresslonal forces lessened. 

The Moll Ocketc fault extends eastward from che Songo gronodlorlce. 

Elongated zones of slllclfled material having a cataclastlc texture are 

reported (Fisher, 1962). However, no dlsplacemenc along chese zones was 

observed. 

Various phenomena In the Sebago Lake bathollth have been Interpreted as 

evidence of flow. Prlmary(?) foliation and slabby Inclusions of the wall rock 

H e In a domal orientation and are particularly evident near Che margins of 

the body. If che foliation was caused by magmadc flow, drag on now eroded 

roof pendants could have caused the follaclon Co lose Ics gencly dipping 

acclcude In che Interior of the pluton (Fisher, 1962). Local elongaCed shapes 

In conformity wlch che regional scrucCural crend Indlcaces that folioClon, In 

part, may be aecondary. 

3.3.31.8 Geophysics 

On che basis of previous gravity studies (Kane and Bromery, 1968; Kane 

et al., 1972), Moench and ZarCman (1976) depicted the pluton os o relatively 

thin ond shallow subhorizontal sheeC. 'This view explains many of the complex 

mecamorphlc Isograds scudled by Moench and 7.arCman In the excreme norchern end 

of Che pluCon. Gravlcy lows near Che aoucheast corner of Che Sebago bachollth 

(see Fig. 3.12) conCraaC with the general northwesterly regional trend (Hodge 
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Contour Intefvl • 2 mg.l 

Fig. 3,12 Bouguer Anomaly Map over Waldoboro and Sebago 

Lake Plutons in Southwestern Maine (granitic rocks are 

shown in stippled pattern (Source: Hodge et al., 1982) 

et al., 1982). Some calculations have indicated that the Sebago may be only 

1 km (0.6 ml) thick, but somewhat different assumptions about the value of the 

density contrast most appropriate for the calculations suggest that the 

granite may instead be continuous to great depth (Hodge et al., 1982). 

3.3.32 Seboeis Complex (or Schoodic Lake Granite) (Plate II, Pluton 25) 

3.3.32.1 Size, Shape, and Location 

The Seboeis complex (also known as the Schoodic Lake granite) is an 

elongated body north of the Nozumbega fault system in north-central Maine, 

containing both nonfoliated and foliated granitoids. The complex is about 28 

3 to 5 km (2 to 3 mi) wide; outcrops occur over an area of 

ml^). 
km (17 mi) long and 

about 123 km^ (47 m 

3.3.32.2 Relative and Absolute Age 

Doyle et al. (1967) suggested a Devonian age for the plutonlc rocks. 

3.3.32.3 Origin 

Foliated granites, the dominant facies in the complex, have chemical 

characteristics similar to, though more potassic than, the I-type granite of 
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Chappell and White (1974). Lolselle and Ayuso (1980) proposed thac none of 

the granites along Che Merrimack syncllnorlm are peralumlnous enough to 

originate from the melting of pelitic metasedlments. Metasedimentary 

inclusions are partially assimilated. 

3.3.32.4 Petrography 

Mineralogy and Textural Relations. According to Lolselle and Ayuso 

(1980), the Seboeis Complex Is composed of foliated and subordinate 

nonfoliated plutons. The foliated uniC Is largely o medlum-gralned, 

hypldlomorphlc granular granodlorlce, buC IC ranges In composldon from 

dlorlte to granite. The major minerals are plagloclase, potassium feldspar, 

hornblende, quartz, and bloClCe. Zircon, apatlce, and possibly primary opaque 

minerals are accessory. Quarcz shows low Co high degrees of 

recryscalllzaclon. The non-foliated unit Is a medium- to fine-grained, 

hypldlomorphlc granular granite with low color Indices. The major minerals 

are potassium feldspar, quartz, blotite, muscovite, and sphene. Zircon, 

allanlte, and opaque minerals ore accessory. A trace amount of amphlbole Is 

present. The unit concains unorlented metasedimentary Inclusions. 

The foliated (Mattamlscontis) granice has aplldc facies. There Is a 
very high Rb-Sr ratio In the complex. 

Alteration. Lolselle and Ayuso (1980) atcrlbuce the formation of 

serlclce, epidote, chlorite, sphene. and opaque minerals to the hydrothermal 

stage. 

3.3.32.5 Secondary Intrusions 

There are no data on the presence of secondary Intrusions In the 
complex. 

3.3.32.6 Country Rock 

The Seboeis complex Is primarily surrounded by the lower Devonian 
Seboomook formation. Silurian quartzlte and meta-graywacke Is found at the 
southern end of Schoodic Loke. On the eastern side of che complex lies 
Silurian mecamorphosed gray and green sllcscone, sandscone, shale, graywacke, 
conglomerace, and mecasedlmencary Iron-manganese deposits (Doyle et al., 
1967). 

A metamorphlc aureole 1-2 km (0.6-1.2 ml) wide, locally Irregular, Is 

present around the entire complex (Dftyle eC al., 1967; Lolselle and Ayuso, 

1980). The contacc relations of the nonfoliated granice are sharp and 

dlscordsnc, whereas the foUaCed granitoid has locally sharp, but possibly 

generally gradaclonal. concacts (Lolselle and Ayuso, 1980). 
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3.3.32.7 Rock Structure 

The foliated granite has weak to moderate foliation trending N. 30° E. 

to N. 45° E. It contains abundant metasedimentary inclusions that are 

oriented parallel to the foliation (Lolselle and Ayuso, 1980). 

3.3.33 Sedgwick Granite (Plate II, Pluton 40) 

3.3.33.1 Size, Shape, and Location 

The Sedgwick granite is a subclrcular pluton on the east side of 

Penobscot Bay, directly south of the Lucerne pluton. The granite underlies an 

area of approximately 95 km (37 mi ) between Blue Hill Bay and Eggemoggin 

Reach, in the Blue Hill quadrangle. Its minimum and maximum map dimensions 

are about 10 and 15 km (6 and 9 mi), respectively. 

3.3.33.2 Relative and Absolute Age 

Brookins (1967) reported a Rb-Sr whole-rock age of 395 ± 15 m.y., which 

agrees with the Devonian age assigned to the Bays-of-Malne region by Faul et 

al. (1963) and Doyle et al. (1967) 

3.3.33.3 Origin 

Sedgwick granite was emplaced as part of the late Acadian magmatism in 

Maine. 

3.3.33.4 Petrography 

Mineralogy and Textural Relations. Sedgwick is a light-gray to buff, 

medium- to coarse-grained, equigranular biotite granite. Major minerals are 

potassium feldspar (microcline and orthoclase), soda-lime feldspar 

(oligoclase), dark smoky quartz, and muscovite (Rand, 1958). Zircon and 

magnetite are accessory minerals. Feldspars exhibit a bluish-white color and 

are up to 2.5 cm (1 in.) long. 

Alteration. Forsyth (1953) attributed the presence of tourmaline, 

coarse muscovite, and sericltized alblte in the Ellsworth schist, at its 

contacts with the granite, to hydrothermal activity soon after the intrusion. 
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3.3.33.5 Secondary Intrusions 

No significant Intrusions are reported. 

3.3.33.6 Country Rocks 

On the north and southeast, the Sedgwick granite is bounded by the 

Ellsworth schist In the Blue Hill and Blue Hill Neck oreas. The Sedgwick 

grades Into quarcz monzonlce, and may have minor amouncs of molybdenite at Its 

contacts with Ellsworth. The Castlne volcanics are In contact with the 

granite in Che souChwest and wesc; Co the northwesc lies Che Penobscot 

granite, surrounded by gabbro and dlorlte. 

3.3.33.7 Rock Structure 

Young (1962) reported white quartz veins 2.5-18 cm (1-6 In.) wide 

filling a fracture system at the Leigh Llraeburner ("J.S. Douglas") mineral 

prospect In the Sedgwick granice. Jointing Is not well developed In the 

granite; a few joints strike from N. 47° W. to N. 35° E., with dips of 64* to 

82° (Young, 1952). 

3.3.34 Seven Ponds Pluton (Plate II, Pluton 20) 

3.3.34.1 Size, Shape, and Locadon 

2 
The Maine portion of the Seven Ponds pluton covers roughly ll5 km (44 

ml ) in northwestern Maine. It Is about 19 km (12 ml) long and 6-8 km (4-5 

mi) wide, resembling a rounded body bounded by the international boundary to 

the north and Joined to a smaller rounded body to the south. The northern 

moss has a diameter of about 8 km (5 mi), which is about 1.6 km (I ml) more 

Chan Che diameter of the souChern porclon of the pluton. Doyle et al. (1967) 

did not show any continuity between the two lobes. Westerman (1980) describes 

Chem as separate plutons: the larger, northern body Is called the Chain of 

Ponds pluCon. while the smoller body to the south is called the Big Island 

Pond pluton. The name used In this report, "Seven Ponds Pluton," Is caken 

from Harwood (1973). The pluton Is dotted by many small to oioderately sized 

ponds and lies In the Arnold, Cupsuptlc, Chain Lakes, and Kennebago Loke 15-

mln quadrangles. It Is condnuous with the Spider Lake granite of Quebec. 

3.3.34.2 Relative and Absolute Age 

On the basis of Its similarity Co the cwo-mica granidc rocks of the 

New Hampshire plutonlc series, Harwood (1973) assigned a Middle to Late 

Devonlon age to Che Seven Ponds pluCon. Because Che rocks are relatively 
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unaltered and undeformed, they postdate the regional folding and metamorphlsm 

of the Early Devonian, thereby suggesting a Late Devonian age. 

3.3.34.3 Origin 

The Seven Ponds pluton contains narrow roof pendants in its outer 

quartz monzonite phase. Indicating that stoplng played a role in its emplace

ment. The pluton could belong to the Late Devonian plutonlc series of Page 

(1968), or it could be an early posttectonlc phase of the New Hampshire 

plutonlc series. 

3.3.34.4 Petrography 

Mineralogy and Textural Relations. The Seven Ponds pluton consists of 

an outer belt or zone of biotite-muscovite quartz monzonite that grades inward 

to a hornblende-biotite granodlorlte. The quartz monzonite is light gray, 

medium to coarse grained, and equigranular to subporphyritic. The quartz 

monzonite generally contains biotite and pink alkali feldspar near its 

contacts with metasedimentary country rocks. Major minerals include quartz, 

microcline, plagloclase, biotite, and muscovite. Accessory minerals include 

garnet, hematite, hornblende, clinozoisite, chlorite, zircon, apatite, 

magnetite, and myrmekite. The quartz grains usually contain rutile needles. 

Hornblende in the quartz monzonite gradually increases toward the 

center of the pluton, where the predominant rock type is a blotite-hornblende 

granodlorlte. A transition zone several hundred feet wide exists between the 

quartz monzonite and granodlorlte. The rock type ts Intermediate, usually 

containing about 2% hornblende. The many ponds and swamps covering the 

granodlorlte phase result from its being less resistant to weathering. 

The granodlorlte is gray, fine to medium grained, and locally por

phyritic, containing phenocrysts of hornblende and plagloclase that range in 

size up to 1.3 cm (0.5 in.). The phenocrysts tend to be oriented parallel to 

the primary foliation of parallel biotite grains. Major minerals include 

quartz, microcline, plagloclase, biotite, and hornblende. Lesser amounts of 

clinozoisite, apatite, sphene, and myrmekite are found. Accessory minerals 

include chlorite, zircon, and magnetite. Rutile is sometimes present as 

needles in the quartz grains (Harwood, 1973). 

Alteration. Biotite is commonly replaced by chlorite and llmenlte. 

Chlorite and epidote after hornblende are found. Serlclte is observed locally 

(Harwood, 1973). Much alteration occurs along the joints. 
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3.3.34.5 Secondary Intrusions 

Pegmadces and one lamprophyre dike occur In the area. Serpentinlte 

and serpentlnlzed ulcramaflcs are found In che plucon. as are basalc, felslc 

porphyry, porphyrldc basalt, medlum-gralned granite, and metamorphosed 

basaltic dikes. 

3.3.34.5 Country Rocks 

The conCact of the pluton dips steeply away from Che mass. Norwood 

(1973) shows che pluton Co be o sCrongly discordant, stocklike Intrusion. 

The Seven Ponds pluton Intrudes Into the Chain Lakes massif. The 

southern edge of the lower lobe of the pluton also Is in contact with 

mecamorphosed felslc to mafic volcanic rocks ond Interbedded metasedlments of 

the Ammonoosuc volconlcs, unnamed greenstone, and metamorphosed dark-gray and 

black shale, chert and sandstone, all of Ordovician age. Included are parts 

of the Partridge and Dixville formations. The Seven Ponds outcrop Is exposed 

across part of the area that Is assumed to be underlain by the Chain Lakes 

pluton (see Sec. 3.1.1). 

3.3.34.7 Rock Structure 

Westerman (1980) compiled a llthologlc and brltcle-fraccure map of the 

Seven Ponds pluton and vicinity. Harwood (1973) also notes Che presence of 

joints In the body. The joints In the granodlorlte phase form rectangular or 

rhombohedral networks. The joints form distinct raised areas because their 

greaCer quarcz content makes them more reslstont to weathering (Harwood, 

1973). 

Primary follaclon occurs In pare of Che northern portion of the 

northern lobe of the Seven Ponds pluton, associated with apparent roof 

pendants In the pluton. The granodlorlte phase shows more primory foliation 

than the quartz monzonite, because of the parallelism of Its blotite flakes. 

This foliation Is vertical and conforms to the contact with the quartz 

monzonite through Che Cranslclon zone. Hornblende phenocrysts locally define 

a Ilneatlon that plunges 35° N. 

The Seven Ponds pluton Is bordered to the southeast by the northeast-

trending Boundary Mountain anticline. On the norChwesCern side. It Is bounded 

by che Frondac syncllne. The regional structural trend In this area is 

conslscendy norcheast Co souChwest. No folding Is present In the pluton. 
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3.3.35 Sugarloaf Pluton (Plate II, Pluton 16) 

3.3.35.1 Size, Shape, and Location 

The Sugarloaf pluton (called Sugarloaf gabbrolc massif by Boone 

[1973]), is an irregular kidney-shaped crystalline rock body lying in the 

Stratton, the Little Bigelow Mountain, and the Kingfield quadrangles (Boone et 

al., 1970). Outcrops occur over an area of about 113 km (41 mi ). The 

pluton is almost completely surrounded by four neighboring plutons: the 

Redington, which it almost contacts, and the Lexington, Pierce Pond, and 

Flagstaff bodies, all within 5-10 km (3-6 mi) of the Sugarloaf. 

3.3.35.2 Relative and Absolute Age 

The Sugarloaf pluton is inferred to be of Acadian age, as it truncates 

the folds in the Lower Devonian Seboomook formation. Zartman et al. (1970) 

reported a K-Ar age of 397 + 12 m.y. on biotite from a mica granite dike in 

the pluton. 

3.3.35.3 Origin 

The pluton is a magmatic intrusion that was forcibly emplaced at a 

shallow depth, probably a a sheet. Xenoliths of high-grade metamorphic rocks 

represent roof pendants in the pluton. 

3.3.35.4 Petrography * 

Mineralogy and Textural Relations. The pluton is composed largely of 

gabbrolc mafic rocks that are massive, layered, and have well-preserved 

cumulate textures in parts of the body. They are medium to coarse grained, 

with subordinate pegmatltic textural phases. 

Mlneraloglc variants are present, but all the rock are generally 

composed of plagloclase and augite-hypersthene. Differences in olivine and 

hornblende proportions define different rock types. Secondary alteration 

minerals are abundant. Tourmaline, llmenlte, and pyrrhotite are the Important 

accessory minerals. 

Alteration. Retrogressive modification and alteration are pervasive in 

the pluton. Chlorite, epidote, serpentine, and actinolite are retrograde 

products of mafic minerals and the plagloclase. Biotite may be an alteration 

mineral. 
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3.3.35.5 Secondary Intrusions 

No significant secondary Intrusions are described. 

3.3.35.5 Country Rocks 

The pluton Is surrounded by a contact aureole about 1.6 km (1 ml) wide. 

3.3.35.7 Rock Structure 

Fractures are Inferred from sheared zones trending to the northeast. 

Mineral layering present Is primarily due Co gravity setting. No folding has 

occurred since the Incruslon. 

3.3.35.8 Geophysics 

Bromery et al. (1963) Interpreted the lack of dominant aeromagnetic 

anomalies as Indicating ChaC Che pluCon Is a chin Intrusive sheet. 

3.3.35 Tunk Lake Pluton (Plate II, PluCon 37) 

3.3.35.1 Size, Shape, and Locadon 

The Tunk Lake plucon Is In souCheasCern Maine In Hancock and Washlngcon 

counties. It Is about 6.5 km (4 ml) Inland, northeast of Frenchman's Bay. 
2 2 

Its exposed and Inferred surface area Is about 179 km (69 mi ); Its surface 

shape Is that of a slightly flattened circle with che long axis running east-

west (see Fig. 3.13). It Is almost completely surrounded by rocks of the 

Bays-of- Maine Igneous complex, which Includes gabbros and granites. 

3.3.36.2 Relaclve and AbsoluCe Age 

Alchough the absolute age of che Tunk Lake pluCon Is not ovoilable, 

adjacent Intrusions truncsted by che Tunk Lake pluton have been dated. The 

Norch Sullivan quarcz monzonite, wesc of the Tunk Lake pluton, has o K-Ar 

blotite sge of 359 m.y., ond Che granlce norch of che Tunk Lake pluton has a 

K-Ar bloclce age of 357 m.y. (Faul ec al., 1963). Therefore, the Tunk Loke 

pluton bos a minimum relative age younger than Middle Devonian. 
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Fig. 3.13 Geologic Map of Tunk Lake Pluton (Source: Karner, 1968) 
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3.3.35.3 Origin 

The circular shape, zoned character, and marginal xenolltha of the 

pluton Indicate magma emplacement by piecemeal stoplng along zones of ring 

fractures, accompanied by cauldron subsidence or central block stoplng 

(Karner, 1968). 

3.3.35.4 Petrography 

Mineralogy and TexCural Relations. The Tunk Lake pluton Is a 

concentrically zoned body. Six zones have been recognized by Karner (1968), 

ranging In composition from a magnetIte-aegerlne-mlcroperthlte granite at che 

rim, chrough hornblende-bloClCe and blotite granites, to a blotite quarcz 

monzonlce ac the core. The perthite ranges from Ab-21 to Ab-45 In 

composition. The nonperthitlc plagloclase Is oligoclase. Trace amounts of 

magnetite, hematite, zircon, sphene, and allanlte olso ore present (Karner, 

1968). 

Alteradon. Secondary alceradon of Che Tunk Lake pluton occurs only 
to a minor extent. 

3.3.36.5 Secondary Intrusions 

Apllte dikes are abundanc In che pluCon, being most common In che 

central area. They are generally a few centimeters wide and orlenCed 

norchwesc or norch-northeast (Karner, 1968). 

3.3.36.6 Councry Rocks 

The Tunk Lake pluton Is bounded on the north, esst, and south by the 

Bays-of-Malne Igneous complex. On the norch and norchwesc Is a coarse-grained 

Middle Devonian granice associaced wlch che Lead MounCaln pluton; on che 

souchwesc Is Che quarcz monzonlce of Norch Sullivan. A llmlced conCact with 

the possibly Ordovician Ellaworcb schist occurs on the pluton's west-central 

side (Karner, 1968). 

3.3,36.7 Rock Structure 

Joints and fractures are common In the Tunk Lake pluton, and generally 

have one of the following orientations: eaat and west, wesc-norchwesc, norCh-

northeast, or east-northeast. Subhorizontal sheeting Is also common (Karner. 

1968). There are several reladvely significant faulcs, the largeat of which 

Is a fault zone adjacent to the south 'side of the pluton. 
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Possible flow structures include scattered occurrences of oriented 

mafic inclusions and perthite crystals (Karner, 1958). There are no reported 

folds in or directly related to the Tunk Lake pluton. 

3.3.36.8 Geophysics 

Abrupt magnetic boundaries for the pluton suggest steep contacts (Wing, 

1958). The pluton is characterized by a circular gravity low whose outer 

boundary is marked by a -5-mgal contour. 

3.3.37 Umbagog Granodlorlte (Includes Adamstown Pluton) (Plate II, Pluton 14) 

3.3.37.1 Size, Shape, and Location 

The Maine portion of the Umbagog granodlorlte underlies about 235 km' 2 
2 

(91 ml ). A smaller portion of the intrusive extends westward into the state 

of New Hampshire. The pluton lies in the Oquossoc, Errol, Milan, and Old 

Speck Mountain 15-min quadrangles. A small arm of the Umbagog granodlorlte 

extends eastward into the Mooselookmeguntic pluton (pluton 13). The western 

edge of the Maine portion of the Umbagog pluton is bordered by Umbagog Lake. 

In the southern part of the Umbagog pluton, the land tends to be marshy and 

dotted with many small ponds. 

3.3.37.2 Relative and Absolute Age 

The Umbagog granodlorlte is assigned to the_ Hlghlandcroft plutonlc 

series (Late Ordovician) by Hussey and Pankiwskyj (1980), but to the New 

Hampshire plutonlc series (Devonian) by Doyle et al. (1967). Green and 

Guldotti (1968) described it as belonging to the Hlghlandcroft plutonlc 

series, but noted the possibility that it was emplaced during the Devonian 

Acadian orogeny. Milton (1961) also noted the possibility that the pluton 

belongs to the New Hampshire plutonlc series. Green (1960) obtained a K-Ar 

age of 323 m.y. for the biotite of the Umbagog pluton, but this age may 

reflect resetting in the Permian. This report assigns the Umbagog pluton to 

the New Hampshire plutonlc series, but it is recognized that the issue has not 

been settled. 

3.3.37.3 Origin 

Where the Umbagog granodlorlte is in contact with older rocks, the 

contact is smooth and sharp; where the pluton is Intruded into by the younger 

Mooselookmeguntic pluton, the contact is a zone of Intrusive breccias (Milton, 

1961; Doyle et al., 1967). Field and aeromagnetic evidence Indicates that the 

contact is steep, possibly dipping under the intrusive. Dikes of the Umbagog 
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granodlorlte In the councry rock and Inclusions of older metasedimentary rocks 

In Che plucon are rare. Mllcon (1951) noCes che occurrence of a secdon of 

flat-lying strata consisting of highly metamorphosed sedimentary rocks thac 

are surrounded by Che granodlorlte of the Umbagog pluton. He infers these 

strata Co be part of the roof of the pluton. To summarize, the pluton is 

thought Co be a cylindrical plug with a flaC-lylng roof. Concordance of che 

pluton with the country rock Indlcotes forceful syntectonlc Injection as a 

possible mechanism of emplacement (Milton, 1961). 

3.3.37.4 Petrography 

Mineralogy and Textural Relations. The Umbagog Intrusive Is composed 

predominantly of a medlum-gralned. dark granodlorlte that Is massive to weakly 

foliated. The darker minerals clump together to form conspicuous clots. 

Major minerals Include plagloclase, quartz, potassium feldspor, hornblende, 

and blotite. Lesser amounts of augite also occur. Accessory minerals include 

epidote, allanlte, sphene, apatite, and opaque minerals. 

Some of the hornblende may be metamorphlcally reworked hypersthene and 

plagloclase. One locality near the conCacC with older rocks contains blotlce, 

auglce, and hyperschene buC no hornblende. Mllcon (1961) believed that the 

Intrusive rock was originally a norite Chat was subsequently metamorphosed. 

Some of the blotite In the central, unaltered portion of the pluton may have a 

metamorphlc origin. 

Alteration. There Is evidence of metamorphic reworking of hypersthene 

and plagloclase to hornblende, and of hornblende to blotite. 

3.3.37.5 Secondary Incruslons 

No pegmatites are associated with the Umbagog granodlorlte (Milton, 

1961). The Mooselookmegmuntlc pluton Is the major secondary Intrusion Into 

the Umbagog. 

3.3.37.5 Country Rocks 

The Umbagog pluton Incrudes InCo che chloride phylllte and slace of 

che Albee formation along Its norchern contact. Variable amounts of laminated 

quartzlte are Interbedded with chese rocks. To the souCh. che plucon Intrudes 

the metamorphosed felslc to mafic volcanic rocks of Che Ammonoosuc volconlcs. 

These meCavolcanlcs are Incerbedded with other metasedimentary rocka. 
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3.3.37.7 Rock Structure 

The Umbagog granodlorlte generally is massive to weakly foliated. Near 
its contact with the Mooselookmeguntic pluton, strong foliation and lineation 
are developed. 

3.3.37.8 Geophysics 

An aeromagnetic survey over the Umbagog intrusive indicates that the 

contact of the pluton with the country rock is sharp and steep and that it may 

dip Inward under the granodlorlte. 

3.3.38 Waldoboro Pluton (Plate II, Pluton 8) 

3.3.38.1 Size, Shape, and Location 

The Waldoboro pluton of south-central Maine lies north of Muscongus Bay 

on the Atlantic coast. The pluton lies predominantly in the Waldoboro 15-min 

quadrangle, but it also extends north into the Liberty, west into the 

Wlscasset, and south into the Monhegan 15-min quadrangles (Doyle et al., 

1967). Outcrops occur over roughly 376 km (145 mi ), in an area about 35 km 

(22 mi) long and no more than 15 km (9 ml) wide. The shape of the pluton in 

map view is highly Irregular. Musconus Bay covers part of the southern 

portion of the Waldoboro pluton. 

3.3.38.2 Relative and Absolute Age % 

Zartman et al. (1970) published a K-Ar age of 295 ± 9 m.y. for a 

granite specimen from near the town of Waldoboro, but this young age probably 

reflects thermal reequillbration during the Permian. The Waldoboro pluton 

belongs to the New Hampshire plutonlc series and has a Devonian stratlgraphlc 

age (Doyle et al., 1967). 

3.3.38.3 Origin 

No conclusions concerning the emplacement of the Waldoboro pluton can 

be drawn from the available information; it is a composite whose main body is 

a two-mica granite, along with hornblende granite (Osberg and Guidottl, 1974; 

Newberg, 1975). The pluton was probably forcibly emplaced, as indicated by 

localized deformation at the margins (Newburg, 1975). 
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3.3.38.4 Petrography 

Mineralogy and Textural Relations. The Cwo-mlca granite of che 

Waldoboro pluton Is light to medium gray, unevenly textured, and fine to 

medium grained. Major minerals Include orthoclase, plagloclase, quartz, 

biotite, and muscovite. 

Alteration. Alteration Is assumed to be minimal, as It Is not uch 
reported. 

3.3.38.5 Secondary Intrusions 

Pegmadces are present In the pluton. 

3.3.38.5 Country Rocks 

The extreme norChwesCern margin of the pluton Is In contact with a 

thinly Interbedded quartzlte and phylllte. Proceeding In a southeasterly 

direction across the regional sCrucCural crend, the pluton Is In contact with 

tuffaceous metasandstone and metavolcanic rock, which are predominantly 

felslc. Also present are subordinate amphlbollte, calc-slllcate gneiss, and 

blodte-sl lllmanlte gneiss. The pluton Intrudes the calcareous metasedi

mentary rocks. On Its northeastern side, the Waldoboro pluton cuts a bed of 

metamorphosed shale, sllcscone, and minor sandstone. The country rock to the 

southeast and southwest are referred to as undifferentiated metasedlments. 

3.3.38.7 Rock Structure 

Although fractures occur In the pluton, no Information concerning 
directional trends was available. 

3.3,38.8 Geophysics 

The Waldboro pluton Is marked by a small negative Bouguer anomaly 

(Hodge et al., 1982). The residual gravity map correlates well with Che 

geology (see Fig. 3.14). Gravity profiles show that granite extends beneath 

the metamorphlc rocks. It Is chlckesc ac che center and tapers Co Che wesC. 

3.3.39 Webhannet Pluton (Plate II, Pluton 2) 

3.3.39.1 Size, Shape, and Loca'clon 

The WebhanneC pluton Is structurally and mlneralogically more complex 

than che nearby Biddeford pluCon. It consists of a rock body formed froa 
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Fig. 3.14 Residual Gravity Anomaly Map of Waldoboro 
Pluton (Source: Hodge et al., 1982) 

three closely related Intrusive phases. The Webhannet pluton, like the Lyman 
pluton to the north, is aligned in a northeasterly direction. It is more than 
26 km (16 ml) long, and at its widest point is about 8 km (5 mi) wide. The 
Webhannet pluton lies predominantly in the Kennebunk 15-min quadrangle, and 
extends slightly in a southwesterly direction into the York Harbor and the 
Dover East 7.5-mln quadrangles. The Webhannet pluton crops out in an area of 
about 128 km (50 ml ). 

3.3.39.2 Relative and Absolute Age 

Although preliminary findings suggested that the Webhannet pluton 
predated the New Hampshire plutonlc series, Gaudette et al. (1975) reported 
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whole-rock Rb-Sr ages of approximately 400 m.y. for the Webhannec 
pluton. 

3.3 .39.3 Origin 

Hussey (1962) observed Innumerable blocks of country rock (Klccery 

formadon) Included In the Webhannet pluCon. These blocks hove apparencly 

been roCated In various random directions, as evidenced by Chelr observed 

bedding planes. Therefore, the Webhannet pluCon was likely emplaced by 

scoping. 

3.3.39.4 PeCrography 

Mineralogy and Textural Reladons. The WebhanneC pluton is a composite 

mass of three closely related intrusive phases conslsdng of a blotite-horn

blende granodlorlte, a porphyrldc bloClce-quarCz monzonite, and a nonpor-

phyrltlc blotite granite. The quartz monzonite Is light gray, strongly 

porphyrldc, and coarse grained. Major minerals include quartz, microcline, 

plagloclase (An-25), blotite, and lesser amounts of hornblende, with sphene. 

magnetite, and apatite as accessory minerals (Hussey, 1962). Zoned plaglo

clase phenocrysts range up to 5 cm (2 In.) In length, but average about 1-2 cm 

(0.5-0.75 in.) long. 

The blotite granite phase Is pink, even textured, medium to coarse 

grained, and nonporphyrlclc. Major minerals Include quartz, microcline, 

plagloclase (An-15-20), and blotite, wlch lesser amouncs of muscovlce. 

Accessory minerals Include sphene. zircon, and opaque minerals (Hussey, 

1952), 

The granodlorlte phase of the Webhannec pluton consists of several 

bodies ranging In composition from basic quartz monzonlce chrough quarci 

dlorlce. The average composition of these bodies Is thac of a granodlorlte, 

and they occur In the previously described blotite granite and quarcz mon

zonite phases. The rocks are typically medium gray and fine grained, with 

plagloclase phenocrysts. Quartz, plagloclase (An-35-40), microcline, blotlce, 

and hornblende are present, wlch accessory minerals being sphene, apatite, and 

unnamed opaque minerals (Hussey, 1962). 

Alteration. The lack of Informotlon In the literature on the presence 
of secondary minerals Is assumed to Indicate thot the rocks sre noC 
signlfIcontly altered. 

3.3.39.5 Secondary Incruslons 

No secondary Incruslons Into this body are mentioned In the llteroture. 
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3.3.39.6 Country Rocks 

The Webhannet pluton is in contact with the metamorphosed calcareous 

rocks of the Berwick formation; the metasedlments of the Kittery formation, 

which contain calcareous sandstone, slltstone, and graywacke; and the 

metasedimentary rocks of the Eliot formation (Doyle et al., 1967). 

3.3.39.7 Rock Structure 

No foliation is observed in the blotite granite. The quartz monzonite 

shows local foliation, while the granodlorlte phase is slightly foliated 

(Hussey, 1962). 

3.4 ALLEGHENIAN AND POST-ALLEGHENIAN 

3.4.1 Agamenticus Complex (Plate II, Pluton 1) 

3.4.1.1 Size, Shape, and Location 

Hussey (1961) described the Agamenticus complex as a strongly dis

cordant body composed of alkallc intrusive rocks. The complex is roughly 

circular, having a diameter of approximately 10 km (6.5 mi), with an area of a 

little over 78 km (30 mi ). It lies almost entirely within the northwestern 

quarter of the York 15-min quadrangle and is assigned to the White Mountain 

series (Hussey, 1961). 

% 

3.4.1.2 Relative and Absolute Age 

Poland et al. (1971) established a K-Ar biotite age of 216 + 4 m.y. for 

the Agamenticus complex. Christopher (1969) arrived at a fission-track age of 

172 m.y. Poland and Faul (1977) reported a K-Ar age of 228 ± 5 m.y. The 

complex Intrudes into the Webhannet pluton, clearly establishing It as the 

younger body. 

3.4.1.3 Origin 

Stoplng and passive intrusion is the mode of emplacement inferred for 

the Agamenticus complex, as for the rest of the plutons of the White Mountain 

magma series. 
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3.4.1.4 Petrography 

Mineralogy and Textural Relations. The Agamenticus complex Is 

composed of four major rock cypes: an alkallc granite, an alkallc syenite, a 

contaminated alkallc granite, and a porphyritic blotite granite (Hussey, 

1962). The alkallc granlce la exposed In a ring-shaped mass, which crops out 

on all sides of che plucon excepC on Che east and along York beach. It Is 

usually light buff Co gray In color, and Is medium grained, uniform In 

texture, and nonporphyrltlc (Hussey, 1962). Hussey (1962) described the 

alkallc syenite as a medium- to dark-greenlsh-gray rock ChaC Is medlua 

grained, evenly textured, and nonporphyrltlc. The syenite contains such 

sodlum-rlch minerals as arfvedsonlce, rlebecklte, aeglrlne, aeglrlne-auglte, 

and sometimes hastlngslte. Some quartz Is present, and accessory minerals 

Include fayallte and apatite. The feldspar ranges from microperthlte to 

antlperthlte (Hussey, 1952). 

The contaminated alkallc granite varies considerably In color, 

composldon, and texture. It occupies an Irregular ring-shaped zone, which Is 

usually located between the alkallc granite and the alkallc syenite. The 

contamlnaCed granlce probably resulced from pardal asslmlladon during 

emplacemenc of the older alkallc syenite by the younger alkallc granlce. 

A SCock of blotite granite, approximately 5 km (3 ml) long and 4 ka 

(2.5 ml) wide, occupies the central part of che Agamendcus complex. This 

granlce Is composltionally similar to the general Conway-Cype granlce of 

Billings (1956), being composed of llght-plnk, fine-grained, porphyrldc 

bloclce granite. Major minerals present are orthoclase, plagloclase (An-15-

20), quartz with undulatory extinction, and bloclce. Accessory minerals 

Include zircon, apadte, and blotite (Hussey, 1952). 

3.4.1,5 Secondary Intrusions 

The alkallc syenite Is cue by numerous dikes and scrlngers, which are 

composed of fine-grained, buff-colored aplldc moCerlol ond o coorse-textured 

alkallc pegmatite having a greenish color (Hussey, 1962). 

3.4.1.5 Country Rocks 

The Agamenticus complex contacts the WebhanneC pluton on Its 

norChwesCern side and che calcareous mecasedlmencs of Che Klccery formadon 

for che resc of les periphery. The complex Is surrounded by a concacc-

meCamorpblc aureole (Doyle eC al., 1967). 

3.4.1.7 Rock Structure 

No data ore available. 
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4 CRYSTALLINE ROCKS OF NEW HAMPSHIRE 

4.1 GRENVILLE AND AVALONIAN 

4.1.1 Massabeslc Gneiss (Plate III. Pluton 20) 

4.1.1.1 Size, Shape, and Location 

The Massabeslc gneiss Is an elongated northeast-trending crystalline 

rock body ChaC exCends for 120 km (75 ml) across New Hampshire, from Brookllne 

and Mason near Che Massachusetts border to the vicinity of Rochester near che 

Maine border. The mapped area of the pluton as shown on Plate III is about 

470 km^ (181 ml^). 

4.1.1.2 Relative and Absolute Age 

The Massabeslc gneiss, first described by Srlramodos (1966), Is a 

complexly folded mlgmadte consisting of dark paragnelss crosscuC by llghc-

colored orehognelss. Sriramadas (1955) and Greene (1970) IneerpreCed che 

Massabeslc as che high-grade mecamorphlc equivalent of the Berwick formation 

(see Fig. 4.1), thereby assigning le a Devonian age. Alelnlkoff eC al. (1979) 

published an age of 646 m.y. (minimum) for Che Massabeslc (boch paragnelss and 

orehognelss). The Massabeslc also concains a 475-m.y.-old Incruslve 

orehognelss unlc (Besancon et al., 1977). 

4.1.1.3 Origin 

The paragnelss unit of the Massabeslc gneiss contains amphlbollce, 

schists, calc-slllcate, and quartzlce layers, and may represent metamorphosed 

and granltlzed volcanlclastlc rocks of the Avalon chain (Rankin, 1975; 

Alelnlkoff et al., 1979). A pink microcline gneiss unlc conslscs of meta

morphosed Intrusive sheets. 

4.1.1.4 Petrography 

Mineralogy and Textural Relations. Th« Mutabealc Is lltholeglcdly 

somewhat complex. Sriramadas (1955) described th* gneiss unit as coapottd o( 

microcline gneiss. 70X; white oligoclase gneiss, 25T; and amphlbollte, 5X. 

The pink microcline (cf. the microcline granlce unlc of Freedman, 1950) Is 

massive to wel 1-foilseed. medium- "to coarse-grained rock composed of 

microcline, 25-44t; quortz, 20-25X; ollgoclose, about lOX; btotite, 15-301; 

and nuscovlte, 1-5X. Magneclce Is conspicuous and may occounc for up to 5X of 

the rock. SllllmonlCe Is also present (up to lOX), and Is common along slip 
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Fig. 4.1 Geologic Relations of Massabesic Gneiss in the Milford 

15-min Quadrangle, New Hampshire (Source: Alelnlkoff, 1978) 

planes. Oligoclase gneiss (paragnelss) occurs in both porphyritic and 

nonporphyrltlc forms, and has foliation and banding similar to the pink 

gneiss. Both the gneisses are differentiated on the basis of absence or 

presence of pink microcline. White gneiss is composed of oligoclase, 20-40%; 

quartz, 20-40%; biotite, 20-35%; and muscovite, 0-10%. Almandlne and other 

garnet may make up to 10% of the rock. Fine-grained amphlbollte occurs in 

bands, and less commonly in lenses. Major minerals are hornblende, 25-65%; 

dlopslde, up to 15%; quartz, 15-25%; and sphene, about 2%. 

Alteration. The feldspars are sericltized, whereas biotite shows a 

change to chlorite. 

4.1.1.5 Secondary Intrusions 

Pegmatites ranging from small dikes to bodies 140 m (450 ft) long and 

15 m (50 ft) wide are abundant. The Pawtuckaway complex of the White Mountain 

series, a small ring structure about 1.5 km (1 mi) in diameter. Intrudes into 
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the Massabeslc pluton. Rocks of the New Hampshire plutonlc series also 

Intrude: to the west, from Che cencer ouCward, che rock types are monzonlce, 

dlorlce, and monzonlce. • 

4.1,1.6 Country Rocks 

The Massabeslc gneiss Is overlain by metosedlments of Ordovician age 

thac conslsC of a gray, micaceous quarCzlCe and a gray, coarse-grained mica 

schist, wleh minerals such as blodte, garnet, silllmanite, and locally 

andalusite (Billings, 1956). It has discordant contacts with the younger 

Intruslves, Including Che granlce of Milford, which has a U-Pb age of 275 m.y. 

The geological relations of Che Massabeslc gneiss In the Milford quadrangle 

are shown in Fig. 4.1 (Alelnlkoff et al., 1979). 

4.1.1.7 Rock Scructure 

Northeasc-sCrlklng follaclon with a complex folded structure Is 

prominent In some phases of the Massabeslc gneiss. Joints and quartz velna 

are common In all the rock units, and are described by Freedman (1950) and 

Billings (1942 and 1956). Lyons et al. (1982) reported that the Massabesic 

gneiss underlies a doubly plunging Mossobeslc andcllnorlum. 

4,1.1,8 Geophysics 

Detailed gravity surveys of che Massabeslc gneiss suggest a placelike 

shape for che complex (Anderson, 1978). 

4.2 TACONIC 

4.2.1 Ayer Incruslve Complex (Place III, PluCon 23) 

See Sec. 7.2.2 and Plate VI, pluton 12. Only about 21 km^ (8 ml^) of 

ehls complex Is In New Hampshire; che largesc part of Its area lies In 

Massachusetts, and It Is discussed wlch the pluCons of that state. 

4.2.2 Jefferson Dome (Plate III, Pluton 10) 

4.2.2.1 Size. Shape, and Location 

The Jefferson dome Is part of che norch-south trending en echelon 

pactern of domes In the west-central part of the aCate. It Is about 64 km (4C 

ml) long and up to 20 km (12 ml) wide, ond extends from Fronconlo to northeast 
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2 
of Berlin. The total mapped area in Plate III is approximately 674 km (260 

ml ). The Jefferson dome is part of a larger structure, the Bronson Hill 

anticlinorlum, which consists of a series of domes with cores composed of the 

Oliverian plutonlc series. 

4.2.2.2 Relative and Absolute Age 

Various ages have been assigned to the rocks of the Jefferson dome. 

Zartman and Leo (1981) have determined a 455-m.y. age for the dome using U-Th-

Pb isotopes. Using Rb-Sr Isotopes, Foland and Lolselle (1981) published an 

age of 441 + 5 m.y. 

4.2.2.3 Origin 

The Oliverian series is believed to have intruded conformably into the 

Ammonoosuc volcanics in the Jefferson dome. Billings (1956) Interpreted the 

Oliverian series to represent "granltlzed" volcanics. However, on the basis 

of field relations, the Oliverian magmas appear to have been intruded 

separately as large, lens-shaped magmatic bodies. Forceful intrusion is 

indicated by flow structures now defined by parallel arrangement of biotite, 

hornblende, and large feldspar crystals. (Also see discussion of the Mascoma 

and Lebanon domes in Sec. 4.2.4.) 

4.2.2.4 Petrography 

Mineralogy and Textural Relations. The rocks of the Oliverian series 

show considerable range in composition and texture* Major rock types and 

textures Include hornblende quartz monzonite, fine-grained gray quartz 

monzonite, coarse syenite, coarse granite, blotite quartz monzonite, and 

porphyritic biotite quartz monzonite. Most of the facies are medium or coarse 

grained, granoblastic, and foliated. Compositional variations are expressed 

in large variations in the modal mineralogy: quartz, a trace to 40%; 

potassium feldspar (usually microcline), 17-76%; plagloclase, 10-50%; biotite, 

a trace to 10%; hornblende, 0-18%; and magnetite, 0-10%; with local accessory 

amounts of muscovite, chlorite, sphene, apatite, zircon, allanlte, epidote, 

pyroxene, garnet, rutile, tourmaline, andalusite, and silllmanite. 

Plagloclase composition varies from An-13 to An-42. Grain size varies from 

0.1 to 12 mm (0.003-0.47 in). Pegmatite and apllte are associated with some 

of the rock units (Chapman et al., 1944). 

Alteration. Chlorite is the principal alteration mineral. Metasomatlc 

changes are present at the contacts with the country rocks. Devonian meta 

morphism affected the rocks of the area (Osberg, 1978). 
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4.2.2.5 Secondary Intrusions 

There Is no InformaClon In Che literature concerning secondary 

Intrusions, which suggests that they may be absent or minimal. 

4.2.2.6 Country Rocks 

In the depressions between domes are younger rocks. The upper contact 

of Che Oliverian series is wlch Che Ammonoosuc volcanics, which reach a 

Chlckness of several Chousand meters on the south flank of the Jefferson dome 

(Billings, 1956). The Ammonoosuc volcanics consist mainly of potasslum-

feldspar-poor quartz-plagloclase-blotlte gneiss, with small amounts of amphl

bollce, quartz-muscovlce-pyrlce schisc, and llme-sillcate granullte. The 

blodce gneiss Is gray and fine grained (Chapman et al.. 1944). Before they 

were metamorphosed to blotite gneisses, the Ammonoosuc volcanics were probably 

pyroclasdcs ranging In composition from rhyollte to dacite (Chapman et al., 

1944; Billings eC al., 1946). 

4.2.2.7 Rock ScrueCure 

The southeastern flank of the Jefferson dome Is broken by the Pine 

Mountain fault, which runs 21 km (13 ml) northeast and dips steeply. The 

southeastern side Is downthrown (Chapman et al., 1944). 

Foliation Is prominent near Che margins of Che dome, oucllnlng che 

scructure formed during che Devonian. The dip of the foliation varies from 

place to place. Indicating minor folding In addition Co that of the major 

anticline (Chapman et al., 1944; Billings et al., 1946). The Jefferson dome 

Is part of the larger Bronson Hill andcllnorlum (Billings, 1956). The major 

anticline trends northeast and Is asymmetric, with Che northwestern llab 

dipping about 45° NW and the southeasc limb dipping about 75* SE (Chapman eC 

al., 1944). 

4.2.2.8 Geophysics 

JauparC ec al. (1982) gave a heaC flow value of 0.95 x 10~* cal/ca 'S 
for che area. 

4.2.3 Lose Naclon Group (Place III. Pluton 9) 

See Sec. 5.2.2 and Plate IV, pluton 8. Although outcrops of this group 
are found over an area of about 282 km (109 ml^) In New Hampshire, It has 
been studied mostly from the Vermont s'lde, and It Is therefore discussed with 
the plutons of Vermont. 
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4.2.4 Mascoma and Lebanon Domes (Plate III, Pluton 6) 

4.2.4.1 Size, Shape, and Location 

The rocks of the Mascoma and Lebanon domes are members of the Oliverian 

series domes that lie en echelon in a belt nearly 450 km (250 mi) long, 

coinciding approximately with the crest of the Bronson Hill anticlinorlum 

(Naylor, 1968). The Mascoma and Lebanon domes are elliptical in surface 

outline and collectively occupy an area of about 210 km (81 ml ) in the 

Mascoma and Hanover quadrangles. A small portion lies in the Mt. Cube 

quadrangle (see Fig. 4.2). 

4.2.4.2 Relative and Absolute Age 

Naylor (1969) obtained Rb-Sr whole rock ages of 440 ± 20 m.y. for the 
707 206 

Mascoma and Lebanon granites. Zircon from the Mascoma dome has a Pb/ Pb 

age of 450 + 25 m.y. These data indicate a Middle to Late Ordovician age of 

primary crystallization. The U-Pb-zircon studies of Lyons et al. (1983) on 

the Hlghlandcroft series plutons support the ealier suggestion of Naylor 

(1968) that both the Hlghlandcroft and the Oliverian series are coeval. Part 

of the Hlghlandcroft suite, however, may have been derived from the 1000-

m.y.-old Precambrian crust, as variable contamination by xenocrystic zircons 

is observed in the rocks of the series (Lyons et al., 1983). 

4.2.4.3 Origin 

Hadley (1942) believed that the Mascoma dome 'and the adjacent Smarts 

Mountain dome are phacolithic intrusions that were subsequently folded Into 

domes. Chapman et al. (1944) considered the composite Igneous core to have 

resulted from the forceful Intrusion of several successive lenticular magmadc 

bodies. Bean (1951) Interpreted the gravity data to mean that the dome is 

either a thick laccolith or a thick sheetlike intrusion that has been domed 

upward. Such mechanisms do not explain the uniform and consistent contact 

between the Oliverian core rocks and the Ammonoosuc volcanics. Naylor (1968 

and 1969) studied the Mascoma dome as an example of the Oliverian domes. He 

divided the dome into stratified and unstratifed core rocks. He further 

proposed that the stratified rocks are probably metamorphosed Ammonoosuc 

volcanics, whereas the granitic core is the result of intrusive igneous 

activity, and is not remobilized basement. The Lebanon granite represents a 

syntectonlc stock that has domed its roof (Chapman, 1939; Lyons, 1955; and 

Naylor, 1969). 
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Fig. 4.2 Geologic Map of the Northern Part of che Mascomo 
Dome (A-A", B-B', etc., show locations of detail maps 

shown below) (Source: Naylor, 1959) 
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4.2.4.4 Petrography 

Mineralogy and Textural Relations. In the Mascoma dome, stratified 

core rocks are typified by massive layers of medium-grained plagloclase-

quartz-biotlte-epldote gneiss of intermediate igneous composition whose upper 

parts are more heterogeneous than the lower parts. Core rocks are 

unstratlfied and homogeneous. Chapman (1939) described four types of igneous 

rocks, representing unstratlfied core, that grade Into one another. These 

four types have been Identified as granite, quartz monzonite, sodic 

granodlorlte, and quartz dlorlte. Granite occurs in a small, nearly circular 

area in the western part of the main body. It is porphyritic, medium grained, 

granoblastic, and composed of quartz, 40%; oligoclase, 42%; potassium 

feldspar, 12%; and blotite, 3%. The mineral composition suggests that the 

rock is a granodlorlte. Minor amounts of muscovite, magnetite, apatite, and 

sphene also are present. Moderate foliation is produced by parallel 

arrangement of biotite grains and flattened quartz aggregates. 

Quartz monzonite Is most abundant and occupies the central part of the 

main mass. It is medium-grained, gnelsslc, and composed of quartz, 30%; 

microcline, 24%; plagloclase, 33%; and blotite, 11%; with minor epidote, 

muscovite, magnetite, apatite, and sphene. The quartz shows strain shadows 

and granulation. With increasing microcline, monzonite grades into granite. 

Sodlc granodlorlte occupies a broad, arcuate band around the north and 

east sides of the granite and quartz monzonite. It is medium grained, 

strongly foliated, and composed of a friable aggregate of quartz, 48X; 

plagloclase, 41%; potassium feldspar, 7%; and biotite, 4%; with minor 

muscovite, epidote, magnetite, apatite, and sphene components. Thin, parallel 

lamellae of biotite are distributed throughout the granodlorlte, giving it 

considerable schlstosity. The granodlorlte generally is uniform, but the 

outer part contains inclusions of feldspathic hornblende-biotite schist and 

layers of gneiss, which may represent parts of the Ammonoosuc volcanics. 

Quartz dlorlte is confined to a complex zone between the three other 

bodies and the Ammonoosuc volcanics. The zone contains four rock types: (1) 

biotlte-quartz dlorlte (most abundant) composed of quartz, 29%; plagloclase, 

64%; and blotite, 6%; with minor epidote, muscovite, chlorite, magnetite, 

apatite, sphene, and zircon; (2) siliceous biotlte-quartz dlorlte (rare) 

composed of quartz, 51%; plagloclase, 42%; and biotite, 6%; with minor 

muscovite, magnetite, apatite, zircon, and garnet; (3) hornblende-quartz 

dlorlte (which is locally intruded into biotlte-quartz dlorlte), composed of 

quartz, 25%; plagloclase, 53%; biotite, 10%; and amphlbole, 12%; with minor 

potash feldspar and muscovite; and (4) granodlorlte, which is similar to that 

of the main body, but is finer grained and occurs in sills. Many of these 

rocks are well foliated, and all are distinctly granular with characteristics 

similar to the stratified core rocks. 

The relationships between the granodlorlte and the granite and quartz 

monzonite indicate that the former is older than the other two. Hadley (1942) 



132 

concluded that the granlce Is Che result of hydrothermal replacement of 

granodlorlte or quartz monzonite by microcline. 

Naylor (1968 and 1969) disputed Chapman's (1939) gradatlonal 

subdivision of the rocks; he Interpreted much of the dome to be metamorphased 

felslc volcanic rocks of the Ammonoosuc formation, and only the granites In 

the core as Intruslves. 

In the Lebanon dome, there are two distinct Igneous rock types — a 

coarse-grained granitic core and a fIner-gralned, more mafic border phase that 

surrounds the core. The two are gradatlonal near their contacts. 

The border phase Is a medium- to fine-grained rock, ranging in composi

tion from gabbro to quartz monzonite. Although It possesses good gnelsslc 

structure In most places, only a pencil structure Is presenC In ochers. The 

rock Is highly sheared; quarcz grains are granulated and recrystalllzed. 

Locally, quartz constitutes 25X of the rock, and plagloclase constitutes 

30-55%. Epidote, calcite, ond serlclte ore abundant and probably represent 

alteration products. Muscovite is locally abundant and thought to result froa 

hydrothermal alteration of blotite. Other minor constituents include opotlce, 

zircon, llmenlce, magnetite, and pyrite. 

The Lebanon granlce Is a medium- Co coarse-grained rock wlch poorly 

developed gnelsslc structure. Microcline Is the most abundant mineral, 

occurring In amounts up to 55X. Secondary plagloclase (usually sodlc oligo

clase) Is present In minor amouncs. Quarcz constitutes roughly 30X of che 

rock. Blotite Is scarce. Muscovite and epidote are present and believed to 

be secondary. 

Alteration. Mascoma dome rocks show sparse alceradon, as seen In the 

presence of minor epidote. Both the Lebanon granite and che bordering gneiss 

are alcered. The border gneiss locally concains up Co 5X secondary calclce. 

Epidote and serlclte also are present and are thought to be secondary. 

Muscovite Is locally abundanc, resulting from hydrothermal alteration of 

blodte. The Lebanon granite Is less alcered, but contains plagloclase, 

muscovite, and epidote as alteration products. 

4.2.4.5 Secondary Incruslons 

The oligoclase granodlorlte and the quortz dlorlte of the Mascoma doae 

are cut, In che soucheascern part of the area, by Irregular pegmatite dikes, 

which are probably aasoclated with the Mc. Clough plucon (Hadley, 1938). 

4.2.4.6 Country Rocks 

The Mascoma and Lebanon domes are surrounded by the Ammonoosuc 
volcanics, which are variably metamorphosed felslc rocks. 
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4.2.4.7 Rock Structure 

Oliverian domes are generally well jointed. The Lebanon dome has 

several different Joint sets (Lyons, 1981). The most prominent Joints in the 

Mascoma dome dip steeply toward the center of the dome. Many of those in the 

granodlorlte have been filled with quartz-tourmaline veins. These are 

bordered by bleached zones 2 cm to a few meters (an inch to several feet) 

wide, from which the biotite has been entirely removed. 

Strong foliation parallel to the bedding is observed in the domes. 

This foliation is secondary and dips at the margin outward from 20° to 30°. 

Low-angle dips were recorded in the interior, but foliation is virtually 

absent in the core of Lebanon dome. The dome Is overturned toward the south 

or southeast (Bean, 1953). 

4.2.4.8 Geophysics 

A large gravity low — a Bouguer anomaly of approximately -10.5 mgal — 

is associated with the Mascoma and Lebanon domes. Calculations indicate that 

dips of the contact increase at depth, and that the Mascoma dome extends to a 

depth of approximately 5000 m (16,000 ft) and the Lebanon dome to a depth of 

3650 km (12,000 ft) (Bean, 1953). 

Jaupart et al. (1982) reported that the heat flow Is higher for these 
plutons than for the other rocks of the area. For the Lebanon area, heat flow 

—6 2 
determined for Oxfordsville quartzlte is 0.76 x 10 cal/cm 's. 

4.2.5 Newburyport Granodlorlte (Plate III, Pluton 22)« 

See Sec. 7.2.7 and Plate VI, pluton 13. Outcrops of this body are 

found in an area of only about 25 km (9.6 mi ) in New Hampshire; the largest 

portion is located in Massachusetts and therefore it is described with the 

plutons of that state. 

4.2.6 Westmoreland-Swanzey and Related Domes (Plate III, Pluton 3) 

4.2.6.1 Size, Shape, and Location 

Most of the Westmoreland-Swanzey dome is located in the Keene-

Brattleboro area of New Hampshire (see Fig. 4.3). It is nearly divided into 

two lobes by tongues of metamorphic rock immediately west of the city of 

Keene. The northwestern lobe is about 16 km (10 mi) wide and 11 km (7 mi) 

long; the eastern lobe is about 11 km (7 mi) wide and 26 km (16 mi) long. Two 

prongs of the northwestern lobe extend northward into the Bellows Falls 

quadrangle. Strips of similar rock extend across Massachusetts (see pluton 8 

on Plate VI) and into Connecticut (see pluton 11 on Plate VIII). 
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Fig. 4.3 Major Oliverian Domes In che Keene-

Brattleboro Area and Associated Structural 

Elements (Source: Moore, 1949) 

Warwick dome continues Into che adjoining Northfleld and Mt. Grace 

quadrangles In Maasachusetts; Vernon dome, an oval body, occupies the lowland 

between the southern end of Wantastlquec Mountain and the New Hamphslre-

Massachusetts state line. Westmoreland, Swanzey. Vernon, Warwick, and Surrey 

Mountain domes are grouped togecher due Co similarities of age and lithology. 
2 "̂  

They collectively occupy an area of about 259 km (100 ml'). 

4.2.5.2 Relative and Absolute Age 

The domes are considered Co be pare of the Oliverian series, to which 
Zartman and Leo (1981) gave an age of 455 m.y. 
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4.2.6.3 Origin 

Westmoreland-Swanzey and associated domes were emplaced by forceful 

Injection of thick composite sheets. The event occurred in the early stages 

of the Taconic orogeny, while overlying rocks were essentially flat. Subse

quent doming by diapiric uprise of the rocks occurred during the Acadian 

orogeny of Early to Middle Devonian time to give the present structural forms 

(Lyons, 1981). 

4.2.6.4 Petrography 

Mineralogy and Textural Relations. All these domes are lithologically 

similar and consist predominantly of granodlorlte gneiss. The core gneisses 

are trondhjemltic, and are probably a plutonlc phase of the Ammonoosuc (Leo, 

1980). The description that follows focuses on the Westmoreland-Swanzey 

dome. The gneiss of the northwestern lobe of the dome is predominantly grano

dlorlte; however, the northwestern part of this lobe is quartz monzonite, and 

local areas of granite are present. Moore (1949) reported modal analyses for 

all three types of rock. For the granodlorlte, he found plagloclase, 44%; 

quartz, 37%; and potassium feldspar, 11%; with minor blotite, muscovite, 

epidote, and chlorite; for the quartz monzonite, he reported quartz, 33%; 

plagloclase, 31%; potassium feldspar, 28%; and biotite, 5%; with minor musco

vite, chlorite, and magnetite; and for the granite, he found potassium 

feldspar, 45%; quartz, 30%; plagloclase, 18%; biotite, 3%; and muscovite, 3%, 

with minor chlorite and magnetite. The granodlorlte of the southeastern part 

of this lobe contains significant hornblende in addition to the more abundant 

blotite. Gneiss in the eastern lobe of the pluton is quartz dlorlte of the 

following composition: plagloclase, 53%; quartz, 32%; blotite, 5%; and 

hornblende, 5%; with minor potassium feldspar, chlorite, and epidote. Local 

areas are enriched in potassium feldspar. Accessory amounts of magnetite, 

garnet, epidote, muscovite, apatite, zircon, sphene, and rutile are present in 

most rocks. 

Contacts between the varieties of gneiss are gradatlonal, and the 

different rock types are presumed to be contemporaneous. Thin schlieren of 

fine-grained, biotlte-rich gneiss are abundant near the border of the intru

sive. These schlieren are probably reworked Inclusions of amphibolite from 

the Ammonoosuc volcanics. 

Alteration. Chlorite and serlclte are present in the gneiss as altera

tion products. 

4.2.6.5 Secondary Intrusions 

Small pegmatites occur either in shear zones or in dikelike or sill

like masses. 
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4.2.6.5 Country Rocks 

The western half of the Westmoreland-Swanzey dome Is overlain by Inter

bedded medium-grade metamorphlc rocks of the Ammonoosuc volcanics. The pre

dominant rock types are blotlce-quarCz-feldspor gneiss snd amphlbollte; sooe 

actlnollte-quarcz-feldspar gneiss Is presenC. 

The easeern half of Che easCern lobe Is overlain by high-grade meCa

volcanlcs. The mosC abundant rocks ore blotlte-quartz-feldspar gneiss and 

amphlbollte similar to those of the middle-grade zone, but with a coarser 

grain size. Among Che less common rocks are si Illmanlee-quarczlce, ealc-

muscovlee schlsC, and hornblende-chlorlte-talc schist. Thin beds of coarse 

anthophylllte schist also occur. 

Bedding Is well defined chroughouC mosC of Che meCavolcanlcs; beds 

range In thickness from about a centimeter to a few meters (a fraction of an 

Inch Co several feec). Foliation Is well developed and parallel to Che 

bedding. 

On Che western side of the eascern lobe, stratified rocks are absent, 

and gneiss of Che Westmoreland-Swanzey plucon is In contoct with the Kinsman 

quartz monzonite along a Trlasslc-Jurasslc border fault. 

4.2.5.7 Rock StrucCure 

A Trlasslc-Jurasslc border fault dated at 160 m.y. (Lyons, 1981) runs 
along the western side of the eastern lobe of the dome. 

Foliation of the gneiss Is believed to be primary, resulting froa 

intrusion of a partially crystallized magma. It is well developed around the 

border of the dome, but decreases In Intensity toward the Interior. The 

foliation and bedding of the Ammonoosuc volcanics, the foliation and bedding 

of the gneiss, and the contact becween the two are all parallel. 

The average outward dip of the foliation along the border of Che 

norchwestern lobe of Che Wescmoreland-Swanzey dome Is 25-40". At the extreme 

western end of the norChwesCern lobe, foliation In the gneiss dips outward 

from the center. Toward the west, the dips steepen and become overturned. 

Dips In the foliation around the eastern lobe are generally steeper 

(65°) Chan thoae around the norChwesCern lobe (abouC 30*). At the 

northwestern extremlcy of Che eascern lobe, the scructure Is overturned. 

4.2.6.8 Geophysics 

^Jaupart eC al. (1982) reporCed a heat flow value of 1.42 x lO"* 

cal/cm 's for the Amonoosuc volcanic rocks In the Westmoreland area. This Is 
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higher than the values determined for the Lebanon area, and higher than the 

mean heat flow for the metasedimentary rocks. 

4.3 ACADIAN AND POST-ACADIAN 

4.3.1 Ashuelot Pluton (Plate III, Pluton 2) 

4.3.1.1 Size, Shape, and Location 

The Ashuelot pluton occurs in the Keene-Brattleboro area in the south-

western corner of the state. The pluton occupies an area of about 116 km (45 

mi ) and is roughly elliptical, about 18 km (11 mi) long and 10 km (6 ml) 

wide. The pluton Is bisected by the Ashuelot River and is marked by a hilly 

region and lowland swamps. 

4.3.1.2 Relative and Absolute Age 

The Ashuelot pluton is composed of Kinsman quartz monzonite, which 

intrudes into the Lower Devonian Littleton formation (Moore, 1949). Lyons and 

Livingston (1977) reported an age of 411 + 19 m.y. from a Rb-Sr whole-rock 

isochron. This age presents a problem, as it lies outside the commonly 

accepted time span (400-350 m.y.) for the Devonian. This problem is common to 

all bodies of the New Hampshire plutonlc series. 

4.3.1.3 Origin 

The Ashuelot pluton was forcefully injected as a thick sheet after 

earlier stratified deposits had been Intensely folded. The pluton contains 

Inclusions of folded country rock, and the schlstosity of some of the 

inclusions is not parallel to the foliation of the Ashuelot. Because the 

phenocrysts in the quartz monzonite show very little granulation, the Ashuelot 

must have been intruded into the Littleton formation near the end of the 

deformation (Moore, 1949). 

4.3.1.4 Petrography 

Mineralogy and Textural Relations. The Kinsman quartz monzonite is a 

major llthologlc unit of the New Hampshire plutonlc series and has quartz 

dlorlte and granodlorlte as compositional variants. The Kinsman quartz 

monzonite of the Ashuelot pluton is a medium- to coarse-grained, light-gray 

porphyritic rock containing large tabular phenocrysts of white feldspar. In 

most places the phenocrysts are microcline or microperthlte; elsewhere they 

are plagloclase. The largest phenocrysts are about 4 x 2.5 x 1.5 cm (1.6 x 
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1.0 X 0.6 in.). The percentage of phenocryscs is highly variable, averaging 

about lOX of Che rock buC ranging Co a maximum of abouC 25X. Owing Co chlg 

variation In the amount and composition of Che phenocrysts, portions of the 

Ashuelot plucon are granodlorlce, while other parts are quartz dlorlte. The 

groundmass Is chiefly feldspar, quarcz, blotite, and nuscovlte. In the 

Ashuelot plucon, Che Kinsman quartz monzonite has a hypldlomorphlc granular 

texture. Essendal minerals are oligoclase or andeslne, quartz, pocasslua 

feldspar, bloclce, and muscovlce. The plaglocloae (An-23-37) occurs as 

homogeneous grains. Garnec, sUllmanlCe, zircon, apaclce, pyrlce, magnedte, 

sphene, and rutile are present as accessory minerals (Moore, 1949). 

Alteration. Schists found In the Ashuelot pluton are Inclusions, 

rather than alteration products. A large schistose body of the Littleton 

formation about 5 km (3 mi) long In a north-south direction and 1.6 km (1 al) 

wide Is present in the east-central part of the pluton. 

4.3.1.5 Secondary Intrusions 

Minor pegmaddc Incruslons are presenC. 

4,3,1.5 Country Rocks 

The Ashuelot pluton Intruded Into the Lower Devonian Littleton 

formation, which consists chiefly of interbedded schist and numerous 

subordinate thin quartzites. Ic also contains calc-slllcate rocks, volcanics, 

and quartz conglomerate. Bedding Is well defined throughout most of the 

formadon. 

4.3.1.7 Rock StrucCure 

The AshueloC pluCon Is bordered on Ics eascern margin by a Trlasslc 

border fault that trends N. 25° E. and dies out In the vicinity of Keene. The 

western side of the fault Is downthrown, the fault plane dipping steeply 

northwest. Although the Kinsman quartz monzonite la well foliated near Ics 

conCact wlch the Littleton formation, foliation Is weak throughout mosC of the 

pluton's Interior. 

4.3.1.8 Geophysics 

Gravity profiles acroas the AshueloC pluton Indicate a aoxiaua 

thickness of 0,8 km (0.5 ml) (Lyons, 1982). Jaupart et al. (1982) reported a 

heat flow value of 1.50 x 10" cal/crâ .-a for Kinsman tonallte, which Is almost 

twice the value of the lowest heat flow deCermined In New Hampshire. 
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4.3.2 Cardigan Pluton (Plate III, Pluton 5) 

4.3.2.1 Size, Shape, and Location 

The Cardigan pluton is an elongated body about 97 km (60 mi) long north 
and south, and from 10 to 25 km (6 to 15 ml) wide. A narrow spur about 2 km 
(1.2 mi) wide juts south-southwest from the center, extending for about 35 km 
(21 mi). The southern end is at West Peterborough, and the northern end is 3 
km (2 mi) north of Groton in west-central New Hampshire. The mapped area of 
the pluton, as shown on Plate III, is approximately 1194 km (461 mi ). 

4.3.2.2 Relative and Absolute Age 

On the basis of field relations, Fowler-Lunn and Klngsley (1938) 
Interpreted the Cardigan pluton as having been intruded into older rock during 
the Late Devonian. A Rb-Sr age of 402 ± 19 m.y. has been reported by Lyons 
and Livingston (1977). 

4.3.2.3 Origin 

The Cardigan pluton is a synkinematic, elongate, basin-shaped pluton 
Intruded during the Acadian orogeny. It was intruded as a sheet concurrently 
with the development of a series of west-facing nappes in Devonian and older 
metasedlments (Lyons, 1982). 

4.3.2.4 Petrography « 

Mineralogy and Textural Relations. The Cardigan pluton is composed of 
the Kinsman quartz monzonite, which belongs to the New Hampshire plutonlc 
series. The rock is dark gray, medium to coarse grained, and is massive to 
strongly foliated. The principal minerals are oligoclase-andeslne, quartz, 
potassium feldspar, biotite, and muscovite. An average modal composition is 
quartz, 26%; potassium feldspar, 45%; plagloclase, 13%; biotite, 10%; and 
muscovite, 5%. The unit is sometimes porphyritic, with phenocrysts of 
potassium feldspar averaging 3.5-5 cm (1.4-2.0 in.) in length. Locally, these 
phenocrysts constitute 10% of the rock but may account for as much as 20%. 
The amount of oligoclase-andeslne decreases as the number of these phenocrysts 
of potassium feldspar increases. The average composition of the non
porphyrltlc phases is granodlorlte, whereas the average composition of the 
porphyritic phases is quartz monzonite. The rock exhibits hypldlomorphlc 
granular texture (Billings, 1956). _^ 

Alteration. A granoblastic and cataclastlc texture is found In the 
northern end of the pluton (Fowler-Lunn and Klngsley, 1937). 
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4.3.2.5 Secondary Intrusions 

There are no secondary Intrusions In the Cardigan pluton. There are 

slablike Inclusions of mica schist that have been reworked to a rock 

resembling the Kinsman quartz monzonite. 

4.3.2.6 Country Rocks 

The Cardigan pluton Intruded Into the Littleton formation of Lower 

Devonian age (Lyons and Livingston, 1977). The Littleton formation consists 

of schists and quartzites. The quartzose members vary from fine- to aedlua-

gralned quartzites and garnetlferous quartz-mica schists to rocks thot appear 

much like fine-grained granites. All gradadons of schlsc are found. I.e., 

from rocks In which only quarcz and mica show In hand specimens chrough 

garnet-sllllmanlte schists (Fowler-Lunn and Klngsley, 1937). 

4,3.2.7 Rock Structure 

The Kinsman quarcz monzonlce of Che Cardigan pluton exhibits a coarse 

follaclon, and phenocryscs of pocasslum feldspar and granulaCed aggregaCes of 

other minerals show a Ilneatlon (Fowler-Lunn and Klngsley, 1937). Foliation 

In the Kinsman quartz monzonite Is parallel to Its contacts with schist Inclu

sions. Bullen (1977) reported a folding event after emplacement of the 

Cardigan pluton Chat produced an axial-plane foliation in the associated 

rocks. 

4.3.2.8 C^eophyslcs 

Gravity data collected for members of the New Hampshire plutonlc series 

Indicate that the Cardigan pluton was emplaced as a thin sheet with a maxlaua 

depth of 2500 m (8200 ft) (Nlelson eC al., 1976). This figure agrees well 

wlch the 2000-ra (6550-ft) depth esdmaced by Billings (1956). The plucon has 

an elongace basin shape, wlch a gende easterly dip on che wescern side and a 

steep to overturned dip on the easterly side. Heat-flow values reported by 

Jaupart et al. (1982) for the Kinsman quarCz monzonite were high. 

4.3.3 Concord and Related PluCons (Plate III, Pluton 7) 

4.3.3.1 Size, Shape, and Location 

The Concord plucon forms an _ elongace body In che Concord, Rumney, 

Cardigan, and Plymouth quadrangles, occupying an area of 272 km (105 ml )• 

Flczwllllam granite, around Fitzwllllam, and Blckford granite, near Franconla 

(Williams and Billings, 1938), are other namea for similar granite In the 



141 

respective geographic areas (Emerson, 1917). Large bodies of Concord-type 

granite have been mapped in the Suncook, Wlnnipesaukee, and Dixville quad

rangles. In all, nine disconnected bodies of Concord-type granite are shown 

on Plate III, disposed around the Concord pluton in a ring nearly 100 km (60 

mi) in diameter. Collectively, these bodies of Concord-type rock crop out 

over an area of about 727 km (280 ml ). The description that follows 

pertains primarily to the Concord pluton itself. 

4.3.3.2 Relative and Absolute Age 

Lyons and Livingston (1977) obtained Rb-Sr whole-rock ages of 359 ± H 

m.y. and 330 ± 3 m.y., which are similar to the age found for the Concord 

granite from the type area, but younger than the coeval Barre granite in 

Vermont (Naylor, 1971). 

4.3.3.3 Origin 

The Concord granite is the youngest member of the New Hampshire 

plutonlc series. Nlelson et al. (1976) interpreted the parallelism of 

foliation to the intrusive contacts to indicate a posttectonlc intrusion of 

the Concord. The magma was probably emplaced by a process of brittle 

fracturing and cauldron stoplng. 

4.3.3.4 Petrography 

Mineralogy and Textural Relations. The term "binary granite" has been 

used to describe the Concord and related plutons. Green (1970) reported that 

quartz monzonite is the most representative rock of such plutons, but the 

composition varies from granite to granodlorlte. Concord-type granites are 

fine- to medium-grained hypidiomorphic granular rocks. They are locally 

porpryrltic and often slightly foliated. 

The Concord pluton is medium to coarse grained and equigranular. It is 

fine grained near Concord. The earlier phase is somewhat foliated. The 

principal minerals are quartz, 31%; potassium feldspar, 28%; oligoclase, 29%; 

blotite, 5%; and muscovite, 7% (Green, 1970). 

Alteration. There is no information in the literature on secondary 

minerals in the pluton, which may Indicate that alteration is not significant. 

4.3.3.5 Secondary Intrusions 

Pegmatite intrusions from a few meters to a few kilometers long and 

hundreds of meters thick are particularly associated with the Concord granites 

and may represent a late-stage phenomenon (Bannerman, 1943; Olson, 1950; and 

Cameron et al., 1954). 
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4.3.3.6 Country Rocks 

The Concord pluton Is intrusive Into Che LlccleCon formadon, and Its 

apophyses Intrude into the Klnsmon quarCz monzonite (Billings, 1956). 

4.3.3.7 Rock Structure 

No major faults or folds are described for the plutons. Fowler-

BllUngs (1949) reported northeast-trending, slllclfled fracture zones with 

moderate northwesterly dips In the norchern and norcheastern portions. These 

zones trend north and south with vertical or steep westerly dips In the 

southern portions. The slllclfled zones average 45 m (150 ft), wide and are 

roughly parallel to the strike. Follaclon In che Concord granite varies froa 

pluton to pluton, but Is commonly weak. The foliation roughly outlines the 

shope of Che plucon. The Concord plucon Is not deformed, except for a small 

foliated zone near the contact and minor straining of quartz grains (Billings, 

1956). 

4.3.3.8 Geophysics 

Figure 4.4 shows chac the Concord pluton occupies a gravity low. Soae 

of lc lies below che Littleton formation, to a depth of obout 2 km (1.2 al) 

(Nlelson et al., 1976). Jaupart et al. (1982) gave a heat flow of 

approximately 1.0 x 10 cal/cm *s for the area. 

4.3.4 Exeter Pluton (Plate III, PluCon 21) 

4.3.4.1 Size, Shape, and Locadon 

The Exeter pluton Is an elongate body about 7 km (4 ml) wide and 32 ka 

(20 ml) long that trends northeast and occupies a mapped area of approxlaately 

115 km (44 ml ). It is located In the seaboard lowland province of New 

Hampshire; topographic relief Is provided by hills that range In height froa 

24 o (80 ft) to 152 m (500 ft), capped with glacial material (Sundeen, 1971). 

4.3.4.2 Relative and Absolute Age 

The Exeter pluton Is a member of the Hlllsboro plutonlc series. 

Preliminary Rb-Sr dating and structural relations suggest an age of approxi

mately 390 m.y. (Gaudette ec al.. 1975). The pluCon is cut by dikes belonging 

to che Whlce Mountain series of Late Irlasslc age (Novotny, 1969). 
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Fig. 4.4 Bouguer Anomaly Map Covering Cardigan, Weare, Spauld
lng, and Concord Plutons (contour interval is 2 mgal; 
roman numerals refer to lines of gravity profiles) 

(Source: Adapted from Nlelson et al., 1976) 
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4.3.4.3 Origin 

Dlorlte magma was probably forcefully Injected, as evidenced by che 

presence of xenoliths of the Kittery quartzlte ond the situation of the pluton 

in on onticllnal structure (see Fig. 4.5). It probably represents on early 

phose of the New Hampshire plutonlc series (Freedman, 1950). 

4.3.4.4 Petrography 

Mineralogy and Textural Relations. The Exeter pluton Is largely 

composed of dlorlte (see Fig. 4.5) with subordinate gabbro, monzonite, and 

granodlorlte (Novotny, 1969). The crystals are subhedral, with grains 3-6 oa 

(0.125-0.25 In.) In diameter, alchough blodte flakes are locally as much as 

13 mm (0.5 In.) In diameter (Billings, 1955). Modal analysis yields quartz. 

6X; plagloclase, 57X; microcline, 2X; augite, 14X; urallte, 8X; blodte, 31; 

chlorite, 5X; magnetite, 4X; and serlclte, IZ; with trace amounts of apatite 

and sphene. 

Alteradon. The mafic rocks show modification to urallte and chlorite, 
whereas the feldspars are somewhat sericltized. 

4.3.4.5 Secondary Intrusions 

In addition Co many crosscucclng aplldc and granitic dikes, two 

different rock types occur as secondary Intrusions: camptonlte and diabase, 

both belonging to the White Mountains series. The Chlckness of che dikes 

generally ranges from abouc a cenclmecer Co a few meCers (less than one Inch 

to several feet). However, a large diabase dike 15-18 m (50-60 ft) wide and 

up to 1.2 km (0.75 ml) long Is conspicuous In Che plucon (Sundeen, 1971). 

4,3.4.6 CounCry Rocks 

The councry rock, ac Ics conCacC with the pluton, appears to be alblte-

epldote hornfels. The essential minerals are quartz, epidote, and calclce. 

Contact meCamorphlsm extends about 10-15 cm (4-6 In.) from the contacts 

(Sundeen, 1971). 

4.3.4.7 Rock ScrueCure 

Structural features present are related to the Acadian orogenlc 

phase. Steep joints are present and crend roughly norch-souch; numerous small 

faults ore present In oil the rock units, buC the Portsmouth foulc Is the only 

prominent foulc In Che area. Follaclon Is presenC and defines che overturned 

anticlinal structure coincident with the pluton (see Fig. 4.6). 
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Fig. 4.5 Structure of the Seacoast Region of 
New Hampshire (Source: Novotny, 1969) 
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4.3.4.8 Geophysics 

The Exeter pluton produces a 

positive Bouguer gravity anomaly In 

excess of 16 mgal. The gravity maximum 

Is located northwest of che norcheasc-

trendlng axis of the pluton. Indicating 

that the mass concentration Is offset 

in that direction (Bothner. 1974). 

Both cwo- and chree-dlmenslonal models 

describe a roughly tabular body thot 

ranges In depth from 0.6 km Co 1.9 km 

(0.4-1.2 ml) (Bochner, 1974). Birch 

(1979) reported, from magnetic 

suceptiblllty studies, that the Exeter 

pluton has a systematic, penetrative 

magnetic fabric defined by secondary 

magnetite. Magnetic follaclon Is 

extremely well developed along the 

margins and is less prominent In the 

interior. The magnetic fabric Is Che 

resulc of magma ascent. 

4.3.5 Fltchburg Intrusive Complex 
(Plate III. Pluton 24) 

See Sec. 7.3.2 and Plate VI, 

pluton 10. This complex crops out over 

about 69 km (27 ml^) In New 

Hampshire. The major part of this 

pluton lies In Massachusetts; It Is 

therefore described with the plutons of 

that state. 

Fig. 4.6 Distribution of 

Llthological Types In the Exeter 

PluCon (dots are sampling sites; 

dashed contacts are llluscraclve 

only) (Source: Birch, 1979) 

4.3.5 Fitzwllllam Granite (Plate III. Pluton 1) 

See Sec. 7.3.1 and Plate VI. pluton 9. This rock body Is the northern 

termlnadon of a plucon (Hardwlck-Coys Hill granlce) that extends across most 

of Massachuseccs and only abouC 94 km (36 ml^) lies ouC In New Hampshire; It 

Is cherefore described among MassochuseCts plutons. 
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4.3.7 Granite Pluton near Barrlngton (Plate III, Pluton 19) 

4.3.7.1 Size, Shape, and Location 

This Irregular body of crystalline rock is located in the seacoast 

region of southeastern New Hampshire, in the Pawtuckaway and Dover 
2 2 

quadrangles. It occupies an area of approximately 179 km (69 mi ) . 

4.3.7.2 Relative and Absolute Age 

This pluton is considered part of the New Hampshire plutonlc series, 

and is therefore considered of Devonian age. However, no absolute age data 

are available at present. 

4.3.7.3 Origin 

Freedman (1950) considered the granite near Barrlngton to represent 

emplacement of magma by piecemeal stoplng and permissive intrusion in a 

syntectonlc environment, as is reflected in the parallelism of the fabric in 

the intrusion and the country rock. 

4.3.7.4 Petrography 

Mineralogy and Textural Relations. Novotny (1969) described the 

plutonlc body as predominantly quartz monzonite (cf. Lyons, 1983), but biotite 

granite is also present (binary granite of Freedman,. 1950). The medium- to 

coarse-grained rock is gray and essentially composed of orthoclase-microcline, 

28-51%; oligoclase, 16-35%; quartz, 24-28%; biotite, 4%; and muscovite, 4%. 

The granitic phase is represented by an increase in potassium feldspar. 

Alteration. Plagloclase is sericltized, whereas biotite is partly 

altered to chlorite and magnetite. 

4.3.7.5 Secondary Intrusions 

Granite pematites are abundant secondary Intrusions. 

4.3.7.6 Country Rocks 

The pluton has Intrusive contact with the Littleton and Berwick forma

tions (see Fig. 4.5). 
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't.'i.l.J Rock Structure 

Faults are marked by slllclfled zones that trend northeast and north

west. Flint Hill Is one such slllclfled zone, which reaches a length of 

almost I km (0.6 ml). The faults commonly range to 100 m (327 ft) long and 3 

to 30 m (10 CO 100 fc) wide. Joints strike northeast and dip steeply co 

norchwesc or souCheasC, characterizing a gently dipping sheet like Intrusion. 

Foliation Is parallel to the fabric of the country rock, which trends north-

northeast and dips steeply (Novotny, 1969), 

4.3.7.8 Geophysics 

Jaupart et al. (1982) gave a beat-flow value In Che Barrlngton area of 

0.99-1.87 X 10"^ cal/cm^'s. 

4.3.8 Lincoln Pluton (Plate III, PluCon 8) 

4.3.8,1 Size, Shape, and Location 

The Lincoln pluton Includes a large, lenticular body 40 km (25 ml) long 

and up to 10 km (6 ml) wide, which extends from 8 km (5 ml) southeasc of 

Woodscock on che souCh to 3 km (2 ml) south of Twin Mountain on the north. 

Another part to the south Is an Irregularly angled strip of rock 2-5 km (1.2-3 

ml) wide and about 30 km (18 ml) In Its total length; together these bodies 

occupy about 221 km (85 ml )• 

4.3.8.2 Relaclve and AbsoluCe Age 

The Lincoln pluton Is composed of Kinsraon quortz monzonlce, tihlch 

belongs Co Che New Hampshire pluconlc series. Billings (1956) assigned chis 

Incruslve to the Late Devonian. However, recent Rb-Sr data Indicate on oge of 

402 ± 19 m.y. (Lyons and Livingston, 1977). 

4.3.8.3 Origin 

Contact reladons have been Interpreted by Billings (1956) to Indicate 
forceful Injection. 

4.3,8.4 Petrography 

Mineralogy and Textural Relations. The Lincoln plucon Is composed of 

Klnaaan quarcz monzonite; It la dark grav, medium Co coarse grained, and 

••••Ive to foliated. An average modal analysis shows the principal minerals 
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to be quartz, 26%; potassium feldspar, 45%; plagloclase, 13%; biotite, 10%; 

and muscovite, 5%. The intrusive is locally porphyritic, with phenocrysts of 

potassium feldspar averaging 3-5 cm (1.1-2.0 in.) long. These phenocrysts 

constitute 10% of the rock in places, and occasionally account for up to 

20%. The amount of oligoclase-andeslne decreases with an increase in the 

number of phenocrysts of potassium feldspar. The nonporphyrltlc phases are, 

on average, granodlorlte, whereas the porphyritic phases are mostly quartz 

monzonite. The rock generally exhibits hypidiomorphic granular texture 

(Billings, 1956). 

Alteration. The only modification of the Lincoln pluton reported in 

the literature is the development of granoblastic texture. 

4.3.8.5 Secondary Intrusions 

The Lincoln pluton is cut by dikes and stringers of the Mt. Garfield 

porphyritic syenite of the White Mountain batholith. This syenite is a fine

grained, light-gray porphyry, rich in dark minerals. The phenocrysts are 

chiefly microperthlte. A portion of the Lincoln pluton is isolated by intru

sions of the Mesozoic White Mountain magma series. 

4.3.8.6 Country Rocks 

The Lincoln pluton Intrudes into the Littleton formation of Lower 

Devonian age. It consists of schists and quartzites. The quartzose members 

vary from fine- or medium-grained quartzltlc and garnetlferous quartz-mica 

schists to rocks that appear much like fine-grained granites. Among the 

schists all gradations may be found, from rocks in which only quartz and mica 

show in hand specimens to garnet-sillimanite schists (Fowler-Lunn and 

Klngsley, 1938). 

4.3.8.7 Rock Structure 

The Kinsman quartz monzonite shows north-south foliation with a 

vertical dip near contacts. Elsewhere, the foliation is parallel to the 

contacts. The body Is shaped like a large sill or lens that dips vertically 

or with a very steep northwestern component (Williams and Billings, 1938). 

The Lincoln pluton intruded into sedimentary rocks during the final stages of 

their folding, and is Itself not folded. 

4.3.8.8 Geophysics 

The Kinsman quartz monzonite is reported to have a heat-flow value of 

1.47 to 1.50 X 10~^ cal/cm^'s (Jaupart et al., 1982). 
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4.3.9 Long Mountain Granlce (Plate III, Pluton 12) 

4.3.9.1 Size, Shape, and Location 

The Long Mountain granite Is an Irregular, narrow-walsted body about 28 

km (17 ml) long from southwest to northeast, with widths from west to east 

that vary from 2 to 20 km (1.2 to 12 ml); It occupies an area of about 191 ka^ 

(74 ml ). It crops out In Coos County In the southern part of the Dixville 

quadrangle and Che northern part of the Percy quadrangle. Hatch (1963) 

reported that Nash Bog Pond stock Is a continuation of the Long MounCaln 

plucon (see Fig. 4.7). Green (1964) mapped ICs extension (or similar rock) 

east Into the Errol quadrangle. 

4.3.9.2 Relative and AbsoluCe Age 

The plucon Is composed of Concord granite, and thus belongs to the New 

Hampshire plutonlc series. A radiogenic age of 323 + 11 m.y. has been 

reported by Lyons and Livingston (1977) for Concord granite from west-central 

New Hampshire. The various bodies of Concord granite have frequently been 

interpreted as being the same age (Billings, 1956). 

4.3.9.3 Origin 

Because the Concord granite InCruded InCo che region after the Acadian 

orogeny. Billings (1956) suggested ChaC Che country rock was deformed In a 

brlccle manner. If It hod been emplaced during the Acadian orogeny, the 

councry rock would have deformed In a more plasCic manner. Billings (1956) 

InCerpreted shattered country rock as indicative of forceful injection. 

4.3.9.4 Petrography 

Mineralogy and Textural Relations. The Long Mountain granite pluton 

has cwo monzonite phases. One ranges from fine to medium grained but Is 

locally coarse; lc Is a muscovlce-bloclte quartz monzonlce. The oCher phase, 

generally equigranular but locally porphyrldc. Is a gray bloclce quarcz 

monzonlce. The main mineral assemblages are quarCz, 25-35X; pocasslua 

feldspar (as orchoclase and microcline), 23-32X; plagloclase, 30-35X; bloclte, 

5-6%; and muscovite. 2-5X (HaCch, 1953). 

Alteration. Modification of feldspars Is shown by the presence of 

serlclte; modification of bloclte Is shovm by the presence of chlorite (Hatch, 

1963). Alteration, however. Is minimal. 
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hbd Hornblende-biotite diorite 

qm Quartz monzonite 
(Long Mountain Pluton) 
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Dixville lormation 

Albee formation 

Drag told 

Fig. 4.7 Simplified Geologic Map of the Dixville Quadrangle 

(directions of plunge of drag folds associated with second 

deformation are shown) (Source: Adapted from Hatch, 1963) 
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4.3.9.5 Secondary Intrusions 

Small dikes of pegmatite are common In the Intrusion. 

4.3.9.6 Councry Rocks 

The Long MounCaln granlce, for mosC of its perimeter. Intrudes into the 

Albee formation, which Is of Ordovician age. To the southwest. Long Mountain 

shares a contact with a body of Conway granite. The contacts have boch 

concordant and discordant zones, suggesting forceful Injection. Zones of 

mlgmatlte up Co 1 m (3 fc) wide are presenC In many places (Hatch, 1963). 

4.3.9.7 Rock Structures 

There are six major folds In the area but no particular structural 

control or characteristics are described for the pluton. 

4.3.9.8 Geophysics 

Jaupart et al. (1982) reporCed above-average heac flow for the plutons 

of the area. 

4.3.10 Mt. Clough Plucon (Including Che BeChlehem Gneiss) 

(Place III, Pluton 4) 

4.3.10.1 Size, Shape, and Location 

The Mt. Clough pluton Is very elongated, trending In a northeasterly 

direction along the eastern limb of che Bronson Hill andcllne. It extends 

from che Franconla quadrangle to the Sunapee quadrangle. The moln pluton Is 

ot leost 140 km (87 ml) long ond up to 13 km (8 ml) wide. Two smoller bodies 

neorby ore porollel to the main pluton; these ore both 2-3 km (1.2-1.8 ol) 

wide, end are respectively 15 and 20 km (9 and 12 ml) long. The various 

outcrops of this rock occupy an area of 796 km (307 ml ). The pluton varies 

in depth from 0.8 km (0.5 ml) to 5 km (3 ml) (Billings, 1956). 

4.3.10.2 Relative and Absolute Age 

The Mt. Clough pluton Is composed of BeChlehem gneiss. It Intrudes 

Into che Early Devonian Llctlecon fojrmaclon. Lyons and Llvlngscon's (1977) 

whole-rock Rb-Sr Isochron gave an age of 405 + 78 m.y. Because the LltCleCon 

formadon may be as old oa Middle Silurian (Billings and Fowler-Bl lllngs, 

1975), and becouse of the wide age range obtained experimentally, Lyons and 
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Livingston (1977) noted that the age of Mt. Clough could be from Early to Late 
Devonian. 

4.3.10.3 Origin 

The Mt. Clough pluton was interpreted by Chapman (1939) to be a large, 

sheetlike mass. Heald (1950) and Billings (1956) Interpreted it as having 

been Injected as a horizontal sheet separated from the Oliverian series by a 

septum composed of the Ammonoosuc, Clough, and Fitch formations. This septum 

and horizontal sheet were then folded into a large arch. The parallelism of 

linear elements in the Bethlehem gneiss and the adjacent Littleton formation 

has been used as evidence that the Mt. Clough pluton was involved in the 

deformation and is therefore syntectonlc (Billings, 1956). 

4.3.10.4 Petrography 

Mineralogy and Textural Relations. The Bethlehem gneiss is a dark-gray 

to light-gray, medium-grained biotite gneiss that is variably foliated. The 

texture is granoblastic, as a result of postconsolidation deformation. The 

principal minerals are quartz, 29%; oligoclase-andeslne, 33%; and potassium 

feldspar, 19%; with a small amount of muscovite and blotite. White 

phenocrysts of microcline 3-20 mm (0.1-0.8 in.) long locally constitute 

several percent of the rock; in a few locales, they make up 10% of the rock. 

Minor to trace amounts of opaque oxides and sulfides, apatite, epidote, 

calcite, and garnet are also present (Billings, 1956). 

Alteration. Chlorite, sericite, and epidote occur in very minor 

amounts as alteration products (Chapman, 1937). • 

4.3.10.5 Secondary Intrusions 

There are several places where lamprophyres and other mafic rocks 

intrude into the Mt. Clough pluton. 

4.3.10.6 Country Rocks 

The Mt. Clough pluton Intrudes into the Littleton formation of Early 

Devonian (Middle Silurian?) age. This formation consists of a gray, micaceous 

quartzlte and a gray, coarse-grained mica schist, with such minerals as 

biotite, garnet, silllmanite, and locally andalusite (Billings, 1956). 
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4.3.10.7 Rock Structure 

The Bethlehem gneiss Is strongly folloted, more so near the margins of 

the pluton. The contacts are generally concordant with the bedding and folia

tion In the adjacent metasedlmencs. The Mc. Clough pluCon and the surrounding 

metasedlments were folded Into a large arch (Billings, 1956). The pluton la 

sandwiched between the Skltchewang and Fall Mountain nappes (Thompson et al., 

1968). 

Kruger (1946) reported ChaC scrlke and crosa joints are well developed 

In the Bethlehem gneiss of the Bellows Falls quadrangle. A ploC of 200 Jolncs 

showed thac N. 25° E. joints are more common than N. 80° W. Joints (see Fig. 

4.8). Both types of Joints are also found In the wall rocks. 

4.3.10.8 Geophysics 

Heat flow values of 1.17-1.36 x 

BeChlehem gneiss (JauparC eC al., 1982). 

10 il/cn •s are reporCed for che 

4.3.11 Sehago Lake Bachollch (Place III, Pluton 15) 

See Sec. 3.3.31 and Plate II, pluton 6. Although about 223 k«^ (86 

mi ) of this body lies In New Hampshire, a tenfold larger area appears In 

Maine, and It Is therefore discussed with the Maine plutons. 

4.3.12 Umbagog Granodlorlte 
(Place III, PluCon 13) 

See Sec. 3.3.37 and Plate II. 

plucon 14. Most of this pluton lies In 

Maine; only about 35 ka^ (14 ml^) 

occurs In New Hampshire, and It Is 

therefore described wlch Che plutons of 

Maine. 

4.3.13 Weare and Spauldlng Plutons 
(Plate III, Plucon 18) 

200 joinU 

n 0-ir.• 2V.-3X-4V. as - iox • > I 0 X 

4.3.13.1 Size. Shape, and 

LocacIon 

The Weare plucon and the plutons 

of the Spauldlng aerlea (Lyona, 1983) 

H e In an Irregular north-Co-south band 

Fig. 4.8 Contour Dlogroas 

of Poles of Joints In the 

Bethlehem Gneiss In the 

Bellows Falls Quadrangle 

(plocced on equol area 

net lower hemlaphere) 

(Source: Kruger, 1946) 
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about 65 km (40 mi) long and from 3 to 20 km (1.9 to 12 mi) wide, with 

outcrops mainly in the Concord, Hlllsboro, and Milford 15-mln quadrangles; 

collectively, these plutons occupy a mapped area of about 641 km (247 mi ) . 

4.3.13.2 Relative and Absolute Age 

These plutons belong to the New Hampshire plutonlc series of Devonian 

age. Lyons and Livingston (1977) have dated the Kinsman quartz monzonite 

(which composes the fabric of the Weare pluton as well as the Cardigan and 

Lincoln plutons) at 411 + 19 m.y. on the basis of Rb-Sr whole-rock data. 

4.3,13.3 Origin 

Acadian igneous activity in New Hampshire probably occurred in three 

distinct phases, from a source near the crust-mantle Interface (Nlelson et 

al., 1976). As described in Sees. 4.3.2 and 4.3.7 (for the Cardigan and 

Lincoln plutons, respectively), the Kinsman quartz monzonite represents an 

early Intrusion of magma that was brought upward by density contrast and 

tectonic squeezing. The Weare pluton represents forceful magma Injection 

during a cycle of recumbent nappe development. This event was followed by 

forcible emplacement of the bodies of the Spauldlng series during the period 

of horizontal compression as the second phase of igneous intrusion. Magmas 

probably followed openings along earlier members of the series or kneaded 

their way through the infrastructure (Nlelson et al., 1976). Both the Weare 

and the Spauldlng plutons were probably injected as sheets under tectonic 

control. 

4.3.13.4 Petrography 

Mineralogy and Textural Relations. The Weare pluton is represented by 

a gray, medium- to coarse-grained phase of the Kinsman quartz monzonite. The 

pluton is porphyritic, with phenocrysts of feldspar constituting about 10% of 

the rock. Granoblastic and cataclastlc features are present. The modal 

analysis indicates oligoclase-andeslne, 23%; potassium feldspar, 30%; quartz, 

29%; blotite, 14%; and muscovite, 4%. Quartz diorite and granodlorlte are 

also present as compositional variants (Billings, 1955). 

The plutons of the Spauldlng series range in composition between quartz 

diorite and biotite quartz monzonite. The rocks are dark to light gray with 

well-developed, foliated, medium-grained texture. The principal minerals are 

oligoclase-andeslne, 23-57%; orthoclase, 6-30%; quartz, 16%; biotite, 17-29%; 

and hornblende, 1%. 

Alteration. The rocks show limited development of secondary minerals. 
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4.3.13.5 Secondary Intrusions 

As with other plutons of the New Hampshire series, late-stage pegaa-
tltes are present In che Weare and Spauldlng pluCons (Billings, 1956). 

4.3.13.6 Country Rocks 

The plutons Intruded Into the gray micaceous quartzlte member of the 

Littleton formation. 

4.3.13.7 Rock Structure 

According to Englund (1971), Acadian folding beCween che Cardigan and 

Wlnnipesaukee pluCons occurred In chree stages: the F, folding Is recuabenc 

and Is mappable Into the Hlllsboro quadrangle, F2 folding Is oriented about 

northwesterly axes; and F.. folding Crends abouC northeasterly axes and Is the 

dominanc type. The Klnsmon quartz monzonite, of which the Cardigan, Lincoln, 

and Weare plutons are composed, displays S, and S^ foliotlon. Implying inlcla-

tlon of deformation with recumbent folding, which was superimposed upon a 

northeasterly fabric (Nlelson et al., 1976). As the Spauldlng series Is 

probably the late stage of the same Igneous activity, the tectonic control aay 

have Imprinted similar syncectonlc to late tectonic structural features, but 

of more variable degree, as In the adjacent plutons. 

4.3.13.8 Geophysics 

Nlelson et al. (1975) have provided detailed gravlcy data for the area 

(see Fig. 4.4). On the basis of gravity and geologic data, they proposed that 

the Weare pluton was once coextensive with other Kinsman monzonite bodies, and 

that its present configuration Is due Co erosion. The Weare pluton has a 

maximum thickness of 1 km (0.5 ml). 

Jaupart et al. (1982) reported high heat-flow values for the plutonlc 

rocks In south-central New Hampshire. 

4.3.14 Wlnnipesaukee Pluton (Plate III, PluCon 17) 

4.3.14.1 Size, Shape, and Locadon 

The WInnlpeaaukee pluton Is an Irregularly elliptical body locaced In 

ease-central New Hampshire south of cjie White Mountain bathollth. Its major 

and minor axes are approximately 39 km (24 ml) and 35 km (22 ml), respec

tively; Its mapped area, measured by planlmeter. Is about 783 km^ (302 ml ). 
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4.3.14.2 Relative and Absolute Age 

The Wlnnipesaukee pluton intrudes into the Littleton formation, making 

It younger than Early Devonian. Quinn (1944) believed this pluton was 

emplaced during Late Devonian time. Rubidium-strontium dating by Lyons and 

Livingston (1977) yielded an age of 402 + 19 m.y. for the Kinsman quartz 

monzonite, a prominent component of the pluton. 

4.3.14.3 Origin 

A magmatic origin is assumed for the Kinsman quartz monzonite of the 

Wlnnipesaukee pluton (Billings, 1956; Englund, 1976), as it has clear intru

sive contacts and xenoliths of the Littleton formation elongated parallel to 

Its foliation and margin. Magma probably was emplaced by a combination of 

forceful injection and plastic stoplng (Nlelson et al., 1976). The magmas 

were channeled into or between country rocks being deformed by recumbent 

folding. 

4.3.14.4 Petrography 

Mineralogy and Textural Relations. The Wlnnipesaukee pluton is a 

composite body, consisting of the Meredith phase of the Kinsman quartz mon

zonite and the Wlnnipesaukee quartz diorite. The Meredith phase of the 

Kinsman quartz monzonite is rich in phenocrysts of potassium feldspar. The 

rock is dark gray, medium to coarse grained, and massive to foliated. The 

feldspar grains are mostly microcline, 2-4 cm (0.8-1.6 in.) long and commonly 

parallel. Many potassium feldspar grains have Carlsbad twins. The groundmass 

is quartz, oligoclase, biotite, and muscovite; accessory minerals are garnet 

and silllmanite. Billings (1956) classified this rock as a granite because 

potassium feldspar is more abundant than plagloclase. 

The Wlnnipesaukee quartz diorite is dark to light gray, medium grained, 

and massive to well foliated. The principal dark mineral is biotite; the 

light-colored minerals, which predominate, are quartz and sodium plagloclase, 

either andeslne or oligoclase (Billings, 1956). Quinn (1944) reported a grain 

size of 2-4 mm (0.08-0.16 in.), although phenocrysts as large as 1 cm (0.4 

in.) in diameter are common. Although quartz diorite is the most abundant 

rock type, granodlorlte, quartz monzonite, and even granite (where orthoclase 

is present) also occur. 

4.3.14.5 Secondary Intrusions 

The Wlnnipesaukee pluton was Intruded into by the Ossippee Mountain, 

Red Hill, and Belknap Mountain complexes, of Mesozoic age. 
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4.3.14.6 Country Rocks 

The Wlnnipesaukee pluton Intrudes Into and Is underlain by the 

Littleton formation, which consists of schist and quartzlte. Its texture, 

structure, and mineral composition led Quinn (1944) to Interpret the Littleton 

as formed by high-grade metamorphlsm. These rocks were of sedimentary origin, 

having been composed mainly of shale, sondstone, shaly sandstone, and sandy 

sha le. 

4.3.14.7 Rock Structure 

The Wlnnipesaukee quartz dlorlte and che Meredlch phase of che Kinsman 

quartz monzonite are scrongly follaced parallel Co the bedding planes. Open 

Co Isoclinal folds wlch axes orlenced norcheascerly are presenC. Lyons and 

Clark (1971) proposed that Kinsman quartz monzonite of the Cardigan pluton was 

emplaced synchronously with the first-stage recumbent folding. However, che 

ploCs of follaclon by Englund (1977) suggest thot the pluton may hove been 

emplaced In the lacesc deformatlonal stage. 

4.3.14.8 Geophysics 

The gravity survey of New Hampshire by Nlelson et al. (1976) Includes a 

profile across the Wlnnepesaukee pluton chat defines a maximum depth of 3500 a 

(11,450 ft). The gravity data of Englund (1975) for Che Holderness quadrangle 

further confirm che shallowness of che pluConIc rocks. 

JauparC eC al. (1982) reporCed heat-flow values of 1.08-1.42 x 10 

cal/cm -s for the complex. 

4.4 ALLEGHENIAN AND POST-ALLEGHENIAN 

4.4.1 Osslpee Mountains Pluton (Plate III, Pluton 15) 

4.4.1.1 Size, Shape, and LocaClon 

The Osslpee Mountains pluton occupies a circular area roughly centered 

on longitude 71°15' W. and latitude 43°45' N. It Is about 14 km (9 al) In 

diameter and consists of three llchologlea: (1) moac volcanics, (2) 

porphyrldc quartz syenlce, and (3) Conway granlce. Two oCher llchologlcally 

relaced. roughly circular bodies, lying Co Che norchwest and Che souCheasC of 

Che main Osslpee body, are Included. -The chree exposures together occupy sn 

area of about 234 km (90 ml^). 
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4.4.1.2 Relative and Absolute Age 

The igneous rocks were Intruded into Middle Devonian rocks of the New 

Hampshire plutonlc series. The Conway granite has been dated by K-Ar methods 

at 121 m.y. (Foland and Faul, 1977). 

4.4.1.3 Origin 

First, a few thousand meters (feet) of volcanic flows and tuffs were 

extruded and deposited on an erosional surface consisting of mica schist, 

pegmatite, and granitic rocks of the New Hampshire plutonlc series. Volcanic 

features and fault zones probably developed that were similar to those found 

at many modern calderas. Eruptions may have taken place along rifts as 

well. Faults then broke the volcanics into large blocks, which weakened the 

crust over the area. The volcanics began to drop down at an even faster rate 

when an arcuate fracture zone surrounding the mountains developed. This zone 

was produced by the intrusion from below of Albany porphyritic quartz syenite 

and Conway granite, and served as a path for further shallow volcanic 

intrusions and surface eruptions. Later, the Albany quartz syenite was 

Intruded into, along this arcuate fracture zone, to form a ring dike. 

Finally, the central stock of Conway granite was emplaced by stoping (Wilson, 

1969). 

4.4.1.4 Petrography 

Mineralogy and Textural Relations. The Albany porphyritic quartz 

syenite forms a ring-dike structure that completely circumscribes the 

intrusion. Hand specimens commonly contain a few scattered phenocrysts of 

anorthoclase that are mantled by a thin rim of potassium feldspar. Nonmantled 

phenocrysts of microperthlte are abundant and average 7-9 mm (0.27-0.35 in.) 

in length. The rimmed phenocrysts of anorthoclase are a different color from 

the nonrlmmed phenocrysts of microperthlte. Where the microperthites are pale 

olive green, pink, or light gray, the mantled phenocrysts of anorthoclase are 

gray with cream colored rims, gray with white to pink rims, and dark gray with 

cream-colored rims. The rims of potassium feldspar are about one-tenth as 

thick as the grains of anorthoclase, which are commonly about 5 mm (0.2 in.) 

long. Quartz also is present as small equant phenocrysts that average 4 mm 

(0.16 in.) in diameter. These grains show sharp extinction and are free of 

strain shadows. Many minerals are present as small grains in the groundmass 

of the syenite. The light-colored minerals are apatite and microscopic 

quartz, which is equant and has grains 0.2 mm (0.08 in.) in diameter. Several 

dark-colored minerals occur in the groundmass: hastlngslte, biotite (rare), 

augite, fayallte, and magnetite. Modal analysis yields quartz, 15-19%; 

microperthlte, 59-66%; anorthoclase, 6-14%; and hastlngslte, 7-10%; with trace 

amounts of augite, biotite, magnetite, zircon, apatite, and fayallte. 
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Alteration. Though che granites show ordinary surface weathering, 

detailed alteration effects have been discussed in the literature. 

4.4.1.5 Secondary Intrusions 

The Conway granite was emplaced as a stock following intrusion of che 

Albany porhyrlclc quarCz syenlce. Ic Is typically a medium- to coarse

grained, llght-plnk- to buff-colored, equigranular blotite granite. The 

grains of quartz and feldspar are 7-12 mm (0.27-0.47 In.) In diameter. 

Accessory minerals are hastlngslte, fayallte, apatite, zircon, rutile, 

fluorlte, allanlte, and molybdenite. One-half to three-fourths of the alkali 

feldspar Is microcline perthite, but the perthite contains coarse stringers 

and Irregular patches of the sodic phase. About 5-20X of the feldspar Is 

alblte, which Is present In Individual laths twinned by the alblte law. Soae 

feldspar grains are faintly zoned. The quartz is generally a dark smoky color 

and occupies one-fourth to one-third of the rock. Modal analysis yields 

quarcz, 31%; microperthlte, 43X; alblte, 20X; ond blotite, 6X; with trace 

amounts of accessory minerals. 

4.4.1.5 Councry Rocks 

The Osslpee Mountains pluton was InCruded Inco Igneous rocks of Che New 

Hampshire plutonlc series. 

4.4.1.7 Rock ScrueCure 

The absence of promlnenC scrucCural features, even of foliation or 
banding. Is accrlbutable to posttectonlc Intrusion of the pluton. Localized 
fracturing Is present. 

4.4.1,8 Geophysics 

Sharp and Simmons (1978) presented detailed gravity and magnetic survey 

data for the Osslpee Mountains. The complex as a whole has an Irregularly 

shaped boccom, exCendlng Co a depch of at least 4 km (2.5 ml). The eastern 

scock of Conway granite Is, In places, only a few meCers (feeC) thick, and Is 

probably underlain by an unexposed but much thicker stock of either dlorlte or 

gabbro. 
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4.4.2 Pilot-Pliny Complex (Including Percy Peaks and Gore Mountain) 

(Plate III, Pluton 11) 

4.4.2.1 Size, Shape, and Location 

The four roughly circular stocks of this complex have a linear 

northwesterly disposition. From north to south they are the Gore Mountain, 

Percy Peak, Pilot, and Pliny bodies. Collectively, they occupy an area of 
2 2 

about 235 km (91 mi ). Because all four bodies are lithologically similar, 

only the Pilot-Pliny bodies are described in detail. 

The Pilot-Pliny complex forms a subclrcular shape, in plan view, that 

is about 21 km (13 mi) long and 16 km (10 mi) wide. Billings (1956) described 

the complex as consisting of two parts — the northern Pilot complex and the 

southern Pliny complex. The ring dikes and stocks of the Pilot complex are 

related to several centers. The ring dikes of the Pliny complex are 

concentric about a center 3 km (2 mi) northeast of the highest part of the 

range. The Cresent range ring dike is concentric about this center or one 

further to the east (Billings, 1956). 

4.4.2.2 Relative and Absolute Age 

The Pilot complex Intrudes into the Albee formation of Late Ordovician 

age and the Whltefield gneiss of Ordovician age. The Pliny complex Intrudes 

Into the Whltefield gneiss. The Conway granite, which is part of the complex, 

has been dated at 181 m.y. (Foland and Faul, 1977). 

4.4.2.3 Origin 

The complex exhibits typical ring-dike structure, except that there are 

no subsided volcanics. Emplacement occurred along arcuate fractures, with 

syenitic rocks forming arcuate bodies on the edges of cores of granitic stocks 

(Chapman, 1976). 

4.4.2.4 Petrography 

Mineralogy and Textural Relations. Two bodies of rlebecklte granite 

border the Pilot complex, one northeast and one southwest. The rlebecklte 

granite is a white, medium-grained rock speckled with black, stubby crystals 

of rlebecklte. Many specimens have a small amount of elongate sheaves (1-4 

mm, or 0.04-0.16 in.) of golden yellow astrophyllite. The quartz is clear and 

vitreous. The texture is typically hypiodlomorphic granular. Microperthlte 

is the principal feldspar. Modal analysis yields quartz, 32%; microperthlte, 

50%; plagloclase, 11%; rlebecklte, 6%; and blotite, 1% (Billings, 1956). 
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One large body on the wescern edge of Che Pilot complex and two small 

bodies to the north are composed of syenite. The large body Is medium co 

coarse grained. Modal analysis yields quartz, 2X; microperthlte, 73Z; 

plagloclase, 15X; pyroxene, 2X; hastlngslte, 7X; blotite, 1%; and small 

amounts of apatite (Billings, 1956). Of che two bodies In the north, one is 5 

km (3 mi) long and the other Is 1.6 km (1 ml) long: boch are syenite 

porphyry. Phenocryscs 1-8 mm (0.04-0.31 In.) long are raoscly orthoclase, but 

Chere is also some auglce. Near Che concacts the groundmass Is very fine 

grained and block; elsewhere It Is dark green and medium grained. The prin

cipal minerals are orthoclase, hornblende, and hedenbergite (Billings, 1956). 

The Conway granite forms the largest body In the complex, which is 

about 16 km (10 ml) long and 13 km (8 ml) wide. It Is a pink blotlce granlce, 

medium to coarse grained (Billings, 1956). In the coarse-grained phase, the 

pink crystals of microperthlte range from 2 mm to 6 mm (0.08-0.24 in.) In 

length. The quartz grains are somewhat smaller. The blodte flakes average 2 

mm (0.08 In.) In diameter (Billings, 1956), In the medlum-gralned phase, the 

feldspars average 2-3 ran (0.08-0.12 tn.) In diameter, whereas the quartz 

averages about 2 mm (0.08 In.) In diameter (Billings, 1956). Conway granite 

also constitutes .the Percy Peak stocks. 

The Pliny complex is composed of quarcz monzonite, hastlngslte granite, 

and quartz syenlce with a small plug of Conway granite. The quarcz monzonlce 

occurs on Che norCh side of Che Pliny complex. The rock Is dark gray, equi

granular, and hypldlomorphlc. Modal analysis yields orchoclase, 28X; plaglo

clase, 35%; quarcz, 9X; hornblende, 15%; and blodte, 12X; with Crace amounts 

of magnetite, apatlce, and sphene (R.W. Chapman. 1942). 

The hasdngslce granlce forms a small circular body to the east. It Is 

pink, fine grained to medium grained, and equigranular to subporphyritic 

(Billings, 1956). Modal analysis yields quartz, 24%; microperthlte, 6IX; 

plagloclase, 9X; hasdngslce, 3X; and bloclce, 3%; wlch crace amounts of 

opaque oxides and apatlce (Billings, 1955). 

The quarcz syenite forms a ring-dike scruccure thac encompasses Che 

southern, eastern, and wesCern pordons of the complex. The rock Is medlua 

grained and usually equigranular; near contaccs, however, lc Is locally sub

porphyritic or porphyrldc (Billings, 1956). Modal analysis yields quartz, 

7%; microperthlte. 73%; plagloclase, MX; pyroxene, IX; hedenbergite, 7X; and 

bloclce. 1% (Billings, 1956). 

In (kire MounCaln, on the western portion of the complex, two very small 

bodies to the south and southwest of the main body of granlce are svenldc In 

composldon. Modal analysis yields quartz, 2X; microperthlte, 73X; 

plagloclase, 15X; pyroxene, 2X; and blotite, IX; with trace amounts of apatite 

(Billings, 1956). The remainder of "the stock Is medlua- to coarse-grained 

Conway granite. 

Alteration. Secondary alceradon is minimal. 
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4.4.2.5 Secondary Intrusions 

There are mutually intrusive relations between the different phases of 

the rock bodies, along with late development of dikes. 

4.4.2.6 Country Rocks 

The Pilot complex Intrudes into the Albee formation of Late Ordovician 

age. This formation comprises light-gray to white micaceous quartzlte, gray 

quartz-mica schist, and gray mica schist that may contain porphyroblasts of 

biotite, garnet, or staurolite (Billings, 1956). Both the Pilot and the Pliny 

complexes intrude into the Whltefield gneiss, which is a dark-gray, medium-

grained, foliated biotite granodlorlte gneiss of Middle or Late Devonian age 

(Billings, 1956). 

4.4.2.7 Rock Structure 

The complex represents a group of ring-dike structures formed by cone 

fracturing or subsidence. Although each one is likely to be largely isotropic 

in structure, jointing is to be expected in such bodies, and joint fractures 

may be reactivated at intervals (Chapman, 1976). Hatch (1963) and Swift 

(1966) mapped crosscutting joints in the Gore Mountain stock. 

4.4.2.8 Geophysics 

Jaupart et al. (1982) reported a heat-flow value of 0.96 x 10~ 
cal/cm -s for the rocks of the area, but it should be h'lgher for the intrusive 
granitic bodies. 

4.4.3 White Mountain Batholith (and Belknap Mountain Ring-Dike Complex) 

(Plate III, Pluton 14) 

4.4.3.1 Size, Shape, and Location 

The White Mountain batholith, which is part of the White Mountain 

plutonic-volcanic series, is a composite batholith. Other than the large 

pluton of Conway granite, the bathollth consists of several ring-dike 

complexes and stocks. Also Included Is the circular Belknap Mountain ring-

dike complex lying to the south of the Wlnnipesaukee pluton. The total mapped 

area of the complex is about 1293 km (499 mi ). 



164 

4.4,3.2 Relative and Absolute Age 

The White Mountain bathollth intrudes into Early Devonian metasedlments 

and Devonian Intruslves of the New Hampshire plutonlc series (Billings, 1934 

and 1956). Radiometric dates of 170-195 m.y. (Creasy, 1974) Indicate a Late 

Trlasslc to Early Jurassic age for the Mt. Osceola granite and Conway granite 

(Creasy, 1974). As indicated by Rb-Sr measurements on whole rock. Igneous 

activity occurred In the western half of the bathollth about 186-196 m.y. ago, 

whereas In the eastern half, it occurred about 175 m.y. (Eby and Creasy, 

1983). 

4.4.3.3 Origin 

The bathollth developed along deep-seated fracture zones (Billings and 

Williams, 1935; Billings, 1956; and Chapman, 1976). Magma collected at nodal 

points in a system of intersecting fracture zones, either in the upper mantle 

or aC Che base of the crust. Magma pockets were transformed Into diapiric 

shapes, and ellipsoidal masses became detached from the reservoir rock. These 

discrete chambers of relatively light, superheated basaltic magma moved upward 

through che crust, aided by plastic flowage, melting, and stoplng of adjacent 

rock (Chapman, 1975). Eby and Creasy (1983) proposed a lower crustal origin 

for the Mt. Osceola, Mt. Lafayette, and Conway granlce bodies on che basis of 

low Initial Sr and high Th-U isotopic values. 

4.4.3.4 PeCrography 

Mineralogy and TexCural Reladons. The White Mountain bathollth Is a 

composite body composed of 13 llthologles. Recently Lyons (1983) expanded the 

list to 27 Identified llthologlc units. They range from syenites through 

granites. What follows Is a petrographic description of ten major units froa 

oldest to youngest, based on Creasy's (1974) study. 

Franconia Notch Syenite, Two syenites belong to this designation — a 

medlum-gralned syenite and a mafic syenite. The medlum-gralned syenite Is 

llghc gray and composed of gray-whlce feldspar, bloclte, and amphlbole. A few 

Cabular, anhedral cryscals of feldspar creace a subporphyritic texture. A 

modal analysis yields quartz, 5X; microperthlte, 66X; plagloclose, 20X; 

ferrohastlngslte, 5X; bloclce, 3X; and opaque minerals, IX. 

The equigranular mafic syenlce Is composed of dark-gray and llghc-gray 

feldspar, abundant blodce, and some amphlbole. A modal analysis yields 

microperchlce, 64%; plagloclase, 20X; hastlngslte, 4X; blotite, 7X; and 

chlorite, 5X. 

Carrigan Porphyritic Syenite and Trachytia Porphyry. The Carrlgan 
syenite porphyry Is a medlum-gralned. gray rock composed mainly of gray-white 

feldspar and a subordinate amount of black amphlbole. Set In this groundmass 
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are phenocrysts (5-10%) of chalky white to pink feldspar that are about 10 mm 
(0.4 in.) across. The rock contains 70% anhedral grains of orthoclase 
microperthlte (of which 5% occurs as phenocrysts), 20% anhedral grains of 
common hornblende or hastlngslte, and 8% quartz, as anhedral grains filling 
Interstices between grains of feldspar and as granophyric intergrowths forming 
discrete grains and rims on the orthoclase microperthlte. This pluton was 
emplaced about 196 m.y. ago, as indicated by Rb-Sr-whole rock data (Eby and 
Creasy, 1983). 

The trachytlc porphyry of Mt. Carrigan contains 25% phenocrysts (3-10 
mm or 0.12-0.4 in.) of anhedral pink feldspar set in an aphanitic black 
groundmass. Phenocrysts of orthoclase microperthlte ranging from 0.5 to 1.5 
ram (0.02-0.06 in.) in size account for 25% of the rock and are set In a 
groundmass composed of "patchy," interlocking anhedral grains of feldspar. 

Passaoonaway Syenite. This rock is a medium- to coarse-grained, green, 
equigranular syenite composed mainly of microperthlte. Ferrohastlngslte is 
the chief mafic mineral, but some fayallte and ferrohedenbergite are present. 

Pyroxene Syenite, This rock is massive, dense, black where fresh, and 
composed of fine- to medium-grained feldspar. Phenocrysts are greenish-gray, 
rounded feldspars grains 5-8 mm (0.2-0.31 In.) in diameter, which account for 
approximately 10% of the rock. Two different pyroxene syenites are described 
by Creasy. One is from Stony Brook in the North Conway quadrangle, with a 
modal analysis of quartz, 7.3%; orthoclase, 80.4%; fayallte, 0.1%; 
ferroaugite, 0.4%; ferropigeonite, 3.5%; ferrohastlngslte, 6.5%; and iron-
titanium oxides, 1.8%. The other is from Loon Mountain in the Franconia 
quadrangle, with a modal analysis of microperthlte, 83.0%; fayallte, 2%; 
ferrohedenbergite, 10%; ferrohastlngslte, 3%; and iron-titanium oxides, 2%. 

Mt. Lafayette Granite Porphyry, This porphyry is a massive, fine
grained rock that is dark green to gray where fresh and light brown to gray 
where weathered. Quartz and feldspar phenocrysts occur in variable amounts. 
The quartz phenocrysts are smaller than 5 mm (0.2 in.) in diameter and are 
irregularly rounded and fractured. The feldspar phenocrysts are 1-4 nrai (0.04-
0.16 in.) in diameter and occur as subrectangular or fragmented crystals, 
which are green to gray in color and exhibit Iridescence. Phenocrysts of 
fayallte and ferrohedenbergite are present in minor amounts (1-2%), and most 
are enclosed as reaction rims of ferrohastlngslte. A modal analysis yields 
quartz phenocrysts, 5.1%; perthite phenocrysts, 47.2%; groundmass quartz, 
12.1%, groundmass feldspar, 27.7%; plagloclase, 0.7%; fayallte, 0.3%; 
ferrohedenbergite, 0.4%; ferrohastlngslte, 6.2%; and opaque minerals, 0.3%. 
Eby and Creasy (1983) put the time of emplacement for this phase at 193 m.y. 
on the basis of Rb-Sr whole-rock dating. 

Mt. Garfield Porphyritic Quartz Syenite, Fresh specimens of the Mt. 
Garfield porphyritic quartz syenite are dark green, but the rock is weathered 
gray or pink in outcrop. Phenocrysts are subhedral to euhedral perthite, 
which are subordinate to angular to rounded amber quartz. Phenocrysts of 
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fayallte and ferrohedenbergite occur In minor amounts, surrounded by 

ferrohastlngslte. The groundmass Is composed of greenish feldspar, clear 

quartz, and discrete grains of amphlbole. Creasy reports three groundoass 

textures: (I) allotrlomorphlc granular; (2) panallotrlomorphlc with granular 

quartz; and (3) panallotrlomorphlc with InCersdclal quartz and granophyre. 

Quartz phenocrysts are 2-4 mm (0.08-0.16 In.) long and are well rounded and 

fractured. Perthite and microperchlce phenocryscs range from 1 mn Co 15 a 

(0.04-0.6 In.); cumulocrysCs 10-20 mm (0.4-0.8 In.) across are common. Quartz 

is found In the groundmass as grains 0.1-0.2 mm (0.004-0.008 in.) across. The 

feldspar is anhedral and Intergrown with the ferrohostingslte to form an 

Interlocking ponallotrlomorphlc texture. 

Albany Porphyritic Quartz Syenite. In hand specimen, the Albany 
porphyritic quartz syenite consists of subhedral to anhedral rounded or 

rounded tabular phenocrysts of feldspar, and sparse, rounded phenocryscs of 

amber quarcz set In a fine-grained groundmass. The groundmass Is pale brown 

to gray (green where fresh) and speckled wlch black grains of ferrohasclng-

slte. The percencage of feldspar phenocrysts is 25-50% and averages about 331 

of the whole rock. A modal analysis yields quarCz phenocrysts, 4X; groundmass 

quartz, 12X; microperthlte phenocrysts, 35X; groundmass perthite, 29X; 

microcline, IX; oligoclase, 5X; ferrohastlngslte, lOX; annlte, 3X; and Iron-

tltanlum oxides, IX. The rock Is holocrystalllne with phenocrysts of feldspar 

and quartz set In a panallotrlomorphlc granular groundmass composed of 

microperthlte, orthoclose, quartz, plagloclase, ferrohastlngslte, and 

annlte. Identical syenite forms an arcuate mass in the Belknap Complex. 

Mt. Osceola Granite. This rock Is a medium- to coarse-grained granite 

that is green where fresh but commonly weathers chalky white. The subhedral 

to anhedral groins of greenish feldspor form on interlocking network chaC 

encloses rounded grains of smoky quarcz and anhedral grains of quarcz and 

mafic minerals. The granular quarCz and mafic mlnerols — chiefly 

ferrohasclngslte, amphlbole, and subordinate annlte — are strongly 

concentrated and not randomly distributed throughout che hand specimen. 

Microperthlte, quartz, and ferrohastlngslte form a hypldlomorphlc granular 

texture. Fayallte and ferrohedenbergite may occur as rounded grains, as 

Inclusions within microperthlte, and as cores Inside grains of ferrohasclng

slte. A range of ten modal analyses yields quartz, 18-30X; microperchlce, 50-

70X; plagloclase, 0-lOX; fayallce, Crace-3X; ferrohedenberglte, trace-2X; 

amphlbole, 2-3X; annlte, 1-2X; Iron-tltanlum oxides, IX; and accessory 

minerals, IX. 

Hart Ledge and Mt. Tremont Syenites. The Hart Ledge syenite Is coarse, 
blue-gray or green where freah, though usually weathered buff or brown. 

Blocky feldspar and smaller black grains of amphlbole account for 95X of the 

hand specimen. QuarCz la sparse. excepC In mlarolldc cavlcles. The HarC 

Ledge syenlce haa a panalloCrlomorph'lc, Inequlgranular CexCure of intergrown 

microperchlce and amphlbole. A modal analysis yields quartz, 2X; micro

perchlce, 65X; plagloclase, 5X; onorchoclase, 15X; ferrohedenberglte, IX; 
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ferrorichterite, 10%; and annlte, 2%. The Mt. Tremont quartz syenite is 

medium grained, buff to white where fresh, though commonly weathered to 

llmonite brown. The texture is made of Interlocking, tabular, euhedral or 

subhedral crystals of microperthlte averaging 4 mm (0.16 in.) in length, 

intergrown in a panhypidiomorphic inequlgranular texture, with quartz and 

amphlbole filling the Interstices. A modal analysis yields quartz, 8-18%; 

microperthlte, 73-84%; aegerine-augite, 0.5-1%; ferrorichterite, 5.5-7%; 

opaque minerals, 1%; and accessory minerals, 0.5%. 

Riebeokite Granite. This granite is creamy-white in color and composed 

of anhedral or subhedral tabular crystals of white feldspar and rounded grains 

of clear quartz. Interstitial grains of black or dark blue-black amphlbole 

and honey-brown astrophyllite are peppered throughout the rock. A modal 

analysis yields quartz, 20%; microperthlte, 72%; rlebecklte, 7%; astro

phyllite, 0.5%; and accessory minerals, 0.5%. In thin section, a 

hypidiomorphic texture is exhibited by intergrown microperthlte, quartz, and 

rlebecklte. The anhedral to subhedral crystals of microperthlte are 1-4 mm 

(0.04-0.16 in.) in size. Quartz forms equant grains with angular margins; it 

does not form Irregular interstitial grains. Rlebecklte forms angular 

interstitial grains, with some part of every grain in contact with quartz. 

The rlebecklte contains numerous inclusions of fluorite, astrophyllite, 

sphene, zircon, and quartz. 

Conway Granite, The Conway granite is a pink, inequlgranular biotite 

granite consisting of tabular, euhedral crystals of pink alkali feldspar, 

anhedral interstitial grains of white plagloclase, and rounded grains of clear 

quartz. Books of biotite form interstitial anhedral crystals. Miarolitic 

cavities are common and are bounded by euhedral crystals of quartz and feld

spar. The porphyritic variety contains large rounded phenocrysts of white 

feldspar 7-15 mm (0.28-0.6 in.) long and subhedral, subangular to rounded 

grains of clear quartz up to 5 mm (0.2 in.) long, set in a pale-brown and 

fine-grained, pasty groundmass of quartz and feldspar. Blotite is lightly 

peppered throughout this groundmass as discrete black grains. A modal 

analysis yields quartz, 27.4%; microperthlte, 50.4%; orthoclase, 18.8%; and 

annlte, 3.4%, with trace amounts of accessory minerals. The nonporphyrltlc 

Conway granite is composed of microperthlte, oligoclase, quartz, and biotite 

intergrown in an inequlgranular, panallotrlomorphlc texture. Allanlte, 

sphene, zircon, and fluorite are accessory minerals. This granite is part 

of a central stock in the Belknap Complex that also includes several other 

phases. At the northwestern apex is the Gilford gabbro, which is a small 

intrusive mass (Modell, 1936). The groundmass is composed of an ophitlc 

Intergrowth of labradorlte and augite crystals that are 1-3 mm (0.04-0.12 in.) 

long. Large ovoid crystals of hornblende, about 3 cm (1.2 in.) in diameter, 

enclose crystals of labradorlte (Billings, 1956). The normative composition 

of this rock is orthoclase, 8.9%; alblte, 22.0%; anorthlte, 26.7%; nephellne, 

1.4%; dlopslde, 13.45%; olivine, 10.5%; magnetite, 4.8%; llmenlte, 9.9%; and 

apatite, 1.7%. Eby and Creasy (1983) give a time of emplacement of 175 m.y. 
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The area mapped as dlorlte In the northern part of the complex It 

actually a breccia composed of angular fragments of dlorlte Intruded Into by 

blodte granite and syenite (Modell, 1936). The most common rock Is a dark, 

fine-grained dlorlce wlch grains obout I ran (0.04 In.) In diameter. There are 

also coarse-grained varieties of dlorlte where the hornblende crystals are 

someclmes over 2 cm (0.8 In.) long (Billings, 1956). The normative 

composition Is quartz, 9.9X; orthoclase, 9.5X; alblte, 42X; anorthlte, 13,9Z; 

dlopslde, 12.3X; hyperschene, 8.11X; llmenlte, 7.5X; magnetite, 3.5X; and 

apatite, 1.7X; with 0.7X accessory minerals (Modell, 1936). 

Two separate bodies of monzonite exist In the complex — the Ames and 

Gllmanton bodies. The Ames monzonite Is a small body in the northwestern 

corner of the complex that Impinges on Lake Wlnnipesaukee. The Gllmanton 

monzonite forms a large arcuate mass on the extreme southwestern area of the 

complex. The mineralogy of Chese bodies Is so similar Chat one description 

suffices. Though CexCure varies (Billings, 1956), the most common vorlety is 

a medlum-gralned, equigranular to subporphyritic, light-gray to gray rock 

composed of quartz. 2%; microperthlte, 17X; plagloclase, 55X; pyroxene. 4X; 

amphlbole, 5X; blotite, 5%; opaque oxides, IX; and trace amouncs of opaque 

sulfides, plus IX accessory minerals and alceradon minerals (Billings, 1956). 

The two bodies of syenite have been called the Belknap syenite by 

Modell (1935). The rock Is typically coarse grained and green Co greenish 

gray on fresh surfaces (Modell, 1935; Billings, 1956), The rock conslscs of 

microperchlce and hornblende, with smaller amouncs of oligoclase. sodlua 

orthoclase. blotite, magneclce. goechlce. apadce, zircon, quarcz, and 

sphene. They are similar to the syenites of che main Whlce Mountain body. 

Alteradon. Secondary alteration appears to be minimal, but Is 

evidenced by the presence of chlorite and serlclte. 

4.4.3.5 Secondary Intrusions 

The many llthological phases have mutually Incruslve reladons. Dikes 
ore also presenC. 

4.4.3.5 Councry Rocks 

The Whlce MounCaln bathollth Intrudes Into both the Llccleton formation 

of Early Devonian age and two units of the Middle Devonian New Hampshire 

plutonlc series — the Kinsman quarcz monzonlce and a binary granlce. The 

LlccleCon formadon conslscs of a gray, micaceous quartzlte ond a gray, 

coarse-grained mica schlsC (Billings, 1956). 



169 

4.4.3.7 Rock Structure 

Ring dikes produced by subsidence and cone fracturing are the major 
structures that dominate the complex. Jointing is present and seemingly has 
been reactivated from time to time. Structural discontinuities are not very 
well described. 

4.4.3.8 Geophysics 

Analysis of gravity data shows that the density contrast between the 
granite of this batholith and the surrounding metamorphic rocks extends 
downward at least 1520 m (5000 ft) (Joyner, 1963). On the basis of gravity 
data. Sharp and Simmons (1978) interpreted the White Mountain bathollth as a 
vertical cylinder of granitic rock. 

Roy and Decker (1965) and Birch et al. (1968) reported high heat-flow 
values (up to 2.27 x 10~ cal/cm -s) from the White Mountain batholith, which 
is consistent with the above-average level of radioactivity in these rocks. 
Also see Jaupart et al. (1982) for updated data. 
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5 CRYSTALLINE ROCKS OF VERMONT 

5.1 GRENVILLE AND AVALONIAN 

5.1.1 Chester Dome (Plate IV, Pluton 3) 

5.1.1.1 Size, Shape, and Location 

The core of the Chester dome of southeastern Vermont le elliptical, 

almost 32 km (20 ml) long hy 11 km (7 ml) wide, and covers approximately 317 

km^ (122 ml^) as determined by planlmeter. It consists predominantly of che 

Wilmington gneiss of the Mt. Holly complex. Also exposed In the Chester doae 

Is the Readsboro member of the Cavendish formation and the Bull Hill gneiss. 

5.1.1.2 Relative and Absolute Age 

A Precambrlan age Is indicated (Rosenfeld, 1954 and 1968; Faul, 1963) 

for the gneisses of the Mt. Holly complex, which are unconfonsobly overlain by 

members of the Cambrlan(?) Cavendish formation. 

5.1.1.3 Origin 

Rosenfeld's (1958) description of the emplacement of the (tester doae 

is based on a deCalled study of rotated garnets. An early deformatlonal event 

In the sedlmencary rocks of the Walts River formation Cook the form of a major 

subhorizontal flow In a west-southwest direction. Malor recumbent folds are 

associated wlch Chis fIrsc event. Dome and cleavage-arch formation 

followed. The gnelsslc rocks of the dome represent metamorphosed sediments 

remobilized during the thermotectonic evencs affecting the area. 

5.1.1.4 Petrography 

Mineralogy and Textural Relations. The Mt. Holly complex of Che 

Chester dome Is described by Doll et al. (1961) as consisting primarily of « 

fine- to medlum-gralned bloclce gneiss. The gneiss locally concalna abundant 

muscovite, with chlorite being more common In che western areas. The rock 

varies widely: It can be locally massive and granitoid, schistose, fine 

grained, or composltionally layered. Marbles and quartzites are Incerbedded 

with gneisses. Also common and locally abundant are amphlbollte and 

hornblende gneisses (Doll et al., \9(t\). 

The quartzites are locally very massive, reaching thicknesses of 9 s 

(30 ft) or more. Mlcoceoua quartzlte and quortz-mlco schist commonly contain 
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garnet or chlorite after garnet pseudomorphs. The schists are sometimes 

graphitic. The calcite and dolomite marbles are Interbedded with medium- to 

coarse-grained calc-silicate granullte. Other minerals present in major 

proportion are phlogopite, actinolite, and dlopslde (Doll et al., 1961). 

Alteration. The presence of chlorite, saussurite, and epidote 

indicates that secondary alteration affected the rocks of the area during 

subsequent metamorphlc episodes. 

5.1.1.5 Secondary Intrusions 

The Chester dome was Intruded into, on its northeastern side, by the 

120-m.y.-old Mt. Ascutney complex. This complex is a composite feature, 

comprising granite, gabbro-diorite, and syenite stocks. It Is roughly 9 km (6 

mi) long and almost 5 km (3 mi) wide at its maximum width, with an area of 
2 2 

about 23 km (9 ml ) . Its map plan is roughly in the shape of a dumbbell. 
Occurring in the northwestern corner of the Claremont 15-mln quadrangle, it 

also extends slightly westward into the northeastern corner of the Ludlow 15-

mln quadrangle. These stocks were emplaced in the Cretaceous period and are 

correlated with the White Mountain series. 

There Is evidence of Precambrian granite and pegmatltic dikes in the 

Mt. Holly Complex (Rosenfeld, 1954). They exhibit retrograde metamorphlsm, 

indicating emplacement before Paleozoic metamorphism. Although little 

Information is available on these Intrusives, they have been described as 

dlklets several centimeters (Inches) across to large bodies measured in square 

kilometers (square miles) (Rosenfeld, 1954). 

5.1.1.6 Country Rocks 

The Mt. Holly complex of the Chester dome is in contact with the 

metasedlments of the Cavendish and Hoosac formations and the igneous rocks of 

the previously described Mt. Ascutney complex. The Wilmington gneiss of the 

Mt. Holly complex underlies the Bull Hill gneiss of the Cavendish formation, 

which is thought to be of Cambrian age. The gneiss contains a quartz-

plagloclase-microcline-biotite assemblage characterized by locally abundant 

microcline augen up to several centimeters (inches) in length. Also present 

is a fine- to medium-grained quartz-plagioclase-blotite or biotite-muscovite 

gneiss (Doll et al., 1961). 

5.1.1.7 Rock Structure 

The Chester dome Is the product of two very different deformatlonal 

forces. Related to the earlier deformation are two large sigmoidal folds, the 

Ascutney and Star Hill sigmoids. Features previously thought to be anticlines 

and synclines have been reinterpreted as expressions of this type of folding 

(Rosenfeld, 1968). 
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5.1.1.8 Geophysics 

Wlch geological corrections, the Precambrlan rocks of the Mt. Holly 

complex exhibit a heat flow of 1.13 x 10~ cal/cm -a (Birch et al., 1968). 

Gravity data define a northeasterly regional trend of gravity lows wlch 

Bouguer-anomaly contour values of -25 mgol to -35 mgol and unsymmetrlcal 

closure (Hildreth, 1979). 

5.1.2 Mt. Holly Complex. Northern Exposure (Plate IV, Pluton 5) 

5.1.2.1 Size, Shape, and LocaClon 

The northern part of the Mt. Holly complex Is exposed In west-central 

Vermont In the Green Mountain anticlinorlum. Outcrops of the complex are 

found In an elongated strip 35 km (22 ml) long hy 1-3 km (0.5-2 ml) wide. 

Joined near the waist Co anocher parallel scrip about 13 km (8 ml) long by 2-4 

km (1-3 ml) wide. These strips cover an area of about 82 km (32 ml ). The 

rock Is primarily gneiss (75X), with a large portion of schist and quartzlce 

(20X). Minor amouncs of amphlbollce, greensCone, marble, and lime silicate 

rocks (4X) also are present. Only about IX of the rocks In the complex are 

Igneous (Brace, 1953). Many compositional and textural variations exist In 

the complex due to Ita large area, and It underlies many of the major 

structural features found In southern Vermont. 

5.1.2.2 Relaclve and Absolute Age 

No fossils have been found In the highly recrystalllzed rocks of the 
Mt. Holly complex. Because the complex Is unconformably overlain by strata 
that are known to be Cambrian In age. It has been osalgned to the 
Precambrlan. Pegmadces cuCtlng the Precambrlan of Vermont have been dated at 
1000 m.y. (Faul eC al., 1963). 

5.1.2.3 Origin 

An Igneous and sedlmencary origin Is suggesCed for Che Mc. Holly 

complex. Interbedded marbles and quartzites attest to the sedimentary origin, 

while felelc and basic Intrusions Indicate that Igneous processes also played 

on Important role. The complex has undergone extreme recryscalllzatlon as a 

reault of at leaat two metamorphlc events (Osberg, 1942; Brace, 1953). 

MacFadyen (1956) aCaCed chat the complex underwent a Precambrlan orogeny, 

during which the rocks were subjected Co medium- to high-grade metamorphlsa. 

These rocks Chen underwenc a second orogeny In che Ordovician, during which 

recrograde metamorphlsm altered Chem Co a grade lower Chan chac produced by 

the earlier evenc. 
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5.1.2.4 Petrography 

Mineralogy and Textural Relations. Because of the diverse origins of 

the complex, its rock types and mineral assemblages tend to vary. One of the 

most common rock types in the complex is quartz-biotite-microcline gneiss 

(Osberg, 1952; MacFadyen, 1956). The dominant rock type in the Lincoln 

Mountain 15-mln quadrangle is a quartz-microcllne-alblte-sericlte gneiss. 

Other Important assemblages Include quartz-mlcrocllne-serlclte gneiss, quartz-

alblte-sericite gneiss, and quartz-perthlte-sericlte gneiss. These rocks are 

usually a mottled gray, although some phases are pink (Cady et al., 1962). 

To the southwest of the Lincoln Mountain quadrangle, near the town of 

Ripton, a quartz-feldspar-blotlte granullte crops out. When fresh this rock 

is buff in color, but It weathers to a gray to green. Approximately two-

thirds of the feldspar is microcline, the rest being plagloclase. Also 

commonly found in the area is a gray, finely divided quartz-feldspar-biotite-

muscovlte gneiss with layers 1-2 mm thick that contain rounded to augen-shaped 

quartz and feldspar grains. The thicker layers are separated from each other 

by thin layers of muscovite, biotite, and chlorite, with muscovite being more 

common (Osberg, 1952). 

Alteration. Associations of sericite and epidote with feldspars, and 

of chlorite with mafic minerals (e.g., garnet) are evidence of retrogression 

of the primary minerals (Osberg, 1952). 

5.1.2.5 Secondary Intrusions 

The only bodies of igneous origin in the Lincoln Mountain quadrangle 

are pegmatite dikes, which occur predominantly in the gneiss and granullte 

phases of the Mt. Holly complex. The pegmatites commonly contain tourmaline 

(Cady et al., 1962). Osberg (1952) described the presence of alblte porphyry 

dikes and ultramafic pods in the Green Mountain anticlinorlum, with diabase 

dikes being the youngest phase. 

5.1.2,6 Country Rocks 

The northern exposure of the Mt. Holly complex is in contact with the 

Cambrian(?) Pinnacle formation to the west, the Cambrian(?) Hoosac formation 

to the east, and a small portion of the Cambrlan(?) Underbill formation on the 

extreme northeastern tip of the exposure. The metasedlments of the Pinnacle 

formation Include a schistose grajrwacke that Is gray to buff in color. The 

metasedlments of the Hoosac formation contain a quartz-sericlte-albite-

blotlte-chlorite schist, which is characterized by alblte porphyroblasts. The 

predominant rock type of the Underbill formation is a silvery or gray-green 

quartz-sericite-albite-chlorlte-biotite schist that contains many lenticular 

bodies of white quartz (Doll et al., 1961). 
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5.1.2.7 Rock Scructure 

Osberg (1952) and Brace (1953) described slip and fracture cleavage In 

the metamorphlc rocks of the anticlinorlum, along with rotational features 

displayed In garnets. Although Cady et ol. (1962) Indicated that granular 

rocks show fracture cleavage, they made no direct atatement concerning the Mt. 

Holly complex. 

The northern portion of the Mt. Holly complex contains two major 

anticlines. The Ripton andcllne Is a doubly plunging andcllne that 

culminates near Rlpcon (Osberg, 1952). A longer, doubly plunging anticline 

occurs east of the Ripton anticline; this was described as the Bread Loaf 

anticline by Osberg (1952). and as the Lincoln anticline by Doll et al. 

(1951). Between the two anticlines Is the Sugar Hill syncllne (Osberg, 1952). 

Strike Joints are steeply dipping and trend N. 10° E. to N. 30* E,; 

their attitude is roughly parallel to the axes of the minor folds. Cross 

jolncs strike N. 70° W. to N. 85° W. and dip steeply north or south (Osberg, 

1952). Steeply dipping foliations and plunging lineations are oriented wlch 

the major structures of the area (Osberg, 1952; Brace, 1953). 

Schists of che Mc. Holly complex are exposed along che west limb of the 

Ripton anticline. Here, a series of sharp folds is overturned to the west. 

The structure of the eastern limb, which Is composed of less-foliated, more-

granular rocks. Is more difficult to determine (Osberg, 1952). The Bread Loaf 

(Lincoln) anticline exposes Its core of gnelsslc material for a greater 

distance as It plunges to Che north and south. The Sugar Hill syncllne Is 

sharply overturned to the west and Is made more complex by smoller folds that 

also are overturned to the wesc (Osberg, 1952). 

5.1.2.8 Geophysics 

Bean (1953) reported chat a gravity high corresponds to the axis of the 

Green Mountains. This high Is thought to be a northward contlnuaclon of Che 

gravity high found east of the Blue Ridge gravity low In Appalachian areas 

further south. 

5.1.3 Mt. Holly Complex, Southern Exposure (Plate IV, Pluton 2) 

5.1.3.1 Size, Shape, and Location 

The core of the Green Mountain anticlinorlum extends approximately 115 

km (71 ml) from souChwesCern to west-central Vermont In a banona-sboped band 

up to 20 km (12 ml) wide In some parts, with outcrops found over an area of 

obout 1545 km (596 ml ). Ic Is prlmorlly composed of che meCosedlaents of 

the Mt. Holly complex. In the type locality, these rocks consist of 
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fine-grained biotite gneiss, augen gneiss, garnet-quartz-muscovite schist, 

rusty-colored muscovite schist, amphibolite, quartzlte, and saccharoidal 

marble (Osberg, 1952). These rocks are similar to the Grenvllle llthologles 

in New York and are probably of an Igneous and sedimentary origin (Brace, 

1953; MacFadyen, 1956). 

5.1.3.2 Relative and Absolute Age 

No fossils have been found in the highly recrystalllzed rocks of the 

Mt. Holly complex. However, it lies unconformably beneath less-metamorphosed 

rocks containing Early Cambrian fossils. On the basis of this relationship, 

the complex was assigned to the Precambrian by Doll (1961). 

5.1.3.3 Origin 

The rocks of the Mt. Holly complex consist of metamorphosed sedimentary 

and Igneous rocks (MacFadyen, 1956). A sedimentary origin for the nonlgneous 

rocks Is indicated by the many interbedded quartzites and marbles. 

5.1.3.4 Petrography 

Mineralogy and Textural Relations. One of the most common rock types 

found in the Mt. Holly complex in the area around Rutland is a biotite-

microcllne gneiss that often occurs as large homogeneous masses but also as 

beds a meter or so (several feet) thick interbedded with garnet gneiss, 

quartzlte, and limestone. The gneiss is gray and has bands or augen of pink 

feldspar. These bands are 3 to 13 mm (0.125 to O.S in.) thick and contain 

abundant clear quartz, some broken microcline grains, and sodic plagloclase. 

The bands are separated by thin layers of dark schist, which are composed of 

sericite, biotite, chlorite, and some epidote (Brace, 1953). 

In the vicinity of the Equinox 15-min quadrangle, a unit composed of a 

quartz-biotite-microcline gneiss that is very similar to the common rock type 

In the Rutland area was observed. The unit in the Equinox area contained 

quartz and bands of pink microcline with biotite. A very similar unit was 

found in the Bennington quadrangle area (MacFadyen, 1956; Hewitt, 1961). 

MacFadyen noted that the gneiss in the Bennington area contained abundant blue 

quartz. At the southern end of the Green Mountain anticlinorlum near the 

Massachusetts-Vermont border lies the Stamford granite gneiss. It is usually 

gray, coarse grained, and porphyritic. It contains large rectangular or 

rounded perthitlc microcline phenocrysts, blue quartz, alblte, microcline, 

blotite, and epidote (MacFadyen, 1956). 

Alteration. At least two metamorphlc events are recorded in the Mt. 

Holly complex. The first produced metamorphic minerals up to garnet in the 

affected argillaceous rocks. The second metamorphism, which probably was a 
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part of Che regional meCamorphlsm of Cambrian-Ordovician rocks In che area, 

reCrograded those higher-grade mlnerols to o lower grade, producing chlorlce, 

epidote, and serlclte. 

5.1.3.5 Secondary Incruslons 

Pegmaddc macerlal, commonly concalnlng tourmaline ond blue quartz, 

Intrudes Into the Mt. Holly complex. The CuttIngsvl 1 le stock, which Is 

composed primarily of nephellne syenite, pulasklte, blotlce syenlce, and 

essexlce (Doll eC al., 1951), was InCruded InCo the Mc. Holly complex. On che 

basis of K-Ar analysis, Chis event was dated approxlmacely 100 + 2 m.y. ago 

(Armscrong and Scump, 1971). 

5.1.3.6 Councry Rocks 

The Mt. Holly complex underlies che Mendon formadon, a Lower Coabrlan 

scradgraphlc unlc, over mosc of Che wesc side of the Green Mountain 

andcllnorlum. MacFadyen (1955) suggested that the Mendon formation Is the 

stratlgraphlc equivalent of Che DalCon formadon of western MossachuseCCs. 

The mecasedlmencs Include a schlscose quarczlce, which concalns pebbles of 

blue quartz and feldspar (Doll eC al., 1951). The complex also Is In concacC 

wlch a quartz-serlclce-alblte-blotlte-chlorlte schist of the Hoosac formation 

on che ease side of the anticlinorlum In the Rutland area. 

5.1.3.7 Rock Structure 

The Green MounCaln andcllnorlum Is the malor structural feature of the 

southern portion of the Mt. Holly complex. Several small anticlines also are 

present throughout the exposure. The anticlinorlum Is generally convex to Che 

east and Is overturned and locally overchrusc to the west. (See the 

discussion In Sec. 5.1.2.7 of rock structures associated with the norchern 

exposure.) 

5.1.3.8 Geophysics 

Afcer making geological correcdons. Birch et al. (1958) reporced Che 

heac flow In che cencral region of Che souChern exposure of che Mc. Holly 

complex to be approxlmatelv 1.22 x 10~* cal/cm 's. 
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5.1.4 Sadawga and Ray Pond Domes (Plate IV, Pluton 1) 

5.1.4.1 Size, Shape, and Location 

The Sadawga anc Ray Pond domes crop out in the Wilmington 15-min 

quadrangle in southern Vermont; the two domes compose an irregular, mulilobed 

shape roughly 24 km (15 mi) long by 12 km (7.5 mi) wide. Exposed in the core 

of these domes is the Wilmington gneiss. This gneiss is exposed within an 
2 2 

area of roughly 317 km (122 mi ) in southern Vermont. It is a member of the 

Precambrlan Mt. Holly complex, which has its best exposures to the west in the 

core of the Green Mountain anticlinorlum (Skehan, 1961). 

5.1.4.2 Relative and Absolute Age 

The Wilmington gneiss is interpreted as being Precambrian in age for 

several reasons. A profound angular unconformity exists between the Mt. Holly 

complex and younger Precambrian metasedlments (Skehan, 1961). These metasedl

ments are in turn separated from overlying metasedlments of known Cambrian age 

by another but less distinctive unconformity. Each of these breaks in the 

geologic record is interpreted as representing a significant hiatus. 

5.1.4.3 Origin 

The Sadawga and Ray Pond domes apparently were formed by the upward 

movement of indigenous rocks some time after the formation of the Green 

Mountain anticlinorlum. Skehan (1961) states that the domes are the result of 

cascade or spruce-tree folding, as opposed to simple 'anticlinal or synclinal 

folding. The necessary forces probably resulted from the vertical movement of 

the core gneiss relative to the overlying mantle of less-metamorphosed 

sedimentary rocks. The shear sense in the dome indicates that it was formed 

by the movement of these upper beds relative to the lower beds toward the axis 

of an adjacent syncllne. The higher-grade metamorphlsm in the core of the 

dome may be the result of the high thermal conductivity of the gneiss in the 

dome (Skehan, 1961). 

5.1.4.4 Petrography 

Mineralogy and Textural Relations. The medium- to coarse-grained 

Wilmington gneiss of the Mt. Holly complex is found in the Sadawga and Ray 

Pond domes. The majority of the rock is well-banded, slightly foliated 

microcline augen gneiss. Small amounts of schistose gneiss and medium-grained 

microcline gneiss also are present (Skehan, 1961). 

The Wilmington gneiss is identical to the Stamford granite gneiss, 
except that it does not contain abundant blue quartz. Alblte, microcline, 
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ollgoclose, and blotite are relatively abundant In the porphyroblasts; quartz, 

muscovlce, and magnetite are found In the groundmass. Accessory minerals 

Include zircon, sphene, courmallne, pyrlce, and apatlce (Skehan, 1961). 

Alceradon. Epldote-group minerals presenC In che groundmass of che 

rock are likely alceradon minerals. 

5.1.4.5 Councry Rocks 

The Wllmlngcon gneiss Is In conCacC wlCh Che mecasedlmencary rocks 

of the Hoosac formation, the Readsboro schist, and the HeartwellvlUe 

schlsc. The Hoosac formadon Is Cambrian In age and conslscs of medium- co 

coarse-grained muscovlte-chlorlte-btodce-garnec-quarcz schlsC and muscovlce 

schlsc. The muscovlce schlscs are divided InCo thin graphitic alblte and 

nonalblce types. 

The Precambrlan Readsboro schist Is a garnet-chlorlte-blotite-quarcz-

alblte augen schlsc and gneiss. Ic Is rusty to groy In color ond graphitic 

near Its base. The HeartwellvlUe schist, also of Precambrlan age, consists 

of a graphlte-muscovlCe-(chlorlCe)-garnec-quarcz lensed schlsc Chat Is black 

CO gray. Also presenC Is a dark-green chlorlce-muscovlce-(garneC)-quarCz 

lensed schist (Skehan, 1961). 

5.1.4.5 Rock Structure 

Jointing Is particularly well developed In the Wllmlngcon gneiss. 

Quarcz veins directly related Co the joints are common In the gneiss, but also 

are found In the surrounding metasedlments. These veins range In thickness 

from several centimeters to a few meters (a few Inches to several feet), 

usually extending for no more than 9-15 m (30-50 ft). The veins tend to 

strike parallel to the axial traces of Che nearby Wilmington onticllne and dip 

50-90° to the east (Skehan, 1951). 

The Sadawga dome Is one of the major structural features In southern 

Vermont, occurring on Che ease flank of the Green MounCaln andcllnorlua, 

which Is locally overcurned and overchrust Co the west. Both the Ray Pond and 

Sadawga domes are close to the andcllnorlum and complicate the structure of 

the area considerably (Skehan, 1961). 

5.1.4.7 Geophysics 

A gravity high Is associaced wlch che major axis of che Green Mountain 

anticlinorlum over most of Its length.. At Its southern end, the axis of this 

high drifts Co che eosC of Che andcllnorlum oxls (Diment, 1968). 
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5.2 TACONIC 

5.2.1 Barnard Gneiss (Plate IV, Pluton 4) 

5.2.1.1 Size, Shape, and Location 

The Barnard gneiss, a part of the Barnard volcanic member, is a narrow 

belt about 375 km (214 mi) long and 2-4 km (1-2,5 ml) wide, stretching from 

central Vermont almost to the southern border of Massachusetts. In Vermont, 

its 250-km (155-mi) length surfaces primarily in the Randolph, Woodstock, 

Ludlow, Saxtons River, and Brattleboro quadrangles, within an area of about 

210 km^ (81 mi'^). It lies on the east limb of the Green Mountain 

anticlinorlum and continues into an area of dome-and-arch structures in 

eastern Vermont, bending around the north end of the Chester Dome before 

continuing northward. Chang et al. (1965) estimated the Barnard gneiss as 

being 600-900 m (2000-3000 ft) thick. However, Ern (1963) esdmated a 

thickness of almost 2000 m (6000 ft) in the Randolph quadrangle, and a 

thickening southward to 3000 m (8400 ft). 

5.2.1.2 Relative and Absolute Age 

The Barnard gneiss is stratigraphically equivalent to the Cram Hill 

formation and is Included in the Misslsquol formation (Doll et al., 1961). On 

the basis of Cram Hill correlations with graptolitic Magog slates of southern 

Quebec, an age of Middle Ordovician is given to the formation (Ern, 1963). 

5.2.1.3 Origin 

The Barnard gneiss represents metamorphosed interbedded felslc and 

raafic volcanics. The included minor schist and phylllte represent metamor

phosed sediments. 

5.2.1.4 Petrography 

Mineralogy and Textural Relations. According to Ern (1963), the 

Barnard gneiss unit contains biotite gneiss, hornblende gneiss (locally 

garnetlferous or calcareous), and amphibolite units with Intercalated schists 

and greenstones. 

Barnard gneiss is light gray to dark green, medium to coarse grained, 

well foliated, and locally sheared. The chief minerals are quartz, albite-

oligoclase, biotite, and hornblende. Epidote, chlorite, muscovite, and 

calcite are accessory minerals. In some places the amount of calcite is 

sufficient to make it a major component. The modal composition of this 
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blodce gneiss Is quartz, 17X; plogloclose, 31X; blotite, 29X; epidote, 9X; 

calcite, 5X; and opaque minerals, 2X. The Barnard unit lies In a garnec 

Isograd, and almandlne garnec Is presenC In some places. 

Alteration. Altered phenocrysts of alblte and quartz ore comnion relics 

In the Barnard gneiss (Ern, 1963; Chang et al.. 1955). Possible amygdules of 

epidote are found In the amphlbolites. 

5.2.1.5 Secondary Intrusions 

In the gaps between che boudlns In Che amphlbollce bed, quartz and 

feldspar are the veln-fllllng materials, but no major secondary Incruslve 

phases are reporced. 

5.2.1.6 Councry Rocks 

From wesc to east, the following stratlgraphlc units are In che 

viclnlcy of the Barnard gneiss: the Stowe formation, the Moretown member and 

In some places che WheCsCone Hill member of the Misslsquol formation, the 

Barnard volcanic member and In some places the Shaw Mountain formation, the 

Northfleld formation, and the Walts River formation (Ern, 1963; Chang eC al., 

1965). In che cencral section of the formation, che Barnard unit wraps around 

the Chester dome. 

There Is a transitional zone becween che Barnard gneiss and Che 

underlying Morecown formadon (Ern, 1953). Ac che southern end, Che 

transition zone Is a few meters (feet) wide and at the northern end lc Is up 

CO 30 m (100 fc) wide. In che chlorlce-serlclce-quartz schist unit of the 

Moretown member, there Is an upward Increase In the chin beds of ankerlte-

bearlng, dark green chloride amphlbollce. 

5.2.1.7 Rock ScrueCure 

Jolnclng Is well developed, scrlklng N. 30* E. and cutting across the 

llchologlc boundaries. The Ilneatlon of prismatic crystals Is well developed 

In the hornblendlc rocks of Che Bsrnord member. The Ilneatlon plunges north-

northeast, parallel to the direction of extension and minor fold axes. 

In Curtis Hollow, southeast of Brldgewater, a large anticlinal fold 

with minor tight folding Is found In the Barnard member. The Barnard 

amphlbollce beds are folded wlch boCh shears and boudlnage locally 

developed. Boudlns appear prominently In che thin amphlbollte beds that lie 

between thicker, light-colored gnela; beds. Chang et al. (1965) found no 

evidence of crosscutting relatlona along che contacts between the light-

colored amphlbollces and the dark gneisses. Within the greenstones, augen of 

calcite are frequently found. Ern (1963) concluded that the development of 
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two generations of minor folds and of cleavage shows that there are two stages 

of deformation in the Randolph quadrangle. 

5.2.1.8 Geophysics 

Geologic and gravity contrasts (Diment et al., 1980) distinguish the 

Precambrian domes (the Berkshire-Green Mountain massif) in western Vermont 

from the Paleozoic metamorphic rocks of the Connecticut Valley-Gaspe 

synclinorium in the eastern part of Vermont. The Taconlan Line separates the 

Middle Ordovician Misslsquol formation (including the Barnard gneiss) from the 

Silurian Shaw Mountain formation (Hatch, 1982) and may represent a major 

stratlgraphlc break. The Misslsquol formation continues into Massachusetts 

and Connecticut. The Barnard member may therefore represent an island arc on 

a continental fragment. 

5.2.2 Lost Nation Group (Plate IV, Pluton 8) 

5.2.2.1 Size, Shape, and Location 

Very Irregular in shape, the Lost Nation group is found in an area 
approximately 26 km (16 mi) long and 16 km (10 ml) wide at its widest point 

2 
(measured perpendicular to its major axis). It occurs over roughly 179 km 
(59 mi ) of northern Vermont and New Hampshire. It crops out in the Guildhall 

and Whltefield 15-min quadrangles of Vermont and New Hampshire, and the Percy 

and Mount Washington 15-min quadrangles of New Hampshire. 

5.2.2.2 Relative and Absolute Age 

The Lost Nation group is in contact with the Albee formation of Ordo

vician age. The group is a member of the Hlghlandcroft series, which is 

associated with the Taconic orogeny (Johansson, 1963). Recent U-Th-Pb 

isotopic dating of the Hlghlandcroft series (Lyons, 1981) demonstrates that it 

has an age of 444-451 m.y., which is Middle to Upper Ordovician. 

5.2.2.3 Petrography 

Mineralogy and Textural Relations. The rocks of the Lost Nation group 

are massive and subporphyritic to porphyritic, and range in composition from 

dlorlte to quartz monzonite. They are typically subhedral and coarse to fine 

grained, and are composed principally of andeslne. Other major minerals 

Include quartz, biotite, chlorite, microcline, hornblende, and epidote. 

Accessory minerals Include chlorite, sericite, sphene, pyrite, apatite, 

magnetite, rutile, and zircon, Phenocrysts of microcline, averaging about 

1 cm (0.4 in.) in length, occur in the quartz monzonite (Johansson, 1963). 
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Alteration. Feldspar has been altered to serlclte and saussurite; 

chlorlce after blotlce Is another common alteration In this group, as Is the 

filling of fracCures wlch epldoce. SI lllmanlce-grade metamorphlsm hag 

affected the area, with Its Intensity Increasing to the northwest (Johansson, 

1963). 

5.2.2.4 Secondary Incruslons 

Many tongues, dikes, and sills are Injected InCo Che disturbed zone 

surrounding the Lost Nation group. These Intrusions are very similar In 

composition to the main body. Apllte dikes are locally common In the 

Hlghlandcrofc granodlorlce; they are described as light-colored, anhedral, 

granular apllte dikes, usually 2.5-15 cm (1-6 in.) thick. These dikes sees to 

be similar in age to the pluton. Mlcrofaults In andeslne and numerous quartz 

veins, which average 10 cm (4 In.) thick, cut the granodlorlte and apllte 

dikes. Also present are postdeformadonal mafic dikes, which cue all of che 

previously described rocks (Johansson, 1963). 

5.2.2.5 Councry Rocks 

The contacc becween che Lose Naclon group and che country rock takes 

the form of an Intensely fractured and crushed zone; at many localities, IC Is 

mecamorphosed Co hornfels or Is schlscose (Johansson, 1963). The coneact 

between the Albee formation and the Lose Naclon group Is noC sharp and can 

besC be described as a zone of coneacC meCamorphorphlsm. Doll (1961) 

described che Albee formation as consisting of quarczlce, phylllce, and 

schlsc. Among Che various quartzites present In the Albee formation are a 

gray, massive variety, which Is white when weathered, and a feldspathic type 

Incerbedded with slace. Feldspachlc and quarczose argillaceous phylllces are 

Incerbedded wlch the quarczlces. 

The Lose Naclon group Is in contact with che Mesozolc Plloc-Pllny 

complex on Ics northwestern side, the mecasedlmencs of the Albee formation, 

and a major faulc surface along Ics soucheascern side. Across che faulc lies 

che Ordovician Whltefield gneiss, which Is a dark-gray, commonly follaced, 

medlum-gralned granodlorlce gneiss (Billings, 1956; Doll et al., 1961). 

5.2.2.5 Rock StrucCure 

Alchough jolncs scrlke In all dlrecclons In che cryscalllne rocks of 

the Lost Nation group, two sets are especially prominent. These sets strike 

from N. 20° E. to N. 50° E. and from N. 25° W. to N. 60° W. They dip almost 

vertically and do not exhibit unuaual mlnerotlzodon. LlmonlCe stolnlng Is 

common along the Joint surfaces. Serlclce ond chlorite ore common In the 

proxlmlcy of the jolnCs. A few major faulcs ore Inferred from changes In 

mecamorphlc grade and stratlgraphlc continuity. 
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5.3 ACADIAN AND POST-ACADIAN 

5.3.1 Averill Pluton (Plate IV, Pluton 13) 

5.3.1.1 Size, Shape, and Location 

The Averill pluton is roughly elliptical, with a major axis of about 23 

km (14 mi) that trends roughly east-west on the United States-Canada border in 

northeastern Vermont. The pluton crops out In the northwestern corner of the 

Averill and the northeastern corner of the Island Pond 15-min quadrangles, as 

well as in a small area in Quebec. The granite is sporadically exposed over 

an area of 192 km (74 mi ). The area is covered by glacial overburden and is 

heavily forested. 

5.3.1.2 Relative and Absolute Age 

No radiometric age is available for this crystalline rock body. 

However, Billings (1956) correlated it to the White Mountain magma series and 

assigned it a Mississlplan(?) age. 

5.3.1.3 Origin 

Myers (1964) proposed that the pluton represents a posttectonlc 

intrusion, as evidenced by llthologlc homogeneity and discordant contact 

relations. It may be related to the White Mountain magma Igneous activity, 

due to Its similarity to Conway granite and other posttectonlc Intrusives of 

similar age. 

5.3.1.4 Petrography 

Mineralogy and Textural Relations. The Averill pluton has no internal 

structure and tends to be rather homogeneous. It is a two-mica granite that 

is gray to pink, medium to coarse grained, and composed of quartz, 31-43%; 

biotite, 2-7%; muscovite, 1-5%; potassium feldspar, 44-48%; and oligoclase, 

0.5-15%. Accessory minerals include apatite, pyrite, muscovite, and zircon. 

Myers (1964) described the granite's texture as hypidiomorphic granular and 

locally subporphyritic because of large potassium feldspar grains. Microcline 

phenocrysts occur as Carlsbad twins. 

Alteration. Sericitization of potassium feldspars is common. Chlorite 

after biotite Is also observed (Myers, 1964). 
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5.3.1.5 Secondary Intrusions 

Myers (1954) noted Chat pegmadces are common In the Averill granite, 

generally striking N. 20° E., which Is parallel to one of the Joint sets. 

These pegmatites have approximately the same composition os the granite, buC 

conCaIn more muscovlce. Two generaclons of pegmacltes appear Co be present. 

5.3.1.6 Country Rocks 

The country rock Is a gray, muscovlte-quartz phylllte or schist. 

Interbedded and gradatlonal with this rock, on the eastern edge of the pluton, 

is a gray, micaceous quartzlte and graywacke. 

5.3.1.7 Rock Structure 

Although one set of joints In Che Averill granite was observed to 

strike N. 20° E. (Myers, 1964), most of the Joints In the vicinity of che 

Averill lakes were observed to trend N. 40° W. Joints In the Island Pond 

quadrangle tend to strike In all directions; the majority of the Joints has a 

dip greater Chan 75° (Goodwin, 1963). There Is a faulc near Averill MounCaln, 

where a down-dropped block of metasedlments has been preserved In che 

pluton. Sllckensides are often observed In the Averill granite along che 

fault plane (Myers, 1954). 

5.3.2 Echo Pond Pluton (Plate IV, Pluton 12) 

5.3,2.1 Size, Shape, and LocaClon 

The Echo Pond complex lies predomlnancly In Che Island Pond l5-aln 

quadrangle, but exCends slightly In a westward direction Into the Memphremagog 

15-mln quadrangle. It Is irregular In shape. Its longest dimension Is 

oriented In a soucheascerly dlrecclon; chis axis Is roughly 18 km (11 al) 

long. The complex has a maximum width of about 10 km (6 ml), and an oreo of 

about 78 km (30 ml ). The southern end of the body Joins with Che 

wescernmost part of the Nulhegan pluton. 

5.3.2.2 Relative and AbsoluCe Age 

No absoluCe age data are available on the Echo Pond complex. Doll et 
al. (1961) assigned It Co che New Hampshire pluconlc series, which makes Ic 
Devonian In age. The complex Intrudes Into the metasedlments of che Lower 
Devonian Glle MounCaln formadon. 
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5.3.2.3 Origin 

Page (1968) included the Echo Pond pluton in a group of plutons thought 

to have been emplaced by forceful Injection and magmatic stoping. These 

Intrusives are described as sills or cylindrical stocks. 

5.3.2.4 Petrography 

Mineralogy and Textural Relations. The Echo Pond complex contains a 

variety of Igneous rocks. Although true granite is the predominant rock type, 

lesser amounts of monzonite, quartz monzonite, diorite, and gabbro also are 

present. The granite phase is dark to light gray, medium to coarse grained, 

and usually porphyritic. Large euhedral phenocrysts of potassium feldspar 

occur in the southern half of the complex. Major minerals include quartz, 

potassium feldspar, oligoclase, and biotite; lesser amounts of muscovite also 

occur. The quartz occurs interstitlally and as small dispersed grains. 

Accessory minerals include apatite, zircon, sulfide minerals, and sphene 

(Goodwin, 1963). 

The monzonite phases of the complex occur only near the metasedlments 

along the southern edge of the complex. Major minerals include plagloclase 

(andeslne), hornblende, and some quartz. Accessory minerals include mag

netite, sphene, apatite, epidote, and zircon. Phenocrysts of euhedral to 

subhedral plagloclase can be found in the monzonite. Quartz occurs inter

stitlally as small patches when viewed in thin section (Goodwin, 1963). 

The fine-grained dlorlte contains many euhedral to subhedral plaglo

clase phenocrysts. Other major minerals are plagloclase feldspar and 

hornblende. Quartz Is a minor constituent. Sphene,' apatite, and magnetite 

are the most common accessory minerals (Goodwin, 1963). 

The gabbro is coarse grained and dark gray to greenish black. It is 

massive and characterized by deep weathering. The relatively abundant 

minerals are labradorlte, andeslne, potassium feldspar, hornblende, and iron 

minerals, while apatite is a common accessory mineral. Very little quartz is 

present (Goodwin, 1963). 

Alteration. Much of the hornblende in the complex has been altered to 

blotite and then altered to chlorite. The feldspars coimnonly show high 

degrees of sericitization (Goodwin, 1963). 

5.3.2.5 Secondary Intrusions 

Goodwin (1963) stated that dikes are not as numerous in the Echo Pond 

complex as they are In other plutons in the area. Including the Averill 

granite. More than half of the dikes lie In the southwestern half of the 

complex and consist of apllte, fine-grained granite, or pegmatite. 
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5.3.2.6 Country Rocka 

The Echo Pond pluton Incrudes Into Che metasedlments of the Glle 

Mountain formation, which Is a gray, quartz-muscovlte schist. A gray, 

micaceous quartzlte and a calcareous, micaceous schist are Interbedded and 

Intergradational wlch che quarcz-muscovlce schist. The quartz-muscovlte 

schlsc commonly contains porphyroblasts of blotite, garnet, and staurolite 

and. In the Immediate vicinity of the pluton, silllmanite (Doll et al., 1951; 

Goodwin, 1963; Myers, 1964; and Albee, 1968). 

5.3.2.7 Rock Structure 

Joints are very common in the Echo Pond complex. Longitudinal Joints 

strike N. 45° W. and dip steeply. A set of cross joints strikes N. 35° E. and 

has more gentle dips (Goodwin, 1963). 

The monzonite and dlorlte commonly exhibit banding, which was 

interpreted by Goodwin (1963) as flow planes. This interpretation was based 

on similar dimensional orientation of Inclusions, orientation of the bands, 

and strike of the contact (Goodwin, 1963). 

5.3.3 Knox Mountain Pluton (Place IV, Pluton 6) 

5.3.3.1 Size, Shape, and LocaClon 

The Knox MounCaln plucon Is locaced In Che Ease Barre, Plalnfleld, 

and St. Johnsbury 15-mln quadrangles In east-central Vermont. It Is 

elongated, wlch a roughly norch-souCh orlencaclon (see Fig. 5.1). OuCcrops 

occur within an area of approximately 223 km (86 ml ). Murthy (1957) raised 

the question whether the Knox MounCaln and Barre plutons ore separate 

exposures of the same mass. He performed a qualitative spectrographlc 

analysis of the two granites and found chem Co be very similar in trace 

element composition, but found no direct evidence of a relationship becween 

che Cwo. Although the Knox Mountain granlce closely resembles che Barre 

granite. It Is on the average lighter In color. The Knox Mountain granlce Is 

noC as homogeneous In color and composldon as Che Barre granite. 

5.3.3.2 Relative and AbsoluCe Age 

Murchy (1957), Hall (1959a and b), and Konlg (1961) each found Che Knox 

Mountain pluton to he Devonian In age. Murthy (1957) published a Rb-Sr age of 

330 + 25 m.y. on a blodte from the Barre granite, which was believed by 

Murchy (1957) and Konlg (1961) Co he conCemporaneous wlch the Knox MounCaln 

granite. However, the 380 m.y. Rb-Sr mineral Isochron age established b> 
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Naylor (1971) Is regarded as a much more accurace IndlcaCor of the true age of 

the Barre (and Knox?) granites. 

5.3.3.3 Origin 

The pluton was probably emplaced by a process of piecemeal stoplng and 

forceful Injection (Hall, 1959). This conclusion was bosed on several 

observations. Including the rotation of country rock ond o disruption and 

shattering of Che border of Che pluton. These phenomena can be accrlbuced Co 

pressure exerted on Che country rock by the pluton and Co differencial heaclng 

of che country rock (Daly, 1933). Hall (1959) stated that forceful Injection 

probably played the major role. 

5.3.3.4 Petrography 

Mineralogy and Textural Reladons. The Knox MounCaln granite Is light 

gray and medium grained, and resembles the rock of the Barre plucon, which Is 

exposed In a souchwesterly dlrecclon from the Knox MounCaln pluCon (MurChy, 

1957). Locally lc shows wide flucCuadon In color and composldon. Major 

minerals Include pocasslum feldspar, 21-35%; quarcz, 45-53%; oligoclase, 5-

17%; blodte, 2-10%; and muscovlce. The accessory minerals sphene, apaclce, 

epldoce, and magneclce can also be found. When compared with the Barre 

granite, the Knox Mountain granite generally contains more quartz and 

potassium feldspar, but less plagloclase and mica. 

The granitic rocks on the eastern side of the Knox Mountain plucon are 

granodlorlces having the same mineralogical composldon as che Barre "granite" 

(Hall, 1959). (Maynard 11934) found the Barre granite Co be a granodlorlce, 

but the traditional name has been retained.) The Barre ond Knox Mountain 

Intrusives could be part of one pluton having a granlce core and a grano

dlorlce rim. 

Alceradon. Secondary alceradon minerals Include chlorlce and epldoce 
(Murchy, 1957). 

5.3.3.5 Secondary Incruslons 

Many pegmadces and quarcz veins occur locally (MurChy, 1957), and 

cross lolncs ofcen form planes of weakness (Konlg, 1961). Mineralization In 

the form of quartz pegmatite dikes Is common along these zones. 

5.3.3.6 Councry Rocka 

The Knox Mountain granite lies primarily In a gray, quarczose, and 
micaceous cryscalllne llmesCone, which Is Interbedded and grodotionol with 
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gray quartz-muscovlte phylllte or schist. The limestone weathers to form a 

distinctive brown, earthy crust. Closer to the pluton and in areas of 

increased metamorphism, the limestone contains minerals such as actinolite, 

hornblende, zolsite, dlopslde, wollastonite, and garnet. The phylllte and 

schist, in areas of increased metamorphlsm, may contain garnet, biotite, 

kyanite or silllmanite, and locally andalusite (Doll et al., 1961; Albee, 

1968). Hall (1959b) reported a migmatic contact zone in the St. Jonesbury 

quadrangle. However, where the contacts are visible, they are generally 

sharp. 

5.3.3.7 Rock Structure 

Two sets of joints having very steep to vertical dips are readily 

recognized in the Knox Mountain granite. The more prevalent set strikes N. 

20-40° E., the other east-west (Murthy, 1957). Konlg (1961) found that joints 

trend N. 5-25° E. (i.e., roughly parallel to the long axis of the intrusion) 

and dip 60-90° either to the northwest or southeast. Cross joints are readily 

visible from aerial photographs of the Knox Mountain granite in the Plalnfleld 

quadrangle. From field evidence, Konlg (1961) found these joints to strike 

west-northwest, dipping either steeply southwest or steeply northeast. 

Surfaces of northeast striking joints are coated with iron hydroxide and 

chlorite. Konlg (1961) stated that some parts of the Knox Mountain granite 

exhibit primary foliation. 

5.3.3.8 Geophysics 

Diment (1968) reported a gravity high of 20 mgal, representing a 

density contrast of 0.1 g/cm with the surrounding rocks. He interpreted the 

pluton to conform to a truncated cone extending to a depth of 7 km (4,5 ml). 

5.3.4 Maidstone Pluton (Plate IV, Pluton 9) 

5.3.4.1. Size, Shape, and Location 

The Maidstone pluton lies predominantly In the Guildhall 15-min quad

rangle, but extends slightly into the Burke 15-mln quadrangle. It is highly 

irregular in shape; outcrops occur over an area of approximately 109 km (42 

ml ). The pluton is a member of the New Hampshire plutonlc series and is one 

of the large granitic plutons in northeastern Vermont (Doll et al., 1961; 

Johansson, 1963; and Woodland, 1965). Because the pluton is covered by heavy 

forests and overburden, direct observation is difficult. 
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5,3.4.2 Relaclve and AbsoluCe Age 

No absolute age data are available. Doll et al. (1961) assigned the 

pluton to Che New Hampshire pluconlc series, making Ic Devonian In age. Ic 

Intrudes Into the metasedlments of Che Lower Devonian Glle Mountain fornadon 

and the Ordovician Albee formation. 

5.3.4.3 Origin 

Page (1968) Included the Maidstone pluton In a group of pluCons Choughc 

Co have been emplaced by forceful Injecdon and scoping. These Intrusions are 

described as sills or as cylindrical stocks. 

5.3.4.4 Petrography 

Mineralogy and Textural Reladons. The Maidstone pluton concains 

several hypldlomorphlc granular granites. A large percentage of the rock 

falls between a true granite and a quartz monzonite. Although most of the 

granitic rocks In che Maldscone plucon are medium Co coarse grained and 

massive, chey are locally subporphyritic. Their colors range from near whlce 

to dark gray and are locally pink co salmon. The majorlcy of che rock Is 

binary granlce, buC chere are a few areas where muscovlce Is alcogecher 

lacking (Goodwin, 1953). Modal analysis yields quarcz, 28.8%; microcline, 

25.1%; plagloclase, 25.1%; orchoclase, 17.8%; chlorlce, 2.9%; muscovlce, 3.6Z; 

and blodte, 1.7%. Accessory minerals Include apatite, sphene, pyrite, and 

magnedte (1.2%). 

Alteration. Chlorite afCer blodce Is a common alceradon, as Is 
serlclte after feldspar. This latter example of alceradon can be observed 
along cleavages In che feldspar (Johannson, 1963). 

5.3,4.5 Secondary Incruslons 

Pegmaddc dikes are rare In the body of che plucon, hue some occur 

near che margins of Che body. Microcline Is Che mosc abundanc feldspar, 

usually occurring wlch plagloclase, alblte, and smoky quartz. Muscovite Is 

presenC as small books, and an opaque beryl can be found locally as saall, 

yellow cryscals. Black Courmallne also Is present (Johansson, 1963). 

5.3.4.5 Country Rocks 

The Maldscone pluCon InCrudca Inco che mecasedlmencs of Che Glle 
MounCaln formadon, which Is a gray, quarcz-muscovlte s c h i s t . A gray, 
micaceous quartzlte and a calcareous, micaceous schis t are Incerbedded and 
incergradadonal wlch che quartz-muscovlte s c h i s t . The quartz-muscovlte 
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schist commonly contains porphyroblasts of biotite, garnet, and staurolite 

and. In the Immediate vicinity of the pluton, silllmanite (Doll et al., 1961; 

Johannson, 1963). 

The Maidstone pluton also contacts, at its southeastern side, the meta

sedlments of the Ordovician Albee formation. The Albee formation consists of 

a massive gray quartzlte and a feldspathic quartzlte, which weathers white. 

The quartzites are interbedded with greenish-gray slate, phylllte, feldspathic 

phylllte, and quartzose argillaceous phylllte. The Albee formation is 

metamorphosed in the immediate vicinity of the pluton to micaceous quartzlte, 

quartz-mica schist, mica schist, and hornfels containing silllmanite 

porphyroblasts (Doll et al., 1961; Johannson, 1963). 

5^3.4.7 Rock Structure 

Two sets of joints are especially conspicuous in the granite of the 

Maidstone pluton. These sets trend from N. 20° E. to N. 60° E. and from N. 

25° W. to N. 60° W. Another set that is almost horizontal also occurs in the 

area (Johannson, 1963). The rocks of the Gile Mountain and Albee formations 

are tightly folded (Johannson, 1963). The Monroe Line, a major structural 

feature, is intruded by the Maidstone and Victory plutons (Lyons, 1983). 

5.3.5 Nulhegan Pluton (Plate IV, Pluton 11) 

5.3.5.1 Size, Shape, and Location 

The Nulhegan pluton is roughly circular in shape at the surface and has 

an average diameter of about 15 km (9 mi) (see Fig. 5.2). It crops out over 

an area of approximately 154 km (59 ml ), about three-fifths of which is in 

the Island Pond 15-mln quadrangle. Most of the remainder of the pluton is 

exposed in the Averill 15-min quadrangle to the east; a very small portion of 

the pluton is exposed in the Burke 15-mln quadrangle. The pluton is expressed 

topographically as a structural basin, the rim of which consists of the 

metasedlments of the Gile Mountain formation (Goodwin, 1963). 

5.3.5.2 Relative and Absolute Age 

No absolute age data are available on this pluton. Doll et al. (1961) 

assigned it to the New Hampshire plutonlc series, making it Devonian in age. 

The pluton intrudes Into the metasedlments of the Lower Devonian Gile Mountain 

formation. 
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Fig. 5.2 Geologic Relotlonshlps of the 
Nulhegan Pluton (Source: Myers, 1964) 

5.3.5.3 Origin 

Page (1968) Included the Nulhegan pluton In a group of plutons thought 

to have been emplaced by forceful Injection and stoplng. These InCruslves are 

described as sills or as cylindrical stocks. 

5.3.5.4 Petrography 

Mineralogy and Textural Relations. The Nulhegan pluton Is composed of 

coarse- and fine-grained quartz monzonite. The coarse-grained variety Is 

similar Co granodlorlce In mineral composldon, while the medium- Co fine

grained quarcz monzonlce Is more granidc In composldon. BoCh varieties are 

llghc Co dork gray, depending on che omounc of moflc constituents. 

In chin secdon, che Nulheg/ln quortz monzonite has a hypldlomorphlc 

granular texture. Mojor mlnerola Include euhedral Co subhedral grains of 

brown and green blodte (13-27Z), plagloclase (oligoclase and andeslne), snd 

pocasslum feldspsr. Quartz grains (15%) are Intersdtlal and do not have » 
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crystalline form. Hornblende occurs as subhedral grains and is usually 

replaced by chlorite. Accessory minerals include sphene, apatite, zircon, 

magnetite, and pyrite (Goodwin, 1963; Myers, 1964). 

Alteration. Chlorite has replaced some of the hornblende in the quartz 

monzonite (Myers, 1964). An altered zone surrounds many of the xenoliths, 

which are presumed to be from the Gile Mountain formation. This zone takes 

the form of a band in the quartz monzonite, which usually is brown (Goodwin, 

1963). 

5.3.5.5 Secondary Intrusions 

The Nulhegan pluton is cut by many small granitic dikes oriented 

parallel to a major set of joints that trend in a northwesterly direction. 

Pegmatltic dikes are common near the edge of the intrusion. They are uncommon 

more than 0.8 km (0.5 ml) from the contact. Major minerals in the pegmatites 

include potassium feldspar, quartz, muscovite, black tourmaline, and 

almandite. Several mafic dikes also are present; these are thought to be the 

youngest rocks in the pluton (Goodwin, 1963; Myers, 1964). 

5.3.5.6 Country Rocks 

The Nulhegan pluton intrudes into the metasedlments of the Glle 

Mountain formation, which is a gray, quartz-muscovlte schist. A gray, 

micaceous quartzlte and a calcareous, micaceous schist are interbedded and 

intergradational with the quartz-muscovlte schist. The quartz muscovite 

schist commonly contains porphyroblasts of blotite, garnet, and staurolite; in 

the immediate vicinity of the pluton, it contains silllmanite (Doll et al., 

1961; Goodwin, 1963; Myers, 1964; and Albee, 1968). 

5.3.5.7 Rock Structure 

A major set of joints strikes N . 56° E. and dips approximately 90°. 

Many of the dikes in the pluton have strikes parallel to this direction. A 

second set of dikes appears to strike N. 27° W. These dikes are cut and 

displaced by the former set. The second set of dikes could represent another 

set of joints in the pluton. 

The quartz monzonite exhibits faint banding, which was Interpreted by 

Goodwin (1963) as flow banding. It trends about N. 45° W., which is parallel 

to the long axis of a majority of the xenoliths near the contact. The 

banding, which also tends to have a parallel to subparallel relationship with 

the contact, is absent in the interior of the pluton (Goodwin, 1963), 
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5.3.6 Victory Pluton (Plate IV, Pluton 7) 

5.3.5.1 Size. Shape, and Location 

2 2 
The Victory pluton crops out over an area of roughly 78 km (30 ai ), 

lying almost entirely in the southeastern corner of the Burke 15-Bln 

quadrangle. It is very irregular in shape but can be described as a disturbed 

linear body trending northeast, with a roughly circular moss Joined to Its 

eastern side. Much of the southern part of the pluton Is covered by glacial 

debris and forests (Woodland, 1965). 

5.3.6.2 Relaclve and Absolute Age 

This pluton belongs to the New Hampshire plutonlc series. It Intrudes 

Into the meCasedlments of the Lower Devonian Glle Mountain formation and the 

Ordovician Albee formation (Doll et al.. 1951). 

5.3.6.3 Origin 

Page (1968) Included the Victory pluton In a group of plutons thought 

to have been emplaced by forceful Injection and stoplng. These plutons are 

described as taking the form of sills or of cylindrical stocks. 

5.3.6.4 PeCrography 

Mineralogy and TexCural Reladons. The wescern lobe of Che Victory 

pluton consists of s fine- to (rarely) medlum-gralned, hypldlomorphlc granular 

rock that Is occasionally porphyrldc (Woodland, 1955). Mojor minerals of Che 

blodce or blodte-muscovlte quarcz monzonlce Include oligoclase, orchoclase, 

microcline, plagloclase, quartz, blotite, and muscovite. Accessory sdnerals 

Include apatite, zircon, tourmaline, and sphene. 

A medlum-gralned melanocratlc phase of oligoclase or oligoclase-

andeslne occurs locally. Thia rock contains lesser amounts of apatlce. 

microcline. amphlbole, orthoclase, blotite, hornblende, and quartz. Accessory 

minerals Include tourmaline, sphene, apatite, and zircon. This phase aay 

represent a separate intrusion rather than on altered or concomlnoted zone 

(Woodland, 1965). 

In the norchern pare of Che wesCern lobe of Che Victory plucon (Ease 

Raven Mountain area), a medlum-gralned bloclce granite is exposed. It 

contains microcline, orthoclase, andperchlce, oligoclase, blotite, quartz, 

and myrmekite; apaclce occurs as an accessory mineral. 

Alceradon. Oligoclase In the granite of the Klrby-Eost Haven Mountain 

area Is kaollnlzed and sericltized. BlotlCe In Che Ease Haven Mountain area 
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and in the Miles Mountain area is partially altered to chlorite. Oligoclase 
In the Miles Mountain area is partially altered to kaolin. 

5.3.6.5 Secondary Intrusions 

Many granitoid dikes are observed on Miles Mountain, which is located 

near the southern part of the eastern lobe. These dikes range In composition 

from a light-gray granite to a dark-gray tonallte (Woodland, 1965). 

5.3.6.6 Country Rocks 

On the western side of the Victory pluton is an extensive granite-

hornfels complex that extends northward from the area around Kirby Mountain, 

following the margin of the pluton, to the Burke and Umpire Mountains area. 

The contact between these two phases is usually sharp, even though locally 

intricate. The rocks of this complex are extremely durable and tend to form 

many of the topographic highs in the area. Although the hornfels is often of 

silllmanite grade, it has retained much of its original bedding, schlstosity, 

and cleavage. It commonly has numerous granite stringers. 

Pods of a dark, biotlte-rich rock lacking internal structure can be 

found locally. This rock is distinct from the granite of the Victory pluton, 

even though it is equigranular, fine grained, and somewhat granitic in 

appearance. The contact between this rock and the granite is less sharp than 

that between the hornfels and granite phases. A more prevalent mlgmatlte, 

which also occurs In the hornfels-granite complex, is an Intimate mixture of 

granitic stringers, highly metamorphosed hornfels, and the dark, structure

less, biotlte-rich rock previously mentioned. • 

The Victory pluton intrudes into the metasedlments of the Gile Mountain 

formation of Early Devonian age. The formation has been described as a gray 

quartz-muscovlte schist. A gray, micaceous quartzlte and a calcareous, 

micaceous schist also are interbedded with and Intergradational with the 

quartz-muscovlte schist. The schist commonly contains porphyroblasts of 

blotite, garnet, staurolite, and, in the vicinity of the Victory pluton, 

silllmanite (Woodland, 1965). 

The pluton also cuts the Meetinghouse Slate member of the Gile Mountain 

formation and the metasedlments of the Ordovician Albee formation. The Albee 

formation consists of massive gray quartzlte and feldspathic quartzlte, which 

weathers white. Interbedded with these rocks is greenish-gray slate, 

phylllte, feldspathic phylllte, and quartzose argillaceous phyllite. Silll

manite porphyroblasts are found in the immediate vicinity of the pluton (Doll 

et al., 1961). 
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5.3.6.7 Rock Structure 

Joints In the Burke Mountain area trend approximately southwest 

(Woodland, 1965). Folding la common In the metasedlments surrounding the 

Victory plucon. Woodland (1965) described Cwo generaclons of small-scale 

folding (usually some centimeters [Inches] across). He suggested that che 

folds represenc two separate phases of the some orogeny. 

5.3.7 Wllloughby PluCon (Place IV. PluCon 10) 

5.3.7.1 

The Wllloughby pluton is located In extreme northeastern Vermont In che 

Memphremagog, Island Pond, Burke, and Lyndonvllle 15-mln quadrangles. It li 

an elongated, roughly oblong, narrow-walsted body whose outcrops occur over an 

area of approx- Imately 92 km (36 ml ). The long axis of the plucon Is 

almosC 19 km (12 ml) long and Is orlenced ease and wesC. Its wldch Is 

generally 5-6 km (3-4 ml), and It Is roughly bisected by Lake Wllloughby. 

5.3.7.2 Relative and AbsoluCe Age 

The Wllloughby pluton belongs to the New Hampshire plutonlc series, the 

plutons of which are considered to be Devonian In age (Doll et al., 1961). 

5.3.7.3 Origin 

The Wllloughby pluton probably was emplaced by forceful Injection and 

stoplng (Page, 1958). Some of che sedlmencary rock Inclusions or remnancs In 

Che pluton have retained structural conformity wlch the country rock and aay 

represent roof pendants. Forceful Injection of che nearby Derby pluCon, which 

also belongs Co che New Hampshire pluconlc series. Is IndlcaCed by the 

scructure of Its wall rock. The Wllloughby and Derby plutons may hove been 

emplaced by similar processes. 

5.3.7.4 Petrography 

Mineralogy and TexCural Reladons. The granlce In the Wllloughby 

pluton Is medium Co coarse grained, granitoid, and light Co dark gray In 

color. It contains feldspar phenocryscs up Co 1 cm (0.4 In.) in dlamecer. 

Major minerals Include oligoclase, microcline, blodte, and quartz. Accessory 

minerals Include muscovlce, apadte,. sphene. zircon, zolslce, almandlne. and 

allanlce. Dennis (1956) gave a modal esclmaCe of plagloclaae, 50%; micro

cline, 20%; quarcz, 20%; bloclce, 5%; and others. 4X. 
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When the plagloclase and microcline are in contact with each other, the 

plagloclase frequently forms myrmekite. The microcline also is commonly 

cross-twinned and occasionally perthitlc. The microcline and quartz usually 

occur as anhedral grains. The plagloclase and biotite occur as euhedral to 

subhedral grains. 

Near Lake Wllloughby, garnet was found adjacent to the contacts in 

areas having relatively less blotite. Dennis (1956) suggested that this 

phenomenon could be the result of potassium migration In these rocks. 

Alteration. Some of the feldspar in the Wllloughby pluton has been 

altered to kaolin. Chlorite after biotite is also common. The kaolin is 

found as a coating on feldspar grains. 

5.3.7.5 Secondary Intrusions 

Pegmatites in the form of dikes and irregular masses are commonly 

associated with the Wllloughby pluton. They appear to have been injected 

along tension joints. Up to three generations of pegmatites have been 

observed locally. Prominent minerals Include potassium feldspar, quartz, 

muscovite, black tourmaline, and garnet. Tourmaline and garnet occur more 

often near the granite contact. 

5.3.7.6 Country Rocks 

The Wllloughby pluton is in contact with the Waits River formation on 

its western side and the Barton River member of the Waits River formation and 

the Glle Mountain formation on its eastern side. TJie metasedlments of the 

Waits River formation consist of a gray quartzose limestone and a micaceous 

crystalline limestone. The limestone's constituent minerals are actinolite, 

hornblende, zolsite, dlopslde, wollastonite, and garnet. The limestone 

possesses a distinctive brown, earthy crust when weathered. Intimately 

associated with the limestone is gray quartz-muscovlte phylllte or schist. 

The schist and phyllite contain blotite, garnet, and locally either 

silllmanite, kyanite, or andalusite. 

The Barton River member consists of intimately associated siliceous 

crystalline limestone and serlclte-quartz-chlorlte phylllte. Where it Is in 

contact with granite dikes or sills, it forms diopsidic limestone and 

cordieritic hornfels. 

The Gile Mountain formation is a gray quartz-muscovlte schist. A gray 

micaceous quartzlte and a calcareous micaceous schist are interbedded and 

intergradational with the quartz-muscovlte schist. The schist commonly 

contains porphyroblasts of biotite, garnet, staurolite, and, in the immediate 

vicinity of the pluton, silllmanite (Doll et al., 1961; Goodwin, 1963; Myers, 

1964; and Albee, 1968). 
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5.3.7.7 Rock Structure 

A major set of Joints occurs In the granite of the Wllloughby pluton. 

The Joints dip steeply, almost vertically, and trend N. 20-30 W°. Crystal 

Lake and Lake Wllloughby are glacial lakes oriented parallel to this jolnc 

sec. 

Most fold axes In the surrounding area are roughly parallel to the axis 

of the BrownlngCon syncllne, which merges with Che Townshend syncllne In 

souChern Vermonc. The Scrafford-Wllloughby arch passes Chrough che eascern 

portion of the pluton. extending In a southeasterly direction (Doll ec al,, 

1961). 

5.3.7.8 Geophysics 

Northeastern Vermont Is characterized by a strong gravity low whose 

outer boundary Is marked by a Bouguer-anomaly contour of -50 mgal. The lower 

density of the granitic rocks In the region, as compared to that of che 

neighboring metosedimentory rocks, can account for the gravity low (DlaenC, 

1968). 
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6 CRYSTALLINE ROCKS OF NORTHEASTERN NEW YORK 

6.1 GRENVILLE AND AVALONIAN 

6.1.1 Alexandria Granite Gneisses (Plate V, Pluton 6) 

6.1.1.1 Size, Shape, and Location 

The Alexandria granite gneisses comprise at least 40 bodies of alaskite 

rock; most of them appear to connect at depth to form a thick sheet 

approximately 87 km (54 mi) long from Canton to Alexandria Bay in the 

Adirondack lowlands (see Fig. 6.1), and a few are scattered as far east as the 

Vermont border. The individual bodies are generally narrow and elliptical or 

Irregularly elongated in map plan (see Fig. 6.2). Many of these bodies are 

8-10 km (5-6 mi) long, and some are up to 24 km (15 mi) long. Together they 

form part of a thick stratlgraphlc unit that has undergone at least three 

periods of folding, resulting in a continuous sheet of domes and basins. The 

alaskite is exposed mainly in the cores of major antlforms, forming blunt 

bodies with plunging ends. The many outcrops of this rock occur over an area 

of about 635 km (245 ml ). 

6.1.1.2 Relative and Absolute Age 

The age of the Alexandria granite gneisses is Precambrian. Controversy 

has existed over the origin of these gneisses, which has led to varying ideas 

about their relative 3ge. Buddlngton (1939) among' others believed the 

alaskite was intruded into Grenvllle metasedlments, transecting the Stark and 

Diana complexes. This would make the alaskite younger than all of these 

units. More recent investigators (Carl and van Diver, 1975; Foose and Carl, 

1977; and Romey et al., 1980) believed the alaskite to be a conformable 

stratlgraphlc unit within the Grenvllle metasedlments, and perhaps even the 

earliest unit (Romey et al., 1980), making it much older. Silver (1965) dated 

zircons of some of the alaskite bodies using the U-Pb method and arrived at an 

age of 1220 m.y. 

6.1.1.3 Origin 

As mentioned above, controversy has existed over the origin of the 

Alexandria granite gneisses. Buddlngton (1939) and Buddlngton and Leonard 

(1962) believed the alaskite to be of igneous origin and to have been Intruded 

Into the axial region of preexisting folds, forming phacollths. These rocks 

were then metamorphosed during the Grenvllle orogeny. Engel and Engel (1963) 
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Fig . 6.2 Map of Major Rock Types in the Alexandr ia , Tupper/Saranac, and Hermon 
Complexes of the Northwest Adlrondacks (Source: Buddlngton and Leonard, 1962) 
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believed that the phacollths were formed by metasomatism of a calcareous 

arkoslc quartzlce unlc. This would have required the addition of alkalies, 

alumina, and Iron. Carl and van Diver (1975) argued that the alaskite Is an 

ash-flow Cuff that forms a conformable depositional sequence with gneisses, 

amphlbolites, calc-slllcate layers, garnet-sllllmanlte gneisses, and carbonate 

and blotite schists. The tuff was recryatalllzed during later metamorphlsa to 

form alaskite. Other authors (Foose and Carl, 1977; Romey et al., 1980) have 

explained the alaskite bodies In terms of a large sheet like unit, which was 

folded a number of times Co produce Che apparenc phacolithic shape. 

6.1.1.4 Petrography 

Mineralogy and Textural Relations. The principal rock types In che 

alasklce sequence are leucogranldc gneiss, granidc and quarcz-monzonldc 

gneiss, granlce pegmadte, thin-layered amphlbollte, mlgmatlte, and massive 

vein quartz (Romey et al., 1980). A medlum-gralned, gray-green trondhjealte 

forms a discontinuous border facies (Dietrich, 1954). 

The granitic gneiss Is typically pink to very light gray and fine 

grained, with an average grain size of about 1 mm (0.04 in.); lc li 

predomlnancly composed of microcline perthite, oligoclase, and quartz. In 

widely varying proportions. Some rocks contain microcline perthite grains and 

quartz leaves that are 2 cm (0.8 in.) or more, whereas other ports are 

aplltlc. Foliation of the sparse mafic minerals Is well developed. Mylonltlc 

textures are presenC In local porphyroblasdc varlecles (Romey et al., 

1980). 

The normative composition of this alaskite Is quartz, 28.50-41.881; 

orthoclase, 24.45-35.5Z; alblte, 26.20-30.92Z; anorthlte, 0.28-5.00:; 

corundum, 0-1.50J;; hypersthene, 0.1-2.46J;; magnetite, 0-2.091; llmenlte, 0.30-

1.06?;; apadte. 0-0.475;; and calcite. 0-0.8X (Buddlngton, 1957). 

Alteration. The upper amphlbollce facies of the alaskite was subjected 

to a period of high-grade metamorphlsm with multiple phases of folding; 

therefore, no relict fabrics remain (Carl and van Diver, 1975). Foliation of 

dark minerals has developed, as has a local mylonltlc texture. Mineral 

alceradon Co chlorlce, andgorlce, and calclce has occurred. The alaskite Is 

least deformed and recrystalllzed In che Cranberry Lake and Tupper Lake 

quadrangles; che mosC alcered porclon Is souCh of the Russell syncllne and 

west and north of the Scark andcllne (Buddlngton and Leonard, 1962). 

6.1.1.5 Secondary Incruslons 

Careful scudles of che area have noC revealed the presence of any 
significant secondary Intruslona. 
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6.1.1.6 Country Rocks 

Country rock relationships depend on the mode of origin one prefers. 

According to Buddlngton's (1939) concept of origin, the alaskite was intruded 

into Grenvllle metasedlments, which consist of garnet-sillimanite gneiss, pure 

and impure layered marble and dolomite, quartz-mesh marble quartzlte, and 

paragnelss. This unit concentrically surrounds each alaskite phacollth (Romey 

et al., 1980). 

6.1.1.7 Rock Structure 

A number of strike-slip faults are located in the vicinity of Canton 

and Pyrites. The strike of the faults Is northeasterly; the block northwest 

of the fault has moved north. Thrust faults are observed in the northern half 

of the Gouverneur quadrangle (see Fig. 6.1). The faults strike northeast, and 

the east block has been thrust over the west block. Two mylonite zones occur 

in the lowlands region. A narrow zone runs southwest to northeast, 

approximately in the center of the alaskite zone. A wide mylonite zone 

dipping 30-80° NW. marks the boundary between the lowlands and the Adirondack 

highlands (Isachsen and McKendree, 1977). The relations of foliation and 

lineation were presented by Buddlngton and Leonard (1962), who stressed their 

contrast to the major folds (see Fig. 6.3). 

Foliation in the alaskite bodies tends to be conformable with the 

contact of the alaskite and surrounding rock units. Carl and van Diver (1975) 

interpreted this conformable foliation to mean that the layers are sedimentary 

beds rather than sills or flows. Pegmatltic and crosscutting mlgmatltlc 

structures disrupt the foliation in places (Romey et al.. 1980). 

At least three phases of folding appear to have occurred in the 

Adirondack lowlands, the first two producing tight to isoclinal recumbent 

folds that have been refolded and eroded to different levels (Foose and Carl, 

1977). The dome-and-basln structure in the area is the result of open third-

phase refolding of earlier folds. These periods of deformation were 

accompanied by high-grade metamorphlsm. 

In the north, the intensely folded zone extending southwest from Canton 

and Pyrites appears to be folded back beneath Itself to the south. This zone 

may be part of a regional nappe structure with an amplitude of 80-97 km (50-60 

mi), extending from Alexandria Bay to the northeast, hinged at Parlshvllle, 

and folded back southwest. The northeast-trending Carthage-Colton mylonite 

zone may represent the axial surface of the nappe, along which movement toward 

the northwest occurred. 
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6.1.1.8 Geophysics 

The St. Lawrence lowlands show large magnetic lows (Isachaen eC al., 

1979), but the alaskite body has a distinctive magnetic algnature. Breaks In 

the pattern coincide with zones of brtcclatlon, which are evidence of faulting 

and dlsplacemenc (Romey et al., 1980). Magnetic data hove olso been used to 

Indlcste continuation of the unit beneath Paleozoic rocka to the north of the 

outcrop area. 
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The Grenvllle belt along the St. Lawrence River shows a long gravity 

high through the northwestern lowlands. Simmons (1964) has approximated the 

shape of the belt as a slab of thickness 3.4-5 km (2.1-3.1 ml), with a minimum 

density contrast of 0.06 gm/cm . Granitic rocks represent local gravity lows 

in the area. 

5.1.2 Diana Gneiss and Tupper/Saranac Metasyenlte Complexes (Plate V, 

Pluton 3) 

6.1.2.1 Size, Shape, and Location 

2 
Outcrops of the Diana gneiss complex are found over about 700 km (275 

ral ) in the Carthage, Lowville, Antwerp, Lake Bonaparte, Oswegatchie, and 

Russell quadrangles (see Fig. 6.1). The belt is about 64 km (40 mi) long, 

about 24 km (15 ml) wide in the southwest, and about 1.6 km (1 ml) wide in the 

north. The shape of the body is thought to be that of a sheet or sill 10-30 

km (6-20 mi) thick that has been complexly folded and eroded. The entire 

complex is located on the northwestern edge of the Adirondack highland core, 

along the border where the granitic and charnockitlc gneisses of the core meet 

the metasedimentary rocks of the lowlands. 

The Tupper and Saranac complexes to the northeast, and other groups of 

rock bodies to the southeast of the Diana complex, have been assigned the same 

pluton number (see Plate V ) . . All these rock bodies have a grossly similar 

lithology, as Indicated in the classic studies by Buddlngton and his various 

coworkers since the early 1930s. There may, however, be local differences in 

the details of lithology and structure of the many rock bodies grouped 

together for the purposes of this report. Therefore, if more detailed 

information is needed about any particular one of these bodies, the pertinent 

geologic quadrangle maps and reports by Buddlngton and his coworkers should be 

consulted. For many areas of the Adlrondacks, their work is probably the most 

recent and comprehensive. 

The Tupper and Saranac complexes crop out primarily in the Tupper Lake, 

Long Lake, St. Regis, Saranac, Loon Lake, Lake Placid, Ausable Forks, and 

Ellzabethtown quadrangles (see Fig. 6.1). The Tupper and Saranac complexes 

are estimated to be no more than 1220 m (4000 ft) thick (Buddlngton, 1948). 

All together, they occupy an area of about 2000 km (772 mi ) . 

6.1.2.2 Relative and Absolute Age 

The Diana and Tupper/Saranac gneisses are Precambrlan in age. They 

have been dated by Silver (1965), using the U-Pb-zircon method, at 1100-1200 

m.y. Some believe these gneisses to be younger than both the Adirondack 

metanorthoslte and the metasedimentary rocks of the Grenvllle sequence, but 

older than the crystalline rocks of the region (Hargraves, 1968). McLelland 
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and Isachsen (1980) proposed that syenlce dikes In the anorthosites aay 

represent anaCectlc melt produced from the quartzo-felspathlc material during 

emplacement of anorthoslce. 

6.1.2.3 Origin 

The syenlce magma was probably emplaced as a conformoble, flat-lying 

sheet along planes of structural weakness In slightly folded Grenvllle 

metasedlments (Buddlngton, 1953; Buddlngcon and Leonard, 1962). Hargraves 

(1968) suggested that It may have been InCruded under an anorthoslte sheet, 

alchough che anorthoslte Is no longer present. The varied facies of che 

complex may be due Co gravlcy scraclfIcaclon wichln the sheec (Buddlngcon and 

Leonard, 1962; Hargraves, 1968). The formadon of che upper felslc and the 

basal mafic facies In the Tupper/Saranac complex may be the result of 

modification by the assimilation of amphlbolltlc material and/or reaction with 

residual anorthoslte liquid (Buddlngton, 1948; Davis, 1971). 

6.1.2.4 Petrography 

Mineralogy and Textural Relations. Four types of gneiss can be 

distinguished In che Diana gneiss complex, grading from green pyroxene syenlce 

gneiss In Che norchwest through pyroxene-(hornblende)-quartz syenlce gneiss, 

and pink hornblende-quarcz syenlce gneiss Co hornblende granlce gneiss (or 

syenite gneiss) in the southeast (see Fig. 5.4) (Buddlngcon and Leonard. 1962; 

Hargraves, 1968; and Isachsen and Fisher, 1970). Buddlngcon and Leonard 

(1962) argued chac the raafic pyroxene-rich facies form the bottom and the more 

felslc facies che Cop of the gravlty-dlfferenclaced sheec. 

In general, the Diana gneisses have undergone amphlbollte facies 

metamorphlsm and exhibit a coarse phacoldal scructure. They rarely csntaln 

andeslne. labradorlce xenollchs. or xenocryscs from anorthoslte or gabbrolc 

anorthoslte. The CexCure of che follaced rock varies from Intensely mylonl-

tlzed augen gneiss In the northwest to granoblastic gneiss In the southeast 

(Geraghty et al.. 1981). 

The green pyroxene-quartz syenite gneiss hos o mortor or augen 

texture. It contains zoned feldspar porpbyroclasCs up to a few millimeters (a 

few tenths of sn Inch) In dlamecer, wlch an oligoclase core and a 

microperchlce rim. QuarCz Is presenC In leaflike forma or as Interlacing 

veins. The composition of the facies. In percent by weight. Is feldspar, 74-

82X; quartz. 10-15t; ferroaugite, 4.71; hornblende, 0.3-lt; and magnetite and 

llmenlte, 2-5J:, with accessory sphene, zircon, and apatite (Buddlngton and 

Leonard, 1952). 

The green pyroxene syenite gneiss also has o mortar or ougen texture, 

but Is slightly coarser grained than the pyroxene-quartz syenite gneiss. 



GEOLOGY OF THE DIANA COMPLEX BETWEEN NATURAL BRIDGE AND HARRISVILLE 

Fig. 6.4 Geological Map of the Diana Syenite Gneiss Complex between Natural Bridge and 
Harrisville (blank areas within map area signify complete lack of exposure 

where extrapolation was not justified) (Source: Hargraves, 1968) 
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Plagloclase feldspars are rimmed with microperthlte. The rock contains a 

number of thin shonklnltlc bands or lenses. Average composition, by weight 

percent. Is feldspar. 74.81; quartz, 5.8Z; hypersthene, I.2Z; ferroaugite, 

9.2t; hornblende, 1.8t; and llmenlce and magnetite, 4.51, with accessory 

apaclce, zircon, sphene. chlorlce, pyrlCe, and carbonate (Buddlngton, 1948), 

The reddish hornblende-quartz syenite gneiss is medium grained and 

equigranular, with a granoblastic texture. Phocolds may be yellow-green In 

color. Feldspar Is microcline and oligoclase with relict microperthlte. 

Quartz Is present In leaves. Average composition, by weight percent. Is 

feldspars, 75-801; quartz, 7-18t; hornblende, 4-8Z; ond magneclce and 

llmenlce, 1.5-3Z, with accessory pyroxene. apatite, zircon, and sphene 

(Buddlngton and Leonard, 1952; Hargraves, 1968). 

The hornblende granite gneiss Is medium to coarse grained, with a 

granoblastic texture. It consists primarily of microcline and oligoclase wlch 

quarcz leaves. Feldspar grains are 1-4 mm (0.04-0.16 In.) in size; hornblende 

Is presenC In small grains. Rapakivi texture occurs, as do phacolds wlch a 

plagloclase core and a microcline border (Buddlngton and Leonard, 1962; 

Hargraves, 1969). The average mineral composition of the hornblende granite, 

by weight percent. Is feldspar. 67.851; quarCz, 23. IX; hornblende, 7.1Z; 

blodce, 0.7X; and llmenlce and magnetite, 0.8Z; with accessory apatite and 

zircon (Buddlngton, 1948). 

The syenite gneisses of the Tupper/Saranac area range In composition 

from augite-hypersthene syenite (mangerlte) to auglte-hypersthene-hornblende 

quartz syenite (charnocklte), with the more mafic facies forming the base and 

the more felslc facies che Cop of che complex (Buddlngcon and Leonard, 

1962). As a group, Chese rocks are green, weathering to maple-sugar brown. 

The rocks have undergone granullte-facles metamorphlsm, resulting In a 

granoblastic texture and variable recrystallization. They are medium grained 

and equigranular; the average grain size is 0.3 mm, with a varlble percentage 

of larger prophyroblasts 1-4 mn (0.04-0.16 In.) in size (Buddlngton and 

Leonard, 1962). The gneisses are strongly folloted ond composltionally 

layered. Garnec has formed as an acceasory mineral, boCh as granoblasclc 

grains 0.1-0.5 mm (0.004-0.02 In.) In size and as coronas around oxides and 

mafic minerals. Pocasslum feldspar Is presenC as perthite. Locally, 

plagloclase feldspar forms large porphyroblasts, and myrmekite Intergrowths 

may be present. 

The normative mineral composition of the basal mafic syenite 

(mangerlte) facies Is feldspars, 51.1-65.3Z; quartz, 2.8-5.5Z; hypersthene, 

4.5-7.3t; auglce, 11.6-12.IZ; hornblende, 1.4-3.6Z; llmenlte and magnetltle, 

5,3-8.4Z; apadce, 1.2-1.4Z; zircon, 0.1-0.4Z; and gornet, 3.7-4.0Z 

(Buddlngton. 1948). The basal fades tends to be darker than the felslc 

facies, and It contains a more calcilim-rlch plagloclaae. Near the boundary 

wlch che metanorthoslte massif, the bossl fades contains blue-gray ougen of 

plagloclase and xenocrysts of andeslne. The hosol focles also contains layers 

of skarn and schlieren of amphlbollte. 
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The normative mineral composition of the upper felslc syenite 

(mangerlte) facies is feldspars, 66.3-70.3%; quartz, 16.3-18%; hypersthene, 

3.6-5.8%; augite, 1.4-3.4%; hornblende, 2.8-5.7%; llmenlte and magnetite, 1.5-

2.0%; apatite, 0.5-0.8%; zircon, 0.3-0.5%; and garnet, 0,2-0.5% (Buddlngton, 

1948). The felsic facies contains short, narrow pegmatite veins radiating out 

from a knot of pegmatite and paralleling the foliation (Buddlngton, 1948). 

Lenses of amphibolite and skarn are found only locally (Buddlngton and 

Leonard, 1962). Quartz may form pencil lineations in the axial regions of 

folds. 

Alteration. The Diana gneiss complex lies along the northeast-trending 

Carthage-Colton mylonite zone (Geraghty et al., 1981). Within this zone 

mylonitlzation has produced a decrease in grain size and has developed a 

strong foliation. Geraghty et al. (1981) concluded that deformation in the 

mylonite zone was due primarily to recrystallization rather than cataclasis. 

The fabric within the Diana complex varies from almost unrecrystalllzed mortar 

or augen texture with a grain size of less than 0.2 mm (0.008 In.) in the 

northwest to an almost completely granoblastic texture in the southeast. 

Grain size Increases approximately tenfold from northwest to southeast 

(Buddlngton and Leonard, 1962). Postdeformational alteration Includes the 

formation of hornblende, biotite, and yellow-green chlorite or calcite from 

pyroxene; chlorite from primary hornblende; and leucoxene from titaniferous 

magnetite. 

The rocks of the Tupper/Saranac complex have undergone regional high-

grade metamorphism, which produced plastic flowage and moderate to intense 

reduction in grain size. Garnet is developed as coronas around oxide and 

raafic silicate grains, as as porphyroblasts where the grains are smallest. 

Mesoperthlte was recrystalllzed to microperthlte and oligoclase (Davis, 

1971). Primary hornblende was altered to chlorite, and in some places to 

sphene. Augite was altered to secondary hornblende (Buddlngton and Leonard, 

1962). 

6.1.2.5 Secondary Intrusions 

The gneisses are frequently cut by metadlabase dikes measuring up to 

6 m (20 ft) wide The dikes usually strike northwest and parallel banding and 

foliation in the gneiss; where they strike northeast, however, they tend to 

cut the limbs of folds. Deformation of the metadlabase depends on the zone in 

which it occurs, being fine-grained augen gneiss in the northwest and 

blastophltic or amphlbolltlc to the southeast (Hargraves, 1968; Davis, 1971). 

The Diana complex at its southern end is Intruded into by younger 

alaskltlc and honblende granitic gneiss. The alaskite is a pink, fine-grained 

rock consisting mainly of microcline perthite, alblte or oligoclase, and 

quartz. The hornblende granite is a reddish, medium-grained, equigranular 

rock consisting primarily of quartz, orthoclase, alblte, anorthlte, hyper

sthene, and magnetite. The vertical joints in Tupper/Saranac complex tend to 

be intruded by unmetamorphosed diabase dikes (Davis, 1971). 
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5.1.2.6 Country Rocks 

The Diana and Tupper/Saranac raagmaa were Intruded into o Grenvllle 

metasedimentary sequence composed of garnet-sllllmanlte gneiss, pure and 

Impure layered marble and dolomite, quortz-nesh morble-quortzlte, and 

paragnelss. The western border of the Diana complex Is still in contact wlch 

these Grenvllle metasedlments. Isolated syenite sills are found In the 

llmesCones of Chis sequence. 

Hargraves (1968) and Davis (1971) posculated that the gneisses may have 

been Intruded underneath an anorthoslte or anorthosltlc gabbro sheet. 

Although the anorthoslte Is no longer present In area, there Is a small 

anorthoslte mass to Che souChwest of Che Diana complex, called Che Croghan 

mass. Alaskldc and hornblende granitic gneiss are In contact with che Diana 

gneiss on Ics southeastern boundary, as mentioned In the previous secclon. 

5.1.2.7 Rock Structure 

The northwestern boundary of the Diana complex is a mylonite shear zone 

where the gneisses are In contact with Grenvllle metasedlments. The contacc 

consists of a band of Incruslve breccia composed of chin-banded pyroxenlc 

quarcz syenlce and fragments of Grenvllle rocks (Hargraves. 1968). The 

mylonite zone extends for 109 km (68 ml) from Carthage to beyond Colton (see 

Fig. 5.1) to the northeast. The zone ranges In width from a few meters (feet) 

to 17.7 km (11 ml), and In thickness from 0 m to 5000 m (15.000 ft). The 

average dip of the mylonite zone Is approximately 40° NW. The zone Is choughc 

Co represenc an eascward-dlrected overthrust zone, in which mylonitlzation 

occurred by ductile deformation. Twenty minor faults and fault zones are 

found within the mylonite zone (Geraghty et al., 1981). Other topographic 

linear features In this region tend Co be orlenced norch to northeast, but In 

the northern section of the Diana gneiss complex, some lineaments trend east-

west (Isachsen and McKendree, 1977). 

Primary layering In the Diana gneiss may be found locally, but It is 

difficult to see because of meCamorphlsm; secondary foliation paralleling the 

primary loyerlng la Intense (Buddlngton ond Leonord, 1962). Regional mylonite 

foliation tends to parallel foliation outside of che mylonlce zone (Geraghcy 

ec al., 1981). LlneaClon wichln che plane of follaclon takes che form of 

parallel arrangement of quartz leaves and granulated porphyroclasts. The 

Ilneatlon tends to plunge north or north-northwest, or to the northeast 

(Hargraves. 1958), and It Is observed both parallel to and cutting across Che 

Crends of major folds (Geraghty et al., 1981). 

The Diana gneiss complex conslscs of more mafic rocks Co Che northwesc 

than Co Che aoucheasc and tends to dip Co che northwesc. Therefore, if the 

complex Is a gravlcy-dlfferenclaCed sheeC, It must be overturned Co Che 

souCheast (Hargraves, 1958). The fold-thrusC nappe between Carthage and 

Colton has apparently produced the overcurned, Isocllnal-to-recumbent folds of 
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the complex (Geraghty et al., 1981). In the southwestern part of the complex, 

the pyroxene syenite and pyroxene-quartz syenite gneisses are exposed on 

anticlinal cores. Overlying hornblende-quartz syenite and hornblende granite 

gneisses are revealed in the synclines (Buddlngton, 1948). Folding tends to 

trend northeasterly (Buddlngton and Leonard, 1962). 

Faults have been observed in the Tupper/Saranac complex in the vicinity 

of Tupper Lake. The Tupper Lake fault trends approximately north-south and 

has a vertical throw of 915-1370 m (3000-4500 ft), with the downthrown block 

to the west. Jointing in this area is approximately perpendicular to the 

strike of foliation (Buddlngton and Leonard, 1962). In the Saranac quadrangle 

(see Fig. 6.1), two jointing directions are prevalent — N. 65° E. to N. 80° 

W., and N. 5° E. and N. 30° W. The first direction parallels diabase dikes in 

the area. Many of the joints show sllckensides, indicating that movement has 

occurred (Buddlngton, 1953). An igneous breccia has been noted on the 

northeastern border of the Tupper/Saranac complex northeast of Saranac Lake 

(Buddlngton, 1948). 

The gneisses of the Tupper/Saranac complex show intense secondary 

foliation parallel to primary layering and flow foliation (Buddlngton and 

Leonard, 1962). Foliation consists of alternating lamellae of mafic and oxide 

minerals with quartz and feldspar. Quartz tends to be present in grains that 

are elongated in the plane of foliation. Foliation is locally wavy and 

plicated (Buddlngton- and Leonard, 1962). Lineation in these rocks tends to 

parallel major fold axes (see Fig. 6.3), and reflects parallel, elongated 

grains of quartz and hornblende. 

The Tupper/Saranac complex is a strongly folded sheet. In the Long 

Lake and Tupper Lake quadrangles (see Fig. 6.1), it forms a broad east-west 

anticlinal prong composed of a pyroxene syenite gneiss core flanked by 

hornblende granite. The anticline is asymmetric, with a steeper dip on the 

north limb. The limbs dip 30-40° and the fold plunges gently to the east 

(Buddlngton and Leonard, 1962). In the Saranac quadrangle, the Tupper/Saranac 

gneisses form a syncllne pitching to the north. The trough of the fold is 

composed of metasedlments (Buddlngton, 1953). In the Loon Lake quadrangle 

(see Fig. 6.1), the Tupper/Saranac gneisses are folded and border a domical 

mass of the Stark complex (Postel et al., 1956). 

6.1.2.8 Geophysics 

Earthquake activity has been recurrent in the area of the Diana gneiss 

complex (Geraghty et al., 1981). A positive aeromagnetic anomaly, probably 

due to the presence of ilmenlte-magnetite pyroxenite and shonkinite layers, 

has been observed in the Diana gneiss. Isachsen et al. (1979) reported that 

the Diana high continues under the Paleozoic cover, whereas magnetic lows are 

associated with marbles and weakly magnetic sedimentary rocks. 
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A positive gravity anomaly Is associated with the Diana complex. The 

averoge density of samples containing less than lOZ quartz is 2.74 g/cm , chat 

of local granite gneiss Is 2.57 g/cm . and that of average granite to the 

southeast Is 2.65 g/cm (Buddlngcon. 1958). 

The Tupper/Saranac complex Is associaced wlch a negative gravity 

anomaly (Brock, 1980). 

6.1.3 Granite Gneiss (Plate V. Pluton 7) 

6.1.3.1 Size, Shape, and Location 

Pyroxene and/or hornblende granite gneiss Is found In a belc approxl

macely 65 km (48 ml) long In che norcheastern portion of the Adirondack doae. 

extending from Che Chateaugay quadrangle southeast to the Ausable Forks 

quadrangle. The quodrongles In which this belt mainly lies Include the 

Churubusco, Loon Lake, Lyon Mountain, and Danneraora quadrangles (see Fig. 

6.1). To the west che granlce gneiss grades Into blotite and/or hornblende 

gneiss. To the south It grades Into leucogranldc (alaskite) gneiss. This 
2 2 

body of rock occupies an area of about 925 km (357 ml ). 

6.1.3.2 Relative and Absolute Age 

The granite gneiss Is of Precambrlan age. It Is younger than the 

quartz syenite gneisses, metanorthoslte, and Grenvllle mecasedlmencs of the 

area. Younger sClll are Che diabase dikes chac Intrude the major joint syscea 

In the area (Postel et al., 1956). No absolute age data are available. 

6.1.3,3 Origin 

Postel (1951) distinguished chree cypes of granite: a microperthlte 

type, of magmatic origin; a microcline and plagloclase type, partly of 

magmatic origin and partly due to granltlzatIon; and a mlcroanclperchlte type 

formed from reaction beCween lace sodlc magmatic "emanadons" and che earlier 

types of granite. The physical mode of emplacement was not discussed. 

5.1.3.4 Petrography 

Mineralogy and Textural Relations. The granite gneiss Is a medlua-

gralned rock thac Is pink when fresh and a light yellow-brown after 

weacherlng. It has a xenomorphlc granular texture In thin section. It occurs 

both as a maaalve, atructureless rock and as a gneiss, with gradatlonal 

contact between them. Foliation la usually well developed, especially tn the 

ferromagnesian silicates. The massive rock alao may be gnelsslc, but Its low 
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mafic content makes it difficult to recognize it as such. Pegmatites are 

common, both parallel to and crosscutting the foliation. Very large 

miarolitic cavities are commonly found in close proximity to zones of 

pegmatite near Lyon Mountain. The cavities contain crystals of all the 

minerals found in the granite. The mineral composition of the granite gneiss 

includes varying amounts of potassium feldspar (orthoclase and microcline), 

plagloclase (alblte and oligoclase), microperthlte, quartz, green pyroxene, 

and hornblende or biotite. Accessory minerals include zircon, apatite, 

titanite, and magnetite (Gallagher, 1937; Postel, 1951; and Postel et al., 

1956). Postel (1951) and Postel et al. (1956) distinguished four types of 

granite gneiss in the Dannemora and Loon Lake quadrangles, including 

microperthlte-, microcline-, mlcroantlperthlte-, and plagloclase-rich 

facies. Disseminated magnetite and magnetite ore bodies may be present in the 

plagloclase-rich facies. 

Alteration. According to Postel (1951), three of the four facies he 

recognized in the granite gneiss are due to alteration. Gallagher (1937) 

believed che numerous concentrations of magnetite found in this rock to be due 

to raetasomatic replacement. Iron in chlorides and fluorides may have 

penetrated the rock along shear zones during a period of deformation (Postel, 

1951). Foliation, especially evident in granite of high ferromagnesium 

mineral content, is also present. 

6.1.3.5 Secondary Intrusions 

Numerous dikes of two different compositions cut the granite gneiss. 

Diabase dikes striking east-west and northeast-southwest and dipping almost 

vertically are Inferred to be of Precambrian age. They range from a few 

millimeters to a few meters (a fraction of an fnch to many feet) in 

thickness. The diabase is fine grained and dark gray; It occurs in both 

porphyritic and nonporphyrltlc varieties, and may have a chilled border where 

it is in contact with the granite. The Lyon Mountain diabase dikes are 

approximately 50% labradorlte, with varying amounts of pyroxene, biotite, 

magnetite, and accessory apatite. Secondary chlorite and calcite usually are 

present. The diabase dikes were apparently Intruded into major joint and 

fault systems (Gallagher, 1937). 

Syenite dikes also strike east-west. The syenite of Lyon Mountain is 

dark greenish-black, aphanitic or fine grained, and composed of anorthoclase, 

alblte, pyroxene, amphlbole, blotite, magnetite, apatite, calcite, and 

chlorite. These dikes Intrude into sedimentary rocks of Ordovician age 

(Gallagher, 1937; Postel, 1951). 

6.1.3.6 Country Rocks 

The Potsdam sandstone, of Cambrian age, overlies the granite gneiss to 

the north and east. The country rock to the west, as well as a body of rock 



220 

enclosed wichln the outcrop area of the granite In the Lyon Mountain 

quadrangle, consists of granitic and quartz syenitic gneiss of phacoldal 

structure. These rocks may be leucocratic and hove vorylng proportions of 

hornblende, pyroxene, and blotite. They are dark green and coarse grained. 

Along the margin of these gneisses Is dark gray-green, medlum-gralned, 

follaced pyroxene-hornblende quarCz syenite gneiss (Postel et al., 1956; 

Isachsen, 1970). To the southeast the granite Is In conCact with the 

mecanorchoslce massif. Wlch the exception of the Potsdam sandstone, chese 

rocks are all older Chan the granite gneiss. 

6.1.3.7 Rock ScrueCure 

Rocks of the northeastern Adlrondacks seem to be less Intensely faulced 

than those of the west and south (Isachsen and McKendree, 1977). Numerous 

small faults have been noted at Lyon MounCaln. In the Dannemora quadrangle, 

major faulting has caused brecciation; all the rocks exhibit predominantly 

north-south and east-west jointing (Postel, 1951), although copographlc linear 

feaCures In this region Crend mainly souchwesc-norcheasc. A few long linear 

feaCures In the Lyon Mountain and Churubusco quadrangles run northwest-

southeast (Isachsen and McKendree, 1977). 

The granlce gneiss Cends Co be well foliated, especially In rocks wich 

promlnenC ferromagnesian slllcaCes. In more leucocraclc rocks, follaclon aay 

be recognized by a slight elongation of quartz grains and a slightly coarser 

CexCure. The regional strike of follaclon In che Dannemora quadrangle Is 

norch Co northeast, wlch a dip moderace Co sceep to the norchwest or 

souCheast. Lineation directed Co che north or northeast and plunging to Che 

norch aC a moderaCe angle Is common within the plone of foliation (Postel, 

1951). 

Deformadon appears Co have affected Che granlce gneiss over Its entire 

extent. Large plunging folds, recumbent In places, have been mapped. 

Deformadon Is believed Co have taken place during or after formation of the 

gneiss with major stress from the east and southeast. Some shearing and 

granulation Is apparent microscopically In rocks of the Dannemora quadrangle 

(Postel. 1951). The diabase dikes of Che Loon Lake quadrangle do not appear 

to have been affected by this deformadon (Poscel eC al.. 1955). 

6.1.3.8 Geophysics 

The Adirondack MounCalns have been ahown Co be an area of frequent bet 

weak seismic activity (Sbar and Sykes, 1977). The north flank of the 

Adirondack massif Is parclcularly acClve, wlch earchquakea occurring at 

mldcruscal depths (Aggarwal et al., 1?77), Thruadng la che predomlnanC faulc 

mode. wlch maximum compressive scress approximately N. 70* E. and 

horlzoncal. Earchquakea Cend to occur on faulcs running north-northwest and 

dipping east. 
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The uses has published an aeromagnetic map that includes the Adirondack 

region (Zletz et al., 1980), which shows good correlation between the magnetic 

and structural grain of the area. 

Gravity lows in the Adlrondacks are difficult to associate only with 

granite, as proximal anorthoslte also is a contributing factor (Simmons, 

1964). Large areas of granite do not individually produce the usual gravity 

lows, suggesting either that the volume of granite In these areas may be small 

or that the density contrast between the granitic and surrounding rocks is 

slight, or both. 

6.1.4 Hornblende Granite and Hermon Granite Gneisses (Plate V, Pluton 5) 

6.1.4.1 Size, Shape, and Location 

The hornblende granite gneiss, formerly known as the Lowville-St. Regis 

granite gneiss, forms a belt in the northwestern Adirondack Mountains 

approximately 160 km (100 mi) long that extends from Lowville in the southwest 

to Chateaugay in the northeast (see Fig. 6.1). Although it Includes many 

small and a few very large outcrops that are discontinuous in their surface 

exposure, this pluton is thought to be a mass of batholithlc proportions that 

has a maximum thickness of several kilometers (miles) (Buddlngton, 1948). The 

pluton is concordant and was intruded into an area of strongly folded and 

deformed rocks of the Diana, Tupper/Saranac, and Stark complexes as well as 

the metasedimentary sequence. 

The Hermon granite gneiss forms several elongate outcrops (see Fig. 

6.2) in an area about 64 km (40 ml) long from Hermon tb Evans Mills and about 

32 km (20 ml) wide (Isachsen and Fisher, 1970), The granite is the dominant 

igneous rock type in the Grenvllle metasedimentary rocks of the Adirondack 

lowlands. Many outcrops of elongated or distorted form located on the 

southern and southeastern edge of the Adlrondacks have a similar lithology and 

are classed with the hornblende and Hermon granite gneisses for the purposes 

of this report. The total area within which this group of rocks crops out is 

about 4300 km (1660 ml ). All these rock bodies have grossly similar 

lithology, as indicated in the classic studies by Buddlngton and his various 

coworkers since the early 1930s. There may, however, be local differences in 

the details of lithology and structure of the many rock bodies grouped 

together for the purposes of this report. If more detailed Information is 

needed about a particular body, the pertinent geologic quadrangle maps and 

reports by Buddlngton and his coworkers should be consulted. 

6.1.4.2 Relative and Absolute Age 

The hornblende granite gneiss is of Precambrian age. It is younger 

than the syenitic gneisses with which it shows a transgressive relationship 
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and In which It has locally formed dikes. The Hermon granite gneiss Is also 

Precambrlan In age. It appears to be aomewhot older than the alaskite and 

younger than the syenites and metadlabase dikes of the orea (Buddlngton and 

Leonard, 1962). 

6.1.4.3 Origin 

The hornblende granite was probably emplaced os a magmatic body by 

mechanical displacement of existing folded country rock, which yielded and 

opened along foliation planes. Although basically conformable, the granite 

locally crosscuts phacolithic sheets (Buddlngton, 1948; Buddlngton and 

Leonard. 1962). 

The magma of the Hermon granite gneiss appears Co have been emplaced by 

successive Incruslons Into folded metasedimentary rock during a period of 

deformation (Buddlngton. 1939). The original blotlte-quartz-feldspar gneiss, 

granullte, and local amphlbollte of the Grenvllle series were alcered and 

replaced by InCeractlon with the magma and Its associated solutions. Altera

tion may have caused mlgmatlzatlon and anatexis of Che metasedlments as well 

as hybridization of Che magma, which may have been a volaclle-rlch equivalent 

of che magma ChaC produced the hornblende granite (Buddlngton and Leonard, 

1962). The contacc between the granlce gneiss and che mecasedlmencs may be 

sharp where the gneiss Is In conCacC wlch amphlbollte and gradatlonal where It 

Is In contact with mixed gneisses (Buddlngton and Leonard, 1962). 

6.1.4.4 Petrography 

Mineralogy and Textural Relations. The hornblende granite gneiss Is 

mostly a reddish, medlum-gralned, equigranular, gnelsslc hornblende granite of 
_, .. .......^....,,, ,„̂v.̂v..M K,n.iicu, cv̂ vî K̂  <*"uxaL , Kiicissic iiurnDienoe granite oi 

generally uniform composition. Ic concains numerous local Inclusions of 

amphlbollce and mecasedlmencary rocks. These Inclusions are comonly 

associaced wlch pegmadce veins chat parallel the foliation. The normative 

The CexCure and mineralogy of che hornblende granite In the northwest 

differs from that In che soucheasc because of Che more Intense metamorphlsm In 

the northwesc. In che norch che granite Is a strongly deformed granoblastic 

gneiss, whereas In the south It Is' a gnelssold hornblende-mlcroperthlte 

granite (Buddlngton and Uonard, 1962). In the less deformed rocks to the 

south, the feldspar groins ore 1.5-4 mm (0.06-0.16 in.) long ond form an 

Interlocking texture; quarcz cryscals are elongate, and elongate feldspar and 
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hornblende have their long axes aligned in the plane of foliation. Elsewhere 

in the south, the granitic rocks display a mortar texture with grains 0.2-0.4 

mm (0.0079-0.016 in.) In diameter. 

The Hermon granite gneiss is a coarsely porphyritic augen gneiss. The 

augen are pink or light-colored, Carlsbad-twinned microcline 1.3-2.5 cm (0.5-1 

in.) long in a coarse- to medium-grained gray groundmass of oligoclase and 

quartz. Phenocrysts may also be composed of oligoclase, orthoclase, or 

microperthlte. Considerable granular mortar of oligoclase and quartz may be 

present. Locally the rock may be recrystalllzed to a phacoldal aggregate. 

Rarely, the rock may be massive. The gneiss is usually blotltlc, but 

hornblende may predominate locally. 

The composition of the Hermon granite gneiss varies widely where the 

rock is involved with Grenvllle metasedlments and bands of mixed gneisses, 

garnet gneiss, limestone, and amphibolite are present. In the latter two 

cases, the Hermon granite gneiss is associated with a syenite facies. The 

average mineral composition of the Hermon granite gneiss is potassium 

feldspar, 0-57%; oligoclase, 11-41.2%; microcline, 0-31.3%; quartz, 16.6-

28.1%; hornblende, 0-10.9%; biotite, 0.9-13.4%; magnetite, 0-1.7%; apatite, 

0-0.9%; zircon, 0-0.3%; pyrite, 0-0.2%; and sphene, 0-0.4% (Buddlngton, 

1939). In general, the Hermon granite gneiss is less siliceous than the 

hornblende granite. It also differs in having primary oligoclase and 

potassium feldspar, rather than microperthlte (Buddlngton, 1939 and 1948; 

Buddlngton and Leonard, 1962). 

Alteration. Regional metamorphism both preceded and accompanied 

emplacement of the hornblende granite gneiss. Metamorphlsm produced a 

gnelssold rock, with little or no crushing and no garnet in the southwest 

(Buddlngton, 1939). The rock consists of microperthlte grains 1.5-3.5 mm 

(0.05-0.14 in.) in diameter, embedded in an approximately equal amount of a 

granular groundmass of microperthlte grains 0.2-0.4 mm in diameter (Buddlngton 

and Leonard, 1962). Mortar can form as little as 10% of the rock. In the 

more deformed rocks to the north, the granite gneiss is completely recrystal

llzed. Average grain size is 0.5-0.8 mm (0.02-0.03 in.). In the Santa Clara 

quadrangle (see Fig. 6.1), metamorphism caused garnet reaction rims to form 

around the pyroxene, hornblende, and magnetite. Also, slightly higher 

percentages of ferric oxide and titanium dioxide also are noted in the gneiss 

in the Santa Clara quadrangle. 

Along the Carthage-Colton mylonite zone, deformation of the Hermon 

granite produced granular mortar gneiss with a mylonltlc groundmass. Local 

recrystallization produced a phacoldal aggregate. The border facies of the 

rock were locally deformed and recrystalllzed. Other alteration effects 

Include a little secondary sphene and the frequent alteration of biotite and 

hornblende to chlorite (Buddlngton, 1939). 
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• 6.1.4.5 Country Rocks 

The hornblende granlce gneiss Intrudes Into rocks of the Diana, 

Tupper/Saranac, and Stark quartz syenlce-granlte complexes (see Sees. 6.1.2 

and 6.1.7). Although the hornblende granlce gneiss transgresses the StrucCure 

of the country rock locally. It outs It only at very small angles. For the 

most part, it conforms to preexisting folds and foliation (Buddlngton, 1939), 

Remnants of older metasedlments are found as Inclusions In the granite 

gneiss. These conslsC of calclce marble, local dolomlce marble, quarczlte. 

gneiss, amphlbollce. mlgmadte. granullce, and local schist. Leucogranldc 

gneiss occurs In some areas at or near the borders of the granlce gneiss. 

This rock may be a differentiate of the hornblende granite. 

The Hermon granite magma was InCruded Into and altered the Grenvllle 

metasedlments, which consist of blotlte-quartz-plagloclase gneiss, 

amphlbollte, related mlgmatlte, and calcltlc and dolomltlc marble wich local 

calc-slllcaCe rocks. 

6.1.4.6 Rock Structure 

Regional Jointing In the hornblende granite gneiss In the Santa Clara 

quadrangle strikes N. 60-90° E. or N. 5° E. to N. 25° W., with dips usually 

more than 70° In either possible direction (Buddlngton, 1937). Similar Joint

ing patterns seem Co prevail Co Che souChwesC (Isachsen and McKendree, 1977). 

In the lowland belt, where Che Hermon granlce gneiss crops ouC. chrusc 

faulcs (with the east side overthrust), mylonite, fault breccia, and scrlke-

sllp faulcs, all mostly trending souchwesc and norcheasc, have been noted 

(Isachsen and McKendree, 1977). 

The hornblende granlce gneiss was Intruded Into rocks thot were olreody 

folded, and was subsequently Involved In Isoclinal folding. Follaclon and 

linear SCrucCures In che gneiss cend Co be oriented appropriately for the area 

and structure In which Chey occur. Foliation tends Co scrlke northeast (see 

Fig. 5.2). Linear structures may be the result of magmadc flow, especially 

In che southern area, or plastic flow associated wlch folding (Buddlngton, 

1937; Buddlngcon and Leonard, 1962). 

The councry rock InCo which Che hornblende granite gneiss was Intruded 

was already highly folded (see Fig. 6.2). The magmo crosscut these structures 

at very small angles and formed local phacollths In the existing struc

tures. Orogenlc deformation accompanied and followed emplacemenc of the 

gneiss; such acdvlcy was mosc Incense wesc of che Scark complex, moderace to 

the southeast, and slight Co che souCh (Buddlngcon and Leonard, 1952). 

The Hermon granlce gneiss conslscs of folded, possibly phacoUchlo 

sheets that are conformable wlch synclinal and anticlinal atructures in the 
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country rock (Buddlngton, 1939). In places the granite transgresses the 
metasedlments (Buddlngton, 1948). 

6.1.4.7 Geophysics 

Seismic activity in the northwestern Adirondack Mountains is recurrent 

but usually weak. The hornblende and Hermon granite gneisses are near the 

epicenter of the 1944 Massena earthquake (I = 8, M = 5.6) (Geraghty et al., 

1981). There are no descriptions in the literature of earthquakes within the 

granite gneisses. 

The USGS has published an aeromagnetic map that includes the Adirondack 

region (Zietz et al., 1980). Gravity studies of the northwestern Adirondack 

Mountains fall to reveal gravity anomalies that can definitely be attributed 

to the presence of the hornblende granite gneiss. Either the thickness of 

granite is minimal or the density contrast between granite and country rock is 

too slight (Simmons, 1964). 

,1.5 Main Metanorthoslte Massif and the Snowy Mountain, Thirteenth 

Lake, and Oregon Anorthoslte Domes (Plate V. Pluton 1) 

6.1.5.1 Size, Shape, and Location 

The main metanorthoslte massif (Marcy massif) (Isachsen and Moxham, 

1968) is roughly heart-shaped in map plan and covers approximately 3433 km 

(1325 mi ) . The main massif is basically a domical l^yer with subordinate 

domes and basins on the upper surface (Simmons, 1964). It is located in the 

northeastern section of the Adirondack Mountains in an area of granullte 

facies gneisses and was probably the first of the great Adirondack Intrusive 

bodies to break into the older metasedlments (e.g.. Miller, 1918), Inward 

from the margins of the massif, the metasedimentary rocks occur only locally 

as roof pendants (Isachsen and Fisher, 1970). The massif is surrounded by a 

variety of rock types, which include metasedlments and metagabbro, but among 

which charnockitlc gneisses of uncertain origin are predominant (McLelland and 

Isachsen, 1980). The entire terrane of metanorthoslte consists of the main 

massif and numerous other bodies to the north and south that form a belt at 

least 130 km (80 mi) long that strikes north-northeast. Other bodies of 

significant size occur to the south in the Thirteenth Lake and Indian Lake 

quadrangles (see Fig. 6.1). The largest, the Oregon dome, is roughly circular 

in map plan and covers approximately 150 km (58 mi ) . The Snowy Mountain 

dome (see Fig. 6.5) is somewhat triangular in shape and crops out over an area 

of about 35 km (14 mi ) . 
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Fig. 6.5 Geology of the Snowy Mountain Dome Area 
(Source: de Waard and Romey, 1968) 

6.1.5.2 Relative and AbsoluCe Age 

The absolute age of the metanorthoslte was deCeridned by U-Pb Isotope 

dating of zircons Co be about 1130 m.y. (Sliver, 1959). This Is younger than 

che mecasedlmencary rocks InCo which lc Intruded and slightly older than the 

associated charnockitlc gneisses. All of these units were formed during the 

Precambrlan. 

6.1.5.3 Origin 

The main massif was probably emplaced Into the metasedlmencs as « 

large, slablike mass via two underlying feeder Cubes (Simmons, 1964). The 

original magma may have been a gabbrolc anorchoalce liquid with a high per

centage of suspended plagloclase crystala that became concencraced Coward the 

core by flow dlf ferendatlon. Thia concentrated the gabbrolc anorthoslte 

liquid aC Che borders (Buddlngcon, 1968). Incruslon InCo the metasedlments 
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may have taken place by the magma moving conformably along the gliding planes 

of the metasedlments. Continual addition of magma then expanded the 

originally narrow channels until a large central body was formed that plunges 

to the north-northeast (Balk, 1930). 

6.1.5.4 Petrography 

Mineralogy and Textural Relations. The metanorthoslte massif consists 

of two facies — Marcy and Whiteface. The Marcy facies occurs in the core of 

the massif and is a bluish-gray, coarse- to very coarse-grained rock with less 

than 10% dark minerals. The very coarse plagloclase feldspar grains range 

from 2 cm (0.75 in.) to 8 cm (3 in.) long and lie in a matrix of granular 

material composed of uncrushed and subordinate crushed feldspar, the latter 

usually being lesser in amount than the former (Buddlngton, 1939). The Marcy 

facies shows indistinct or no foliation, though the feldspar grains may show a 

crude parallelism (Miller, 1918). Normative mineral composition for this 

facies is quartz, 1,26-1.92%; orthoclase, 5.56-7.23%; alblte, 37.2-40.87%; an

orthlte, 42.15-49.76%; dlopslde, 0.65-3.72%; hypersthene, 0.4-4.6%; magnetite, 

1.00-1.97%; llmenlte, 0-3.04%; calcite, 0-0.34%; spinel and garnet, 2.7-2.77%; 

and femics, 3.81-10.73%. The normative plagloclase makeup is Ab-44-50 

(Buddlngton, 1939). 

The Marcy facies gradually changes toward the periphery of the massif, 

where it grades into the Whiteface facies. This unit is a more gabbrolc 

anorthoslte marked by an Increase In dark minerals. It is medium grained and 

generally foliated. The plagloclase feldspar grains are white, or nearly so, 

and are of medium granular texture. There are a few relict phenocrysts of 

blue-gray plagloclase, and the rock is Interbanded and streaked. The range of 

normative mineral compositions of the Whiteface facies is quartz, 0-7.80%; 

orthoclase, 3.89-11.12%; alblte, 24.89-42.44%; anorthlte, 34.19-46.70%; 

dlopslde, 0.71-13.22%; hypersthene, 0.83-16,93%; olivine, 0-2.72%; magnetite, 

0,81-4,89%; llmenlte, 0-3.12%; apatite. 0-0.60%; calcite, 0-1.10%; femics, 

5,95-34.20%; and spinel and garnet, 0-2.95% (Buddlngton, 1939). Within the 

border facies a block structure is locally evident, that is, angular blocks of 

anorthoslte enclosed by slightly more mafic anorthoslte. 

The smaller metanorthoslte domes to the south show the same gradual 

change from a coarse metanorthositic core to a gabbrolc (or noritic gabbrolc) 

border in contact with charnockite (Krleger, 1937; Letteney, 1968; and 

De Waard and Romey, 1969). The metanorthoslte core consists of bluish-gray, 

coarse-grained andeslne set in a finer-grained (1-2-mm, or 0.03-0.08-in.) 

matrix of andeslne, orthopyroxene, cllnopyroxene, magnetite, biotite, and 

hornblende. Mafic minerals form about 1-10% of this rock. Foliation is 

absent or indistinct. Deformation has commonly produced a granulated 

texture. Away from the core, the rock becomes increasingly foliated and 

deformed, and the percentages of potassium feldspar, quartz (absent in the 

core), and mafic minerals increase with a decrease in anorthlte plagloclase 

content. 
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Alteration. Alteradon of the anorthoslce conslscs of reduction In the 

grain size of the plagloclase, which Is attributed either to protoclasls In 

the later sCages of emplacemenc (Balk, 1931) or to later metamorphlsm (De 

Waard and Walton, 1967). Another alceradon was Che mecamorphlc reactions 

that produce garnet plus cllnopyroxene and spinel from reaction between 

primary plagloclase, orthopyroxene, and Iron-tltanlum oxide (McLelland and 

Whlcney, 1980). Regional granullte-faclcs metamorphlsm reaulted In 25-50Z 

rounded and fractured plagloclase In a matrix of plagloclase and mafic 

minerals down to 1 mm (0.03 In.) In size. Potassium feldspor occurs as 

antlperchldc InCergrowchs or, locally, as InCersddal grains. Mafic 

minerals presenC Include hornblende, garnet, and augite. The garnet appears 

as thin corona reaction rims around orthopyroxene and Iron-tItanium oxide. 

Small porphyroblasts of garnet occur with an Increase In metamorphlc grade 

(Davis, 1958). Border facies rocks show extensive crushing and recrystal

lization, with garnec commonly present. Elsewhere the metanorchoslce shows 

little or no alteration. The border facies also exhibit late saussurldzaclon 

of Che plagloclase and alteration of mafic minerals to chlorite, epidote, 

zolslce, and carbonace (Buddlngton, 1939). Rocks In the central and north-

central Adlrondacks have undergone deformadon aC greater temperatures and 

pressures than those of the norchwestern Adlrondacks (e.g., Buddlngton, 1953; 

Bohlen and Essene, 1979). 

6.1.5.5 Secondary Intrusions 

Mecamorphosed gabbrolc sheets and lenses were Intruded Into che roof 

zone of the metanorchoslce as well as Inco the metasedimentary rocks in the 

roof zone. A few metagabbro dikes cut across Che metanorthoslte foliation; 

others are conformable with It. These metagahbros appear to be younger than 

the metanorthoslte but older than the charnocklclc gneisses (Buddlngcon, 

1939). 

Concordant layers of mangerldc (syenitic) and charnockitlc (granitic) 

gneisses border the metanorthoslte and may be of Igneous origin. In the 

Ellzabethtown and Port Henry quadrangles, gneisses of this composition also 

occur within the foliated border of the metanorthoslte. Svenlte dikes cut the 

Marcy metanorthoslte In the Long Lake, Lake Placid, and Schroon Lake 

quadrangles. 

Postmetamorphic diabase dikes of Precambrlan age also Intrude the 
metanorthoslte. Most strike within 20° of east-northeast and occupy fracCures 
having the same strike (Buddlngcon, 1939). 

6.1.5,5 Country Rocks 

The Adirondack anorthoslte Intrudes Into polydeformed rocks of the 

mecasedlmencary sequence, Che oldest known rock group In Che region. These 

consist of calclce marble, local dolomltlc marble, quartzlce, gneiss. 
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amphibolite, mlgmatlte, granullte, and local schist. The foliation is 
generally parallel to stratification surfaces. 

Subsequent to emplacement of the anorthoslte, syenitic magma was either 

intruded into the contact zone between the metasedlments and the 

metanorthoslte massif (Buddlngton, 1939) or generated there from preexisting 

quartzo-feldspathic gneisses by contact anatexis (McLelland and Isachsen, 

1980). In some sections, a thin layer of Grenvllle rocks remains between the 

border metanorthoslte and syenite gneiss; in other sections, the syenitic 

gneiss cuts the border facies and even occasionally reaches the Marcy 

facies. Where the syenitic gneiss contacts the metanorthoslte, a transition 

rock, the Keene gneiss, may be present. It 'is a medium-grained, granular 

gneiss with a composition similar to that of the syenite but with scattered 

xenocrysts of bluish-gray labradorlte, which appears to have resulted from 

partial assimilation of the anorthoslte by the syenite magma (Buddlngton, 

1939). 

The rock surrounding the smaller metanorthoslte domes consists of 

quartzo-felspathic gneiss, marble, pyroxenlc gneiss, and quartzlte similar to 

that surrounding the main massif (Letteney, 1968). 

6.1.5.7 Rock Structure 

The predominant jointing within the metanorthoslte massif strikes 

north-northeast and is strongly developed. Unmetamorphosed diabase dikes of 

undetermined age locally occupy fractures with this strike. The few dikes 

that have been dated so far give K-Ar ages in the Early and Middle Cambrian 

and the Early and Middle Devonian (Geraghty et al., 1979). The north-

northeast jointing is unaffected by the orientation' of the local flow 

structure. East-west jointing is also present and occurs along the northern 

border of the massif (Balk, 1931). Linear valleys (lineaments) that trend 

north-northeast and east-northeast generally correspond with the axis of 

elongation of the Adirondack dome and have been found to be traces of high-

angle faults and fracture zones (Isachsen and Wiener, 1981). Such fractures 

are concentrated in the eastern and central parts of the anorthoslte massif 

(Isachsen, 1974). 

In the region of the smaller metanorthoslte domes, there are many 

linear topographic features, and most strike northeast (Isachsen and 

McKendree, 1977). 

In the cores of the anorthoslte domes, where the rocks are relatively 

undeformed, lamination can be seen as a relict magmatic texture (Letteney, 

1968; De Waard and Romey, 1969). This texture is primary flow banding due to 

the parallel orientation of plagloclase grains during flow. Secondary 

foliation is much less common in the core and less distinct than that in the 

border Whiteface facies. This facies is nearly always foliated, with an 

orientation dependent on local factors. However, it does tend to dip outward. 
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indicating a domical structure (Balk, 1930; Buddlngton, 1939). Pollatloi, 

tends to be strong along axial planes, ond llneotlon tends to parallel che 

strike of Che foliation, especially in Che souCh (Buddlngcon, 1939). 

Overall, follodon In che border facies of Che main massif dips 

outward. Indicating a domical structure. Within the massif, foliation 

outlines several separate domes, with the most strongly foliated rocks In 

syncllnorlal sags (Buddlngton and Leonard, 1962). Balk (1930) and Buddlngton 

(1939) Identified the major structural elements of the massif. The St. Regli-

Marcy unit of the Marcy anorthoslte In the St. Regis, Saranac Lake, Long Uke, 

Santanonl, Mt. Marcy, Schroon Lake, Paradox, Ellzabethtown, Port Henry, 

Ausable Forks, and Wlllsboro quadrangles forms a major domical structure. In 

the eastern part, the so-called Westporc structure in the Wlllsboro and 

Ausable Forks quadrangles forms another dome. Between the Westporc dome and 

the Marcy/Port Kent metanorthoslte structure to the north Is a broad saddle of 

mixed Whlteface-facles anorthoslte and belts of metasedlments. Between che 

Westport and the St. Regls-Marcy units Is anocher broad syncllnorlal belc of 

mixed metasedlments, Whlteface-type, and Marcy-type rocks. The Jay-Mc. 

Whlceface metanorchoslce belt In the Lake Placid and Ausable Forks quadrangles 

forms a thick sheet dipping to the south. 

6.1.5.8 Geophysics 

Where Che mecanorchoslce massif crops ouC, an absence of selsmlcicy In 

marked contrast to the resc of che Adlrondacks was reporCed by Aggarwal et al. 

(1977). 

Isachsen et al. (1979) concluded from aeromagnetic data that Snow and 

Gore mountains and Oregon dome are a burled single massif with a diameter of 

at least 55 km (34 ml). This conclusion Is supported by the large gravity low 

in the area. The mangerite-charnockite domes and associated anorthoslte aay 

be an unroofed part of the massif (Isachsen et al., 1979). 

A gravity survey of Che Adirondack MounCalns shows a well-defined 

anomaly of -12 mgal to -20 mgal over most of the anorthoslte massif (Slaooni. 

1954). An average value for the density of the anorthoslte is 2.72 g/ca . 

Since the steep gradients at the edge of the body indicate thot the density 

contrast does not extend to great depth, the anorthoslte Is probably i 

layer. The modeled thickness of Che layer Is approxlmacely 3 km (1.9 ai) In 

Che west and 4.5 km (2.8 ml) In the east. Two local and more negative 

anomalies of circular shape are Interpreted as vertical cylinders of 

anorthoslte extending Co a depch of 10-15 km (6.2-9.3 ml). These cylinders 

are ahouc 6.4 km (4 ml) In dlamecer and 8-9 km (5-6 ml) long below che main 

body. Mann and Revecta (1980) found five gravity lows surrounded by gravity 

highs within Che broad low of the massif. These hove been Interpreted as 

additional feeder dikes for the anorchoalce. Gravlcy doto also Indicate that 

Che massif probably extends at shallow levels 16-32 km (10-20 ml) to the north 

and northwest beyond the present exposure oreo. 
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—5 2 
Heat flow through the metanorthoslte massif is 0.80 x 10 cal/cm 's at 

Saranac Lake and 0.81 x 10" cal/cm 's at Ellzabethtown; standard-shield crust 
—6 9 

heat flow is about 1 x 10 cal/cm 's (Pollack and Roy, 1969). Because the 

metanorthoslte is deficient in uranium, thorium, and potassium, its heat flux 

is about 25% less than that of most surface rocks. The heat flux in the 
—6 2 

metanorthoslte would be reduced by 0.09 x 10 cal/cm -s centrally and 0.07 x 

10 cal/cm 's near the boundary due to radioactive deficiency alone. Low 

thermal conductivity diverts the flux from below to the periphery, reducing 

the flow by 0.05 x 10" cal/cm -s centrally and 0.12 x 10~ cal/cm -s near the 

boundary. 

6.1.6 Olivine Metagahbros (Plate V, Pluton 2) 

6.1.6.1 Size, Shape, and Location 

Metagahbros occur in a number of locations on the immediate periphery 

of the metanorthoslte massif. This area is near the center of the Adirondack 

dome, an area that has undergone several periods of igneous intrusion and 

subsequent deformation and metamorphism. 

The largest volume of metagabbroic rocks lies in the northern part of 

the Ellzabethtown (see Figs. 6.1 and 6.6) and Port Henry quadrangles; and 

continues into the Ausable Forks and Paradox Lake quadrangles to the north and 

south. This complex is a multiple Intrusion composed of two large and several 

smaller intrusions that form a large basinlike structure. The Hoisington 

Mountain intrusion is about 12 km (7.4 ml) long and 2-3 km (1.2-1.9 mi) wide, 

cropping out from Pleasant Valley to Westport to the east. The Iron Mountain 

intrusion is to the west of Pleasant Valley (Gasparik,*1980). Another group 

of metagabbro intrusions occurs in the southern Adlrondacks in the Newcomb, 

Schroon Lake, and Paradox Lake quadrangles (see Fig. 6.1). These intrusions 

occur as oval or round sill-like bodies 3-4 km (1.9-2.5 ml) in diameter 

(Whitney, 1973). A third Intrusion is located near Jay Mountain in the 

Ausable Forks quadrangle. This body trends southeast-northwest and crops out 

over an area approximately 3 km (1.9 mi) by 10 km (6.2 ml). The exposed 

thickness of the body is at least 1000 m (3280 ft) (Whitney. 1972; Whitney et 

al., 1979). Together these rocks occupy about 89 km (34 ml ). 

6.1.6.2 Relative and Absolute Age 

In the Ellzabethtown complex, four types of metamorphosed Precambrian 

rock were apparently Intruded in the following sequence (early to late): 

granitic gneiss, anorthoslte, garnet-pyroxene gneiss. and metagabbro 

(Gasparik, 1980). The metagabbro shows a chilled border against the granitic 

gneiss, which usually surrounds it; it is therefore younger than the gneiss. 
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The metagabbro rarely is in contact with the anorthoslte or the garnet-

pyroxene gneiss; their age relationships are therefore uncertain. Other 

investigators have Indicated that the gabbros are younger than the anorthoslte 

but older than the Diana syenite gneiss and the hornblende granite gneiss 

(Buddlngton, 1939). 

6.1.6.3 Origin 

Buddlngton (1939) Interpreted the metagabbro bodies as plugs, stocks, 

dikes, and laccoliths. If the metagabbro is assumed to be the youngest 

intrusion in the Ellzabethtown complex, it must have been Intruded into the 

center of the granite gneiss, which still forms a roof complex over the 

metagabbro. The metagabbro is cut by dikes of its own composition, indicating 

emplacement during multiple periods of intrusion (Gasparik, 1980). 

If the metagabbro is assumed to be younger than the syenites and 

granites, it may have been Intruded as lenses or as a sheet within existing, 

somewhat folded, beds that were later Intruded into by the syenites and 

granites. 

6.1.6.4 Petrography 

Mineralogy and Textural Relations. The Ellzabethtown metagabbro has 

the composition of an alkali basalt, but differentiation on a scale from a few 

centimeters to a few meters (Inches to several yards) appears to have led to 

two different mineral assemblages. Type A consists primarily of plagloclase 

and olivine, with or without llmenlte and cllnopyroxene. Type B consists of 

plagloclase, llmenlte, and cllnopyroxene. The rock generally has a subophltlc 

texture, with grains ranging in size from very fine to coarse. Igneous 

textures and mineral assemblages have been preserved, although the rock has 

undergone granulite-facles metamorphism that produced garnet. A chilled 

margin is locally present. 

The modal composition of the Type A metagabbro is plagloclase, 25.8-

59.9%; olivine, 0-11.1%; primary cllnopyroxene. 1.3-15.0%; metamorphic 

cllnopyroxene, 5.0-14.3%; orthopyroxene, trace-3.4%; garnet, 0.4-20.3%; 

amphlbole, 1.0-24.8%; biotite, 0-6.4%; opaque minerals, 0.4-8.5%; spinel, 0-

1.0%; apatite, 0.1-5.3%; and serpentine, 0-9.6%. The modal mineralogy of the 

Type B metagabbro is plagloclase, 16.8-75.6%; primary cllnopyroxene, 1.7-

30.9%; metamorphlc cllnopyroxene, 1.5-12.1%; orthopyroxene, 0-2.5%; garnet, 

4.0-21.5%; amphlbole, 3.3-27.6%; biotite, 0.1-5.9%; opaque minerals, 2.0-8.6%; 

spinel, trace-0.8%; and apatite, 0.1-0.8% (Gasparik, 1980). 

The metagahbros in the southern Adlrondacks consist mainly of labra

dorlte, augite, hypersthene, and garnet, with a small amount of olivine. 

Accessory minerals Include amphlbole, magnetite, spinel, biotite, and ortho

clase or microcline. Along their margins these metagahbros become schistose 
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and grade Into gabbro-amphlholltes (Balk, 1932). In Che Jay Mountain body, 

layering Is present, striking northwesc and dipping oC o sCeep angle Co the 

banding in Che surrounding rocks. 

Alceradon. The mecagabbro underwenc granullce-f acles mecamorphlsa, 

which led to the formadon of amphlbole, blodte, garnet, cllnopyroxene, 

orthopyroxene, and spinel, and caused albltlzatlon of plagloclase. Fine 

granular texture also resulced from chis process. Reaction coronas occur 

around grains of olivine and llmenlte (Gasparik, 1980). 

6.1.6.5 Secondary Intrusions 

The metagabbro Is commonly cut by dikes of I t s own composition. 

5.1.6.6 Country Rocks 

The metagahbros of the Ellzabethtown complex are In direct contact wich 

granidc gneiss, which shows hybrid zones along the contact. Rarely, che 

metagabbro Is In contact with che garnet-pyroxene gneiss and the metanortho

slte. The garnet-pyroxene gneiss forms seven slll-llke bodies Chat are fine 

grained and follaced. and have granoblastic texture. They are usually In 

contact with the metanorthoslte and moy contoin onorthoalte xenoliths. The 

anorthoslte contains phenocrysts of blue plagloclase In a granulated matrix of 

white plagloclase. commonly wlch garnet porphyroblasts (Gasparik. 1980). 

5.1.6.7 Rock StrucCure 

The Ellzabechcown body Is pare of a large synformal scrucCure. In che 

vicinity of Ellzabethtown, there are several normal faults that crend 

norcheasc; displacements are small where chey have been observed (Gasparik, 

1980). In che Newcomb and Schroon Lake viclnlcy, fault traces also Crend 

northeast and. where displacement direction can be determined, also are normal 

faulcs. Topographic linear feaCures also Crendlng norcheast were observed In 

this region. No slgnificanc fracCures were noCed around Joy MounCaln 

(Isachsen and McKendree, 1977). Foliation was developed as a resulc of 

deformation. Whitney et al. (1979) attributed the Ilneatlon to later folding 

evencs In che area, which was alao furcher dlscurbed by verdcal movemencs of 

the gabbros. 

6.1.6.8 Geophysics 

The metagabbro Is closely enclosed on three sides by the metanorthoslte 

massif, which has shown a marked absence of selamlclty despite the occurrence 

of shallow earthquakes In much of the Adirondack region, mostly along north-

norchwesc-crendlng faulcs ChaC dip Co che eosC (Aggarwal et al., 1977). An 
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earthquake swarm was observed in the Blue Mountain Lake area (Sbar et al., 

1972), which is approximately 35 km (22 ml) southwest of the metagabbro that 

crops out in the Newcomb quadrangle. 

The density of the metagabbro near Ellzabethtown was found to be higher 

(3.0-3.4 g/cm ) than that of either the anorthoslte (2.8 g/cm ) or the 

granitic gneiss (2.7 g/cm ) . The main volume of metagabbro in this area, as 

outlined by gravity studies, lies between New Russia and Mlnevllle. 

6.1.7 Stark Metasyenlte Complex (Plate V, Pluton 4) 

6.1.7.1 Size, Shape, and Location 

The Stark metasyenlte complex, composed of charnockitlc, granitic, and 

quartz syenitic gneisses, crops out over an area approximately 95 km (59 mi) 

long and 3-45 km (2-28 ml) wide (Isachsen and Fisher, 1970). As the floor of 

the complex is not exposed, its thickness is unknown. It is located on the 

northern border of the Adirondack highlands in the Stark, Childwold, 

Nicholville, Santa Clara, Loon Lake, Chateaugay, Saranac, Lyon Mountain, and 

Lake Placid quadrangles (see Fig. 6.1). This area is part of the Adirondack 

dome and has been subjected to metamorphism and repeated Igneous intrusion. 

Rocks of similar composition are also found in the southern Adlrondacks and 

have been mapped in Plate V with the same pluton number as the Stark complex 

for the purposes of this report. All these rock bodies have a grossly similar 

lithology, as indicated in the classic studies by Buddlngton and his various 

coworkers since the early 1930s. There may, however, be local differences in 

the details of lithology and structure of the many rock bodies grouped 

together for the purposes of this report. Therefore, if more detailed 

Information is needed about a particular body, the pertinent geologic 

quadrangle maps and reports by Buddlngton and his coworkers should be 

consulted. 

6.1.7.2 Relative and Absolute Age 

The Stark complex is of Precambrian age. Early investigators (Buddlng

ton, 1937 and 1939; Postel et al., 1956; and Buddlngton and Leonard, 1962) 

felt that the Stark syenite gneiss was Intruded after the Adirondack 

metasedlments and anorthoslte were formed but before the granitic gneisses. 

Heath and Falrbalrn (1968) calculated an isochron, based on seven Rb-Sr 

determinations from various Adirondack syenitic gneisses, that Indicates an 

age of 1055 + 30 m.y. 
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5.1.7.3 Origin 

Working In the Santa Clara quadrangle, Buddlngcon (1937) came Co the 

conclusion Chat Che magma of Che Stark complex was Intruded at moderaCe depth 

as a sill or a phacollth along the somewhat folded bedding planes of the 

Grenvllle series and along che planes of exisdng gabbro sills. He postulated 

that magma close to the wall rock chilled quickly to form a medlum-gralned 

pyroxene quartz syenite. The center differentiated as It cooled, producing 

one facies higher In silica and alkalies (hornblende quartz syenite) and 

another with less silica but more calcium. Iron, and magnesium (pyroxene 

quartz syenite). He noted that a local, more mafic facies may be a relic of a 

relatively undifferentiated roof. Brock (1980) disagreed with the concept of 

a more mafic facies as a chill zone but agreed chac Ic forms che roof of che 

complex. The encire complex was subsequencly mecamorphosed during the 

Grenvllle orogeny. 

6.1.7.4 Petrography 

Mineralogy and Textural Reladons. The Scark syenlce complex has been 

described as granidc Co quarCz monzonldc (Brock, 1980, Nicholville 

quadrangle) and hornblende syenitic to hornblende granitic (Buddlngton, 1937, 

Santa Clara quadrangle). Fresh surfaces are pink but locally green, and 

weather to brown. The Cexcures Include medlum-gralned (cataclastlc) mortar, 

coarse-grained phacoldal (augen), flaser, and granoblastic textures. Alchough 

the grain size ranges from 0.25 mm (0.01 In.) to very coarse, the rock Is 

commonly coarse grained and equigranular. The rock tends to be well foliated, 

as seen In che parallel orientation of quartz ribbons and In the phacoldal 

texture of feldspar grains. 

The mineral composition also Is variable, with rocks consisting of 26-

53Z microperthlte. 6-38Z oligoclase, 0-7Z myrmekite, 8-39Z quartz, 0-7Z 

hyperschene, 0-8Z augite, 0-llZ hornblende, 0-1.8Z blodte, 0.2-2.8Z magnetite 

and llmenlte, with accessory sphene, apaclce, zircon, and pyrite. Feldspars 

tend to account for 44-88Z of che rock, quartz 8-39Z, mafics 0-17Z, and garnet 

0-3Z (Brock, 1980). The rock may have rapakivi texture consisting of 2-4-ca 

(0.8-1.5-ln.) orthoclase grains rimmed with 2-3 mm (0.08-0.1 in.) of 

oligoclase. Quartz Cends Co be presenC as elongace leaves. Mafic minerals 

often have coronas of garnet and quartz. 

The composition of the complex Is zoned, with a more mafic periphery 
(10-20Z quartz, 1-18Z mafics) and a more felslc core (20-40Z quartz, 1-6X 
mafics). 

Alteradon. Like all Adirondack Precambrlan rocka, che Scark complex 

was mecamorphosed during che Grenvllle orogeny. To che wesc Che region 

underwent amphlholICe-facles meCamorphlsm, and Co che ease granullce-facles 

meCamorphlsm. In che Nicholville quadrangle, mecamorphlc effects were most 

Intense on che periphery of che complex. Mortar textures developed In the 
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core, progressing through augen and flaser to granoblastic on the periphery, 

reducing phenocrysts to a 0.04-mm (0.0016-in.) groundmass. Metamorphism 

caused symplectic Intergrowths of garnet and quartz that form coronas around 

mafic minerals. Myrmekite formed from microcline, and feldspars changed from 

pink to green. Blotite and sphene formed by retrograde metamorphlsm. 

Weathering has produced clays, chlorite, calcite, hematite, and luxolite 

(Brock, 1980). 

6.1.7.5 Secondary Intrusions 

Brock (1980) described basalt dikes in the Nicholville quadrangle that 

cut all rocks except those forming the core of the Stark complex. The dikes 

are approximately 25 cm (10 in.) wide, with a dark aphanitic margin and a 

lighter core. They strike N. 60-80° E. and dip steeply. Brock also described 

dark to black metagabbro dikes that form narrow bands crossing the foliation 

of the Stark complex. Metagabbro and fine-grained unmetamorphosed diabase 

dikes also were noted by Buddlngton (1937) In the Santa Clara quadrangle. 

Postel et al. (1956 and 1959) described dikes of pink granite gneiss and 

quartz syenite; narrow pegmatite and diabase dikes in the Stark complex of the 

Nicholville quadrangle; and a quartz syenite dike in the Loon Lake 

quadrangle. The quartz syenite dike is dark gray-green, medium grained, and 

well-foliated. It is composed of microperthlte, sodium plagloclase, quartz, 

pyroxene, and hornblende, as well as inclusions, schlieren, and layers of 

amphibolite. 

6.1.7.6 Country Rocks 

Brock (1980) concluded that the magmas of th^ Stark complex were 

Intruded into what he termed a layered gneiss complex. This complex consists 

of a lower unit composed of a medium-grained, granoblastic, well-foliated 

gneiss (Buddlngton's St. Regis granite) and an upper unit with high microcline 

content (Buddington's alaskite, microcline granite, and granite gneiss). 

Postel et al. (1956 and 1959) and Buddlngton (1937) argued that these rocks 

were Intruded after the Stark complex. In this view, the Stark magma was 

Intruded into rocks of the Grenvllle series. The rock surrounding the Stark 

complex consists of a mix of both. Postel et al. (1959) described a giant 

mlgmatlte complex in the Nicholville quadrangle that consists of bands 9-18 m 

(30-60 ft) thick of pink granitic gneiss and older metasedlments. This unit 

consists of hornblende granitic gneiss, biotite granitic gneiss, alaskite, 

contaminated granitic gneiss, and plagloclase granitic gneiss, with scattered 

amphibolite layers. Postel et al. (1959) also described quartz syenite gneiss 

in the Loon Lake quadrangle that includes shreds and layers of Grenvllle 

metasedlments. 
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5.1.7.7 Rock Structure 

Topographic lineaments wichln Che Scark complex Cend Co run northeast, 

although some run northwest or north-south (Isachsen and McKendree, 1977), i„ 

the southeastern section of the Nicholville quadrangle and In the northeastern 

corner of the Lyon Mountain quadrangle, lineaments correspond to the edge of 

Che Scark gneiss outcrop (Isachsen and McKendree, 1977). 

Two sets of minor faulcs are reporCed in the Nicholville quadrangle; 

one set strikes northeast and the oCher souCheast (Brock, 1980). No major 

faults have been noCed (Postel et al., 1956 and 1959; Isachsen, 1977). In che 

Nicholville quadrangle, sceeply dipping Joints ore well developed, with one 

set striking north and the other east (Brock, 1980). In che SanCa Clara 

quadrangle, jolnclng Is predominantly N, 60-90° E. and N. 5° E. Co N. 25° U., 

with dips usually greaCer than 70° (Buddlngton, 1937). 

Secondary follaclon due Co che planar arrangemenc of screaks of dark 

minerals, flat quartz leaves, and Cabular feldspars Is presenC ChroughouC che 

Stark complex. In the Nicholville quadrangle, the foliation strikes 

predomlnancly ease with a near vertical dip (Postel et al., 1959). LlneaClon 

due to Che alignment of phenocrysts and elongate quartz rods tends to parallel 

Che fold axes of surrounding rocks, thereby forming rod or pencil gneiss In 

the axial region of the folds. 

The Stark complex consists of superposed tight, Isoclinal, often 

plunging or recumbenc folds. In the Nicholville quadrangle, two folds are 

superposed. One trends northeast and is overturned and Isoclinal, wlch lc» 

axial plane dipping southeast. The other Is a broad, upright fold trending 

southeasc (Brock, 1980). Muldple folding has produced a mass of domes and 

antlforms. In the Santa Clara quadrangle, Che Stark complex consists of 

close-folded or Isocllnally overturned anticlines and synclines (Buddlngcon. 

1937). In che Loon Lake quadrangle, che complex forms a domical sCrucCure 

composed of many dghtly compressed, plunging Isoclinal folds with steep dips 

(Postel et al., 1955). 

6.1,7.8 Geophysics 

The Adirondack Mountain region has been shown to be one of recurrent 

but weak seismic activity (Sbar and Sykes, 1977). The north flank of the 

Adirondack massif Is particularly active, with earthquakes occurring at ald-

crustal depths. Thrusting Is the predominant fault mode, with aaxlaus 

compressive scress at approximately N. 70* E. and horizontal. Earthquakes 

tend to occur on faults running north-northwesc and dipping ease. 

Adirondack MounCalns are dellneaced by an aeromagnedc high over rocks 

of the Stark and Diana complexes ("Isachsen et al., 1979). Brock (1980) 

reported magnedc values for the Stark complex to be 4750-5250 gamma against a 

background magnetlam In Che Adlrondacks of 5000 gamma. The Stork complex Is 

associated with a negative gravity anomaly (Brock, 1980). 
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7 CRYSTALLINE ROCKS OF MASSACHUSETTS 

7.1 GRENVILLE AND AVALONIAN 

7.1.1 Berkshire Massif (Plate VI, Pluton 1) 

7.1.1.1 Size, Shape, and Location 

The Berkshire massif forms the Berkshire highlands In wescern 

Massachuseccs, wesC of Che ConnecdcuC River valley (see Fig. 7.1). The 

massif runs roughly norCh-south for about 70 km (43 ml) in Massachusetts and 

Chen condnues Ineo ConnecdcuC. IC is elllpdcal in shape. Ae les excreoe 

norchern end, Ic Is only abouC 4 km (2.5 ml) wide, buC It reaches a width of 

26 km (16 ml) near the southern border of Massachusetts (Herz, 1961; Norton, 

1975). Almosc chree-fourchs of Che massif lies in Massachuseccs, where It 

occupies an area of approxlmacely 895 km (346 ml ). 

7 . 1 . 1 . 2 R e l a t i v e and A b s o l u t e Age 

The stratlgraphlc age of the Berkshire massif Is Precambrlan (Emerson, 

1917; Billings, 1955). Its absolute age, based on U-Pb analysis on zircon. Is 

1000-1080 m.y. (Ratcliffe and Zartman, 1971 and 1976). Surrounding rocks have 

been affected by at least five, and possibly eight, phases of tectonism, three 

of them of Paleozoic age, wlch che earllesC of Chese being Taconic. The lasC 

deformadon may have been during the Trlasslc (Ratcliffe and Harwood, 1975; 

Ratcliffe and Zartman, 1975). 

7.1.1.3 Origin 

The Berkshire massif Is composed of both paragnelss and orthognelss, 

which were formed during the thermotectonic events of the Grenvllle orogeny 

from sedimentary and volcanic protollchs, respecdvely. The gneisses and 

syncecconlc Incruslons have been subjecced Co polyphase deformation and 

metamorphlsm. Paleozoic metamorphlsm and deformation produced complex 

fabrics, folds, and Chruscs Co form che allochehonous unlc. ConcacCs exhibit 

Chruscs and recumbenc folds, which were cue by verdcal faulcs during Che 

postmetamorphic Trlasslc period (Norton, 1975). The mecamorphlc grade In Che 

mecasedlmencary rocks decreases from sllllmanlce Co scaurollte to garnet away 

from che massif. RaCcllffe and ZarCman (1976) considered Che petrologlc and 

structural characteristics of the gneiss sequence In the Berkshire massif to 

be similar to those of the Grenvllle metasedlmenCary sequence of the 

Adirondack MounCalns. 
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7.1.1.4 Petrography 

Mineralogy and Textural Rela

tions. Ratcliffe and Zartman (1976) 

recognized 12 distinct llthologlc 

units in the Precambrlan gneissic 

rocks of the Berkshire massif. The 

mineralogy and textures of these 

gneissic rocks were produced through 

complex multiple stages of metamor

phlsm, deformation, and retrogression 

during the Precambrlan and Paleozoic 

eras. The massif is, therefore, lith

ologically heterogeneous. Only the 

major llthologlc units are described 

here. The Berkshire orthognelss (unit 

6 of Ratcliffe and Zartman. 1976) is 

essentially a granite gneiss derived 

from a volcanic protolith of felsic 

composition. Its dominant minerals 

are pinkish microcline, oligoclase-

andeslne feldspars, quartz, and 

biotite-muscovite layers. The rock is 

homogeneously fine grained, but varies 

locally. It is generally massive but 

has Interlayered amphlbolites. The 

blotlte-quartz-plagloclase paragnelss 

KILOMETRES 

E X P L A N A T I O N 

Undifferentiated Paleozoic 
and younger rocks 

Undifferentiated t^voni 
and Silurran ri>cl,5 

Fig. 7.1 Location of the Berkshire 

Massif (Source: Norton, 1975) 

is commonly medium to dark gray, well 

banded, fine grained, and locally 

porphyroblasdc. The blotite-quartz-

plagloclase-feldspar paragnelss se

quence is made of llthologlc units 

(units 7 through 11 of Ratcliffe and 

Zartman, 1976) composed of calc-slllcate rocks, amphlbolites, and schistose 

rocks. The sequence is deficient in potassium feldspar, but contains 

silllmanite and kyanite. Mafic gneisses and amphlbolites (cf. the dlorites of 

Emerson, 1917) occur as Interlayered masses and may represent metamorphosed 

mafic volcanics. They are essentially hornblende and plagloclase rocks with 

minor blotite and quartz. Layers of feldspathic granullte and blotltlc gneiss 

are frequently present. 

Alteration. Repeated deformation and metamorphism have greatly altered 

the state of the rocks. Synkinematic features are overprinted by high-grade 

thermal metamorphism, erasing traces of earlier and lower-grade static thermal 

events. 
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7.1.1.5 Secondary Intrusions 

Pegmatites and aplites are later Intrusive phases (Emerson, 1917; 

Norton, 1975; and Ratcliffe and Harwood, 1975). However, xenoliths, segre

gations, or Intrusions of ultramaflcs occur in the massif. 

7.1.1.6 Country Rocks 

The Berkshire massif has structural contact with schist, gneiss, 

quartzlte, and granullte of Cambrian-Ordovician age. On Its eastern side, the 

massif Is In structural contact with gneiss and schist of the Lower Cambrian 

Hoosac formation (Hatch et al., 1958). On Its western side, the Lower 

Cambrian and upper Precambrlan Dalton formation and the Cheshire quartzlce 

form Che concacC cover rocks (Herz, 1961; Norton, 1975). These rocks show a 

concacC of Intricate faulting and recumbent folding with the overriding 

massif. Extensive regional deformation and metamorphism have Imparted strong 

foliation. Mineral Isograds of sllllmanlce, scaurollte, and garnet are well 

displayed In Chese rocks (Ratcliffe and Harwood, 1975). 

7.1.1.7 Rock Structure 

The Berkshire massif has been affected by multiple deformations. 

Including possibly two during the Grenvllle orogeny, three during the Taconic 

orogeny, and three during the Acadian orogeny (Norton, 1975; Ratcliffe and 

Harwood, 1975). Such repeated deformadon caused large-scale folding and 

refolding and development of distinct thrust faults. Rocks display well-

developed penetrative fabric, preserving all stages from Incipient fracturing 

to Intensely cataclastlzed and recrystalllzed (blastomylonltIzed) rocks. 

Shearing and recrystallization are most prominent near faults. Precambrlan 

foliation and Ilneatlon are truncated by che unconformlcy beneaCh che Dalcon 

formation and are overprinted by later penetrative fabrics. 

A number of north-and-south-trendlng. low-angle Chrusc faults mn 

Chrough che massif. They are most evident near the border of the massif (see 

Fig. 7.2). The west edge of the massif. In western and southwestern 

Massachusetts, contains Imbricate thrust slices of recumbently folded 

Precambrlan gneiss and unconformable, younger metasedimentary rocks. The 

north end also displays chrusc reladons with the surrounding Ordovician and 

Cambrian metasedlments to the east and Devonian Co Cambrian rocks Co Che wesC 

(Norcon, 1975). Recumbenc folding conCemporaneous wlch chrusc faulting and 

cataclasls Is also present. Mylonltlzadon and blasComylonlte features are 

present and associaced wlch Incense recumbenc folding and chrusC faults 

(Scanley, 1967; NorCon, 1975; Osberg, 1075; and RaCcllffe and Harwood, 1975). 
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7.1.1.8 Geophysics 

Airborne electromagnetic data for the area are available (Grlscom and 

Bromery, 1968). The relief contrast Is used selectively for marking the 

boundaries of the plutons. Gravity data are available for certain portions of 

the massif (Diment, 1968; Diment et al., 1980) and should be useful in 

defining the Intrusives. On a simple Bouguer anomaly map, the massif area is 

marked by a gravity low (0- to -30-mgal contours) defining a north-

northeasterly trend characteristic of the western metamorphlc core complexes 

of the New England Appalachians. 

7.1.2 Dedham Granodlorlte (Plate VI, Pluton 19) 

7.1.2.1 Size, Shape, and Location 

The Dedham granodlorlte forms an irregular body with at least four 

major outcrops in southeastern Massachusetts. It occurs as small bodies north 

and west of the Boston basin, but most of the Dedham granodlorlte crops out 

south of the Boston basin and is bounded to the south by the Atlantic Ocean. 

It is bisected by the Narragansett basin of Pennsylvanian age and is cut by 

the Norfolk basin. Plate VI follows Zen (1981) in showing the Dedham body to 

underlie the surficial deposits on Cape Cod. As shown on Plate VI, the Dedham 

granodlorlte crops out in or is assumed to underlie a total area of about 3261 

km^ (1259 ml^). 

7.1.2.2 Relative and Absolute Age 

Whole-rock Rb-Sr analysis of the Dedham granodlorlte Indicated an age 

of 608 ± 17 m.y. (Falrbalrn et al., 1967). The Dedham granodlorlte is 

Precambrian, because it is comformably overlain by Lower Cambrian sedimentary 

rocks (Billings, 1929; Dowse, 1950). 

7.1.2.3 Origin 

The Dedham granodlorlte was emplaced during the late Precambrlan. 

Because the country rocks that it intruded have been eroded away, contact 

relationships are not available to allow determination of the mode of 

emplacement. However, due to its size and the absence of sedimentary rocks 

overlying It, It might be possible to interpret the pluton as a forceful 

emplacement, as opposed to a lopollth. 
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Flg. 7.2 Geologic Map of the Western Edge of the Berkshire 

Massif Showing Associated Major Thrust Faulting (axial 

surfaces of Isoclinal, strongly overCurned-Co-recumbenC 

folds wlch blascomylonldc foliation are also shown) 

(Source: Ratcliffe and Harwood, 1975) 
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7.1.2.4 Petrography 

Mineralogy and Textural Relations. The Dedham granodlorlte represencs 

a compositional range from alkallc granite, through granodlorlce, Co granlce 

and granlce porphyry. It Is a massive, relatively homogeneous, medium- co 

coarse-grained rock composed of quarCz, 25-30Z; plagloclase feldspar, 40-45Z; 

and mlcrocllne-mlcroperchlce, 25-30Z. Apadte, titanite, and magneclce are 

accessory minerals. A llghc-gray varlecy similar In CexCure and composldon 

to Che pink Dedham granodlorlte has been reported to grade Into the pink 

facies (Chute, 1950). 

Chute (1950) believed that the llghc-gray rock Is equivalenC Co che 

pink Dedham granodlorlce inCo which Ic grades; che pink feldspar Is choughc Co 

have been bleached by emanations from the Dedham granite. The porphyrldc 

variety of Dedham granodlorlte contains pink feldspar phenocrysts 2-3 na (0.5-

0.75 In.) In length. It Is scattered throughout the Dedham granodlorlte and 

Is thought to be comagmatlc. This rock contains obout 25Z quartz, 50-55Z 

plagloclase feldspar, and 20-25Z microcline, which occurs mostly as 

phenocrysts. This porphyry grades Into the Dedham granodlorlte by a gradual 

disappearance of the phenocrysts. A fine-grained alblte granite exists within 

the Dedham granodlorlce as dikes. 

Alceration. The Dedham granodlorlte plagloclase feldspar is altered Co 

sericite and zolsite. Epldoce Is also a common secondary mineral. Blotite 

has been alcered largely to chlorite. Secondary minerals In the alblce 

granite are bloclte, serlclte, chlorite, and zolsite. The rlebecklte granlce 

shows llctle alteration. 

7.1.2.5 Secondary Intrusions 

Dikes of fine-grained alblce granlce are presenC In che pink Dedhaa 

granodlorlte and In the light-gray variety as well. The granite contains 

about 30Z quarcz, 55Z alblte, lOZ microperthlte, and 5Z accessory minerals. 

This granite has been mapped as small bodies In the Brockton quadrangle 

(Chute, 1950). A porphyritic rlebecklte granite Intrudes Into Che Dedhaa 

granodlorlte as stocks. The margins of Che sCocks show finer grain size Chan 

the center. This rock contains about 30Z quartz, 65Z alblte, and about 5Z 

rlebecklte; che quarCz and rlebecklce form the larger crystals and 

phenocryscs. The rlebecklce granlce Is noC thought Co be comagmatlc with the 

Dedham granodlorlte and has been correlated wlch che Qulncy rocks. Fine

grained rhyollce and diabase dikes have been reporced In granodlorlte north of 

the Narragansett basin. 
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7.1.2.6 Country Rocks 

The Salem gabbro-diorite, which is thought to be coeval with the Dedham 

granite, crops out north of the Boston basin and is separated from the main 

body of Dedham granodlorlte, which is south of the Boston basin. Secondary 

minerals within the Salem gabbro-diorite are chlorite, epidote, sericite, and 

zolsite. The original feldspars in this unit have been so Intensely altered 

that they are difficult to identify (Toulmln, 1964). As many as eight 

varieties of granodlorlte have been mapped. They vary from coarse to fine 

grained and all have been highly altered. The Pennsylvanian Wamsutta and 

Rhode Island formations unconformably overlie the Dedham granodlorlte in Rhode 

Island and southeastern Massachusetts. The Wamsutta formation is composed of 

reddish, fine-grained quartzltlc sandstone with Interbedded red slabby shale 

and gray granule and pebble conglomerate. The typical red sandstone contains 

90-95% quartz, 5-10% sericite, and about 1% epidote, titanite, and opaque 

minerals. 

7.1.2.7 Rock Structure 

The northern area of the Dedham granodlorlte is an imbricate structure 

characterized by steep dips and thrust faults. Deep-seated thrust faults 

were reported by Billings (1929). Shear fractures have been reported, with 

dips varying from 40° to vertical (Chute, 1950). The recent state geological 

map shows a large number of normal, northeasterly and westerly faults in this 

area (Zen, 1981). The Bloody Bluff fault zone is the major regional fracture 

feature. Foliation in the Dedham granodlorlte developed parallel to the 

fault, but was distorted on a small scale (Smith and Barosh, 1983). 

7.1.2.8 Geophysics 

Part of the area is shown as a gravity low on the Bouguer anomaly map 

of Diment et al. (1980). The moderate seismicity reported for the area 

conforms to the general northwesterly distribution of seismicity in the New 

England states (Sykes, 1978; Diment et al., 1980). 

7.1.3 Massabesic Gneiss (Plate VI, Pluton 11) 

See Sec. 4.1.1 and Plate III, pluton 20. Only 2 km (0.8 mi^) of this 

pluton appears in Massachusetts; most of the body lies in New Hampshire, and 

therefore it is described with the plutons of that state. 
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7.1.4 Milford Granite (Plate VI. Pluton 17) 

7.1.4.1 

The Milford granite appears as an Irregular body that extends 36 ka (22 

ml) from Wescboro and SouChboro to the Massachusetts border, and beyond to 

Cranston, R.I. Its outcrops are found over an area of about 355 km (137 al') 

In Massachusetts. 

7.1.4.2 Relative and Absolute Age 

The Milford granlce has been assigned a Precambrlan age of abouC 600-

650 m.y. on Che basis of analyses of U-Th-Pb ratios In zircon (Zartman and 

Naylor, 1972; Barosh et al., 1977). This Is In comformlty with Naylor't 

(1975) Pb^O'/Pb^O^ age of 630 m.y. 

7.1.4.3 Origin 

The Milford granite was emplaced during the late Precambrlan. Ic 

Incrudes Into, and contains as roof pendants, some quartzites and gneisses 

from the Blackstone Group and the Westboro quartzlte (Emerson, 1917; Barosh et 

al., 1977). The granite also Incrudes Inco che Ponaganset gneiss, which Is 

equivalent to pares of Che Norchbrldge granlce gneiss (a usage now abandoned 

[Zen, 1981)). The Belllngham conglomerace (Pennsylvanian, Cambrian, or 

Proeerozolc) lies unconformably over che Milford granlce. The coneace phase 

of the granitic magma Is shown by a dark hornblendlc border, which Is 

described as che Ironscone quarCz dlorlce. 

7,1.4.4 Petrography 

Mineralogy and Textural Reladons. The Milford granite Is a light 

plnklsh-gray to medium-gray granlce. Ic Is fine to coarse grained, 

equigranular, and locally porphyrldc. The chief minerals are quartz, 

mlcrocllne-perthlte, alblte-ollgoclase; bloclte, and muscovite. Apatlce, 

magneclce, garnec, fluorlte, sphene, and zircon occur as accessory minerals. 

The rock Is chiefly quartz monzonite, but ranges from granite to granodlorlte 

(Nelson, 1975). Associated small bodies of gabbro and dlorlte probably were 

comagmatlc with the Milford granite (Barosh et al., 1977). 

Alteration. Epidote, chlorite, serlclte, and calclce are secondary 

minerals formed by che alceradon of feldspars and raafic minerals. Large 

dikelike maases of dlorlce appear In Isolaced paCches. Some are surrounded by 

a broad zone of apllce, which Is InCerpreCed as pordons of Che peripheral 

zone spared by erosion. 
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7.1.4.5 Country Rocks 

To the east of the Milford granite is the Dedham granodlorlte. The 

Andover granite (Silurian or Ordovician) lies to the north in the Nashoba 

zone, and intrudes into silllmanite schists and gneisses. The Milford granite 

intrudes into the Ponaganset and related gneisses (e.g., the Hope Valley 

Alaskite) (Zen, 1981). The Qulncy granite at Rockport has nearly the same 

chemical composition as the Milford granite (Emerson, 1917). 

7.1.4.6 Rock Structure 

Jointing is closely spaced and commonly parallel to the foliation. 

Numerous faults are shown on a recent geological map of the state (Zen, 

1981). The Milford granite displays a platy flow structure. The rock breaks 

easily into northeast-to-southwest or east-to-west planes. However, the 

foliation, which may be well developed or absent, strikes northwest, and does 

not coincide with the general parting tendency of the rock (Balk 1959). The 

direction of maximum compression, therefore, may have changed after the 

development of flow structure. 

7.1.4.7 Geophysics 

The area Is enclosed by a gravity low on a Bouguer anomaly map (Diment 

et al., 1980). 

7.1.5 Mt. Holly Complex, Southern Exposure (Plate VI, Pluton 2) 

2 
See Sec. 5.1.3 and Plate IV, pluton 2. This body occupies only 9 km 

(3.5 mi ) in Massachusetts. Most of this complex occurs in Vermont, and It is 

therefore described with the plutons of that state. 

7.1.6 Pelham Dome (Plate VI, Pluton 7) 

7.1.6.1 Size, Shape, and Location 

The Pelham dome of western Massachusetts is one of about 20 domes that 

occupy a belt stretching from Long Island Sound to northeastern New 

Hampshire. This dome is about 13 km (8 mi) wide and about 45 km (28 mi) long 

with a strike of north to south (Emerson, 1917; Robinson, 1967). It occupies 
2 2 

an area of about 372 km (144 mi ). The geological setting of the Pelham Dome 

is shown in Fig. 7.3. 

A thickness of 2130 m (7000 ft) of the Pelham gneiss is exposed in the 

vicinity of the town of Wendell. Whether this thickness is due to repetition 
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by Isoclinal folding or Incruslon of granlce layers has noC been deCermined. 

The crue chlckness Is unknown. 

7.1.6.2 Relaclve and Absolute Age 

A late Precambrlan age for the core of Che Pelham dome was determined 

by Naylor et al. (1973). Wichln che Pelham dome, the Dry Hill gneiss occurs 

mainly in the center of the dome, and the Poplar Mountain gneiss makes up mosc 

of the outer portion near contacts with younger formations (see Fig. 7.3). 

Exposures of Pelham gneiss In the core of the Pelham dome are very limited or 

absent. Zircons separated from a sample of Dry Hill gneiss yielded a nearly 

concordant U-Pb age of 565 ± 30 m.y. (Robinson, 1967). 

7.1.6.3 Origin 

The Poplar Mountain gneiss and che Dry Hill gneiss exposed In the core 

of the Pelham dome are IneerpreCed as metamorphosed felslc volcanic rocks, 

volcanogenlc sedimentary rocks, quartzose sandstones, calcareous sandstones, 

and shales (Robinson, 1967). Overlying chese upper Precambrlan rocks and 

underlying che Middle Ordovician rocks Is a sequence of plagloclase gneisses 

and amphlbollces of uncerCaln age. Some pellclc schlscs wichln che upper 

Precambrlan section of che Pelham dome conCaIn armored relics of gameC, 

sllllmanlce, and orthoclase. Indicating a pre-Devonlan, possibly late Pre

cambrlan, metamorphlsm of sllllmanlte-orthoclase grade (Robinson et si., 

1975). 

7.1.6.4 Petrography 

Mineralogy and Textural Relations. The main body of the Pelham dome 

occurs In the core and Is called the Dry Hill gneiss. This rock Is chiefly s 

fine-grained, moderately follaced, gray-weathering, faintly bedded quartz-rich 

blotite gneiss with whlce microcline megacryscs up to 15 cm (6 In.) In 

diameter. The borders of Chese megacryscs are granulaCed. Commonly 

Incerbedded with this gneiss Is well-bedded quartzlte wlch or wlchouC actino

lite and banded mlcrocllne-blotICe-hornblende gneiss. Ac some locallcles, the 

quartzlte Is Interbedded with medium- Co coarse-grained epldoCe amphlbollce. 

Alteration. The essential minerals of the rock have been moderately 
altered. 

7.1.5.5 Secondary Intrusions 

Interlayered wlch che Dry Hill gneiss are shorply defined zones of 

Poplor MounCaln gneiss, which range from a few feet Co tens or hundreds of 
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Poplar Mountain Quartzlte, Pelham Quartzlte. 

Dry Hill Gneiss. 

Mesozoic normal fault, hachures on downthrown side. 

Fitch Formation shown solid black in Subzone B. 

Fig. 7.3 Geologic Map of the Pelham Dome (Source: Robinson et al., 1982a) 
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feet t h i ck . The Poplar Mountain gneiss Is composed of moderately foliated, 
medium- to coarse-gra ined , white to pink, m l c r o c l l n e - b l o t l t e g n e i s s , commonly 
with widely spaced black hornblende knots or magneti te g r a i n s . The thickest 
of these layers were mapped sepa ra t e ly by Balk (1957) . Alchough many of chese 
layers may be In t rus ive s l U s , there Is no conclusive f i e ld evidence to 
support t h i s claim. 

The Dry Hil l gneiss In the outer part of the core of the Pelham dome Is 
f iner grained than that In the Inner por t ion and c o n s i s t s of medium- to fine
grained, w e l l - f o l i a t e d layered g n e i s s e s . Including gray-weather ing , b lo t l te -
r lch gneisses with or without hornblende and yel low-weathering muscovlte-
b l o t l t e gne i s ses . Megacrysts of microcl ine are p r e s e n t . I so la t ed stubby 
prisms of black hornblende and small garne ts up t o 2 mn (0 .08 I n . ) In diameter 
are common. There are a few amphlbol l te- or b l o t l t e - r l c h bands. Quarczlce 
and quarczose gneiss are unknown. 

7 .1 .5 .6 Councry Rocks 

The country rock to the nor th , e a s t , and south of the dome consis ts of 
Ordovician(?) to upper Precambrlan(?) gneisses of unce r t a in age. To the 
nor theast are the Clough, F i t ch , LlccleCon, Erving, Glle MounCaln, and Wales 
River formadons of Lower Devonian-Silurian age. To Che wesC of Che dome are 
Che Ammonoosuc volcanics and Par t r idge formation, as well as the Connecticut 
Valley border f a u l t , which separa tes the dome from the Lower Jurassic-Upper 
Tr l a s s l c sedimentary formadons . Ocher feaCures wi th in reasonable proximity 
of Che dome Include che Warwick dome Co the n o r t h e a s t , the Prescot t granitoid 
Int rusion and the Hanson gneiss to the e a s t , and che Belchertown Intrusive 
complex to the south. 

7 .1 .6 .7 Rock St ruc ture 

The only faulting in the immediate area Is the Connecticut Valley 

border fault, which Is adjacent to the Pelham dome. In the Pelham gneiss of 

the Pelham dome, foliation and bedding or layering are parallel except In the 

few places where there are complex, overturned folds In bedding. Outcrops 

typically have closely spaced Jointing parallel to the foliation. 

7.1 .6 .8 Geophysics 

The gravi ty model of Dlmenc ec a l . (1980) shows an area enclosed by 
Bouguer anomaly concours of 0 to -10 mgol, which roughly o u t l i n e s the gneiss 
dome. 
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7.1.7 Salem Gabbro-Dlorlte (Plate VI, Pluton 18) 

7.1.7.1 Size, Shape, and Location 

The Salem gabbro-diorite is a northeasterly trending, elongated igneous 

intrusion primarily In central and southern Essex County. About 30 km (19 ml) 

long, it extends southwestward into Arlington, Lexington, and Waltham 

quadrangles, southeastward to the coast from Salem to Swampscott, and north of 

Ipswich. Outcrops occur in an area of about 290 km (112 mi ). 

7.1.7.2 Relative and Absolute Age 

A whole-rock Rb-Sr age of 460 ± 12 m.y., and a K-Ar-biotite age of 414 

± 12 m.y., have been determined for Salem gabbro (Zartman and Marvin, 1971). 

Zartman and Naylor (1972) reported a K-Ar-hornblende date of 640 m.y. for a 

coarse-grained, lithologically similar quartz diorite; it Is therefore 

possible that Igneous activity occurred in eastern Massachusetts in the late 

Precambrian. Zen (1981) assigned a Proterozoic Z age to the Salem gabbro-

diorite. 

7.1.7.3 Origin 

Chute (1966) proposed that the Salem gabbro-dlorite is of magmatic 

origin and has undergone crystallization and differentiation that culminated 

in a pegmatltic phase. However, Boutlller (1963 and 1964) observed relict 

volcanic textures in Salem rocks In the area from Medford to the Merrimack 

River, which led him to conclude that these rocks represent metalavas derived 

by a transformation of the Lynn volcanics. 

7.1.7.4 Petrography 

Mineralogy and Textural Relations. The Salem hornblende gabbro is 

greenish-gray to medium-dark gray, fine to medium grained, and generally 

massive. The chief minerals are hornblende, plagloclase (andeslne to 

labradorlte), pyroxene, blotite, spherite, and magnetite. Locally, lenses of 

a pegmatltic phase are present and grade into a medlum-gralned diorite 

composed of randomly oriented hornblende (10-15%), alblte (70%), and quartz 

(5%). Boutlller (1964) considered the block-faulted gabbro-diorite phases as 

metalavas. 

Toulmln (1964) gave the following ranges for the modal composition for 

intrusive rocks of the area: quartz, 0-5%; plagloclase, 50-75%; augite, 0-

15%; hornblende, 2-30%; biotite, 0-10%; chlorite, 0-15%; carbonate, 0-1%; 

apatite, trace-1%; and opaque minerals, trace-5%. 
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Alteration. In the Salem gabbro-dlorite, pyroxene Is altered to 

hornblende, which In turn Is altered to blotite (Nelson, 1975). Most of the 

plagloclase Is highly altered to an aggregate of serlclte, clay minerals, and 

calcite (Toulmln, 1964). In zoned crystala of plagloclase, calcic cores were 

converted more completely to serlclte and clay than were Che sodlc rims. Thin 

layers of leucoxene (and possibly sphene) occur along the cleovage of bloclce 

In Che Salem gabbro-dlorite, as a result of alteration. In the pegmatltic 

Salem gabbro-dlorite, hornblende cores are altered to epidote and chlorite. 

In the Norwood quadrangle, calcic plagloclase in the Salem gabbro-dlorite has 

been saussurltIzed, and altered to alblte and sodlc oligoclase. 

7,1.7,5 Secondsry Intrusions 

In Medford, the Reading granite Intrudes Into Che metalavas. Shearing 

and undulatory extinction Is well developed In the feldspar. Dikes of 

porphyrldc ralcrogranlte, syenite, and lamprophyre cut the dlorites near Sales 

(Zartman and Marvin, 1971). Toulmln (1954) found that pegmadte dikes and 

pods made of pink feldspar, quartz, and epidote are common; calcite pods occur 

but are rare. Basalt and diabase dikes cut the Salem gabbro-dlorlce 

abundancly. 

7.1.7.6 Councry Rocks 

The Salem gabbro-dlorlce lies In che Mllford-Dedhara zone. To Che east 

la Che A d a n d c Ocean. To the north-northwest lies the Nashobo zone. Towards 

the south Is the Northern Boundary Faulc and che BosCon basin. 

The Salem gabbro-dlorlce Intrudes Into the Marlboro formation and Is 
unconformably overlain by the Lynn volcanlca. Altered contact relations exist 
between the Salem gabbro-dlorite, the Dedham granodlorlte, and the Westwood 
granlce. 

7.1.7.7 Rock Structure 

The Salem gabbro, between Salem and Lynn, Is highly and complexly 

Jointed, wlch minor faulca and shear zones cucdng che rock. Locally, small-

scale follaclon occurs In assoclaclon wlch the shear zones. Schlieren masses 

of dlorlte are found In che granidc phase of the Salem quartz dlorlte. In 

some places, the Salem rock is gnelssold or foliated, and hornblende Is so 

abundanc that the rock becomes schlscose. The Cllncon-Newbury and Bloody 

Bluff faults are malor fracture features In Che generol region. 

7.1.7.8 Ceophyslcs 

Secclon 7.2.4.8 would apply Co Che Salem Gahhro-DlorlCe an well. 
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7.1.8 Sterling and Ponaganset Gneisses (Plate VI, Pluton 16) 

See Sec. 8.1.3 and Plate VII, pluton 3. Although outcrops of these 

rocks are found over an area of about 306 km (118 ml ) in Massachusetts, they 

occupy an even larger area in Rhode Island and are therefore described with 

the plutons of that state. 

7.2 TACONIC 

7.2.1 Andover Granite (Plate VI, Pluton 15) 

7.2.1.1 Size, Shape, and Location 

The Andover granite occurs as three disconnected bodies, elongated 

northeasterly, that crop out over an area of about 237 km (92 mi ) in 

northeastern Massachusetts. These bodies trend northeast between the Clinton-

Newbury fault zone to the north and the Bloody Bluff fault zone to the 

south. The Dracut dlorlte, the Worcester phyllite, and the Merrimack group 

lie to the north of the Clinton-Newbury fault zone. 

7.2.1.2 Relative and Absolute Age 

Because the Andover granite cuts every rock type with which it is in 

contact, it is probably the youngest Intrusive in the area. However, it may 

be slightly older than the Sharpners Pond diorite, which lies to the east 

(Castle, 1965). Handford (1965) reported a whole-rock' Rb-Sr age of 450 ± 22 

m.y. for the Andover granite. 

7.2.1.3 Origin 

Koza and Wroe (1974) proposed that the Andover pluton, due to its 

sheetlike llthologles, may have formed by "autochthonous transportation of a 

geosyncllnal sequence rather than the allocthonous intrusion of granite 

magma." 

7.2.1.4 Petrography 

Mineralogy and Textural Relations. The Andover granite is predomi

nantly a white, gnelssose or banded, peralumlnous granite-adamellite. It 

interfingers complexly with gneisses to the west and gabbro-dlorite to the 

east. The texture ranges from typically granitic, medium grained, and 

allotriomorphlc, through typically pegmatltic, extremely coarse grained, and 

locally hypidiomorphic (Dennen, 1943; Castle, 1965). Textural and 
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llthological changes are most noticeable perpendicular to the regional 

strike. Koza and Wroe (1974) divided the unit Into five parallel llthlc zones 

(probably representing sheets) of (1) augen gneiss. (2) a metasedlment, (3) 

leucocratic granlce wlch subordinate pegmatite and quartz monzonlce, (4) 

granodlorlce, and (5) pegmatite and subordinate granite. The contacts within 

zones are vertical. 

Alteradon. Although gnelsslc, the Andover granite is only slightly 

altered. Since the original minerals are unchanged, the gnelsslc texture Is 

considered to be primary and partly the result of orogenlc movement during 

intrusion of the granite. 

7.2.1.5 Secondary Intrusions 

Since the Andover granite Intrudes into all the surrounding rocks, lc 

is considered Co be the youngest Incruslon. No secondary Incruslons have been 

recognized. 

7.2.1.5 Country Rocks 

The Andover granite Intruded Into the Merrln>ack quartzlte. On che 

south side. It Is In contact with the blotite-hornblende tonallte facies of 

the Sharpners Pond tonallte, undivided metasedimentary and metavolcanic 

rocks. Several small stocks Intruded Into gabbro-dlorite In the area (Clapp, 

1921). 

7.2.1.7 Rock Structure 

The Andover granite lies between the northeast-striking Clinton-Newbury 

fault zone to the north and the Bloody Bluff foult zone to the south. 

ExCenslve mylonltlc zones are associated with these foult zones. Regional 

relations suggest that the Bloody Bluff fault zone forms the western border of 

the southeastern mobile belt — the Avalonian belt — In eastern 

Massachusetts. Regional considerations also strongly suggest that the Bloody 

Bluff fault zone and the related Clinton-Newbury fault form on Integral part 

of a major fracture system extending from ConnecdcuC to the Gulf of Maine and 

possibly Into New Brunswick (Nelson, 1976). 

The country rock Into which Che Andover granite Is Intruded Is 

folded. This folding appears to have been taking place at the time of 

intrusion (Emerson, 1917). 
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7.2.1.8 Geophysics 

The pattern of mapped bedrock geology in northeastern Massachusetts 

bears a striking similarity to lineaments on aeromagnetic maps of the area. 

This correspondence is especially well shown northwest of Boston between the 

Clinton-Newbury and Bloody Bluff fault zones. Along the Clinton-Newbury fault 

zone, a zone of northeast-trending positive anomalies lies to the south, which 

contrasts with the broad magnetic low on the north side of the fault (Alvord 

et al., 1976). 

The area of the rock body is characterized by broadly spaced Bouguer 

anomaly contours (0 to +10 mgal) (Diment et al., 1980), indicating association 

with mafic rocks. 

7.2.2 Ayer Intrusive Complex (Plate VI, Pluton 12) 

7.2.2.1 Size, Shape, and Location 

The Ayer Intrusive complex is an elongated, discontinuous belt of rocks 

in east-central Massachusetts, on the west side of the Clinton-Newbury fault 

zone in the Merrimack synclinorium. The most recent division of the complex 

is into three units: (1) a facies that ranges from granite to tonallte, (2) 

the Clinton facies, and (3) the Devens-Long Pond facies (Zen, 1981). Five 

separate bodies in the northern part of the state stretch for about 50 km (31 

mi) in Massachusetts and extend on into New Hampshire; across a 20-km (12-ml) 

gap to the south, another elongated area of outcroppings appears and extends 

20 km (12 mi) to the Connecticut border. The complex extends over an area of 
? 2 • 

203 km (78 mi ) in Massachusetts; it crops out primarily in the Ayer, 

Clinton, Hudson, and Westford quadrangles. Skehan et al. (1976) stated that 

an intrusion of three plutonlc bodies (the Ayer granodlorlte, the Rattlesnake 

Hill muscovite granite, and the Andover granite) have a collective thickness 

of 1422 m. Individual thicknesses are not known. Barosh (1977) stated that 

the Long Pond gneiss member has a maximum thickness of 1160 m. 

7.2.2.2 Relative and Absolute Age 

The age of the Clinton facies Is uncertain. On the basis of 

llthostratlgraphlc correlations. Gore (1976) proposed a Devonian age for the 

Clinton facies and a pre-Silurian age for the Devens-Long Pond facies, as It 

is intruded into by the Clinton facies. On the basis of U-Th-Pb analyses of 

zircon. Peck (1976) reported an age of 435 ± 10 m.y., which is in conformity 

with the statigraphlc correlation. However, Zen (1981) designated both 

facies as at least of Lower Silurian age on the state geologic map, and 

Devens-Long Pond as perhaps Upper Ordovician. 
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7.2.2.3 Origin 

Because of che local dlscordane concacts of Che CllnCon fades snd the 

extension of Its apophyses Into Che counCry rock, the presence of sharply 

bounded xenoliths, the fine-grained and chilled contact relations, the 

evidence of contacc mecamorphlc effecCs In Che councry rock, the textural and 

mlneraloglc homogeneity, and a chemical composition similar to that for che 

low-temperature trough In the alblte-orthoclase-slllca-water system. Core 

(1976) suggested that the Clinton facies has a pluConlc origin. Core also 

suggested that the Devens-Long Pond rocks are a mecamorphlc produce of a 

layered sequence, which is reflecCed in Che varlaelons In CexCure and 

composldon of the rocks. 

7.2.2.4 Petrography 

Mineralogy and TexCural Reladons. The granlce-Co-conallCe rocks of 

the Ayer complex are partly porphyrldc, locally gnelsslc, and locally 

muscovldc (Zen, 1981). 

The Cllncon facies ranges from llghc to medium gray, green-gray, or 

dark gray; the rocks are a porphyrldc, coarse-grained, slightly to moderaCely 

foliated blotite granite to quartz monzonite, with a nonporphyrltlc border 

phase. The border phase Is fine to medium grained and forms a llt-par-llt 

complex wlch the porphyritic phase (Barosh, 1977; Zen, 1981). The major 

minerals are plagloclase (alblce and sodlc oligoclase), quartz, and bloclte. 

Apatite, zircon, and opaque minerals occur as accessory minerals. Epidote, 

allanlte, cllnozolslte(?), chlorite, sphene, and a carbonate are present In 

varying amouncs. We 11-developed flakes of muscovlce are presenC, and serlclce 

is found throughout the rock. The modal composition of the Clinton facies Is 

potassium feldspar, 29%; plagloclose, 36%; quortz, 27%; and mafics, 8Z (Gore, 

1975). 

Megacryscs of mlcrocllne-mlcroperchlce are unique to the Clinton facies 

and appear to have originated from magma that crystallized after consolidation 

(Gore, 1976). The crystals are euhedral and up to 10 cm (4 In.) long. They 

exhibit Carlsbad twinning and may contain unaltered, euhedral, polkllltlc 

plagloclase crystals 0.2-0.5 mm (0.008-0.02 In.) long. Blue quarcz Is found 

in che granlce near MlllsCone Hill (Emerson, 1917). 

The Devens-Long Pond facies Is a belc of Intermixed equigranular and 

porphyroblastlc feldspathic gnelases, composed of bloclte granlte-quarti 

monzonlce and granodlorlce. Incermedlate textures ore subordinate. 

The porphyroblastlc gneiss Is light Co medium gray, wlch lenclcular 

prophyroblascs, 1-2 cm (0.4-0.8 In.) .long, chat have xenoblastlc mlcroCexCures 

and are composed primarily of microcline, hue some plagloclaae porphyroblascs 

are presenC. The major minerals are alblte, microcline perthite. quarcz, and 

blodte. Accessory minerals are chlorite, serlclce, sphene, ond on opaque 
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mineral. Zircon, apatite, muscovite, a carbonate, and llmonite(?) are 

common. Allanlte and tourmaline are rare. The modal composition is quartz, 

26%; plagloclase, 40%; potassium feldspar, 29%; and mafics, 4% (Gore, 1976). 

The nonporphyroblastlc gneiss ranges from light gray to almost black, 

but is usually a medium-gray, medium-grained, well-foliated, crystalloblastic, 

slightly cataclastlc biotite gneiss. A lenticular or massive amphlbole-

bearlng blotite gneiss is also present. The major minerals are quartz, 

alblte, and blotite. Microcline, sphene, and allanlte are accessory 

minerals. Blue-green pleochroic amphlbole (actinolite?), muscovite (commonly 

sericite), epidote, zircon, apatite, garnet, tourmaline(?), and chlorite are 

present. The modal composition is quartz, 29%; plagloclase, 53%; potassium 

feldspar, 5%; muscovite, 0.7%; and mafics, 12% (Gore, 1976). The rock ranges 

in composition from a quartz monzonite to a quartz diorite. Sriramadas (1966) 

reported that coarse-grained, foliated, gray granodlorlte Is the dominant 

facies represented in the Manchester quadrangle in New Hampshire. 

Alteration. In the Clinton facies, the plagloclase is saussuritized, 

and the nonporphyrltlc border phase has undergone granulation and 

recrystallization in a major shear zone (Gore, 1976). Locally, in the fault 

zones, blotite replaces muscovite. Strong chloritization occurs where there 

is shearing and mylonization in the fault zones (Barosh, 1979). 

7.2.2.5 Secondary Intrusions 

The Devens-Long Pond facies is intruded into by the Chelmsford 

granite. The contact is transitional over a zone (possibly an aureole) 

varying from 30 m (100 ft) to more than 100 m (330 ft) wide (Gore, 1976). 

Dikes of pegmatite and apllte are common and may be related to the Chelmsford. 

7.2.2.6 Country Rock 

Geologic relations in the Harvard-Ayer and Clinton areas are shown in 

Figs. 7.4 and 7.5, respectively. The Clinton facies Intrudes into the Oakdale 

formation, the Straw Hollow diorite, the Worcester phylllte, and the Berwick 

formation (Gore, 1976; Zen, 1981). Emerson (1917) stated that the Ayer 

complex occurs in dikes and veins in the Carboniferous strata of the Worcester 

and Merrimack troughs. The Clinton facies is in fault contact, across a 

narrow mylonite zone, with the Harvard conglomerate, and is also in fault 

contact with the Brimfleld schist. Gore (1976) believed that the Oakdale 

formation may be unconformably deposited on parts of the Devens-Long Pond 

rocks. 
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7.2.2.7 Rock Structure 

In the Cllncon facies, the preferred orientation of the xenoliths and 

potassium-feldspar megacrysts defines the Ilneatlon and a secondary 

development of prominent coorse follodon. The second foliation in the 

Clinton facies developed under concentrated shear stress in narrow zones. 

Gore (1976) stated that granulation in some places hos reduced the rock to a 

thinly laminated gneiss, and at other localities to on ougen gneiss or 

blastomylonlte. Shear foliation Is parallel to the major foliation and 

regionally strikes N. 30° E. to N. 60" E. In the Rattlesnake Hill faulc zone, 

one of che Chree major fault zones traversing the area, the strike of the 

foliation changes from nearly due east on the west side of the fault to 

northeast on the east side (Gore, 1976). Emerson (1917) reported chat 

verdcal fracCures lined with mica are presenC In Che granite near MlllsCone 

Hill. 

In Che Devens-Long Pond facies, Che microcline porphyroblascs produced 

an ophchalmlclc scructure In the rock. Relict bedding and cross-lamlnatlons 

are found (Barosh, 1977). 

7.2.2.8 Geophysics 

Broadly spaced Bouguer-anomaly contours characterize the area on the 

gravity map of DimenC eC al. (1980). The grovlty anomaly increases from -10 

mgal to 0 mgal Inward, which may reflect the mixed nature of the rocks. 

7.2.3 Barnard Gneiss (Plate VI, Pluton 3) 

See Sec. 5.2.1 and Plate IV, pluton 4. About 130 km^ (50 ml^) of this 

body of rock crops out In Massachusetts; the other two-thirds of the pluton 

occurs In Vermont, and It Is discussed with the plutons of that state. 

7.2.4 Cape Ann Incruslve Complex (Plate VI, Pluton 20) 

7.2.4.1 Size, Shape, and Location 

The Cape Ann complex Is exposed on the Cape Ann peninsula (see Fig. 

7.5), and outcrops occur west and south Into Ipswich, Danvers, and Beverly 

over an area of about 300 km (116 ml ). It appears Co form a sheetlike body 

dipping gently to the northeast (Joyner, 1963; Lyons and Krueger, 1976). 

These alkallc granites were Intruded discordantly Into an area of folded 

Igneous and metamorphosed rocks (Toulmln, 1954). 
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7.2.4.2 Relative and Absolute Age 

The Cape Ann complex Is believed to be Late Ordovician In age. Zartoan 

and Marvin (1971) dated the complex at 452 ± 10 m.y. with a concordia plot of 

Pb^'^^/Pb^"* in zircons. Radiometric data for the Cape Ann complex are 

complicated by a later date of 370 m.y. found for rocks from the northwestern 

section of the complex. This discrepancy may be due to a heating episode 

related to the Intrusion of the Peabody granite, which is exposed southwest of 

the Cape Ann complex (Lyons and Krueger, 1976). 

7.2.4.3 Origin 

The Cape Ann granite is a composite pluton, which was emplaced dis

cordantly in several stages (Toulmln, 1964; Lyons and Krueger, 1975). 

7.2.4.4 Petrography 

Mineralogy and Textural Relations. The composition of the Cape Ann 

complex varies considerably from a ferrohastlngslte granite to a ferro-

hasdngslce syenite (Lyons and Krueger, 1975). In general, the rocks are 

massive, gray to green, and medium to coarse grained. They are locally 

porphyritic, with phenocrysts of microperthlte as large as 1 cm (0.4 In.), 

and sometimes phenocrysts of quartz or ferro-hornblende In a fine-grained 

mosaic (0.1-0.3 mm; 0.004-0.01 In.) of alkali feldspar, oligoclase, and 

possibly quartz. The groundmass generally has minimal quartz. The modal 

composition of the complex Is microperthlte, 55-851; quartz, 8-401; 

ferrohastlngslte, 5-851; pyroxene, 0-41; and blotite, 0.8-1.5Z; with traces of 

rlebecklte (associated wlch aegerltlc pyroxene) and fayallte (Toulmln, 1964; 

Lyons and Krueger, 1976). Accessory minerals Include magnetite, zircon, 

fluorlte, sulfides, allanlte, muscovite, and apatite. Quartz is present as 

mosaic inCergrowths of equant anhedral grains approximately 1 mm (0.04 In.) In 

size. The quartz content decreases from 35Z to 51 toward the margins of the 

complex, where the rock Is syenitic. The syenitic facies forms stocks and 

dikes, especially on Che wesCern margin of the complex (Zartman and Marvin, 

1971). 

Alteration. The rocks of the Cape Ann complex are massive, undeformed, 

and relatively unaltered (Toulmln, 1964). Alchough alceradon Is noC greaC, 

some secondary minerals are present (e.g., grunerlte after fayallce, epldoce, 

chlorlce, calcite, hematite, and kaollnlte) (Zartman and Marvin, 1971; Lyons 

and Krueger, 1976). The Cape Ann complex hos been relatively undisturbed 

since It crystallized (Zartman and Marvin, 1971). 
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7.2.4.5 Secondary Intrusions 

The Cape Ann complex is cut by a large number of highly altered diabase 

dikes. The dikes contain hornblende as the dominant mafic silicate, with some 

residual augite and accessory apatite and sphene (Toulmln, 1964). Roulston 

(1983) Identified three mafic dike sets which were emplaced in three different 

stages, the last being intruded well after the consolidation of the other 

intrusives. Apllte dikes and pegmatites occur only rarely (Buma et al., 

1971). 

7.2.4.6 Country Rocks 

The country rock around the Cape Ann intrusion consists mainly of Salem 

gabbro-diorite, which is a heterogeneous rock consisting of hornblende-augite 

diorite or gabbro. It is a grayish-green, fine- to coarse-grained rock 

consisting of 50% or more plagloclase, 20% hornblende, up to 20% augite, and a 

small proportion of biotite, with minor quartz and potassium feldspar. The 

Salem gabbro unit is highly jointed and faulted and has a large number of 

basalt and diabase dikes and pegmatite (Toulmln, 1964). 

7.2.4.7 Rock Structure 

The rocks of the Cape Ann complex are massive and undeformed (Toulmln, 

1964). Some zones of alteration have been associated with ground-water action 

in regions of closely spaced joints (Buma et al., 1971). 

7.2.4.8 Geophysics 

Gravity data show that the Cape Ann complex has an average density of 

2.66 gm/cm^, with a range of 2.62-2.74 gm/cm^. A gravity.high has been noted 

over the east end of Cape Ann, which is not caused by the Cape Ann rocks. The 

high may reflect a concealed high-density intrusive younger than the Cape Ann 

complex, or it may be a remnant of the Salem gabbro-diorite, which has a 

density of 2.96 gm/cm^ (Joyner, 1963). The complex is relatively shallow and 

is underlain by a dense rock, probably gabbro (Joyner, 1963). Seismic 

activity of moderate magnitude has been reported for the area (Sykes, 1978; 

Diment et al., 1980). 

7.2.5 Glastonbury Gneiss (Plate VI, Pluton 5) 

See Sec. 9.2.3 and Plate VIII, pluton 10. This body crops out over an 

area of about 62 km^ (24 mi^) in Massachusetts, whereas 222 km (86 mi ) occur 

in Connecticut. This body is therefore discussed with the plutons of 

Connecticut. 
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7.2.6 Monson Gneiss (Plate VI, Pluton 8) 

7.2.6.1 Size, Shope, and Location 

The Monson gneiss consists of three bodies locoted in north- and west-

central Massachusetts — the main body of Monson gneiss, the Warwick doae, 

which Is also referred to as the Pauchaug gneiss, and the Tully body (aee Fig, 

7.3) (Robinson, 1963 and 1967; Robinson et al., 1982a). The main body extendi 

from the southern portion of the Mount Grace 15-mln quadrangle through 

Massachusetts Into Connecticut. It has an elongate shape Chac narrow 

southward. The Warwick dome Is located In the eastern half of the Northfleld, 

the south-central portion of the Keene, the western portion of the Mount 

Grace, the northeastern corner of the Millers Falls, and the norChwesCern 

corner of the Orange 15-mln quadrangles. It Is an elongated oval about 18 ka 

(11 mi) long and 5 km (3 ml) wide. The Tully body is locaced In che 

soucheascern pordon of Che Mount Grace and southwestern portion of the 

Royalston 15-mln quadrangles. It has a bulbous outline, with a maximum width 

of 5 km (3 ml) and a length of about 14 km (9 ml) (Thompson et al., 1968). 

The Monson gneiss as a whole is found over an area of about 528 about km (20* 

mi ) In Massachusetts. 

7.2.6.2 Relative and AbsoluCe Age 

Brookins and Hurley (1965) reporCed a possible 472 ± 15 m.y. age of 

formation for the Monson gneiss, on che basis of Rb-Sr analysis of whole rock 

from che viclnlcy of che KUllngworch dome souCh of Middletown, Conn. That 

gneiss Is choughc to be continuous with Che Monson gneiss In Massachuseccs 

(Rodgers et al., 1959). However, the samples used were relatively rich In 

scrondum and poor In rubidium. Pegmadces ChaC cut the Monson gneiss yield 

U-Pb, Th-Pb, K-Ar, and Rb-Sr ages chac average abouC 250 m.y. (Rodgers, 1952; 

Wosserburg and Hayden, 1955; and Brookins eC al., 1967). This Permian age Is 

IneerpreCed as coeval wlch che lasc strong chermal raecamorphlsm affecclng Che 

Monson gneiss In wesc-cencral Massachusetts (Brookins, 1959). However, most 

core rocks of the Bronson Hill anticlinorlum are of Ordovician age. 

7.2.6.3 Origin 

There Is much controversy over che origin of che Monson gneiss. Some 

workers have proposed ChaC Che Monson gneiss grades upward InCo Che overlying 

Ammonoosuc volcanics of Middle Ordovician age (Lundgren, 1962; Naylor, 1957), 

but Robinson (1953, 1957, and 1977) suggested an unconformity between Chese 

Cwo conCacCs. He recognized three prlnclpol llthologles thot ore about equal 

In abundance. In Cypes 1 and 2. * che variety and detail of bedding and 

mineralogy Indlcace derlvaClon from Interbedded felslc and mafic volcanics, 

largely tuffs, which had undergone a minimum of chemical change by sedimentary 
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processes. Type 3 could represent either intrusive sills or unstratlfied 

portions. No regular pattern of distribution of the types has been found upon 

which to base an internal stratigraphy. 

7.2.6.4 Petrography 

Mineralogy and Textural Relations. The petrological characteristics of 

the principal components of the Monson gneiss as described by Balk (1946), 

Robinson (1963, 1967, and 1977), and others are as follows. The Monson gneiss 

Is composed of about 15% amphibolite and 85% feldspar-quartz gneiss. The 

formation consists roughly of three principal types: (1) portions In which 

amphibolite and feldspar-quartz gneiss are closely Interbedded; (2) portions 

made up entirely of feldspar-quartz gneiss, with well-defined layering due to 

minor compositional variations; and (3) portions composed of nonlayered 

feldspar-quartz gneiss. 

Main Body of Monson Gneiss. Layered gneisses of types 1 and 2 are 

abundant along the western side of the main body. A large zone along the 

eastern border east and southeast of Kelton Hill consists of poorly layered, 

weakly foliated feldspar-quartz gneiss of type 3 (commonly with microcline 

megacrysts up to 2.5 cm [1 In.] across) and some feldspar-quartz gneiss with 

hornblende. These outcrops are massive and rounded, and amphibolite layers 

are rare. 

Warwick Dome. The core of the Warwick dome is a medium-grained, nearly 

massive granitic gneiss. The modal composition is quartz, 30.5-40.8%; 

plagloclase, 24.1-50.8%; microcline, 12.9-39.6%; and blotite, 1.9-3.9%; with 

traces of magnetite, apatite, chlorite, and epidote (Robinson, 1967). The 

core rock differs from the border phase of the dome in its predominance of 

microcline over plagloclase, its lack of hornblende and chlorite, and its 

uniformity in mineral composition and texture. In many places, foliation is 

lacking, but lineation may be seen on surfaces striking north to south. 

The border gneiss is a yellowish, medium- to fine-grained, moderately 

well foliated rock composed of sodium plagloclase (alblte or oligoclase), 

quartz, biotite, and hornblende, with considerable amounts of secondary 

muscovite and chlorite; epidote, apatite, and sporadic grains of euhedral or 

anhedral garnet also are present. 

In the northwestern corner of the dome is a large amphibolite lens. It 

Is a well-foliated, grayish-green amphlbollte, which contrasts with more 

siliceous, chlorlte-bearlng lenses. 

Tully Body. The Tully body generally has the same layered characteris

tics as much of the main body. It is formed of massive, moderately foliated, 

feldspar-quartz gneiss. On the west face of the mountain is a zone of well-

bedded amphibolite and feldspar-quartz gneiss containing a large ultramafic 

zone. 
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Alteration. In thin section, much of the gneiss of the Warwick doae 

shows alteradon. The plagloclase Is cloudy and commonly serlclclzed, and 

primary hornblende may be parcly or wholly replaced by chlorlce. The llghc-

colored border gneiss concains many chlorite velnlets and small masses of 

coarse-leaved chlorite associated with dismantled masses of pyrlce and 

magnetite. 

7.2.5.5 Secondary Intrusions 

No significant secondary Intrusions are reported In the llceracure for 

the area. 

7.2.5.6 Country Rocks 

To the east, the Warwick dome Is In contact with the Ammonoosuc 

volcanics of Ordovician age, which are fine-grained quartz-feldspar gneisses 

containing small amounts of layered quartz-feldspar-dlopslde granulites, 

hornblende gneiss and schist, and quartz-mlca-sl1llmanlte schist. On che 

wesc, lc Is bordered by che Crag MounCaln formation of middle Paleozoic age. 

This formation Is a dark-gray, well-foliated mica schist, commonly containing 

garnet, pyrite, and scaurollte. 

The Tully body Is In conCacC with the Ammonoosuc volcanics on the upper 

western side. Elsewhere It is In contact with che Partridge formation, which 

is a mica schist containing black carbonaceous matter (commonly graphite) and 

iron sulfide. Less abundant rock types Include calc-slllcote and quartz 

granullte. 

On the upper western and encire easCern side of the main body, the 

Monson gneiss Is In conCact with the Partridge formation. This formation Is a 

mica schist of Middle Ordovician age containing graphite, magneclclc 

pyrrhodce, and minor Inclusions of calc-slllcaCe and quartz granulites 

(Emerson, 1917; Robinson, 1967). 

7.2.6.7 Rock Scructure 

Two faulcs scrlklng northeast cut Into the Warwick dome In che upper 

wescern area. One fault striking from north Co south cuts the Tully body In 

the eastern portion. One fault striking east-southeast cuts Into Che main 

body of Monson gneiss on che wescern side (Thompson ec al., 1968). 

Linear scructural feaCures are represenCed hy oriented minerals, 

mineral aggregates, stretched pebbles, and minor fold axes, which are parallel 

to major folds. in che wesC, linear feaCures genCly plunge Co Che north, 

whereas In che ease, chey plunge souCh ond southeost at highly varied angles. 
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The north end of the main body plunges 20°-60° S. The west limb is 

nearly vertical, and the east limb dips 30°-60° W. The north end of the 

Warwick dome plunges east-southeast. The dome is divided into two lobes by a 

transverse syncllne overturned to the south (Thompson et al., 1968). The 

south lobe is overturned in a southwestern direction. The narrow belts of 

Monson gneiss, peripheral to the east side of the main body and wrapping 

around the south end of the Tully body, are Interpreted as the core of a 

recumbent fold. The Tully body has both of its ends plunging southwest 

beneath the main body. The recumbent northward overturning of the north ends 

of the main and Tully bodies took place after the formation of the Skitchewaug 

nappe and before the regional tight folding synchronous with dome formation. 

The narrow band of the Partridge formation in the middle of the main body in 

the Quabbln reservoir Is a normal syncllne (Robinson, 1967). 

7.2.6.8 Geophysics 

Airborne electromagnetic surveys have been carried out to differentiate 

mafic bodies and magnetite-rich silicic felsic facies of the various intrusive 

and metamorphic phases. Particular information is available on the Shelbourne 

Falls area rocks (Grlscom and Bromery, 1968). 

Gravity surveys have been conducted to define the dome margins (Ashwal 

et al., 1979). On a Bouguer map, the contours of gravity anomaly define the 

outline of the gneiss bodies (Diment et al., 1980). 

Limited data on heat flow are available for intruslves in west-central 

Massachusetts. 

% 

7.2.7 Newburyport Granodlorlte (Plate VI, Pluton 13) 

7.2.7.1 Size, Shape, and Location 

The Newburyport granodlorlte (also referred to as quartz diorite by 

Castle, 1960) is a dual pluton in Essex County, northeastern Massachusetts, 

that brackets the mouth of the Merrimack River and extends into New 

Hampshire. The Newburyport granodlorlte lies in the Merrimack synclinorium. 

It occupies a roughly square area in Massachusetts about 10 km (6 mi) on a 

side; outcrops occur over an area of about 98 km (38 mi ) in Massachusetts. 

7.2.7.2 Relative and Absolute Age 

Lithologically similar rocks intrude into the Silurian Kittery 

quartzlte in New Hampshire. The K-Ar biotite age of 321 ± 10 m.y. reported by 

Zartman et al. (1970) for its extension in New Hampshire may be due to thermal 
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modification durng the Acadian orogeny. Zen (1981) Identified the Newburyport 

granodlorlte as being Silurian or Ordovician. 

7.2.7.3 Origin 

The Newburyport granodlorlte Is of magmatic origin and Is assumed Co he 

related to the widespread mafic Igneous ocdvlty ossocloted with the dlfferenc 

phases of che Taconic orogeny. 

7.2.7.4 PeCrography 

Mlneraloglc and TexCural Relations. The Newburyport body Is a gray, 

medlum-gralned granodlorlte-tonallte. The major minerals are andeslne-

labradorlte, 45-7031; orthoclase, <5%; quarCz, 5%; and hornblende, 20-25Z. 

Bloclte, augite, llmenlte, magnetite, apatite, rutile, and titanite are 

accessory minerals (Emerson, 1917). Toulmln (1964) and Chute (1966) have 

reported small bodies of lithologically similar rocks In the Salem and Norwood 

quadrangles. 

Alteration. The alteradon of hornblende to blotite and chlorite, and 

of feldspar to serlclte and epidote Is prominent (Toulmln, 1964; Chute, 1966) 

and may have resulted from low-grade metamorphlsm In the area. 

7.2.7.5 Secondary Intrusions 

Dikes of granite and apllte are found In the Newburyport pluton. 

7.2.7.5 Country Rocks 

The Newburyport granodlorlte extends eastward to the Atlantic Ocean. 

The Sharpners Pond dlorlte lies In faulc conCacC to the south. To the west 

and north of Newburyport, a gray, medlum-gralned porphyritic granlce wlch 

microcline phenocrysts, designated as part of the Newburyport complex, 

intrudes into the Kittery formation (Zen, 1981), 

7.2.7.7 Rock Scructure 

The Essex fault Is the only major, regionally developed fault bordering 
the Newburyport granodlorlte. It has an east-northeast trend. 

7 .2 .7 .8 Geophysics 

Birch (1983) Interprets high magnedc anomalies In the area as small 
Newburyport Intrusions extending Into the continental she l f . 
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7.2.8 Sharpners Pond Diorite (Plate VI, Pluton 14) 

7.2.8.1 Size, Shape, and Location 

The Sharpners Pond tonallte (referred to as diorite by Zen, 1981), 
formerly mapped with the Salem gabbro-diorite, is an irregular subalkalic 
intrusive series in northeastern Massachusetts. Its outcrops are distributed 
through the Lawrence, South Groveland, Wilmington, Reading, and Salem 
quadrangles, over an area of about 190 km^ (73 mi^). In the vicinity of 
Sharpners Pond (see Fig. 7.7), located approximately 7 km (4.5 mi) west of 
Topsfield, only one of the three facies in the formation is well developed 
(Castle, 1965). Other undivided alkallc intrusives in the vicinity may be 
correlative. 

7.2.8.2 Relative and Absolute Age 

Zartman et al. (1970) assigned a K-Ar isotopic age of Devonian or older 
to the Sharpners Pond tonallte. The Assabet quartz diorite described by 
Hansen (1956) correlates with the Sharpners Pond body in its lithology and its 
relationship with the Andover granite. Stratlgraphlc correlation with other 
plutons in the area Indicates a Silurian age (Zen, 1981). 

7.2.8.3 Origin 

According to Castle (1965), the Sharpners Pond magma may have formed 
from fractional melting of mantle material. The intrusive igneous rocks in 
the area may be interrelated, although Toulmln (1964) rejected the correlation 
between the Sharpners Pond tonallte and the Salem gabbro-dlorite. Castle 
(1965) believed that the possible inclusion of the Salem rocks in the 
subalkalic intrusive series should not be dismissed. However, the Sharpners 
Pond tonallte is an I-type granite that intruded into the metavolcanlcs of the 
Nashoba block (Hepburn et al., 1983). 

7.2.8.4 Petrography 

Mlneraloglc and Textural Relations. According to Castle (1965), the 
Sharpners Pond rocks contain three facies: hornblende diorite; blotite-
hornblende tonallte; and biotite tonallte. All three facies are transitional 
with each other, and the younger rocks tend to be more felsic. The Sharpners 
Pond body becomes more mafic towards the Salem gabbro-dlorite. 

The Sharpners Pond tonallte Is dark greenish-gray or black to light 
gray, medium grained and equigranular, and primarily massive but somewhat 
foliated. The chief minerals are microcline, 0-33%; biotite, 5-17%; horn
blende, 0-4%; plagloclase, 28-56%; and quartz, 26-31%. In the blotite 
tonallte facies, microcline is abundant. Chlorite, muscovite, epidote, 
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sphene, and apatite are accessory minerals. With an Increase in hornblende to 
19-37% and a decrease in microcline, the tonallte grades into hornblende 
dlorlte, whereas, with an increase in blotite to 10-23%, it becomes blotite-
hornblende tonallte. 

Alteration. Toulmln (1964) stated that the Sharpners Pond rocks are 
less altered than the Salem gabbro-diorite. 

7.2.8.5 Secondary Intrusions 

Andover granite and other Silurian subalkalic rocks, chiefly adamel-
llte, granodlorlte, and granite. Intrude Into the Sharpners Pond body. A few 
trap dikes are found in outcrops of Sharpners Pond (Castle, 1965). 

7.2.8.6 Country Rock 

Tlie Sharpners Pond rocks are included in the Nashoba fault zone. They 
Intrude into Ordovician units of silllmanite schist and gneiss, amphibolite, 
blotite igneiss, calc-silicate gneiss, and marble located near Andover (Zen, 
1981). The Salem gabbro-dlorite lies to the southeast. In the northernmost 
section of the hornblende diorite facies is a contact with the Bloody Bluff 
fault; on the other side lies the Merrimack Group. 

7.;!.8.7 Rock Structure 

The' Sharpners Pond rocks are less deformed than those of the Salem 
gabbro-dlorite. Zen (1981) showed regional faulting la the area. Secondary 
faults are transverse to the major faults. The faults disrupted all of the 
stratified and plutonlc rocks in post-Pennsylvanian and pre-Cretaceous times 
(Bell and Alvord, 1976). 

7.2.3.8 Geophysics 

Section 7.2.4.8 would apply to the Sharpners Pond dlorlte as well. 

7.3 ACADIAN AND POST-ACADIAN 

7.3.1 Belchertown Intrusive Complex (Plate VI, Pluton 6) 

7.3.1.1 Size, Shape, and Location 

The Belchertown pluton is located in west-central Massachusetts and is 
bordered on the west by the Connecticut Valley border fault (see Fig. 7.3). 
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It is roughly circular In map plan, with a diameter ranging from 12 km (7 d ) 

to 18 km (11 ml); outcrops occur over an area of approxlmotely 123 km^ (4g 

ml'^). On the basis of ground and airborne mognetometer studies, Hall (1975) 

considered the pluton Co be disc-shaped wlch a chlckness of 500-1000 m (1650-

3300 ft). 

7.3.1.2 Relative and Absolute Age 

The Belchertown pluton has been recognized as a Devonian intrusion by 

its relationships to other rocks and recent age determinations on zircon. A 

fresh sample of anhydrous, two-pyroxene quartz monzodlorlte typical of the 

inner core of the pluton was chosen as representative of the magmatic stage of 

emplacement and least affected by metamorphlc hydration. The U-Pb data for 

Chis sample Indlcace an age of 380 ± 5 m.y. (Ashwal et ol., 1979). This age 

is in excellent agreement with the geological relations of the Belchertown 

pluton, which deforms the Erving and Walts River formations of Early Devonian 

age. 

7.3.1.3 Origin 

The Belchertown pluton i s one of a s e r i e s of i n t r u s i o n s emplaced Into 
domes of Precambrlan gneiss along che Bronson Hi l l a n t i c l i n o r l u m during che 
peak of regional kyanlce-zone metamorphlsm during the Acadian orogeny 
(Thompson et a l . , 1958). I t was perhaps emplaced as a syn tec ton lc Intrusion 
well before the end of the Acadian orogeny. Robinson e t o l . (1982b) reported 
that a ho rnb lende -b lo t l t e -gne l s s mantle around the Belchertown body was 
produced during Che dome sCage of formadon while Ic preserved an unaltered 
core . 

7.3.1.4 Petrography 

Mineralogy and Textural Relations. Ashwal et al. (1979), Hall (1973), 

and Leo et al. (1977) considered the zoned nature of the Belchertown pluton to 

represent the effects of regional metamorphlsm. The Inner zone of the pluton 

Is composed predominantly of massive, medlum-gralned hypersthene-auglte quartz 

monzodlorlte, which Is believed Co be Che area least affected by meta

morphlsm. On a fresh surface, Che rock appears pink due Co abundanc 

plagloclase wlch minute Inclusions of Iron-tltanlum oxides. This rock 

contains as much as 35% mafic minerals. Including polkllltlc brown blotite 

flakes as much as 2.5 cm (1 In.) across and stubby crystals of green auglce 

and brown hyperschene. Other minerals include hornblende, quartz, potasslus 

feldspar, and accessory magnetite, ClCanohemaClce, apadce, and zircon. In 

some places, chis rock shows weak" subparallel alignment of plagloclase 

grains. The modal composition of this rock is quartz, 4.4X; plagloclase, 

45.9%; potassium feldspar, 11.9X; hypersthene, 5.2X; augite, 15.6X; blotite 

12.8%; and other, 5%. 
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The transitional zone of the pluton contains rocks that are defined as 

having a massive texture with no tectonic fabric and no hypersthene; they may 

or may not contain augite. The average modal composition is quartz, 10.1%; 

plagloclase, 48.1%; potassium feldspar, 8.8%; augite, 2.2%; amphlbole 17.3%; 

and biotite, 13.3%. The boundary between the outer zone and the transitional 

zone is defined as the outer limit of transitional rocks containing augite. 

The boundary between the inner zone and transitional zone is the outer limit 

of inner-zone rocks containing hypersthene. 

The outer zone of the pluton is composed of the fully recrystalllzed 

counterpart of the primary quartz monzodlorlte. This recrystalllzed rock is a 

hornblende-biotite gneiss, which has a well-developed tectonic foliation and 

lineation formed by alignment of biotite, hornblende, quartz, and feldspar. 

This rock type is medium grained, gray to greenish-gray in color, and contains 

no pyroxenes or opaque minerals but does contain important amounts of 

bluegreen hornblende, olive-green biotite, epidote, and sphene. It has a 

greater proportion of quartz and a smaller proportion of plagloclase than the 

primary quartz monzodlorlte. The average modal composition is quartz, 9%; 

plagloclase, 41.5%; potassium feldspar, 10.3%; amphlbole, 21.3%; and biotite, 

13.3%. 

Alteration. In the rocks of the transitional zone, olive-green 

blotltes commonly contain concentrations of euhedral or subhedral sphene 

crystals along their edges, suggesting breakdown of brown, titanium-rich 

igneous blotite to form titanium-deficient green biotite and sphene. Green 

biotite also forms rims between orthopyroxene and orthoclase microperthlte. 

The rocks of the outer zone have no pyroxenes or opaque minerals. These 

minerals have been completely consumed during a chemical redistribution 

involving hydration and recrystallization, to become a hornblende-biotite 

gneiss (Ashwal et al., 1979). 

7.3.1.5 Secondary Intrusions 

At the northwestern contact between the Inner and transition zones of 

the pluton is an elliptical mass of ultramafic and mafic rock measuring 

roughly 200 m (650 ft) by 300 m (980 ft). The rock in this ultramafic body is 

a dark-green, medium- to coarse-grained hornblende-blotlte-olivlne pyroxenite, 

with a texture dominated by euhedral to subhedral augite and smaller grains of 

bronzlte and subrounded magneslan olivine. The origin, and therefore the age, 

of this olivine-bearlng ultramafic body is uncertain (Robinson, 1967). 

7.3.1.6 Country Rocks 

The country rocks into which the Belchertown pluton Intrudes consist of 

a series of gneiss domes and ridges that define the Bronson Hill 

anticlinorium (Billings, 1956; Robinson, 1967). The anticlinorium extends 

from northern New Hampshire to Long Island Sound. The cores of the domes are 
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composed of late Precambrlan and Ordovician gneisses overlain by a sequence of 

metamorphosed Middle Ordovlclon volcanic and sedimentary rocks, which ore In 

turn unconformably overlain by a sequence of metamorphosed Silurian and Lower 

Devonian sedimentary and volcanic rocks (Billings, 1955; Thompson eC al., 

1968). Lower Jurassic and Upper Trlasslc clastic sedimentary rocks and 

basalts are Che counCry rocks wesC of the Connecticut Valley border fault. 

On the north margin, the Belchertown pluton discordantly Intrudes Into 

the Lower Devonian Erving formation (Guthrie and Robinson, 1967; Guthrie, 

1972; and Robinson et al., 1973) and the Fourmlle gneiss (Ashenden, 1973) of 

possible late Precambrlan age In the Pelham dome. To the east, the pluton It 

concordantly Intruded Into the east limb of a syncllne of the Middle 

Ordovician Partridge formation. To the south, It Is nearly concordant at a 

stratlgraphlc level near the bose of the Erving formation. To the west, the 

Connecticut Valley border fault separates the pluton from the Lower Jurassic 

East Berlin, Granby Tuff, and Portland formations of the Connecticut valley. 

7.3.1.7 Rock Structures 

The only major faulc In the area Is the Connecticut Valley border 

fault, which is adjacent Co the pluton on the west. According to Ashwal 

(1974), mylonltlzadon and cataclasls Is presenC In zones. Mosc zones of 

mylonldzed gneisses have undergone recryscal llzaclon, as evidenced by mineral 

Ilneatlon and coaxial minor folds. Ii, some places, the rock of the Inner zone 

shows weak subparallel alignment of plagloclase groins, which Is indicative of 

Igneous flow structure. 

The pluton Intrudes into the Bronson Hill anticlinorlum, and there has 

been no folding of eicher Che Incruslon or che country rocks In post-Acadian 

time (Thompson ec al., 1968; Ashwal ec al., 1979). 

7.3.1.8 Geophysics 

According Co Ashwal and Hargraves (1977), the plutonlc rocks possess a 

natural remnanc magnedzatlon having a southerly direction of polarization. 

Computer modeling of Che Chree-dlmenslonal shape of the pluton based on 

magnetic studies reveals that the Inner zone Is a slab about 500 m (1630 ft) 

thick having a root about 5000 m (15,400 fc) deep beneath a 2772-ga^ low 

lying southeast of the surface exposure of the plutonlc rocks. This shape may 

be IneerpreCed as eicher a deep downfold of primary pluconlc rocks In the 

synclinal corner between the Glastonbury dome and che Monson gneiss or ss s 

cylindrical feeder vein for che encire pluCon. 

An Idea of che Chree-dlmenslonal shape of che pluton may be obtained 

from the colculated residual gravity anomnly (Kane and Bromery, 1968). »y 

usln^ an average density of 2.84 g/cm^ for the Belchertown pluton and 2.67 

g/cm for the dome gneisses and the rocks of the Trlasslc and Jurassic basin, 
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the best fit of the calculated gravity anomaly is produced by a thin, 1500-m 
(4900-ft) thick, disc-shaped intrusive mass (Hall, 1975). This model is not 
applicable, however, to the eastern and southeastern parts of the pluton, 
because there is no appreciable density difference between the rocks of the 
pluton and the adjacent metamorphosed Paleozoic stratified rocks. 

7.3.2 Fltchburg Intrusive Complex (Plate VI, Pluton 10) 

7.3.2.1 Size, Shape, and Location 

The Fltchburg intrusive complex is a body, somewhat elongated from 
north to south, in central Massachusetts, portions of which lie in the 
Ashbumham, Gardner, Wachusett Mountain, Paxton, Ashby, Fltchburg, Sterling, 
and Worcester North quadrangles. It Includes many igneous sheets and 
Irregular masses of diverse composition that crop out over an area of about 
444 km^ (171 mi^). 

7.3.2.2 Relative and Absolute Age 

The Fltchburg Intrusive complex intruded into sedimentary and 
metamorphlc rocks of Silurian and Lower Devonian age (Zen 1981), thus placing 
the age of the crystalline rocks as Devonian or younger. Maczuga (1981) 
quoted R.E. Zartman as communicating a zircon age of 382-412 m.y. for the 
weakly foliated biotite-muscovite granite. 

7.3.2.3 Origin • 

The high potassium and aluminum content of the Fltchburg complex, and 
the absence of large amounts of relatively mafic material, led Maczuga (1981) 
to propose that granitic rocks of the complex were derived from partial 
melting of a subducted continental crust. The granodlorlte probably 
represents more extensive partial melting than the granite. The tonalitic 
inclusions may be early differentiates from such a melt. Chemical variation 
within the units may be a reflection of a melt-segregation process, but more 
likely it is the interaction of complex mechanisms. The peaking of the 
Acadian metamorphism obviously was responsible for local anatectlc melting of 
the granodlorlte, which formed migmatltes. 

7.3.2.4 Petrography 

Mineralogy and Textural Relations. Maczuga (1981) provided petro
graphic details for the threefold llthologlc classification proposed for the 
Fltchburg complex by Hepburn (1976), Peper (1976), and Tucker (1978). 
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Foliated blotite gronodlorite-tonolite gneiss la a prominent slll-Ui^ 

Intrusion In the South Monoosnoc Hill and Wachuaett Mountain, representing the 

eastern and western limbs, respectively, of the broad structural syncllne 

containing the Fltchburg rocks. At South Monoosnoc, the complex consists of a 

dark-gray, fine-grained, granoblastic and moderately foliated rock containing 

plagloclase, 32-40%; potassium feldspar, 0.1-9%; quartz, 22-25%; and bloclce, 

29-32%. Accessory minerals are sphene, muscovite, allanlte, epidote, zircon, 

apatite, magnetite, and llmenlte. At Wachusett Mountain, the rock U 

mlneralogically similar but strongly foliated. SlUlmanlte-grade metamorphUa 

has csused extensive recrystolllzotion, Chus obllterotlng primary textures. 

Blotlte-muscovlte-granlte-granodlorlte gneiss forms a moderaCely Co 

SCrongly follaCed rock unlc that varies In texture and mafic mineral 

content. Principal minerals are plogloclose, 23-48%; potassium feldspar, 

6-32%; quartz, 24-28%; blotite, 6-20%; and muscovite, 3-9X; with accessory 

minerals similar to the granodlorlte-tonallte gneiss. 

The blotlte-muscovlte granite Is massive to weakly foliated and medlui 

to coarse grained, with uniform texture and mineralogy over large areas, lc 

probably intruded, concurrent with or shortly after the major deformatlonal 

episode, into the other two units described above, which are older. The major 

minerals are plagloclase, 21-29%; potassium feldspar, 29-32%; quartz, 27-321; 

muscovite, 3-7%; and btotite, 2-8%. Zircon, llmenlte, apatite, and allanlte 

are the chief accessory minerals. 

7.3.2.5 Secondary Intrusions 

Pegmatltic dikes are abundanc In che structurally lower gnelsslc unlcs 

and may be anatectlc melts (Maczuga, 1981). Tourmaline pegmatites are present 

In the granites. Mesozolc diabase dikes are also present. 

7.3.2.5 Country Rocks 

The complex Is located in the Merrimack ayncllnorlum, a belt of 

eugeosyncllnal sedimentary and volcanlclastlc rocks. It Intrudes Into the 

LltCleCon and PaxCon formadons. To the norcheasc of Che complex lies the 

Massabeslc gneiss of Che Avalon placform rocks. 

7.3.2.7 Rock Structure 

The granodlorlte-conallce gneiss and granlce-granodiorlte gneiss fora 

structurally lower and higher units, respectively, of Che broad syncllne In 

which the complex Is contained. These unlca were probably emplaced as sheets 

before or during the three major episodes of westward-directed recumbent 

folding (Field, 1975; Tucker. 1977 and 1978; and Peterson, 1983) during the 

Acadian. Mineral lineations are parallel to axial surfaces In the metamorphlc 

rocks (Tucker, 1978). Robinson and Hall (1980) proposed nappe formation, 
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backfolding, and doming as a sequence of evolution of the Acadian crystalline 

rocks of the area. The massive granite represents emplacement during or after 

the end stages of the Acadian deformation. 

7.3.2.8 Geophysics 

Diment et al. (1980) indicated that a gravity low characterizes the 
area on the Bouguer anomaly map. 

7.3.3 Hardwick-Coys Hill Granite (Plate VI, Pluton 9) 

7.3.3.1 Size, Shape, and Location 

The Hardwick-Coys Hill body Is a group of rather symmetrical, elongated 

intrusions located in central Massachusetts in the Royalston and Athol 15-min 

quadrangles (see Fig. 7.3). The largest of these begins with a blunt point in 

Marlboro, N.H. (where it is known as the Fitzwllllam granite), and extends 

southward, ending with a similar blunt point in Monson, Mass. Some short, 

narrower outcrops parallel the largest body; the group extends about 70 km (43 

ml) from north to south in Massachusetts, and its outcrops occur over an area 

of about 358 km^ (138 mi^). 

7.3.3.2 Absolute and Relative Age 

Billings (1956) assigned the Hardwick and Coys Hill granites to the New 

Hampshire plutonlc series, thus indicating a Devonian or younger age. 

Robinson (1967) Indicated a similar age based on field relations. The pluton 

traces northward into the Spauldlng series, 393 m.y. old, of New Hampshire 

(Lyons et al., 1982). Hayward (1983) reported a Rb-Sr whole-rock age of 383 

m.y. for the Fitzwllllam granite in New Hampshire. 

7.3.3.3 Origin 

The Hardwick granite is of magmatic origin and contains local 

Inclusions of sillimanlte-mica schist and calc-silicate country rock. "The 

abundance of iron in the border rocks is attributed to differentiation. If it 

had been derived from absorption of the rusty schist, graphite and flbrolite 

would be present" (Emerson, 1917). 

7.3.3.4 Petrography 

Mineralogy and Textural Relations. The composition of the Hardwick 

pluton varies from granite to tonallte, and is commonly porphyritic. It is 
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low In quartz and high In feldspar!, usually containing orchoclase, a llccle 

plagloclase, much blotite, much magnetite, hypersthene, zircon, and allanlte 

(Emerson, 1917). It is generally very coarse and blotched with blotite. On 

cleavage faces, broad, equant, wavy-surfaced flakes of blotite, many of thea 

more than a centimeter (less Chan an Inch) square, or aggregations of small 

flakes, cover the surface. The rock has a dead black color. Except where It 

Is In coneact with the Coys Hill granite, hornblende Is generally absent, che 

dark color being due Co abundanc blodce and magnedde. The Coys Hill 

granlce Is a coarsegrained, foliated granite gneiss with mica quartz monzonite 

phases (Emerson, 1917). It is regularly sheeted and contains very large 

microcline megacrysts. These crystals generally have a granulated border. 

Feldspar is chiefly represented by microcline and anorthoclase. 

Where the Coys Hill granite Is In contact with the Hardwick granite, lc 

is a clear-gray granice; where It rests against the Brimfleld schist, small 

red garnets or large secondary garnets ond blotite become obundant. Graphite 

scales appear In the feldspar, and amber flbrolite appears in silky white 

masses. 

Alteration. No specific olteratlon features ore reported. However, 

secondary minerals have developed at the contact of the Hardwick and Coys Hill 

bodies. 

7.3.3.5 Secondary Intrusions 

No significant secondary Intrusions are described for the area, but 

fine-grained granice dikes cue across the tectonic foliation. 

7.3.3.6 Country Rocks 

The west side of the Hardwick granite Is In Intrusive contact with the 

Partridge formation of Middle Ordovician age (Robinson, 1957; Thompson et al., 

1968). This formation consists predominantly of mica schist containing black 

carbonaceous matter, commonly graphite, and an Iron sulfide that Is magnetic 

pyrrhodce In most occurrences. Less abundant rock types Include 

calc-slllcate and quartz granulites. On the west side, the granite also is In 

contact with the Littleton formation of early Devonian age. This formation Is 

typically a gray mica schist or phylllte wlch a variable proportion of sandy 

or quartzltlc beds. Minor rock types Include rare calc-slllcaCe rocks snd 

some concordanc blodce gneiss. The east side of the granite Is In contact 

with the Intimately Interfolded Partridge and Littleton formations. 

7.3.3.7 Rock Structure 

Hall and Robinson (1982) proposed the development of the Bronson Hill 

anticlinorlum and Merrimack synclinorium In central Massachusetts and odjacent 
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New Hampshire through several stages. The early stage was marked by nappes 

which progressed through backfolding and culminated in the final stage of 

doming low-density gneisses into denser mantle rocks. The Coys Hill pluton 

shows a tectonic foliation that defines west-plunging folds. Ductile mylonite 

zones are also present. In the Hardwick formation, the foliation dips gently 

to the west and dome-stage lineation is also present (Robinson et al., 1982b). 

7,3.3.8 Geophysics 

Section 7.1.6.8 would apply to the Hardwick-Coys Hill granite as well. 

7.3.4 Williamsburg Granodlorlte (Plate VI, Pluton 4) 

7.3.4.1 Size, Shape, and Location 

The Williamsburg granodlorlte consists of a series of Irregular masses 

outlining, and scattered through, a roughly oval area about 30 km (19 mi) long 

and 12 km (7 ml) wide on the west side of the Connecticut valley in western 
2 

Massachusetts (see Fig. 7.8). Outcrops occur through an area of 130 km (50 

ml^). 

7.3.4.2 Relative and Absolute Age 

Field relationships suggest an age of Early Devonian for this intrusive 
(Norton, 1967). 

« 

7.3.4.3 Origin 

The Williamsburg granodlorlte Intrudes into formations of Early 

Devonian to Ordovician age. Intrusion may have been contemporaneous with the 

regional deformadon and metamorphlsm associated with the Devonian Acadian 

orogeny. On the east, the intrusive is limited by structural contact with 

younger Trlasslc and Jurassic formations (Norton, 1967; Hatch et al., 1968). 

7.3.4.4 Petrography 

Mineralogy and Textural Reladons. The Williamsburg granodlorlte is 

texturally variable. In the central areas, it is fine to medium grained, with 

the compositional characteristics of biotite granite. It locally has large 

masses and sheets of coarse-grained and very coarse grained varieties with 

abundant muscovite, which grade into the main mass of granite without showing 

distinct boundaries. Sodium plagloclase, microcline, quartz, and muscovite-

biotite are the principal minerals. Plagloclase is more abundant than 

potassium feldspar (Emerson, 1917; Bain, 1955). 
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Alteration. The feldspars of the Intrusive show sericitization. 

Pegmatltic phases show moderate hydrothermal alteration. 

7.3.4.5 Secondary Intrusions 

Pegmatites and aplites profusely penetrate into and beyond the main 

granite mass. They form a halo around the intrusive. Pegmatites also intrude 

into the schist. Here they are rich in rare-earth element minerals: it is 

common to find tourmaline, spodumene, zircon, spessartine, and many varieties 

of gem-quality feldspars. 

7.3.4.6 Country Rocks 

To the west and south, the country rock is a series of Middle 

Ordovician to Lower Devonian formations consisting of granulites, schists, 

calc-silicate rocks, and volcanics. To the east, the Williamsburg 

granodlorlte is in structural contact with the Portland formation of Trlasslc-

Jurasslc age, which consists of conglomerates, arkoses, and volcanics. To the 

northwest, the granodlorlte has a less distinct contact with the Belchertown 

tonallte (Hatch et al., 1966). 

7.3.4.7 Rock Structure 

The Williamsburg granodlorlte exhibits foliation and Ilneatlon akin to 

that of the country rock. In addition, the Great Connecticut Valley fault is 

the major structural feature to the east. 

7.3.4.6 Geophysics 

The area is characerized by widely spaced 0- to -10-mgal gravity-

anomaly contours on a simple Bouguer map (Diment et al., 1980). 
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8 CRYSTALLINE ROCKS OF RHODE ISLAND 

8.1 GRENVILLE AND AVALONIAN 

8.1.1 Bulgarmarsh Granite (Plate VII, Pluton 6) 

8.1,1,1 Size. Shape, and Location 

The Bulgarmarsh granite Is exposed In the Fall River, Tiverton, and 

Sakonnet Point 7.5-mln quadrangles of Rhode Islond, extending eost and north

east into Massachuseccs. Its outcrops In Rhode Island ore found over on area 
2 2 

of roughly 100 km (39 ml ), In a belt about 24 km (15 ml) long and no more 

than 6 km (4 ml) wide. 

8.1.1.2 Relative and Absolute Age 

On the basis of stratlgraphlc relations. Pollock (1964) proposed the 

Bulgarmarsh granite to he of Devonlan(?) age or older. Galloway (1973) 

determined a Rb-Sr whole-rock age for the Bulgarmarsh granite of 534 ± 13 

m.y. Mlneralogically, texturally, and structurally, the Bulgarmarsh granlce 

Is similar to Che Dedham granlce In Mossochusetts (see pluton 19 on Place VI). 

for which Zartman and Naylor (In press) reporc a late Precambrlan U-Pb 

zircon age. 

8.1.1.3 Origin 

The Intrusive contact of Bulgarmarsh granite wlch ralca-chlorlce schlsc 

Indlcaces a magmadc origin for che body. Xenollchs of the schlsc have been 

turned and variably reoriented with respect to the original bedding. Roof 

pendants and many Inclusions of schist Indicate that stoplng played a strong 

role In the emplacemenc of Che pluCon (Pollock. 1964). 

8.1.1.4 PeCrography 

Mineralogy and TexCural Reladons. The Bulgarmarsh granlce Is besC 

described as a llghc-colored, coarse-grained, folloted rock that Is very rich 

In quartz and feldspar. It Is ofcen pink Co gray and usuallv contains quarcz, 

mlcroperchlCe-mlcrocUne, alblce. bloclce, chlorlce, and muscovite. Minor 

constlcuencs and accessory minerals Include magnedte, llmenlte, leucoxene, 

rudle, apaclce, zircon, epidote, garnet, aphene. and allanlte. The alblte 

tends CO conCaln small epldoce cryaCala. Pollock (1964) suggested that this 

may mean that the alblce was derived from a somewhac calcic plagloclase. The 
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average modal composition of the Bulgarmarsh granite is quartz, 36-66%; 

microperthlte-microcllne, 17-38%; alblte (An-3-7), 7-32%; biotite and 

chlorite, 0.2-5%; and muscovite, 0.2-13%. 

Bulgarmarsh granite, in places, contacts mlca-chlorite schist to the 

west in a transition zone that is as much as 183 m (600 ft) wide. The granite 

gneiss of the zone is rich in quartz and feldspar like the main body of 

granite, but is slightly porphyroblastlc. It has an Increased amount of 

quartz and correspondingly less feldspar, that is, quartz, 63%; microcline-

mlcroperthite, 14%; alblte, 10%; muscovite, 8%; and biotite and chlorite, 

5%. Apatite, epidote, sphene, garnet, zircon, and magnetite are accessory 

minerals. The porphyroblasts consist of pink microperthlte-microcllne and 

average about 2.5 cm (1 in.) long (Pollock, 1964; Quinn, 1971). This zone may 

have formed when the nearby granite soaked into and replaced some of the 

schist (Pollock, 1964). 

Alteration. Biotite is altered to chlorite. The opaque minerals also 

show varying degrees of alteration. 

8.1.1.5 Secondary Intrusic 

There are many small apllte dikes and quartz veins in the Bulgarmarsh 

granite (Pollock, 1964). 

8.1.1.6 Country Rocks 

The Bulgarmarsh granite is in contact with the Precambrian mlca-

chlorite schist of the Sakonnet region to the west o& its southern end, and 

the Pennsylvanian sedimentary rocks of the Narragansett basin to the west. It 

is also in contact with the chlorite-biotite schist of the Tiverton region and 

a small body of metadiorite to the west of its center and its northern end. 

The mlca-chlorite schist of the Sakonnet region is light gray to 

greenish, fine grained, and thinly bedded. Major constituent minerals are 

biotite, chlorite, and quartz. Interbedded with the schist are numerous thin 

marble and quartzlte beds. The chlorite-biotite schist of the Tiverton region 

is green to gray, fine grained, and poorly foliated. Major minerals include 

chlorite, blotite, and quartz. Beds of quartzlte and amphibolite are inter

bedded with the schist. The Dighton conglomerate and the Rhode Island 

formation of the Narragansett basin lie unconformably over the western edge of 

the Bulgarmarsh granite. The Rhode Island formation is about 3050 m (10,000 

ft) thick and consists of a large variety of sedimentary rock types. The 

Dighton conglomerate is the youngest member In the Narragansett basin. 
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8.1.1.7 Rock Structure 

The Bulgarmarsh granlce shows flow foliation over most of Its extent, 

which may have been modified by metamorphlsm. The foliation results from the 

parallelism of blotite and chlorite flakes. The foliotlon, though quite 

variable, generally trends to the northeast, oblique to the margin of the 

Narragansect basin. No folds have been reported In the Bulgarmarsh granlce. 

8.1.1.8 Geophysics 

HlldreCh's (1979) regional Bouguer anomaly map for New England shows 

low gravity for the Bulgarmarsh area. 

8.1.2 Esmond Granlce (Place VII, Pluton 5) 

8.1.2.1 Size, Shape, and LocaClon 

The Esmond granlce comprises two major and seven smaller bodies of 

granite in northern Rhode Island. The largest body Is almost 19 km (12 al) 

long and 5.5 km (3.4 mi) wide, covering approximately 67 km (26 mi ) In the 

Georgiavllle, North Scltuace, Providence, and PawCucket 7.5-raln quadrangles. 

Outcrops occur In a total area of approximately 123 km (47 mi ), and Include 

exposures In the Crompton. East Greenwich, Franklin, Blackscone, and ChepacheC 

7.5-mln quadrangles. In addicion Co Chose mendoned above. 

8.1.2.2 Relative and AbsoluCe Age 

Due to poor outcrop exposure and contlnulcy complex structures, and 

variable llthologlc features, age relationships of bedrock units In Rhode 

Island are not clearly known. Age estimates have been based on crosscutting 

tela- donshlps of Igneous bodies and Che degree of follaclon In gnelsslc 

rocks. The degree of follaclon Is noC a reliable IndlcaCor, as foliation Is 

grade- tlonal and variable through single bodies. Since che major period of 

geological Invesclgadons from 1940 to 1971 (Quinn et al., 1949; Quinn, 1971), 

the ages of plutonism have been reevaluated. The suggested Mlsslsslpplan(?) 

or older age of che Esmond granlce (Quinn, 1971) has been revised Co late 

Precambrlan (Hermes et al., 1981). Hermes et al. (1981) gave a U-Pb zircon 

age of 620 m.y. (Avalonian) for the Esmond granite (also see Hermes and 

Zartman, 1982). 

8.1.2.3 Origin 

The mode of emplacement of the Esmond granlce was by magmadc intru

sion. Evidence for Igneous Intrusion Includes many xenollthlc Inclusions snd 
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large roof pendants of rocks of the Blackstone series (Hermes et al., 1981). 

The angular inclusions of schist and quartzlte were entrained and then settled 

in a liquid magma, as evidenced by the random orientation and arrangement of 

inclusions of variable lithology (Quinn, 1963). A comagmatlc event produced 

the Grant Mills granodiorite, quartz diorite, and Esmond granite. The 

dominant lithology in the Esmond group is a calc-alkallne rock series having 

rare earth element patterns similar to rocks from other calc-alkallne granitic 

suites known to have formed at a convergent plate boundary (Hermes et al., 

1981). 

8.1.2.4 Petrography 

Mineralogy and Textural Relations. The Esmond group is an assemblage 

of related plutonlc rocks ranging from quartz diorite to two-feldspar granite 

and possibly more mafic hypabyssal and volcanic rocks spatially related to the 

Hunting Hill greenstone member of the Blackstone series (Hermes et al., 

1981). The rocks have calc-alkallne affinities and are massive to highly 

fractured (Hermes and Zartman, 1982), The Esmond granite is the dominant 

lithology of the Esmond group. The Grant Mills granodiorite, a porphyritic 

rock, grades into the Esmond granite. 

The Esmond granite is a light-pink, medlum-gralned. massive to faintly 

foliated granite. The mineralogical composition (as volume %) can be 

described by an average of five typical specimen modes presented by Quinn 

(1971): potassium feldspar. 40%; quartz, 34%; plagloclase, 22%; biotite, 2%; 

muscovite and other accessory minerals, 2%, which may include magnetite, 

sphene. apatite, monazlte, zircon, garnet, and calcite. Granitic varieties of 

rocks in the group are light gray, light tan, or green (in the presence of 

abundant fine-grained epidote), medium to coarse g'ralned, or distinctly 

foliated. The associated gray to green-gray, porphyritic granodiorite is 

composed of a medium- to coarse-grained matrix of albite-ollgoclase, 

microcline microperthlte, quartz, and biotite, with microcline microperthlte 

phenocrysts. 

Alteration. Typical chemical alterations of the Esmond granite area 

rocks include plagloclase to alblte, epidote, and sericite, or to less calcic 

plagloclase with abundant small inclusions of muscovite and clinozoisite 

(Quinn, 1967), and the alteration of biotite to chlorite. The plagloclase 

alteration may be a retrograde metamorphic effect or deuteric alteration. The 

change was due to permeating solutions and low pressure during waning 

metamorphlsm of the Blackstone series, or was a late result of plutonlc 

activity (Quinn, 1959), or occurred during the cooling of the granite (Quinn, 

1963). 

In the Esmond group, foliated rocks (e.g., secondary chlorite, epidote, 

muscovite, and clinozoisite) are concentrated in linear patterns along 

annealed brittle fractures (Hermes et al., 1981). Calcic plagloclase has 

altered to alblte, sericite, and epidote, and much biotite has altered to 

chlorite (Quinn, 1971). 
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8.1.2,5 Secondary Intrusions 

The Qulncy granice Intrudes Into the Esmond granite In the Pawcuckec 

quadrangle, and diabase dikes of possible Trlasslc age cut the Grant MllU 

granodlorlte In the same quadrangle. In the Blackstone quadrangle, a diabase 

dike cuts the Esmond granite and exCends Into Massachusetts. This relatively 

large mafic dike Intersects sedimentary rocks of Pennsylvanian age, suggesting 

Chac lc may correlate wlch Trlasslc diabase unlcs In che Connecticut valley 

(Quinn. 1971). According to Quinn (1952), the Earaond granite In the East 

Greenwich quadrangle has been Intruded Irregularly by fine-grained granlce. 

Inclusions of possible Sclcuace granlce gneiss may be reinterpreted as 

secondary Intrusions into the Esmond granite. 

8.1.2.6 Councry Rocks 

The Intrusion of che Esmond granite Into the Blackscone series caused 

variable meCamorphlsm and granldzatlon of Che Mussey Brook schlsc, che 

Qulnnvllle quarczlce, Che Sneech Pond schisC, and Che Hunclng Hill 

greensCone. Inclusions of blocks of quarczlce and schist in the granite 

Indlcace Chat magmatic stoplng during emplacement of the granl e bro e o 

pieces of Blackstone-serles councry rocks. The scarcity of bedroc o cro 

and the thick blanket of glacial deposits prevent observations of Intrusive 

reladonshlps and conCacCs of che Esmond rocks wlch country rocks, although 

Quinn (1971) mentioned some minor concacC meCamorphlsm resulting froa 

Intrusion of plutonlc rocks In Rhode Island. 

8.1.2.7 Rock Structure 

The Esmond rocks are massive Co highly fractured. A normal fault, 

extending 8 km (5 ml) In a norcheastern direction In north-central Rhode 

Island and Into Massachusetts, forms the contact of the Esmond granite with 

the Belllngham conglomerate. The eastern block, containing the Esaood 

granite. Is upthrown relative Co che wescern block (Quinn, 1971). A narrow, 

elongace body of Esmond granite Co che souCh Is bounded on all sides by 

faulcs. 

No Jolnc sees or fracCure paccerns have been described In ehe Esaond 
grantee, alchough locally sheared and annealed brittle fracture zones, along 
which secondary minerals (chlorite, epidote, and muscovlce) are concentrated, 
are common (Hermes et al., 1981). 

Flow of the magma Is IndlcaCed by che random orientation of block 

Inclusions and variably developed gnelsslc foliation. The Esmond granite Is 

less foliated ehan oCher granlce gneiases of comparable age In the region, 

suggesting that le InCruded aa a lace CecConlc evenc. Follaclon scrlkes north 

and dips ease In ehe ChepacheC quadrangle; la vertical and strikes north In 

the Providence quadrangle; strikes north and dips east in the southern port of 
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the Pawtucket quadrangle; strikes nearly east-west and dips north in the 

northern part of that quadrangle; strikes mostly northwest and dips northeast 

in the North Scituate quadrangle; and strikes and dips in various directions 

in the Grant Mills granodlorlte in the Providence quadrangle. Foliation may 

be due to flow or compression during or immediately after intrusion (Quinn, 

1959). Flow structure is more distinct near the margins of the rocks. The 

Esmond granitic rocks have not been significantly folded. 

8.1.3 Sterling Pluton Group (Includes Hope Valley Alaskite and 

Ponaganset Gneisses) (Plate VII, Pluton 3) 

8.1.3.1 Size, Shape, and Location 

The Sterling pluton group includes the Ponaganset gneiss, the Hope 

Valley alaskite gneiss, and related crystalline rocks that also continue into 

Massachusetts. The Ponaganset gneiss includes a range of gneissic and 

granitic rock varieties, which crop out discontinuously in a north-south trend 

over a large area in the Chepachet, Clayville, Uxbrldge, Oxford, Thompson, 

East Killlngly, Oneco, and Voluntown quadrangles in northwestern Rhode Island 

and eastern Connecticut and Massachusetts. The Hope Valley alaskite gneiss is 

exposed in southwestern and northwestern Rhode Island, with continuations into 

Connecticut and Massachusetts. The largest unbroken expanse is in the Hope 

Valley, Carolina, Slocum, Kingston, Voluntown, and Ashaway quadrangles. 

Smaller masses occur in the Narragansett Pier, Wickford, Coventry Center, East 

Killlngly, Thompson, and Oxford 7,5-min quadrangles. In Rhode Island, there 

are at least 14 mappable masses of Hope Valley alaskite gneiss that total 

approximately 260 km (100 mi ). The Potter Hill granite gneiss, which is 

mapped as four small exposures in southwesternmost Rhode Island, may be a 

lithologic variant of the Hope Valley alaskite gneiss (Hermes, 1982). The 

Potter Hill granite gneiss crops out in the Ashaway quadrangle. All together, 

these masses of presumably related rock occur over an area of about 535 km 

(207 mi^). 

The region has been extensively glaciated, and glacial lakes, some of 

which have been modified into reservoirs, overlie the Ponaganset gneiss. 

Glacial deposits almost completely obscure large areas of bedrock. There is 

relatively great topographic relief in the outcrop area, ranging from large, 

smooth hills to swamplands. 

8.1.3.2 Relative and Absolute Age 

The intrusive, metamorphlc, stratigraphic, and temporal relationships 

of many of the bedrock units in Rhode Island are complex and not yet 

definitely known. The difficulty in interpreting such relationships is due. 

In part, to poor exposure, gradatlonal and variable lithologic features, and 
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complex structures. The Sterling pluton group Incrudes Into the older 

Blackstone series and Is Intruded InCo by dlkea and sills of Che younger 

Scituate granite gneiss, the Westerly granite and the Norragansece Pier 

granlce (Moore, 1959). According to Hermes et al. (1981), the rocks of the 

Scerllng plucon group are probably of Precambrlan (Avalonian) age, on che 

basis of U-Pb age decermlnaclons on zircons. 

Hermes (1982) sCaCed that preliminary and unpublished Rb-Sr whole-rock 

dates are compatible wlch che Avalonian age InCerpreCadon. The Ponagansee 

gneiss continues Into Massachuseccs, where IC may correlaee wleh che 

Norchbrldge granlce gneiss, now known eo be of laCe Precambrlan age. Uranlua-

lead age decermlnaclons on zircons from Che Hope Valley alasklce give a lace 

Precambrlan age (Hermes et al., 1981). 

8.1.3.3 Origin 

The mode of emplacement of the Scerllng pluconlc group Is probably by 

syncecconlc magmadc Incruslon, wleh associaced emanations of magma Into che 

Precambrlan Blackscone series and metasomatlc granitlzatlon (Quinn, 1967; 

Moore, 1958). The rock material Invaded the Blackstone-serles terrane as a 

liquid or partly liquid Intrusion, pushing blocks of schist and quarczlce 

ahead of It and rotating them within the liquid (Quinn, 1971). The granitic 

magma may have been derived chrough anacexls of nearby feldspachlc sedlmencary 

rocks (Quinn, 1967 and 1971). 

8.1.3.4 PeCrography 

group 
Mineralogy and Textural Relations. The rocks of the Sterling pluton 

„ r are lithologically very heterogeneous and anisotropic. The Ponaganset 

gneiss Is made up of many types of granitic rocks, generally gray to Ughe 
gray, medium Co coarse grained, and gnelsslc or follaced and lineaced. 

The Ponaganset gneiss. In most occurrences, has a granidc composi

tion. The potassium feldspar Is fjnely twinned microcline, which may be 

perehldc (Quinn, 1967). Plagloclase varies from oligoclase Co andeslne. 

Accessory minerals Include chlorlce, epldoce, cllnozolslCe, magneclce, 

llmenlce, pyrlce. garnec. sphene. leucoxene, zircon, allanlce, fluorlce, and 
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apatite. An average of eight modal analyses (in volume %) of the Ponaganset 
gneiss yielded quartz, 35.4%; potassium feldspar, 23.0%; plagloclase, 29.2%; 

biotite, 8.8%; hornblende, 1.2%; epidote, 0.6%; muscovite, 0.1%; and accessory 

minerals, 1.4% (Quinn, 1971). 

White to llght-plnk subhedral porphyroblasts of microcline in many 

places deform blotite foliation and enclose large magnetite octahedra. Where 

well developed, this unusual texture is made up of microcline porphyroblasts 

up to 2 cm (0.8 in.) in length, which constitute up to 20% of the rock 

(Harwood and Goldsmith, 1971). The Ponaganset gneiss also contains scattered 

interlayers of dark-gray, nonporphyroblastlc gneiss up to a meter or two (a 

few feet) thick. 

The Ponaganset gneiss contains many lenses of fine-grained felsic and 

mafic rocks, which are different from the gneiss but which are lineated and 

foliated continuously with the host rock. The contacts are sharp. The lenses 

are Interpreted to be relics of older gneissic rocks. An increase in 

mylonitlzation in the Ponaganset gneiss near its contact with the Hope Valley 

unit has been interpreted by O'Hara (1983) to indicate that they may have been 

tectonically juxtaposed as allochthonous units. 

The Hope Valley alaskite is usually a medium-grained, light-gray, 

lineated gneiss. The lineation is formed by flattened, rod-shaped aggregates 

of quartz grains 15-20 mm (0.6-0.8 in.) long. Euhedral to subhedral grains of 

magnetite up to 3 mm (0.1 in.) in diameter are common. Biotite may be present 

to the south, where the rock appears moderately foliated. Modal analysis 

yielded microcline and microperthlte, 24-39%; alblte and oligoclase, 20-40%; 

quartz, 29-42%; and biotite, trace-4%; with accessory amounts of magnetite, 

sphene, apatite, zircon, muscovite, hornblende, epidote, allanlte, rutile, 

fluorlte, sericite, hematite, leucoxene, and calcite (Moore, 1958). 

Alteration. Weathered Ponaganset gneiss is characteristically gnarled 

and nubby, a texture developed by the differential weathering of 

porphyroblasts of microcline. Chlorite, sericite, hematite, leucoxene, and 

calcite are alteration minerals in the Hope Valley alaskite (Moore, 1958). 

The Sterling plutonlc group has been modified by metamorphism. 

8.1.3.5 Secondary Intrusions 

Dikes and sills of Scituate granite cut the Ponaganset gneiss. In the 

Oneco quadrangle, a sill emanating from the Scituate granite to the west has a 

surface exposure 2.6 km (1.6 ml) long and 0.16 km (0.1 mi) wide in the 

Ponaganset gneiss (Harwood and Goldsmith, 1971). 

Sills and dikes of aplite and pegmatite may be present in the Hope 

Valley alaskite, which was intruded into by the Westerly and Narragansett Pier 

granites. The fine-grained aplite granite is present mainly as sills and 

dikes. It is light gray to pinkish in color; some parts are lineated and some 
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are massive. Locally, It may be porphyritic, with phenocrysts of pink 

microcline. The main constlcuencs are microcline or microperchlce, alblce-

oUgoclase, quarCz, and blodce, wleh minor amounts of zircon, apaclce. 

magnetite, allanlte, epidote, muscovlce, serlclte, chlorite, and hemaCUe 

(Moore. 1958). 

A small amounc of Che WesCerly granite is also present ss sills and 

dikes In che alasklce gneiss. It Is fine groined, bluish gray, ond unlfora. 

Main constlcuencs Include smoky quartz, plagloclase, potassium feldspar, and 

bloclce, wleh an average grain size of 0.6-0.8 mn (0.02-0.03 In.). Alchough 

usually massive, Che granite may be weakly foliated along the margins of dikes 

(Moore, 1959). 

The Narragansett Pier granite Is typically tan, pink, or gray, oedlua 

to coarse grained, massive, and porphyritic. Its main constlcuencs are 

blodce, quarCz, pocasslum feldspar, and plagloclase. MagnedCe Is a cooaon 

accessory mineral. Weak follaclon Is present locally (Moore, 1959). 

8.1.3.6 Country Rocks 

The Sterling pluton group discordantly Intrudes Into the Blackstone 

series, the Chepachet gneiss, the Ahsalona formation, an amphlbollte unit, and 

the Plalnfleld formation of Connecticut and western Rhode Island. Contacts 

with the Blackstone series are characterized by a zone grading from gneiss 

through mlgmatltlc rock to the Blackstone series. Small pieces or blocks of 

schist and quartzlte originally of the Blackstone series have been 

mecasomaelzed and granlclzed, and rocaced In ehe gneiss such ehaC follaclon 

wraps around the Included bodies. MosC marginal areas of Che gneisses near 

councry rocks are scongly follaced. Generally, Incruslon of Che gneiss 

resulced In varying degrees of meCamorphlsm, mecaaomotlsm, and granltlzaclon 

of che Inclusions and marginal councry rock. 

8.1.3.7 Rock Structur 

In the Oneco and Voluntown quadrangles In western Rhode Island and 

eastern Connecticut, In which the Ponagansee gneiss is exposed, Perhac (1958) 

noCed a major see of JolnCs chac sCrlkes northeast ond dips steeply to Che 

norchwesc and souCheasC, and two vertical sees of JolnCs ebaC scrlke nearly 

perpendicularly, ehae Is, east-west and north-south. 

According to Quinn (1967), che follaclon and layering In ehe Ponagansee 

gneiss developed from modlfIcaclon, under stress, of the orlglnsl flow 

structure. Foliation In the Ponaganset gneiss Is steep and north trending. 

In some parts of the Chepachet quadrangle, a second foliation strikes Co ehe 

wesc and dips norch. In che Oneco quadrangle, foliation formed by the 

Ilneatlon of blodte grains Increases In dip Inclination from west to east. 

Foliation In the Ponaganset gneiss and In the fine-grained fades of the 
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Scituate granite dips to the west and north and flattens, at the north end of 

the Scituate coarse-grained lobe, towards the southeast. This structural 

feature is interpreted to be a structural nose of foliation plunging to the 

northwest in the central gneisses of the Oneco quadrangle in Connecticut, 

indicating significant folding (Harwood and Goldsmith, 1971). 

Where foliation is present in the Hope Valley alaskite gneiss, it is a 

representation of the primary flow structure. Foliation is moderate to the 

south and weak to absent to the north. The trend of the foliation is 

northwest, with a moderate dip to the northeast in the Hope Valley 

quadrangle. Lineation, as outlined by rod-shaped quartz aggregates, plunges 

to the north at low angles; the lineation becomes intense and north trending 

near its contact with the Ponganset gneiss on the east (O'Hara, 1983). 

Deformation Involving folding, faulting, and metamorphism of the 

surrounding rocks predated the emplacement of the Ponaganse*" gneiss. Patterns 

of change in foliation structure suggest minor folds in the gneiss. 

Shear zones are present locally in the Hope Valley alaskite gneiss. 

There is such a zone that trends northeast in the Carolina quadrangle. The 

gneiss in this quadrangle is cut by steep joints striking N. 10-30° E. and 

about N. 20° W. (Moore, 1959). 

8.1.3.8 Geophysics 

The area is characterized by a gravity low, as seen from the regional 

gravity data reported by Hildreth (1979). 

8.1.4 Ten Rod Granite Gneiss (Plate VII, Pluton 2) 

8.1.4.1 Size, Shape, and Location 

The Ten Rod granite gneiss appears in southern Rhode Island as a large, 

crystalline rock body of somewhat Irregular shape in the Slocum, Kingston, 

Narragansett Pier, and Wickford 7.5-mln quadrangles, and as small inliers in 

the Hope Valley alaskite gneiss and =cltuate granite in the Coventry Center, 

Hope Valley, and Carolina 7.5-min quadrangles. The large body of the Ten Rod 

granite gneiss measures about 17 km (10.6 mi) long and 12 km (7.6 mi) wide, 

occupying approximately 131 km^ (50 mi^). The city of Kingston and 14 small 

lakes lie within the outcrop area. Bodies of the Precambrian Hope Valley 

alaskite gneiss and Blackstone series metamorphic rocks crop out in the 

gneiss. 
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8.1.4.2 Relative and Absolute Age 

Quinn (1971) classified the Ten Rod granite gneiss with the "older 

plutonlc rocks" of Rhode Island, citing previous Investigators (e.g., Moore, 

1958), who had suggested that the Ten Rod granlce gneiss was younger Chan che 

Sclcuace granite gneiss of Devonlan(?) age or older. Scituate granite gneiss, 

Hope Valley alasklce gneiss, snd Ten Rod granite gneiss were formerly included 

In the Sterling group of plutonlc rocks, until It was recognized that ehe 

granlce gneisses were of diverse ages and rock types. The relative age 

relationships IneerpreCed from early field Invesclgadons and absoluCe ages 

from Isotopic analyses have been reevaluated, as workers recognize the Ten Rod 

granite gneiss as pare of ehe recencly escabllshed Avalonian plutonism at 

convergent place margins. 

Zircon geochronologic analysis yielded a lace Precombrlon (Avolonlon) 

dace of emplacemenc and a 275-m.y. mecamorphlc evenc (Hermes eC al., 1981). 

The same IsoCope-dlsCurblng evene probably explains ehe 285-m.y. age of ehe 

Ten Rod granlce gneiss obcalned by Quinn eC al. (1957). Williams (1964) 

discussed a 303-m.y. age. Day (1968) determined the Ten Rod granite gneiss 

and Hope Valley alaskite gneiss to be 538 ± 42 m.y. old by Rb-Sr whole-

rock dating. 

8.1.4.3 Origin 

The Ten Rod grantee gneiss was emplaced by magmadc Intrusion, but 

details are confusing. For example, Moore (1963 and 1964) described dikelike 

Intrusions of Che Ten Rod granlce gneiss InCo the Middle Devonian Scituate 

granite gneiss. (This must be IncorrecC, because Che Ten Rod granlce gneiss 

has been daCed aC roughly 500 m.y., while Che SclCuaCe grantee gneiss has been 

daeed ae 370 m.y.) In Che Slocum quadrangle, on Che oCher hand, Che Scituate 

granlce gneiss was reported to Intrude Into the Ten Rod granlce gneiss (Power, 

1959). Barosh and Hermes (1981) sCaCed Chat locally the Sterling group rocks 

In southeastern ConnecdcuC were emplaced as sills parallel to foliation and 

layering In ehe councry rock and Chen folded Co flc ehe configuration of fault 

zones. 

8,1,4.4 Petrography 

Mineralogy and Textural Relations. The Ten Rod granite gneiss Is 

described as a pink to gray, fine- eo medlum-gralned granlce gneiss with 

strong Ilneatlon and moderate to weak foliation. An average of five typical 

modes presented by Quinn (1971) shows a mlneraloglc composition (In volume X) 

of quarcz, 32.9%; plagloclase, 33.2%; pocasslum feldspar, 27.2X; blodce, 

5.3%; hornblende, 0-2,8%; and accessor.y minerals, 1.0%. Large phenocrvsts of 

pink to Can perehldc microcline. which may conCaln Inclusions of plagloclase 

and quarcz or he concencraced InCo aggregaCes wlch Inclusions, give Che rock a 

dlsclncClve appearance. The microcline phenocrysC grains and aggregaCes are 



307 

scattered or sometimes arranged in a well-developed lineation in a groundmass 

of fine-grained, albite-rimmed plagloclase, quartz, and microcline. 

The petrology of the Ten Rod granite gneiss varies greatly from body to 

body, with significant variations even in a single body. In the Kingston 

quadrangle, the rock is a medium-gray and pink-gray, medium- to coarse-grained 

gneiss of smoky quartz, flesh-colored potassium feldspar (10-15% microcline 

grains and aggregates), white plagloclase (An-22), 5-10% blotite, and 

magnetite (Moore, 1964). Feldspar and quartz augen are typically developed, 

so much so that the Ten Rod granite gneiss is labeled augen gneiss in the 

Slocum (Power, 1959) and Narragansett Pier (Nichols, 1956) quadrangles. The 

augen gneiss is described as a strongly lineated and foliated gneiss, with 

augen of quartz and feldspar imbedded in a micaceous matrix and with 

inclusions and intercalations of feldspathic blotite schist. It was 

interpreted to be the result of feldspathlzatlon-granitization of masses of 

Blackstone series rocks, but evidence of intrusion, indicating a magmatic 

origin, refutes that hypothesis (Williams, 1964). 

In the Wickford quadrangle, the Ten Rod granite gneiss is represented 

by three mapped facies — porphyritic, nonporphyrltlc, and fine grained — all 

of which are characterized by abundant biotite and augen-shaped microcline. 

In the Kingston quadrangle, the granite gneiss is coarser grained and less 

strongly or persistently foliated, being a gray, medium-grained gneiss of a 

plagloclase and quartz groundmass with microcline phenocrysts. 

Alteration. Metamorphism of the Ten Rod granite gneiss produced 

granulation, metamorphic foliation, and late porphyroblasts (Quinn, 1971). 

Deformation produced strain shadows and granulated margins in quartz grains. 

Feldspar has been partly altered to sericite (Power, 1959). 

8.1.4.5 Secondary Intrusions 

Fine-grained granite sills and dikes occur in the Ten Rod granite 

gneiss in the Kingston quadrangle (Moore, 1964). The granite is a light-gray 

to pink, partly lineated and partly massive rock. Locally, it may be 

porphyritic with phenocrysts of pink microcline. Main constituents are 

microcline or microperthlte, albite-ollgoclase, quartz, and blotite. with 

minor amounts of zircon, apatite, magnetite, allanlte, epidote, muscovite, 

sericite, chlorite, and hematite (Moore, 1958). Locally, dikes and veins of 

Narragansett Pier granite cut the Ten Rod granite. 

8.1.4.6 Country Rocks 

On the south, the Ten Rod granite gneiss was Intruded into 

metasedlments of the Blackstone series, which consists of interlayered gray to 

pinkish-gray, medium-grained, lenticular to weakly banded quartz-feldspar-

blotite gneiss; light- to dark-gray, medium- to fine-grained quartz-blotite 
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schist; medium- to dark-gray, medlum-gralned hornblende feldspar schist; and 

local dark hornblende-blotlte-quartz feldspar gneiaa or fine-grained 

feldspathic quartzlte (Moore, 1959). The Ten Rod granite gneiss also Is in 

contact with the Permian Narragansett Pier granite, the Pennsylvsnlan Rhode 

Island formation. the mld-Devonlan Scituate granite gneiss, and the 

Precambrlan Hope Valley alaskite gneiss. The Scituate granite gneiss may he 

pink, tan, or gray, and medium to coarse grained. It is often lineated and 

locally foliated. The main constituents are microcline, microperthlte, 

albite-ollgoclase, quartz, and blotite (Quinn, 1971). 

8.1.4.7 Rock Structure 

Jointing of the Ten Rod granite gneiss is common In the Slocua 

quadrangle (Power, 1959). Local shear zones and cleavage in shear zones 

(striking northwest and dipping west) have been observed In che CovenCry 

CenCer quadrangle (Moore, 1963). 

Follaclon Is generally well developed In che Ten Rod granlce gneiss and 

usually scrlkes northeast to northwest and dips north. Moderate to atrong 

lineation formed by streaks of biotite and large microcline grains occurs In 

the Kingston quadrangle. The Ilneatlon plunges northeast at a moderate angle. 

8.2 TACONIC 

There are no rocks associated wlch che Taconic orogeny In Rhode Island. 

8.3 ACADIAN AND POST-ACADIAN 

8.3.1 Scituate Granite (Plate VII. Pluton 4) 

8.3.1.1 Size, Shape, and Location 

The Scituate grantee Is exposed over a large area of central Rhode 

Island. Ic crops ouC largely In the North Scituate, Clayville, Croapton, 

Coventry Center, Slocum, and Hope Valley 7.5-mln quadrangles. There are 

small, scattered exposures In the Oneco, Voluntown, Carolina, Georgia- vlUe, 

and Chepachet quadrangles. The largesC condnuous area wichln which ouCcrops 

are found Is an Irregularly deformed ellipse approxlmacely 40 km (25 mi) long 

and 24 km (15 ral) wide. OuCcrops of Che SclCuote gronite are found over an 

area of abouC 490 km (189 ml ). 
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8.3.1.2 Relative and Absolute Age 

Zircon ages for Scituate granite are mid-Devonian (Hermes et al., 

1981). However, rocks in Massachusetts, just north of northwestern Rhode 

Island, have been Identified as similar to Scituate granite but have been 

dated as late Precambrian (Zartman and Naylor, in press). Therefore, rocks 

presently mapped as Scituate granite may consist of Intermingled plutons of 

mixed ages (Hermes et al., 1981). In Rhode Island, Scituate granite is 370 

m.y. old and is equivalent in age to the Cowesett granite. Contacts between 

the 370-m.y.-old Scituate granite and the 630-m.y.-old Hope Valley gneiss are 

not gradatlonal in Rhode Island (Hermes, 1982). 

8.3.1.3 Origin 

Evidence for the origin of the Scituate granite cannot be observed in 

most places. However, in the North Scituate and Hope Valley quadrangles, 

there is evidence of magmatic intrusion into the Blackstone series and other 

rocks (Quinn, 1971). In the Chepachet quadrangle, the Scituate granite 

appears to have intruded along the foliation of the Ahsalona formation. 

Because the foliation of the Scituate granite plunges to the north, the 

Scituate magmas probably originated to the north and moved upward toward the 

south (Quinn, 1967). 

8.3.1.4 Petrography 

Mineralogy and Textural Relations. Jordan and Hermes (1983) consider 

the whole area of Scituate granite to be a Devonian Intrusive complex that 

includes the petrogenetically related East Greenwich pluton newly described by 

them. The Scituate granite is medium to coarse grained and pink, tan, or 

gray in color. It is commonly lineated and locally foliated. Lineation is 

marked by oval splotches of blotite flakes that range from 20 mm (0.8 in.) by 

50 mm (2 in.) to 40 mm (1.6 in.) by 75 mm (3 in.), and which are 2-10 mm 

(0.08-0.4 in.) apart (Moore, 1963). Much of the granite is subporphyritic to 

porphyritic, with phenocrysts consisting of microcline. 

Modal analysis yielded microcline and microperthlte, 31.6-49.3%; 

albite-ollgoclase, 4.7-30.2%; quartz, 19.3-39%; and biotite, 1.7-11.5%. 

Hornblende and magnetite are common locally (Quinn, 1971). Accessory minerals 

include sphene, zircon, epidote, apatite, chlorite, muscovite, allanlte, 

llmenlte, pyrite, and fluorlte. Microcline is present as grains 12-20 mm 

(0.5-0.8 in.) in cross section by 40 mm (1.6 in.) in length; the long axis is 

usually oriented parallel to the biotite lineation. Much of the quartz is 

present as lenticular aggregates within the plane of foliation. Intrusions of 

a finer-grained granite of similar composition are found in the same area as 

the Scituate granite and are thought to represent a late-stage event (Quinn, 

1971). According to Jordan and Hermes (1983), the East Greenwich pluton 

displays a calc-alkallne to alkaline trend. It is characterized by quartz 
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dlorlte-monzodlortee, fine-grained granlce-gronodlorice, and abundanc 

equigranular granlce phases. 

Alceradon. The ScleuaCe granlce underwent a period of metamorphlsa. 

alteradon. and proCoclasls. as seen In Che presence of epldoce chlorlce and 

bene blodce grains, plagloclase cwtns, scraln shadows and sucured borders of 

quarCz grains, and granulaCed or broken microcline (Moore, 1963), 

8.3.1.5 Secondary Incruslons 

The Ten Rod granlce gneiss has been reported to intrude into che 

SclCuaCe granite In the souChern pare of Che Scituate outcrop orea. The Ten 

Rod granite gneiss is pinkish to medium gray, medium to fine grained, and 

porphyritic. It consists mainly of microcline, albite-ollgoclase, quartz, and 

blodce, wlch well-developed follaclon. The microcline Is present In large, 

pink Co Can crysCals (Quinn, 1971). Because Hermes et al. (1981) assigned a 

Precambrlan age Co Che Ten Rod grantee gneiss, ehe relationship of the 

Sclcuace and the Ten Rod grantee gneisses Is uncerCaln. 

8.3.1.6 Councry Rocks 

The SclCuaCe grantee incrudes Into ehe Absalona formation at Snake Hill 

In the Chepachet quadrangle (Quinn, 1971). The Ahsalona formation Is a 

porphyroblasdc, dark-gray blodce schist or gneiss. The main mineral 

constltutents are microcline, microperthlte, alblte, quartz, and blotite. The 

porphyroblasts are composed of microcline (Quinn, 1971). 

8.3.1.7 Rock Structure 

The Alleghenian orogeny probably induced some degree of deformation and 

metamorphlc features tn the SclCuaCe grantee belc. Many outcrops of Scituate 

granite In the Coventry Center quadrangle are cut by shear zones that 

generally strike northward and dip to the west. Relative raovemenC across ehe 

zones Is uncerCaln. alchough tn places the west side appears to have moved 

down and Co the north (Moore. 1963). 

Foliation In ehe SclCuaCe granlce appeors In places to be a primary 
flow StrucCure. Elsewhere lc could be o rellcC or a loCer metamorphlc 
StrucCure (Quinn. 1963). LlneaClon In Che CovenCry Cencer quadrangle plunges 
15-30° N. or NNW. Follaclon Cends Co sCrlke norchward, dipping 20-40* W. or 
NW. (Moore, 1953). 
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8.4 ALLEGHENIAN AND POST-ALLEGHENIAN 

8.4.1 Narragansett Pier Granite (Plate VII, Pluton 1) 

8.4.1.1 Size, Shape, and Location 

The Narragansett Pier granite forms a roughly rectangular intrusive 

body extending about 32 km (20 mi) from Narragansett Pier west to Westerly. 

In the Narragansett Pier quadrangle, the granite body is about 10 km (6 ml) 

wide from north to south and is exposed over an area of about 153 km (59 

ml ). The granite was Intruded into folded, metamorphosed clastic sediments 

of the Narragansett basin (Nichols, 1956; Quinn, 1971). 

8.4.1,2 Relative and Absolute Age 

The Narragansett Pier granite has been dated at 234 ± 23 m.y. by use of 

the Pb-a method (Quinn et al., 1957) and 273 m.y. by use of the U-Pb method on 

monazlte (Kocis et al., 1978). It intruded into Pennsylvanian metasedlments 

of the Rhode Island formation (Nichols, 1956; Quinn, 1971) and is the youngest 

plutonlc rock in southeastern New England. Hermes and Zartman (1982) related 

it to Permian plutonlc activity. 

8.4.1.3 Origin 

Emplacement by forceful injection is suggested by the bending of 

schlstosity in the Rhode Island formation, parallel to the rounded ends of 

converging sills of the Narragansett Pier granite (Nichols, 1956). 

8.4.1.4 Petrography 

Mineralogy and Textural Relations. The composition of the Narragansett 

Pier granite is that of a quartz monzonite to granodiorite. It is typically 

reddish in color but may be tan or gray. The granite is medium grained and 

equigranular but locally porphyritic. It may be massive or weakly foliated. 

The composition of the granite is fairly uniform, consisting of microcline, 

30-35%; oligoclase, 30-35%; quartz, 25-30%; biotite, 3-5%; and minor muscovite 

(Quinn, 1971). Accessory minerals include magnetite, pyrite, and 

spessarite. A border facies of the granite may be distinguished by its gray-

white color and higher content of potassium feldspar, garnet, and muscovite, 

and lower content of oligoclase and blotite. Rotated inclusions of schist 

from the surrounding country rock are found locally and are associated with a 

higher blotite concentration and a gneissic structure in the vicinity of the 

contact (Nichols, 1956). 
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Alteration. Secondary alteration may be minimal, but data are sparse. 

8.4.1.5 Secondary Incruslons 

In addicion Co Che pegmadce and apllte scattered In patches through 

the Narragansett Pier granite, secondary Intrusions conslsC of dikes of 

Westerly granite and lamprophyre. 

8.4.1.6 Country Rocks 

The Narragansett Pier grantee was InCruded Into the folded clastic 

rocks of the conclnencal Rhode Island formadon. This formation consists of 

schlscose conglomerace and pebbly sandscone, wleh InCerstrat1fled muscovlce 

schlsc and meca-anchraclce. The primary conscIcucencs are quarcz, muscovlce, 

and blodce, wleh minor plagloclase, garnec, chlorlce, zircon, graphlce, 

llmenlce, and apaclce. Quarczlte and quarCz pebbles are elongaCed (Nichols, 

1955). The Narragansete Pier granlce also was InCruded InCo ehe Hope Valley 

alasklce gneiss, and amphlbollce and oCher rocks of the Plalnfleld formation. 

8.4.1.7 Rock StrucCure 

Irregularly spaced Jolncs have been observed Co cut the Narragansett 

Pier granite (Nichols. 1956). A local, weakly developed planar and linear 

SCrucCure observed In Che NarraganseCC Pier granlce is believed Co he a 

primary flow scrucCure (Quinn, 1971). The NarraganseCC Pier granlce was 

emplaced Into folded rocks of the Narragansett basin, but does not appear eo 

have been folded leself. 
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9 CRYSTALLINE ROCKS OF CONNECTICUT 

9.1 GRENVILLE AND AVALONIAN 

9.1.1 Bear Hill Massif (Plate VIII, Pluton 6) 

9.1.1.1 Size, Shape, and Location 

The Bear Hill massif comprises three irregular bodies, which are 

generally elongated to the northeast. Outcrops occur over an area of about 

148 km (57 mi^) in western Connecticut in the Kent, New Milford, New Preston 

(see Fig. 9.1), Washington, Brookfleld, New Fairfield, Warren, and Danbury 

quadrangles. The massif was referred to as the gneiss of the highlands 

massifs by Rodgers (1982) and as part of the Hudson Highlands by Jackson and 

Hall (1982) and Clark and Kulp (1968). It is probably a northeastern 

extension of the much more extensively described Manhattan Prong. 

9.1.1.2 Relative and Absolute Age 

The Bear Hill massif is composed of several gneissic llthologles of 

Proterozoic age (Rodgers et al., 1959; Jackson and Hall, 1982; and Rodgers, 

1982). The granite gneisses have been correlated with the Fordham and Yonkers 

gneisses of the Manhattan Prong. The gray biotite gneiss unit is strati-

graphically equivalent to the Fordham gneiss, for which a P b - P b "" age of 

about 980 m.y. was reported by Grauert and Hall (1973). Long (1969) reported 

a Rb-Sr whole-rock age of 575 ± 30 m.y. for the Yonkers gneiss. Clark and 

Kulp (1968) and Dallmeyer and Sutter (1976) stated that a K-Ar blotite age of 

355 m.y. shows that a Devonian thermal event affected the rocks of the area. 

9.1.1.3 Origin 

Rocks of the Bear Hill massif are part of the Precambrian basement of 

the area. The granite gneisses are probably the product of high-grade 

metamorphism of rhyolltlc and arkoslc material (Mose and Hayes. 1975). The 

amphlbolites are probably metamorphosed mafic volcanics. 

9.1.1.4 Petrography 

Mineralogy and Textural Relations. The rocks of the Bear Hill massif 

are lithologically heterogeneous. Dana (1977) described the massif as 

composed of gray blotite gneiss, augen gneiss, and pink granitic gneiss. 

Rodgers (1982) expanded on this classification. The following three 

descriptions are excerpted from Dana's 1977 study. 
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("BH" Identifies units of the Bear Hill massif in Connecticut) 

(Source: Adapted from Jackson and Hall, 1982) 
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The gray biotite gneiss unit is composltionally heterogeneous, but the 

pale-pink to gray, fine- to medium-grained blotlte-quartz-plagloclase gneiss 

is the most common facies. Its modal composition is quartz, 21%; plagloclase, 

20%; and biotite, 2%. Layers 10-25 cm (4-10 in.) thick of black quartz-

plagioclase-blotite schist are common in the unit. A dark-greenish-gray, 

medium-grained variety has a modal composition of quartz, 75%; plagloclase, 

58%; microcline. 3%; biotite, 19%; magnetite, 2%; and sphene; with trace 

amounts of muscovite, garnet, hornblende, apatite, and zircon. Greenish-gray, 

medium- to coarse-grained blotite-hornblende gneiss that contains graphite and 

lavender garnets are found locally. Its modal composition is plagloclase, 

55%; blotite, 20%; epidote, 10%; and hornblende. 15%; with trace amounts of 

apatite, sphene, quartz, and magnetite. Pale-pink or white, fine- to medium-

grained biotite-muscovlte-quartz-plagioclase-microcline gneiss, common in the 

southwest, is interbedded with dark-green, medium-grained, well-foliated 

amphibolite layers 0.1-5 cm (0.04-2 in.) thick and with granitic biotite-

feldspar-quartz gneiss layers. The modal composition of this gneiss is 

quartz, 14-40%; plagloclase, 20-35%; and microcline, 39-49%; with trace 

amounts of biotite. muscovite, chlorite, epidote, apatite, zircon, sphene, and 

magnetite. The modal composition of the amphibolite is quartz, 4%; plaglo

clase, 38%; and hornblende, 57%; with minor to trace amounts of biotite, 

epidote. apatite, zircon, and sphene. 

The augen gneiss is a layer of pale-pink to light-gray, medium-grained, 

well-foliated biotite-plagioclase-quartz-mlcrocline granitic gneiss with a 

consistent thickness of 50 m (164 ft). Pink microcline augen up to 4 cm (1.6 

in.) long are common. Quartz, plagloclase, and garnet augen are also found. 

Three percent of the rock unit is made up of llmenlte and magnetite crystals 

up to 1.5 mm (0.06 in.) across. The pale-pinkish-gray type of gneiss contains 

more plagloclase than the pink type. Its modal composition is quartz, 39%; 

plagloclase, 2-7%; microcline, 35-49%; biotite, 8-9%; and muscovite, 1-7%; 

with trace amounts of chlorite, plstacite, apatite, magnetite, and ilmenite. 

The pink granitic gneiss is a fine-grained biotite-plagioclase-quartz-

microcline granitic gneiss. Two percent of the rock unit is made of ilmenite 

and magnetite crystals less than 0.5 mm (0.02 in.) across. Locally, horn

blende is present. The modal composition of the gneiss is quartz, 33%; 

plagloclase, 17%; microcline, 44%; and biotite, 3%; with minor amounts of 

muscovite, sphene, magnetite, and ilmenite. 

Alteration. Retrogressive metamorphic effects in the Bear Hill 

gneisses are preserved in the partial alteration of biotite to chlorite and of 

silllmanite to muscovite. 

9.1.1.5 Secondary Intrusions 

Granitic and pegmatite intrusions associated with the Acadian orogeny 

are present. 
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9.1.1.6 Country Rock 

The Bear Hill massif Is probably part of the Grenvllle metamorphlc 

terrane and has an uncomformable contact wleh early Paleozoic mecamorphlc 

rocks. To che souCheasC, It Is separated from the early Paleozoic metamor

phosed eugeosyncllnal sequence (Hartland formation) by Cameron's line. The 

Precambrlan rocks of the Hudson Highlands and Che ManhaCCan Prong H e Co Che 

souCh and souChwest; those of the Housatonic Highlands H e to the north (see 

Fig. 9.1). 

9.1.1.7 Rock Structure 

Although Precambrlan thermotectonic events may have modified the rocks 

of the Bear Hill massif, evidence thereof Is meagerly preserved because of 

overprinting and obliteration associated with the Taconic and Acadian 

orogenies. The Taconic orogeny probably caused the early, first-stage 

Isoclinal folding and sllllmanlte-grade metamorphlsm, but the present 

structural patterns evolved largely during the Acadian orogeny (Dana, 1977). 

In the Lake Waramaug area, the major Bear Hill-stage folds (from southeast to 

northwest) are the Woodvtlle anticline, the Aspetuck syncllne, the Bear Hill 

anticline, and the Eel Pond syncllne (see Fig. 9.2). Axial- planes strike 

northeast and dip 71-82° NW. All folds except the Eel Pond syncllne are 

Isoclinal and overturned Co Che ease. 

The Bear Hill andcllne has a curved axial plane ChaC scrlkes N. 49-60* 

E. and dtps 74-81° NW. The curve may be due Co lace-scage deformadon. The 

ortencaclons of ehe minor fold axes are consiscenc wlch Che hinge of the 

anticline (Dana, 1977). Fold axes generally trend N. 16 W. and dip 56* NW. 

Minor fold axes often fan out within the steeply dipping axial plane. Some 

nearby folds have a counterclockwise sense of rototlon. The Waramaug, the 

Above All, and Che Baldwin Hill are major chrusc faults formed near the Bear 

Hill anticline, but chey do not affect the Precambrlan gneisses. 

9.1.1.8 Geophysics 

Cameron's line, a major tectonic and stratlgraphlc boundary, lies to 

ehe ease and souCheasC of ehe Bear Hill massif. Regional gravity data show 

that the area of the massif Is enclosed by gravity contours of -10 mgal to -20 

mgal (Hildreth. 1979). The regional gravity trend Is to the northeast. 
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9.1.2 Berkshire Massif (Plate VIII, Pluton 8) 

9.1.2.1 Size, Shape, and Location 

The Berkshire massif Is a large gneiss complex of metavolcanic and 

metasedimentary rocks that crops out In the northwestern corner of Connecticut 

but also extends Into Massachusetts. It Is a north-south-trending body 

covering most of the Wlnsted and Tolland Center quadrangles and parts of the 

South Sandlsfleld. Norfolk. West Torrlngton. Torrlngton, New Hartford, and 

West Granville quadrangles. In ConnecdcuC. Che massif Is about 26 km (16 ai) 

long, has a maximum width of approximately 27 km (17 ml), and crops out over a 

roughly triangular area of approximately 290 km (110 ml ). 

9.1.2.2 Relative and Absolute Age 

Based on U-Pb dating of zircon, an approximate age of 1040-1080 a.y. 

was calculated for Che gneiss complex of ehe Berkshire massif. Indicating a 

Precambrlan age for ehe complex (RaCcllffe and ZarCman. 1976). 

9.1.2.3 Origin 

The Precambrlan sedlmencary and volcanic protollths of the gneisses are 

believed to have been deformed during ehe Grenvllle orogeny Co produce 

isocllnally folded and follaced llchologles. Early Paleozoic deformadon 

produced recumbenc and overcurned folds and norcheasc-crendlng chrusc faulcs. 

Refolding, further thrusting, and Igneous Intrusion then transported the rocks 

westward as an allochthonous stack of thrust slices during the Taconic 

orogeny. Continued deformation during the Acadian orogeny produced overturned 

fold structures, thrust faults, and high-grade metamorphlc mineralogies 

(Ratcliffe and Zartman. 1975). 

9.1.2.4 Petrography 

Mineralogy and Textural Relations. The Connecticut portion of the 

Berkshire massif consists of three main rock types: gray, banded-to-masslve 

granidc gneiss; bloeldc quarczo-feldspachlc gneiss; and amphlbollce and 

mafic gneiss. Each rock Cype may be locally converted to mlgmatlte os s 

resulc of Incruslon of grantee and pegmadce. 

TTie gray. banded-Co-masstve granidc gneiss Is a fine- to medlua-

gralned. Inequlgranular rock. Mlneralogically. It is composed of plogloclose 

(An-27-29) (Gates and Chrlstensen. 1965), quartz, microcline, and blotite, 

with muscovite present In minor quandeles. Acceasory mlnerols ore garnet and 

magnetite, with crace amouncs of sphene, epldoCe, and apatite. Both the 
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mineralogy and chemistry of the rocks indicate metamorphism of a granite or 

granodiorite. 

Outcrops of the blotltlc quartzo-feldspathic gneiss have a rough, 

corrugated texture caused by differential weathering of quartz-feldspar 

streaks and biotite folia. Fresh surface textures range from strongly 

gnelsslc and lepidoblastic to porphyroblastlc. The gneiss is composed of 

nearly equal parts of quartz, plagloclase (An-25-33) (Gates and Chrlstensen, 

1965), and biotite. Muscovite may be Interleaved with blotite, and small 

garnet crystals are scattered throughout the rock. Kyanite, although not seen 

in hand specimen, accounts for 2-10% of the rock (Gates and Chrlstensen, 

1965). Silllmanite may also be found in substantial quantities; accessory 

minerals include zircon, rutile, apatite, and opaque minerals. 

Amphibolite and mafic gneiss are found In small, unmapped layers 

throughout the complex. The rocks are fine to medium grained and typically 

massive and homogeneous. These rocks are relatively simple mlneralogically, 

containing hornblende, blotite, and plagloclase (An-28-37) (Gates and 

Chrlstensen, 1965). Accessory minerals are quartz, sphene, epidote, 

magnetite, apatite, garnet, and zircon. The mineralogy and layering of 

amphlbolites and mafic gneisses in a sequence of granitic gneisses indicates a 

volcanic origin for these rocks. 

Alteration. Thermotectonic events affecting the area have caused 

retrogressive changes In the minerals (e.g., development of epidote). 

9.1.2.5 Secondary Intrusions 

Almost all outcrops exhibit small granite and pegmatite stringers, 

lenses, or dikes of Taconic or Acadian age. The lenses and stringers tend to 

average several centimeters (a few inches) in length. In some localities, 

dikes and masses of granite up to 15 m (50 ft) thick crosscut the small 

granite dikes; however, none of these bodies is large enough to be shown on a 

geologic map. 

9.1.2.6 Country Rocks 

In Connecticut, the Berkshire massif is bounded to the east and south 

by the Hoosac and Hartland formations, which are composed of mixed meta

sedimentary rocks extending from Massachusetts to Long Island Sound. These 

formations are cut by syntectonlc and posttectonlc Intrusives ranging from 

peridotite to granite (Gates and Chrlstensen, 1965). To the west, the massif 

is bordered by the Stockbridge marble (a partly clastic, partly dolomltlc 

marble), Canaan Mountain schist (a quartz-ollgoclase or andesine-biotite-

garnet-slllimanite schist), and the Waramaug formation (a metasedimentary 

gneiss consisting primarily of quartz, oligoclase, and biotite). 
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9.1.2.7 Rock Structure 

Repeated deformation has produced stacked and folded thrust fault 

slices; northwest-trending, high-angle reverse fsults; and northwest- and 

north-trending normal faults In the gneiss complex (Ratcliffe and Zartman. 

1976). All rock types described exhibit secondary foliation caused by 

regional metamorphlsm. In some Instances, the different units can be 

distinguished by slight differences In foliation. 

The gneiss complex of the Berkshire massif forms a large southward-

plunging andform. Intense deformation and multiple folding are observed In 

outcrops of all of Che unlcs described, indicating that the Intemal scructure 

of the massif Is extremely complex. 

9.1.2.8 Geophysics 

An aeromagnetic map of the Torrlngton quadrangle was compiled by 

Phllbln and Smith (1966). It shows a pronounced north-south magnetic trend In 

the gneiss complex, ending rather abruptly along an almosc easC-wese line In 

ehe norch-cencral pare of Che quadrangle (Mareln, 1970). Aeromagnedc 

Invesclgadons of Che regional SCrucCure of Precambrlan rocks In Chis area 

have been done by Harwood and Zlecz (1974). 

9.1.3 Housaeonlc Massif (Place VIII. PluCon 7) 

9.1.3.1 Size, Shape, and Locadon 

The Housatonic massif, located In western Connecticut, Is a well-

layered, metamorphosed, acidic volcanic sequence, with subordinate Interbedded 

mafic volcanics and terrigenous elastics. These rocks ore probably an 

extension of the Green Mountains of Vermont (Gates and Martin, 1976). The 

massif Is somewhat elongated to the northeast; outcrops occur over an area in 

Connecticut of about 243 km (94 ml ). It Is estimated that the gneiss unit 

contained wlehln the Isoclinal fold Is at least 5 km (3 ml) thick, or thicker. 

9.1.3.2 Relative and Absolute Age 

The rocks of the Housatonic massif are designated Precambrlan on the 

basis of llthostratlgraphlc relations, and may be Proterozoic Y, on the basis 

of U-Pb age estimates on zircon from the Fordham gneisses (Grauert and Hall, 

1973; Rodgers, 1982). The Housatonic gneisses are lithologically similar to 

Chose of Che Berkshire allochchon and hany of the rocks of the Fordham terrane 

(Hall, 1980). It Is likely thot there Is equivalence among several of Chese 

unlcs (Gaees and Mardn, 1976; Hall, 1980). 
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9.1.3.3 Origin 

Rocks of the Housatonic massif are considered part of the Grenville 

basement and represent gneisses derived from sedimentary, volcanic, and 

intrusive rocks. Gates and Martin (1976) stated that (1) the layered granitic 

gneiss represents metamorphosed felsic volcanic tuffs, (2) the amphibolite and 

mafic gneiss represent mafic metavolcanlcs, and (3) the well-layered gneissic 

lithology is Indicative of a metamorphosed volcanlclastlc and minor terri

genous clastic sequence. 

9.1.3.4 Petrography 

Mlneraloglc and Textural Relations. In general, the rocks of the 

Housatonic massif are highly heterogeneous and anisotropic. They are mostly 

fine to medium grained, but their textures and compositions are highly 

variable. Gates and Martin (1976) recognized three mineralogical types: 

granitic gneisses, quartz-plagioclase-blotite gneisses. and mafic to 

amphibolitic gneisses. Their modal analyses are shown in Fig. 9.3. 

The granitic gneisses are rich in potassium feldspar compared with the 

quartz-plagioclase-blotite gneisses (see Fig. 9.3). They are particularly 

well layered, with layers ranging from a few centimeters to meters (Inches to 

yards) thick. The quartz-plagioclase-blotite gneisses, on the other hand, are 

not well layered but are relatively rich in mica that occurs as layers, wisps, 

or knots. The blotite/muscovite ratio is 3:1 in the gneisses. The differ

ences between the gneisses can be attributed to the composition of the source 

material or to the effects of subsequent thermotectonic adjustments. 

Amphlbolites and mafic gneisses are ubiquitous, but relatively 

subordinate, and characteristically contain plagloclase, hornblende, and 

sphene. When hornblende is a minor mineral, biotite becomes a major one. The 

subordinate diopside-quartz-graphlte granulites, the calc-silicate rocks, and 

the kyanite-silllmanite-mica-quartz-plagloclase gneisses are all interlayered 

with the granitic gneisses and amphibolite. Such sequences are lithologically 

similar to the Waramaug formation. 

9.1.3.5 Secondary Intrusions 

No significant secondary intrusions are described in the literature. 

9.1.3.6 Country Rock 

The rocks overlying the Housatonic massif are the Manhattan schist, 

including the Waramaug formation and Canaan Mountain schist. To the 

southeast. Tyler Lake gneiss occurs above the Waramaug; to the northwest lies 

Salisbury schist. Stockbridge marble, and Poughquag quartzlte (Rodgers, 1982). 
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from Gates ond Martin, 1976) 

The geologic relations In Che wesc-cencral part of Connecticut 

containing part of the Housatonic massif have been studied by Gotes (1961 and 

1975) and are shown in Fig. 9.4. In the study area, the Housatonic gneisses 

are unconformably overlain by the metamorphlc equivalent of a sandstone-

carbonate-shale sequence of the Dalton, Stockbridge, and Walloomsac 

formations. Layering In the gneiss complex Is usually parallel to the 

structurally overlying Waramaug formation; however, at some locations there 

seems to be an Interlayerlng of the two formations. 

9.1.3.7 Rock Structure 

Gates and Martin (1975) reported chac InCralayer Isoclinal folds are 

presenC In che Housaeonlc Highlands, buC che dupllcacton of mappable units Is 

not recognizable. Hall (1980) assessed the basement and cover-rock relation

ships souCh of che Hudson Highlands and IneerpreCed their deformatlonal 

hlsCory. Hall stressed that five phases of deformation during the Tsconlc and 

Acadian orogenies caused multiple folding and faulting Involving both Che 

basement and cover rocks. Similar deformations probably affected the 

Housatonic area aa well, but the Intensity of deformation may have been 

different In this region. 

High-angle reverse faulta border the northwest aide of the asssif 

(Rodgers et si., 1959). The contacc wlch che DolCon formation In the South 

Canaan quadrangle Is possibly a thruat feature (Gates ond Mortln, 1976). 
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9.1.3.8 Geophysics 

The area lies within Bouguer-anomaly contours of -10 mgal to -30 mgal 

(Hildreth, 1979), which follow the general northeasterly trend of the low-

gravity fabric of the basement rocks. 

9.1.4 Manhattan Prong (Plate VIII. Pluton 5) 

The major portion of the Manhattan Prong lies to the west In New York 

(see Plate IX, pluton 7) and Is therefore described with the plutons of thac 

state. 

9.1.5 Sterling Plutonic Group (Plate VIII, Pluton 13) 

9.1.5.1 Size, Shape, and Location 

The Sterling plutonlc group Is an extensive, heterogeneous complex of 

gneisses occupying a large part of southeastern and eastern ConnecdcuC and 

exCendlng Into western Rhode Island. This complexly metamorphosed and folded 

group of elongated plutons forms an east-west-trending belt, extending from 

near Essex to Pawcatuck, near the border with Rhode Island. The belt then 

turns northward and extends along the border with Rhode Island. The east-west 

belt is approxlmatly 55 km (34 ml) long; It consists of multiple linear strips 

1-3 km (0.6-1.8 ral) wide that alternate with similar strips of other rock 

units. The whole complex extends Inland about 15 km (9 ml) from Long Island 

Sound and Block Island Sound. The width of the north-south portion In 

ConnecdcuC Is 1.5-11.2 km (1-7 ml), and the length Is abouC 50 km (37 mi). 

The Cocal area In ConnecdcuC over which ouCcrops of ehe Scerllng pluConlc 

group are found is approximately 650 km^ (250 ml^). 

9.1.5.2 Relative and AbsoluCe Age 

RadiomeCrlc ages were deCermined for Chree subdivisions of the Scerllng 

pluconlc group (Hope Valley alasklce, Ten Rod granite gneiss, and Scituate 

granite). Zircons from these rocks yielded a late Precambrlan age, with the 

data Indicating emplacement during the Avalonian orogeny (Hermes et al., 

1981). Other plutons of the Sterling plutonlc group are believed to be 

contemporaneous with these. 

9.1.5.3 Origin 

The plutons of the Sterling plutonlc group were probably emplaced as 

sills parallel to foliation and layering In Che counCry rock, and Chen folded 

Co follow che presene conf Igurac Ion of the Lake Char and Honey Hill fault 

zones, which curve from south to wesc In southeastern Connecticut (Barosh and 

Hermes, 1981). 

•j 
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9.1.5.4 Petrography 

Mineralogy and Textural Relations. The Sterling plutonlc group 

comprises several different llthologles. The biotite granite gneiss has 

coarse grains (3-5 mm, or 0.1-0.2 in.) and tends to be gray-pink to orange-

pink in hand specimen. It is well foliated, containing biotite folia and 

grains of pink microcline and gray quartz in parallel orientation. A modal 

analysis performed by Lundgren (1966a) showed that the gneisses generally 

consist of equal amounts of quartz, plagloclase (oligoclase), and microcline, 

which account for 90-95% of the volume of most samples. Biotite accounts for 

about 5% of the volume. Common accessory minerals are magnetite, zircon, 

garnet, and apatite. These rocks grade into the country rock gneisses of the 

Plainfield and Mamacoke formations. 

The hornblende-granite gneiss has medium grains (1-3 mm, or 0.04-0.1 

in.) and is similar in color to the biotite granite gneiss. However, it is 

streaked with black, hornblende-rich laminae or is spotted with black 

hornblende and magnetite-llmenlte grains. Modal analysis of the rock 

disclosed a composition similar to that of the biotite granite gneiss. 

Quartz, plagloclase (oligoclase), and microcline occur in nearly equal 

amounts, accounting for more than 90% of the total volume of most samples 

(Lundgren, 1966a). Hornblende makes up about 5% (by volume) of the samples, 

and blotite up to 3%. Accessory minerals include magnetite, sphene, and 

zircon. 

The alaskite gneisses have medium to coarse grains (1-4 mm, or 0.04-1.6 

in.) and tend to be equigranular. They range in color from orange-pink to 

grayish orange and contain quartz, microcline, microperthlte, and plaglocase 

(Lundgren, 1967). They also contain up to 2% biotite and 1% magnetite, with a 

trace of garnet. Alaskite gneisses are generally ridh in feldspar, up to 50% 

by volume (Lundgren, 1967), with microcline being the most abundant feldspar. 

Foliation is weakly developed, but is evident in the parallel orientation of 

blotite, quartz folia, and folia distinguished on the basis of grain size. 

Scituate granite gneiss consists of both coarse-grained and fine

grained facies, with the fine-grained facies exhibiting better foliation. It 

is composed of equal amounts of microcline, quartz, sodium plagloclase, and 5-

15% biotite, with minor amounts of magnetite, zircon, apatite, allanlte, and 

chlorite after biotite. Some samples are locally porphyritic (Harwood and 

Goldsmith, 1971). 

The Hope Valley alaskite gneiss is generally light gray to flesh-

colored and fine to medium grained. It is composed of nearly equal amounts of 

microcline, quartz, and plagloclase. Biotite (1-5%) is fine grained, and the 

gneiss may contain up to 5% microcline phenocrysts as long as 5 mm (0.2 

in.). Samples of these rocks usually display strong foliation and lineation 

formed by the parallel orientation of biotite flakes (Harwood and Goldsmith, 

1971). 
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The Ten Rod granite gneiss Is a medium- to fine-grained, porphyrldc, 

strongly foliated granite gneiss. It Is composed of approximately equal 

amounts of microcline, quartz, and sodium plsgloclaae. Blotite content ranges 

from 2% to 81; accessory minerals are magnetite, apatite, zircon, allonlte, 

chlorite, and epidote. This gneiss commonly contolns large phenocrysts of 

microcline, ranging In abundance from 5% to 30%. 

Alceradon. Weacherlng ImparCs a ruscy and friable character to the 

alaskite rocks; most of the blotite has been altered to chlorite In the 

Westerly-type granite dikes. 

9.1.5.5 Secondary Incruslons 

Granidc and pegmaddc dikes intruding Into the Sterling plutonlc 

group are of the Westerly or the Black Hall type. Westerly-type dikes are 

generally fine grained and equigranular. They are considered to be quartz 

monzonites, with plagloclase (oligoclase) and microcline being nearly equal In 

abundance. Muscovite Is present, formed by extensive alteration of oligo

clase; micrographic tntergrowehs of microcline and quartz may be present. 

Locally, the rock contains graphic granite. Most of these dikes are 10 cm (4 

in.) to 1.2 m (4 ft) wide, but some are wider. 

Dikes of Che Black Hall type are Che mose common (Lundgren, 1967). 

They are pegmaddc blodte granlees wlch a large vartadon tn grain size and 

CexCure. The rock is characteristically massive and exceptionally coarse 

grained, and contains microcline, plagloclase, quartz, and randomly oriented 

blodte laths. Plagloclase and quartz tend to be subordinate to microcline, 

occurring as interstitial grains or Intergrown with lorger microcline 

crystals. Most discordant ports of these dikes ore aligned eost-west snd dip 

steeply. 

9.1.5.5 Country Rocks 

The gneisses of the Sterling plutonlc group are surrounded by the 

Plalnfleld and Mamacoke formations. The Plalnfleld formadon comprises many 

different Interbedded metasedimentary and metavolcanic rocks. The Hoaocoke 

formation consists predominantly of medlum-gralned, gray, banded gneiss. In 

some places, the formation also includes blotite gnelsaes and schists, 

quartzlte, and amphlbollte. 

9.1.5.7 Rock Structure 

The area containing the SCerlljig plutonlc group Is highly faulted; Cwo 

major faulcs are recognized — the Honey Hill faulc and the Lake Char fault. 

The Honey Hill faulc Is a major thrust fault ChaC Crends In a norChwesCern Co 

wescern dlrecclon. Evidence Indlcotes that the hanging wall was underthrusC 
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norchward relative to the footwall. The dip of the fault plane ranges from 

15° to 50° N. in the Fitchville quadrangle (Snyder, 1964b). The trace of the 

fault is marked by a zone of mylonltlc and blastomylonltlc gneisses. The Lake 

Char thrust fault is believed to be part of the same fault system. The Lake 

Char fault trends north; its hanging wall is displaced easterly relative to 

Its footwall. 

The Sterling plutonlc group has two prominent joint sets. The best-

developed set is nearly vertical and strikes approximately north (±20°). The 

second set also is steeply dipping but strikes east (±10°) (Lundgren, 1967). 

The east-trending joints are usually filled with pegmatite or granite, whereas 

the north-striking joints are not. 

All of the rock types described exhibit various degrees of metamorphic 

foliation. The granitic gneisses may exhibit an augen texture, particularly 

in the highly biotitic phases, but foliation in the alaskite gneiss is well 

developed only near its contact with blotltlc gneisses of the Plainfield 

formation (Lundgren, 1967). 

The rocks of the Sterling plutonie group and other formations in the 

area have undergone at least two episodes of folding. The plutons located 

along the Connecticut-Rhode Island border are part of a series of north-

trending, north-plunging folds known as the West Rhode Island fold belt 

(Barosh and Hermes, 1981). Harwood and Goldsmith (1971) showed that the 

blotite lineation of the Sterling plutonlc group within the Oneco quadrangle 

plunges parallel to fold axes within the Plainfield formation, indicating 

folding about a common axis. In the northern reaches of the belt, the folds 

are broad and open; in the southern sections, the folds are compressed and are 

eventually overturned and Intercepted by thrust faulting. 

9.1.5.8 Geophysics 

Aeromagnetic maps of all Connecticut quadrangles have been published by 

USGS. The following specific maps may be of significance: 

1. Boynton, G.R. , and C.W. Smith, Aeromagnetic Map of the 

Jewett City Quadrangle, GP-539 (1966). 

2. Boynton, G.R., and C.W. Smith, Aeromagnetic Map of the 

Plalnfleld Quadrangle, GP-541 (1966). 

3. Boynton, G.R., and C.W. Smith, Aeromagnetic Map of the 

Oneco Quadrangle, GP-542 (1966). 

4. Boynton, G.R., and C.W. Smith, Aeromagnetic Map of the 

Norwich Quadrangle, GP-543 (1966). 
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5. Boynton, G.R., and C.W. Smith, Aeromagnetic Map of the 

Old Mystic Quadrangle, GP-544 (1966). 

6. Boynton, G.R., and C.W. Smith, Aeromagnedc Map of the 

Voluntown Quadrongle, GP-545 (1966). 

7. Boynton, G.R., and C.W. Smith, Aeromagnedc Map of the 

Uncasvllle Quadrangle, GP-546 (1966). 

8. Boynton, G.R., and C.W, Smith, Aeromagnetic Map of the 

Asbury Quadrangle, GP-547 (1956). 

9. Phllbln, P.W. , and C.W. Smith, Aeromagnetic Map of the 

Bast Killlngly Quadrangle and Part of the Oneco Quad

rangle, GP-591 (1965). 

10. Author unknown, Aeromagnetic Map of the Thompson Quad

rangle and Part of the East Killlngly Quadrangle, GP-653 

(1969). 

No interpretations are provided with these maps. 

9.1.6 Waterford Gneiss Group (Plate VIII, Pluton 12) 

9.1.6.1 SI 

Rocks of the WaCerford gneiss group occur as discontinuous, irregular 

bodies and multiple Chin scrips 1-2 km (0.6-1.2 ml) wide, which are complexly 

Interdlgltated with rocks of Che Scerllng pluconlc group (see Sec. 9.1.5) In 

the southern and southeastern part of Connecticut. Collectively, the rocks of 
7 1 

the Waterford gneiss group crop out over an area of about 385 km (149 mi ). 

Section 9.1.5 Is based on studies in the New London ares, where the total 

thickness of the upper sequence described by Goldsmith (1976), Including the 

Monson and New London gneisses and the Mamacoke formation. Is about 3100 a 

(10,170 ft). However, other parts of this complexly folded and metamorphosed 

rock group would likely differ tn some respects. 

9.6.1.2 Relative and Absolute Age 

No radiometric age data are available for the group, and the structural 

and metamorphlc complexity makes scradgraphlc correladon dlfficulc. Rodgers 

(1982) assigned a laCe Precambrlan (Proeerozolc Z) age Co ehe WaCerford gneiss 

group, buc le may Include some unlcs equivalenC Co Che Monson gneiss, which is 

Choughc Co be Ordovician. Goldsmith (1976) considered the age to range froa 

Precambrlan to Ordovician. 
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9.1.6.3 Origin 

The Waterford gneiss group originated through metamorphlsm of 

predominantly volcanic protollths of mafic to felsic composition and some 

related intrusive rocks to gneisses, amphlbolites, and schists. Metamorphosed 

volcanlclastlc and sedimentary rocks form subordinate schistose and quartzlte 

units. 

9.1.6.4 Petrography 

Mineralogy and Textural Relations. In the New London area. Goldsmith 

(1976) recognized that the upper sequence of the Waterford gneiss group 

consists of three major units: the Mamacoke formation, the New London 

gneisses, and the Monson gneiss. 

The upper part of the Mamacoke formation contains thin white quartzlte 

layers, which are underlain by sillimanite-bearlng biotite gneiss containing 

lenses of massive amphibolite. In the lower but thicker part, the Mamacoke 

formation is composed of sparsely layered to well-layered blotlte-quartz-

feldspar gneiss. Plagloclase is common, but potassium feldspar is significant 

In the granite layers. Amphlbollte layers are subordinate. 

The New London gneiss unit is quite heterogeneous and Is composed of at 

least three different facies. The first, or layered facies, consists of 

alternating layers of blotlte-quartz-plagloclase gneiss and amphibolite, 

probably representing dolerite and basalt protollths, respectively. The upper 

units within this facies are more prominently layered than the bottom units. 

The second, or massive, facies is relatively uniform in texture and composed 

of granodiorite, with ubiquitous magnetite. Rotated amphibolite blocks and 

Inclusions indicate deformational flow. The third, or aegirine-auglte gneiss 

unit, is essentially composed of alkalic granite. 

The Monson gneiss unit Is discussed here as well as in Sec. 9.2.6, for 

completeness, because Rodgers (1982) indicated that the Waterford gneiss group 

contains units equivalent to the Monson. The Monson gneiss consists of well-

developed lens-shaped layers that are relatively uniform in composition and 

texture. The gray hornblende-blotlte-quartz-plagioclase gneiss phase is 

locally massive, whereas the blotite-quartz-microcline-plagioclase gneiss 

phase contains lenticular bodies of amphibolite. Major minerals form clots 

and streaks. The upper part of the Monson gneiss on the east side of the 

Nlantlc River is thinly layered and displays wide variation in mafic mineral 

content. 

Alteration. The metamorphlc grade of the Waterford gneiss group in New 

London is higher than that of equivalent units in northeastern Massachusetts 

(Goldsmith, 1976). Major minerals show varying degrees of alteration, but 

details are lacking. 
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9.1.6.5 Secondary Intrusions 

Secondary Intrusions are not discussed In the literature, which may 

indicate that they are not significant. 

9.1.5.6 Country Rocks 

The Waterford gneiss group, which Is part of the crystalline basement 

in Connecticut, is Interdlgltated with the Sterling plutonlc group. It Is 

truncated. In places, by younger Paleozoic units. 

9.1.5.7 Rock Structure 

The prominent layering characteristic of units of the Waterford gneiss 

group accounts for their generally high degree of heterogeneity. Although 

details of fabric analysis are lacking, the units are very InCrlcaCely 

folded. The Honey Hill and Lake Char faulcs are regional features; other, 

locally Intense, fault zones are observed. 

9.2 TACONIC 

9.2.1 Ayer Intrusive Complex (Plate VIII, Pluton 15) 

A major portion of the Ayer Intrusive Complex lies In Massochusetts. 

Therefore, It Is described in Sec. 7.2.2 (see Plate VI, pluton 12). 

9.2.2 Brookfleld Gneiss (Plate Vlll, Pluton 4) 

9.2.2.1 Size, Shape, and Location 

The Brookfleld gneiss Is a discontinuous body located In western 

Connecticut. It Includes five areas of outcroppings arranged In an arcuate 

pattern extending from Hawleyvllle northward to West Torrlngton. Their 

combined surface area Is approximately 170 km^ (56 ml^). The largest outcrop 

Is located southwest of the Housatonic River. 

9.2.2.2 Relative and Absolute Age 

The Brookfleld gneiss Is one of o group of gneisses associated with the 
Taconic orogeny In Connecticut and Is'therefore considered to be of Ordovician 
age (Rodgers, 1982). 
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9.2.2.3 Origin 

The Brookfleld gneiss, which was probably emplaced as a syntectonlc 

Igneous intrusion (Pease, 1982), has been subsequently modified by thermo

tectonic events. 

9.2.2.4 Petrography 

Mineralogy and Textural Relations. The Brookfleld gneiss is a typical 

layered rock body. Some phases of it resemble the Harrison gneiss (see Sec. 

9.2.5), a speckled, fine- to medium-grained diorite gneiss. Darker layers are 

composed of oligoclase-andeslne, hornblende, variable amounts of biotite or 

epidote, small amounts of quartz and dlopslde, and minor amounts of garnet, 

sphene, and magnetite. Lighter layers are composed of oligoclase-andeslne, 

blotite, and minor amounts of potassium feldspar. The layers of diorite 

gneiss are commonly cut by bodies of light-gray rock that have higher 

orthoclase content (Rodgers et al. , 1959). Stocks of norite and local bodies 

of hornblende pyroxenite and hornblende peridotite also are present. 

Alteration. Epidote formation indicates limited alteration of 

feldspar. 

9.2.2.5 Secondary Intrusions 

Near Mt. Prospect and West Torrlngton, dikes of biotite hornblendite 

and pyroxenite are associated with the gneiss (Rodgers et al., 1959). 

9.2.2.6 Country Rocks 

The Brookfleld gneiss is mainly in contact with the Hartland formation, 

an Interlayered mica quartzlte and schist. No internal stratigraphic sequence 

has yet been applied to the Hartland formation. 

Exposures of Bookfield gneiss near Bantam are in contact with the 

Waramaug formation as well as the Hartland formation. The former is composed 

of two gneissic rock types with gradatlonal contacts. One of these is a 

coarse-grained and intensely deformed biotlte-quartz gneiss. The latter is a 

less-deformed, light-colored, feldspathic mica quartzlte or gneiss. Both are 

intruded by granite and pegmatite (Rodgers et al., 1959). 

9.2.2.7 Rock Structure 

Foliation in the area dips 20-85° W. or NW. and is parallel to the 

bedding, if visible. Minor isoclinal folding is present. A strong lineation 

plunges 10-50° NW. and may be related to late-stage deformation or to dome 

formation and intrusive activity (Rodgers et al., 1959). 
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9.2.2.8 Geophysics 

No specific data are available. Regional Bouguer anomaly maps show 

gravity anomalies of +30 mgal to +40 mgal (Hildreth, 1979). 

9.2.3 Glastonbury Gneiss (Plate VIII, Pluton 10) 

9.2.3.1 Size, Shape, and Location 

The Glastonbury gneiss occurs as a belt of norcheascerly Crendlng 

bodies that have maximum Individual widths of approximately 6 km (4 mi). This 

belt extends from southern Massachusetts down through much of Connecticut (see 

Fig. 9.5). Within Connecticut, outcrops of Glastonbury gneiss are found over 

an area of about 222 km (86 ml ). 

9.2.3.2 Relative and Absolute Age 

In the Hampton quadrangle, the Glastonbury gneiss intrudes ehe 

Ammonoosuc volcanics of Middle Ordovician age. Brookins (1968) reporced a Rb-

Sr whole-rock age of 450 ± 10 m.y. for Ammonoosuc samples from New Hampshire. 

Also, a minimum age of 350 m.y. Is IndlcaCed by pegmatite dikes In the gneiss 

(Brookins and Methot, 1971). Therefore, the Glastonbury gneiss is considered 

to be of Ordovician age. 

9.2.3.3 Origin 

On the basis of the parallelism of the Glastonbury gneiss with the 

Bolton, Hebron, and Amherst belts, which are all of known sedimentary origin, 

Collins (1954) proposed an origin by granitlzatlon of sedimentary and 

Ammonoosuc volcanic rocks. The gneiss also has certain similarities with the 

Oliverian domes studied by Naylor (1958 and 1969). 

An Intrusive Igneous origin Is Indicated by the dips of the foliation, 

which suggests that the Bolton schist and the mafic gneiss common In the 

Middletown area have been cue off aC depth by Intrusion of the Glastonbury 

granite gneiss (Stugard, 1958). Stugard (1958) noted that there are 

inclusions of Bolton schist In the Glastonbury gneiss and ChaC dlopslde occurs 

ae ehe Boleon-Glasconbury coneact. The presence of dark, oval, blotlce-rlch 

paCches or schlieren along follaclon planes In Che bed of Roaring Brook, and 

the low percentage of potosslum (Aitken, 1955), also support this view. 
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Fig. 9.5 Geologic Relations of Glastonbury Gneiss In Massachusetts 

and Connecticut (Source: Adapted from Robinson and Hall, 1980) 
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9.2.3.4 Petrography 

Leo et al. (in press) recognized that the Glastonbury gneiss represents 

two chemical types: to the north, Glostonbury gneiss has a composition that 

falls between tonallte, granodlorlte, and trondhjemlte; to the south. Its 

composldon Is granlce, buC IC grades InCo granodlorlte. Leo et ol. also 

proposed that the northern segment Is probobly derived from onatexis of a 

Monson-llke lithology or Ammonoosuc volconlcs, or It is s plutonlc counterpart 

of mantle-derived trodhjemlte produced by volcanic activity In on Island-arc 

setting. The southern portion, on the other hand, was probably produced 

contemporaneously from calc-alkallne crust. 

Mineralogy and Textural Relations. Glastonbury gneiss shows great 

variation In composldon, degree of follaclon, and degree of llneadon. The 

primary mafic mineral In all of Ics facies Is blotite, which generally occurs 

in isolated knots. Quartz Is also a common constituent; however, the modal 

percentage of quartz rangea from 20% to 601 (Herz, 1955). Quartz Is present 

either as small Isolated grains or ss flaser, in which cose the grains exhibit 

strain. Potassium feldspar and perthite often occur as fine grains and 

sometimes as augen or porphyroblasts. Plogloclase Is also omnipresent as 

small grains In the groundmass. The composition of the plagloclase Is rather 

constant ChroughouC all Che facies, remaining tn che range Ab-72-75 (Herz, 

1955). The mosc Important accessory mineral Is epidote, which usually 

constitutes less than 3Z of the total volume of the rock. However, this 

percentage may be subsCandally greater In certain local phases. Muscovite Is 

generally absent; hornblende Is more comnion In the northwestern border facies 

and diminishes Coward ehe souCheasC. 

The porphyroblasdc fades Is most abundant toward the northwestern 

portion of the body. This facies Is rich In plagloclase and lighter In color 

Chan che souChern varleCy, which borders che Bolcon schist and Is rich In 

potassium feldspar. The porphyroblastlc facies Is very coarse grained and has 

a characteristic granitic appearance. It has two varieties — the mafic 

facies contains 20-40% combined blotite, hornblende, and epidote, whereas the 

felslc facies contains substantially less of these constituents. The 

porphyroblasts of feldspar tend Co be discordant with the foliation. The 

groundmass consists of Inequlgranular potosslum feldspsr, quartz, and 

plagloclase. The flaser gneiss facies grades Into the porphyroblasdc facies 

Cowards Che norchwesc. Mosc of che flaser facies la made up of quarcz, buC 

feldspar also occurs. The norchern GlasConbury gneiss facies is predomlnancly 

quarcz, 35-45%; and plagloclase, 42-47%; wich potassium feldspar generally not 

exceeding 10% (Leo et al., 1981). 

Mafic schlieren are common features, especially In the porphyroblastlc 

facies. They are generally finer grained Chan che enclosing rock. Their 

mineral composldon Is Identical to that of the enclosing gneiss; however, the 

compositional percencages may differ. 
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The rocks in the southern facies are well foliated and contain oligo

clase, with alblte and pericline twinning being common. Quartz and microcline 

are common as both large and small grains. Biotite content varies from 3% to 

more than 20%. Epidote and zolsite may be present in minor quantities. 

The eastern border facies occurs in the southeastern part of the 

formation. Again, felsic and mafic subfacies are present. This facies has 

little, if any, foliation and a comparatively low biotite content; however, 

muscovite is as abundant as blotite. Large quartz grains generally show 

suturing, and microcline is most abundant after quartz. 

Alteration. Along the western border of the Glastonbury gneiss, 

especially in the Rockville quadrangle, is a zone of chloritic schist (Aitken, 

1955). A sample from this zone shows replacement of very deformed blotite by 

chlorite, and some quartz and plagloclase grains are highly strained or 

shattered. The rock was described by Aitken (1955) as having the appearance 

of a contorted mylonite. This evidence suggests that the chlorite zones are 

of tectonic origin. Sericite also occurs in most facies; it was formed by 

alteration of feldspar, particularly plagloclase. 

If it is accepted that the gneiss was originally a pelitic sediment, it 

appears that the sediments originally underwent a mild metamorphism, which was 

followed by a second metamorphism in the form of metasomatism and granitlza

tlon. 

9.2.3.5 Secondary Intrusions 

Apllte and pegmatite dikes are common throughout the formation, 

particularly in the porphyroblastlc and western border facies. A sharp 

contact exists between the apllte dikes and the gneiss. However, the 

foliation of the gneiss runs through the aplite, which indicates early 

syntectonlc emplacement of the dike (Herz, 1955). Pegmatite dikes are also 

common in the Glastonbury gneiss, and it is believed that they represent at 

least two different ages (Herz, 1955). Some of the pegmatites have a common 

joint pattern with the gneiss, whereas other dikes seem to be in the joints of 

che gneiss. The ratio of concordant to discordant pegmatites in the 

Glastonbury gneiss is 1.5 to 1 (Stugard, 1958). 

9.2.3.6 Country Rocks 

The Glastonbury gneiss is bordered on the east and west mainly by the 

Bolton schist. On the west side of the body, the gneiss is also in contact 

with the Middletown formation and in fault contact with the Mt. Clough 

formation and intrusive rocks of Trlasslc age. 

The Bolton schist is primarily a mica-quartz schist, with a typical 

modal composition of biotite, 50%; muscovite, 30%; quartz, 15%; oligoclase. 
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3-4%; and accessory minerals, 1%. Accessory minerals include pyrite, 

scourollte, ond garnet (Herz, 1955). The contoct between the Bolton schlsc 

belt and the Glostonbury gneisses is generally marked by quartzlte that 

locally grades Into quortz schist, depending on the serlclte content. 

The gneisses of the Middletown formation ore generally well banded and 

fine grained, and contain blotite, hornblende, potassium feldspsr, 

plagloclase, and quartz. The gneisses tend to hove well-developed omphibollte 

schlieren; augen of feldspar are common. 

9.2.3.7 Rock Structure 

Fractures occur throughout the Claatonbury gneiss. Aitken (1955) 

grouped them Into five main groups: a set trending N. 48' W. and dipping 67* 

SW.; a set trending N. 63° E. and dipping 47° NW.; a see trending N. 88* W. 

and dipping 87° NE.; a set trending N. 43° E. and dipping 40-60° NW.; and a 

set trending N. 7° E. and dipping 75° SE. 

Herz (1955) described two Joint sets in the Glostonbury quadrongle. 

One set strikes N. 75° W. snd dips 87° SE., and the other strikes N. 35' E. 

ond dips 75° SE. 

The Trlasslc border fault lies along the contacc beCween Che volcanic 

rocks of Trlasslc age and Che older gneisses, Including che GlasConbury 

gneiss. The faulc dips 60° W. (Herz, 1955). Other faults trend more or less 

parallel to this direction. 

Foliation or schlstosity Is well developed In most fades. The 

schlstosity follows the bedding and wraps around the noses of folds. This 

Indicates that the foliation was formed not only by alignment of minerals 

normal to the direction of a compressive force, but also by growth of platy 

minerals parallel to bedding planes during recrystallization, and possibly by 

movement along shear planes within the rock (Collins, 1954). In ehe Rockville 

quadrangle, Che follaclon changea Ics Crend from norCh-souCh Co N. 57' E., 

wlch wesCerly dips ranging from 18° Co verdcal (Aleken, 1955). 

There Is also a quite noticeable ilneatlon within the Glastonbury 

gneiss formed by the alignment of felslc minerals and blotite streaks. The 

Ilneatlon strikes approximately north-souch and plunges notch aC no more Chan 

22° (Aiken, 1955). Herz (1955) reporCed chac che llneadon In Che GlasConbury 

quadrangle plunges N. 35° E. 

The GlasConbury gneiss Is pare of a major anelcllnal dome ChaC can be 

traced InCo Massachuseccs. Aa che axis of che dome la traced southward, IC 

shows overcurnlng Co Che ease. The gneiss Is pare of a zone of cryaCalllne 

rocks believed Co be an overcurned syncllne to the east of the GlasConbury 

gneiss and an anticline In the gneiss Icelf (Herz, 1955). 
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9.2.3.8 Geophysics 

Aeromagnedc maps of all Connecticut quadrangles have been published by 
USGS. The following specific maps may be of significance: 

1. Phllbln, P.W., and C.W. Smith, Aeromagnetic Map of the 
Southern Coventry Quadrangle, GP-586 (1966). 

2. Phllbln, P.W., and C.W. Smith, Aeromagnetic Map of the 
Rockville Quadrangle, GP-587 (1966). 

3. Author unknown, Aeromagnetic Map of the Ellington 
Quadrangle and Part of the Rockville Quadrangle, GP-648 
(1969). 

4. Quthor unknown, Aeromagnetic Map of the Stanford Springs 
Quadrangle and Part of the South Coventry Quadrangle, GP-
649 (1969). 

5. Author unknown, Aeromagnetic Map of the Marlborough 
Quadrangle and Part of the Rockville Quadrangle, GP-849 , 
(1973). 

6. Author unknown, Aeromagnetic Map of the Columbia 
Quadrangle and Part of the South Coventry Quadrangle, GP-
850 (1973). 

7. Author unknown, Aeromagnedc Map of the Moodus Quadrangle, 
GP-858 (1973). 

No interpretations are provided with these maps. On the map compiled by 
Hildreth (1979), the Bouguer anomaly of the area is characterized by contour 
values of about -10 mgal to -20 mgal, which is in accordance with the 
lithologic setting and regional gravity trend or fabric. 

9.2.4 Granitic Gneisses (Includes Mine Hill. Tyler Lake, Ansonia, and 
Slscowit Gneisses) (Plate VIII. Pluton 3) 

9.2.4.1 Size, Shape, and Location 

The Mine Hill granite gneiss and Tyler Lake granite are individual 
plutons. The former is a southwest-trending body in the Roxbury quadrangle in 
west-central Connecticut. The latter is an elongate, irregular body found 
mostly In the Cornwall and Warren quadrangles in northwestern Connecticut. 
Six other granitic bodies of probable Ordovician age crop out in western 
Connecticut and are considered to be related to the Mine Hill and Tyler Lake 
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plutons (Rodgers, 1982). The six outcrop areas were originally mapped as the 

same unit, but Gates (1959 and 1961) and Pease (1978) separated them In their 

later mapping. The largest of these units is roughly J-shaped ond is located 

in the Ridge, Redding, Wilton, and Weston quadrangles in southwestern 

Connecticut (Rodgers, 1982). This southwesterly trending mass encompasses an 

area approximately 21 km (13 ml) wide from esst to west and 24 km (15 mi) long 

from northeast to southwest. The whole group of eight bodies crops out over a 

total area of about 263 km^ (101 ml^). Because of limited Information on the 

six smaller bodies, only the Mine Hill and Tyler Lake plutons are described In 

this section. The other bodies are presumed Co be llchologlcally siallsr. 

9.2.4.2 Relaclve and Absolute Age 

The Tyler Lake, Mine Hill, and associated plutons are considered to be 

of Ordovician age and are apparently ossocloted with the Taconic orogeny 

(Pease, 1982). 

9.2.4.3 Origin 

The Mine Hill granlce gneiss was probably emplaced as a syncectonlc 

intrusion, as Indicated by Its semtconcordant contacts with country rock 

(Gates, 1959). The Tyler Lake granite was probably emplaced as syntectonlc or 

posttectonlc Intrusion. 

9.2.4.4 Petrography 

Mineralogy and Textural Relations. The Mine Hill granite gneiss Is a 

uniform, fine-grained muscovite gneiss with minor blotite. Folio ore charac

terized by variations in texture, relative abundance of sodium plagloclase or 

microcline feldspar, and planes of coarse muscovite. A xenomorphlc, granular 

texture is typical of all but the micaceous layers of the rock. Cataclastlc 

textures and replacement of microcline by plagloclase are visible In thin 

section (Gates, 1959). 

The Tyler Lake granite Is a massive, fine- to oedlum-gralned granite 

with megacrysts of plagloclase, microcline, and quartz. It exhibits 

cataclastlc, granitic, or gnelsslc CexCures, with lenses of grsnuloced 

feldspars apparent in the gneiaslc texture (Gates, 1951). 

Alteration. No data are avalloble. 
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9.2.4.5 Secondary Intrusion 

Gates (1959) reported that there are no crosscutting dikes in the Mine 

Hill granite gneiss. No information on secondary intrusions in the Tyler Lake 

granite is available. 

9.2.4.6 County Rocks 

The Mine Hill pluton is surrounded by members of the Hartland formation 

that include mica quartzlte, mica-quartz schist, feldspathic mica quartzlte, 

and feldspathic mica-quartz schist. These members are interbedded and 

gradatlonal, so that the rock exhibits a massive to schistose texture. Planar 

elements range from slightly developed foliation to schlstosity to primary 

layering. The thickness of individual layers ranges from several centimeters 

(a few inches) to about 61 m (200 ft). In the vicinity of the Mine Hill 

granite gneiss, the foliation of the Hartland formation generally strikes 

parallel to and dips away from the border of the pluton. However, southeast 

of the Mine Hill body, the foliation in the Hartland formation is more often 

crumpled, strikes generally to the northwest, and dips toward the southwest 

(Gates, 1959). 

The Tyler Lake pluton is surrounded by gneiss of the Waramaug 

formation. Also, a small body of Waramaug gneiss is located within the 

pluton. The gneiss of the Waramaug formation includes interbedded and 

intergraded quartzo-feldspathic blotite gneiss and silllmanite-garnet-biotite 

quartzo-feldspathic gneiss. Concordant lenses of amphibolite are present 

locally and are most common near the northern end of the Tyler Lake body. The 

foliation of the gneiss is steep to vertical, and Its strike generally 

parallels the outline of the Tyler Lake granite body (Gates, 1961). 

9.2.4.7 Rock Structure 

No description of jointing within the Mine Hill granite gneiss, Tyler 

Lake granite, or related rocks is available. A curved fault or coalescing 

faults, believed to follow the northern boundary of the Mine Hill pluton, have 

been mapped by Gates (1959). The throw of the fault may have been vertical, 

with numerous small, vertical faults are associated with it. No description 

of any faulting within the Tyler Lake granite is available. 

9.2.4.8 Geophysics 

The area displays a local gravity high on the Bouguer map. This 

configuration conforms to the regional gravity fabric (Hildreth, 1979). 
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9.2.5 Harrison Gneiss (Plate VIII, Pluton I) 

9.2.5.1 Size, Shape, 

The Harrison gneiss forms elongate, discontinuous masses cropping out 

over an area of approximately 146 km (56 ml ). The largest of these masses, 

in the Glenvtlle quadrangle. Is approxlmotely 17 km (11 mi) long and 10 km (5 

ml) wide, with an estimated thickness of more than 610 m (2000 ft), as 

recently estimated by Hall (1976). The Harrison gneiss trends northeast 

through the Mt. Vernon, Mamaroneck, Glenvtlle, Stamford, and Norwalk South 

7.5-mln quadrangles of southeastern New York and southwestern Connecticut. To 

the southeasc, Ic Is bordered by Long Island Sound; on Che ocher sides, It Is 

bordered by the Hartland formation. 

9.2.5.2 Relative and Absolute Age 

Younger Chan ehe Hardand formadon, che Harrison gneiss is considered 

Co be Middle Ordovician (GaCes and Mardn, 1975; Hall, 1976; and Rodgers, 

1982). PoCasslum-argon radlomeelc daca Indlcace chac Che Harrison gneiss has 

gone chrough more Chan one chermal evene — one abouC 360 m.y. ago and one 

abouc 250 m.y. ago (Clark and Kulp, 1958). Correladon of ehe pre-Devonlan 

HchosCradgraphic unlcs In western Massachusetts, Connecticut, and 

southeastern New York Is shown in Fig. 9.6. 

9.2.5.3 Origin 

Hall (1975) correlated the eugeosyncllnal Upper Hartland formation 

sequence with the miogeosynclinal Manhaeean Schlsc, Member A. The proColleh 

for the Harrison gneiss was probably mafic and felslc volcanic units that 

attained their presene configuration through repeated thermotectonic modifi

cation (Hall, 1976). 

9.2.5.4 PeCrography 

Mineralogy and TexCural Reladons. Harrison gneiss Is dark gray to 

greenish; les major minerals are andeslne (commonly as ougen), quartz 

(generally subordinate), hornblende and blotite In variable amounts, snd 

potassium feldspar. Minor minerals Include garnet, augite, sphene, epidote, 

chlorite, and microcline. The Harrison gneiss has locally developed augen 

structures. The lighter layers are marked by feldspathic schists 5-15 cm (2-6 

In.) thick. Dark-gray gneiss layers up to 60 cm (2 ft) Chick are locally well 

developed. The Harrison gneiss Is massive tn some places but locoUy contains 

feldspar megacrysts as long as 5 cm (2 In.) (Hall, 1976). 
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Alteration. Development of epidote, chlorite, and sericite in the 

gneiss may be related to alteration of its principal minerals. 

9.2.5.5 Secondary Intrusions 

In the Glenvllle area, pegmatites outline the pattern of folds (Hall, 

1968) but have not been folded themselves. The pegmatites do not display any 

definite secondary foliation. 

9.2.5.6 Country Rock 

The Harrison gneiss has both intrusive and structural contacts with the 

Cambrian-Ordovician Hartland formation (see Fig. 9.7). 

9.2.5.7 Rock Structure 

Although the Taconic orogeny certainly modified the eugeosyncllnal 

rocks in western Connecticut, strong deformation and metamorphlsm occurred 
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during the Acadian orogency to produce the regional folds and nappes and high-

grade terranes of kyanite and silllmanite. Cameron's line is a major regional 

fault feature (Rodgers, 1970). 

In the Glenvllle quadrangle, the Harrison gneiss occupies an earlier 

isoclinal fold of schist and granullte (Hartland formation) that was refolded 

by a later anticlinal fold phase. Foliation strikes almost east-west and has 

a northerly dip, which is in accord with the anticlinal crest. Foliation is 

well developed at the base of the gneiss, as shown by its abundant biotite. 

In the upper part, the gneiss is richer in hornblende and feldspar. In some 

layers, augen are abundant, whereas other masses are higher in microcline. 

Hall (1968) found that boudlnage and minor folds seem to control the structure 

of irregular, white quartz-feldspar segregations within the gneiss of the 

Glenvllle area. 

There is a prominent mineral lineation plunging northwesterly, at 

approximately 40°, parallel to the axis of the major later-phase (probably 

Acadian) anticline. Locally, horizontal movement along fractures is evident 

from sllckensides. No regional significance has been assigned to this 

movement (Hall, 1968). 

9.2.5.8 Geophysics 

On a regional Bouguer gravity map, Hildreth (1979) showed contours of 

+30 mgal to +40 mgal in the area. 

9.2.6 Monson (Haddam) Gneiss (Plate VIII, Pluton 11) 

9.2.6.1 Size, Shape, and Location 

The Monson (Haddam) gneiss crops out along a long, narrow, north-south 

anticlinal belt that extends about 85 km (53 ml) down from Massachusetts 

almost to Long Island Sound. This belt terminates in a large, roughly 

triangular body called the Haddam gneiss, which is considered to be part of 

the Monson gneiss (Pease, 1982). This triangular body has a base, parallel to 

Long Island Sound, of about 20 km (12 mi) and a height to the north of about 

24 km (15 mi). The estimated area within which the Monson and Haddam gneisses 
9 2 

crop out in Connecticut is about 317 km'' (122 mi''). 

9.2.6.2 Relative and Absolute Age 

On the basis of Rb-Sr whole-rock age determinations, Brookins and 

Hurley (1965) reported an age of 472 ± 15 m.y. for the Monson gneiss. The 

contact between the Monson gneiss and the overlying Middletown formation is 

gradatlonal. The Middletown formadon has been radiometrically dated at 440 ± 

15 m.y. by whole-rock Rb-Sr methods, which agrees with observed field 
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relationships (Brookins and Hurley, 1965). Leo eC al. (In press) assigned a 

U-Pb age of 428-450 m.y. (also see Sec. 7.2.5). 

9.2.5.3 Origin 

The Monson (Haddam) gneiss orlginaCed during Early Co Middle Ordovician 

Clme as a sequence of volcanics and Intruslves, Including andeslces, quarCz 

keracophyres, and basalCs, as well as Incruslve rocks of similar composldon. 

This sequence was then covered by sulfidic shales and sllcstones of the 

Collins Hill formation. Deformation during the Taconic orogeny produced the 

structure that is now referred to os the Monson anticline (Lundgren, 1964). 

The area was also affected by later orogenies. Probable displacement of some 

protollths by metasomatism or anatexis Is mendoned by Pease (1982). 

9.2.6.4 Petrography 

Mineralogy and Textural Relations. The Monson gneiss is generally a 

medlum-gralned, light- Co dark-gray, bloeldc and hornblendlc quarcz-

plagloclase gneiss wleh amphlbollte layers. It Is s one-feldspsr 

(plagloclase) gneiss, with microcline. If presene, occurring in minor 

quandeles. QuarCz and oligoclase or andeslne are the major constituents, 

ranging from 25% to 40% and 40% to 55%, respectively (Lundgren, 1963; Lundgren 

and Thurrell, 1973). Btotite Is omnipresent In various quantities, and 

hornblende is common. Accessory minerals Include magnetite-llmenlte, garnet, 

and anthophylllte. 

The Haddam gneiss Is variable In fabric and composition. It Is 

essentially a single-feldspar (oligoclase) gneiss with minor blotite, garnet, 

and rare microcline (Rodgers et al., 1959; Lundgren, 1964). It ts follaced to 

massive and granitoid In ehe core area near Kllllngworeh. Ic contains some 

hornblende gneiss and amphlbollte units. 

Alteration. Local hydrothermal alteration ossoclsted with pegmatite 
dikes was reported by Stugard (1958). Also, local mylonitlzation is present 
in fault zones. 

9.2.6.5 Secondary Intrusions 

The Monson gneiss Is cut by pegmatite dikes believed to be approxi

mately 250 m.y. old (Stugard, 1958). Some dikes are white granitic 

pegmatites, with plagloclase being the most abundanc feldspor. Pink 

pegmadces are more common and Cend Co be rich In pink microcline. Quorcz Is 

an essendal buC InCersddal mineral! «nd muscovlce Is an abundant accessory 

mineral. Garnet, blotite, lepldolite, apodumene, magnedte, and tourmaline 

may also be present In smaller quandeles. A norcheast-trendlng Trlasslc 

diabase dike cuts the norchern pare of che Haddam unlc. 
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9.2.6.6 Country Rocks 

In northern Connecticut, the Monson gneiss is bordered on the east by 

the Hamilton Reservoir formation, the Southbrldge formation (Ammonoosuc 

volcanics), and younger rocks of the Great Hill syncllne (Pease, 1975). In 

its southern area of exposure, on the flanks of the Klllingworth dome, the 

Haddam gneiss is bordered on the east by the Tatnic Hill formation and on the 

west by the Middletown formation (Lundgren, 1963, 1964, and 1970). 

The upper schist member of the Hamilton Reservoir formation is in 

contact with the Monson gneiss. This member consists mainly of a rusty-

weathering, dark- to light-gray quartzo-feldspathic gneiss and brownish-gray 

biotlte-sllllmanite schist. Garnet, sulfide minerals, and graphite are 

characteristic. 

The Southbrldge formation is poorly exposed adjacent to the Monson 

gneiss. It consists chiefly of well-layered, medium- to dark-gray, fine- to 

medium-grained quartz-plagioclase-blotite schist and gneiss. Calc-silicate 

minerals and layers rich in calc-silicate minerals are characteristic. 

The Tatnic Hill formation, mapped as the Brimfleld schist by Snyder 

(1970), is mostly rusty-weathering, graphitic silllmanite schist. 

Where It is in contact with the Monson (Haddam) gneiss, the Middletown 

gneiss is characterized by a variety of interlayered amphlbolites and 

orthoamphlbolite gneisses. The varieties Include hornblendite, biotite gneiss 

and schist, feldspathic gneiss and granullte, and garnet granullte (Lundgren 

and Thurrell, 1973). 

9.2.6.7 Rock Structure 

Late-stage, small-scale faulting is noted by Lundgren (1963). This 

late stage represents essentially down-dip movement, in which the Rope Ferry 

gneiss was displaced northward relative to the overlying Putnam, Canterbury, 

and Hebron formations. The Monson gneiss is also jointed, with the most 

prominent joints corresponding to the major regional joints affecting most of 

the pre-Trlasslc rocks of the area. One set of joints is rather steep and 

trends north-south. There is much evidence, such as sllckensides, of movement 

along these planes. Another, less prominent set of Joints has a nearly 

vertical attitude but an east-west strike. 

All of the Monson and Haddam gneisses are foliated to some extent, with 

the degree of foliation ranging from almost indistinguishable to well devel

oped. Boundinage structure is well developed in areas where amphibolite 

layers are present within the gneiss. Lundgren (1964) described some boudlns 

seen in the Essex quadrangle. It is evident that the amphlbollte layers were 

thinned by plastic flow, which eventually led to separation of individual 

boundins from one another. This process also explains the blocklike masses of 
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amphibolite chac appear to float wichln che dominanc gneiss In Che ChllCon 

quadrangle. Numerous small faulcs and JolnCs occur throughout the Haddam body ! 

(Lundgren and Thurrell, 1973; Pease, 1982). | 

The Monson gneiss occurs at the core of an elongated anticlinal 

structure, a major recumbent anticline that extends south chrough ConnecdcuC 

from Massachuseccs (Lundgren, 1964). Alchough Che axial plane of Che fold 

dips eastward In the Essex quadrangle, the attitude of the axial plone vories j 

significantly from one location to another. ! 

The Monson (Haddam) gneiss also forms the core of the Kllllngworeh 

dome. Throughout the dome there ore numerous, smaller-scale isoclinal folds ' 

wich ampHcudes of 2 m (7 fc) or more (Lundgren and Thurrell, 1973). The 

axial surfaces of ehe folds have a comnon orlencaclon with the foliation In 

the dome. The southeastern part of the dome consists of two antlforms with 

north-souCh axial surfaces. 

9.2.5.8 Geophysics 

Aeromagnedc maps of all quadrangles In ConnecdcuC have been published 

by USGS. The following specific maps may be of significance: 

1. Phllbln, P.W. , and C.W. Smtch, Aeromagnedc Map of the 

Rockville Quadrangle, GP-587 (1966). 

2. Author unknown, Aeromagnedc Map of the Marlborough 
Quodrangle and Part of the Rockville Quadrangle, GP-849 
(1973). 

3. Author unknown, Aeromagnetic Map of the Moodus Quadrangle, 
GP-858 (1973). 

4. Author unknown, Aeromagnetic Map of the Deep River 
Quadrangle, GP-868 (1973). 

5. Author unknown, Aeromagnetic Map of the Essex Quadrongle, 
GP-877 (1973). 

No interpretations are provided with these maps. Hildreth (1979) gave 

Bouguer-anomaly contour values of -10 mgal to -20 mgal for the area. 
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9.2.7 Norwalk Area Gneisses (Plate VIII, Pluton 2) 

9.2.7.1 Size, Shape, and Location 

The gneisses of the Norwalk area form an irregular pluton cropping out 

over an area of about 201 km'̂  (78 mi ) in southwestern Connecticut. The 

gneisses are primarily in the Norwalk North and Norwalk South 7.5-min 

quadrangles. Figure 9.8 shows the lithology of these two areas. 

9.2.7.2 Relative and Absolute Age 

Hall (1971) suggested that the Norwalk area gneisses correlate with the 

Cambrian and Ordovician sequence in Vermont. The mafic gneiss of Norwalk 

resembles the Harrison gneiss. Kroll (1977) reported the following 

stratigraphic order of the major units (see Fig. 9.8) in the Norwalk area: 

Youngest mafic gneiss unit III 

I mafic gneiss unit II 

mafic gneiss unit I 

interlayered schist and granullte 

massive felsic gneiss 

mixed felslc gneiss 

Oldest blotlte-plagioclase-quartz gneiss 

This sequence is equivalent to that described by Rodgers (1982). 

Clark and Kulp (1968) obtained K-Ar ages o4 255 m.y. and 290 m.y. on 

mica In these gneisses, suggesting that they were subjected to a thermal event 

after their original formation. 

9.2.7.3 Origin 

Crowley (1968) and Kroll (1977) suggested a metavolcanic origin for the 

blotlte-plagioclase-quartz gneiss, on the basis of its chemical and 

llthological correlation with the Collinsvllle formation. Kroll (1977) 

further proposed that the mixed felslc gneisses were derived from the 

intermingling of arkoslc or felsic volcanic rocks with shaly, carbonate, and 

basaltic rocks. This would explain the gradatlonal character among the 

granitic, metasedimentary, and metalgneous parts of the unit. The mlcrocllne-

quartz-plagioclase gneiss is of granitic composition, the schist bodies are 

aluminous metasedimentary rocks, and the amphlbolites and porphyroblastlc 

blotite schists are metalgneous rocks. 

Interlayered schist and granullte are a metamorphosed unit of 

interlayered sands or silts and shales. Impure carbonate rocks are repre

sented by calc-sillcates. Mafic gneisses represent metavolcanic rocks. The 
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porphyroblastlc ralcrocline-quartz-plagioclase gneiss is granitic in origin and 

was intruded into the complex before or during metamorphism and deformation. 

The massive felslc gneisses probably represent remobilized felslc volcanic-

sedimentary rocks, or silicic intrusions. 

9.2.7.4 Petrography 

Mineralogy and Textural Relations. Lithologic heterogeneity is very 

prominent in the rocks of the Norwalk area (see Fig. 9.8). 

Biotite-Plagioclase-Quartz Gneiss. This unit is gray to buff, medium 
to coarse grained, and slightly to moderately foliated. Laminae of blotite 

are found in a granular matrix. The modal composition is quartz, 43-57%; 

plagloclase, 22-33%; biotite, 7-17%; and microcline, 2-14%; with minor amounts 

of magnetite, muscovite, apatite, garnet, zircon, and chlorite (Kroll, 1977). 

Mixed Felsic Gneiss. This unit is composed of interlayered gneiss, 

amphibolite, and schist. The microcline-quartz-plagioclase gneiss, locally 

pegmatltic, is gray-white to buff-gray to yellowish-gray and medium to very 

coarse grained. The modal composition is plagloclase, 22-46%; quartz, 21-36%; 

microcline, 14-34%; muscovite, 1-13%; and biotite, 2-7%; with minor amounts of 

opaque minerals, chlorite, apatite, garnet, and zircon (Kroll, 1977). 

Fragmented xenoblastlc and idioblastic grains of garnet are common, with 

chlorite along the fractures and rims. Locally, porphyroblasts of microcline 

a few centimeters long (an inch or so) are found in the gneiss. 

The amphlbolites are shiny black, medium to coarse grained, and 

massive; they contain quartz lenses and have , thin, subparallel felsic 

stringers. Locally, garnet or biotite or both are conspicuous porphyroblasts. 

The porphyroblastlc biotite gneiss is dark, medium to coarse grained, 

and well foliated. Xenoblastlc microcline porphyroblasts 1-2 cm (0.4-0.8 in.) 

long are abundant. The chief minerals are biotite, plagloclase, microcline, 

and quartz. Locally, pyroxene is a primary mineral. Apatite, zircon, and 

opaque minerals are accessory minerals. 

The calc-slllcate gneiss is fine to medium grained and has rusty 

micaceous layers separating light-green and dark-green bands 1-8 cm (0.4-3.2 

in.) thick. The darker layer is richer in amphiboles; the biotlte-rich layers 

are really blotlte-quartz-plagloclase schists. Some layers are pink and rich 

in garnet. Locally, quartz-feldspar pegmatites and quartz pods are found. 

Interlayered Schist and Granulite. This unit is a medlum-gralned, 
slightly foliated, mica-poor, dark-gray quartz-plagioclase or llght-plnk 

granulite Interlayered with well-foliated, medium- to coarse-grained, dark-

brown gedrite schist, containing gedrite blades up to 4 cm (1.6 in.) long. 

The granulite layers are usually thicker than the schist layers, ranging from 

1-2 cm (0.4-0.8 in.) to 1 m (3 ft). Locally, some of the rocks are graphitic 
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and contain Courmallne. Quarcz pods are common. On Calf PasCure Island, In 
Che Norwalk SouCh quadrangle, quarCz-kyanlCe pegmadte pods occur. The modal 
composldon of Che schlsc ts plagloclase, 0.5-53%; quarcz, 25-62%; microcline, 
0-28%; muscovlce, 2-35%; and bloclce, 0.2-22%; wleh minor garnec, silllmanite, 
opaque minerals, apadce, zircon, sphene. and chlorite (Kroll. 1977). 

Mafic Gneisses. There are three units of porphyroblasdc ond 
nonporphyroblastlc mafic gneisses. Unit I Is a mafic gneiss that Is up to 300 
m (1000 ft) chick, averaging 180 m (600 ft). The gneiss Is equigranular, 
medium to coarse grained, layered, and croas-lamlnated. Locally, plagloclase 
and hornblende porphyroblasts are found. There Is Interlayerlng of a 10-cm 
(4-ln.) thick, granular, medlum-gralned rock, and o thicker, more foliated, 
coarse-grained rock. The modal composition of Che moflc gneiss Is 
plagloclase, 3-47%; quarcz, 0-30%; microcline, 0-48%; blodce, 0-33%; 
hornblende, 0-40%; cllnopyroxene, 0-9%; and sphene, 0.3-4%. Apaclce, zircon, 
allanlce. opaque minerals, chlorlce, and calclce are presenC In minor amounts 
(Kroll, 1977). 

Mafic granular pods, ultramafic rocks, garnet-gedrlce schist, and a 
chin layer of calc-sl1IcaCe rock are also found In unlc I. The mafic granular 
pods are pillow SCrucCures; Chey are black, spherical Co ellipsoidal, medlua 
grained, nonfollaced, granular, and range from 4 cm (1.6 In.) Co 1 m (3 fe) 
long. The modal composldon Is plagloclase, 16.8%; microcline, 6.11; 
hornblende, 7.1%; pyroxene, 55.3%; and sphene, 2.8%. ApodCe, zircon, opoque 
minerals, calclce, and cllnozolslCe are present In minor amounts (Kroll, 
1977). The ultramafic rocks Include chlorlce-talc-enatatIte and talc-
serpendne-cremoltee schlscs. The garnec-gedrtce rocka are coarse grained, 
massive, and sllghely Co well follaced, and contain cordlerlte locally. 

The felslc Interlayers are dark, 0.5-4 cm (0.2-1.6 In.) thick, 
granular, and sllghely follaced. Their modal composldon Is plagloclase, 17-
55%; quarcz. 12-36%; microcline. 11-69%; and bloclce. 0-20%. Hornblende, 
sphene, apaclce. zircon, allanlce, opaque minerals, chlorlce, and garnec are 
presenC In minor amouncs. 

Unlc II of che raafic gneisses Is 60-300 m (180-1000 ft) thick and 
massive, with some layering. Gray, subhedral microcline porphyroblasts form 
up CO 10% of Che unlc. Mafic, follaced pods and layers are alao found. The 
modal composldon of unlc II Is plagloclase, 19-41%; quartz 3-29%; 
mlcrocltne. 4-25%; blodte, 9-29%; hornblende. 0-42%; cllnopyroxene, 0-6%; 
sphene 0.3-5%; apadce, 0.1-1%; „rcon, 0-0,2%; allanlte, 0-0.4%; opaque 
minerals, trace Co 0.7%; and chlorlce. 0-0.6% (Kroll. 1977). 

43-48%.""*' 1 " n V ^ r " " '° ""*' '' ""' " ™""'' composldon of plagloclase. 
!oh!ne T7r • ; •r,"^n°oi*"'- °'"= "'<"•'•• ^'-2«: hornblende, 4-15%; 
T T: o',, "'" • • "•"= ''̂ '̂ •"' '">=•= •"<" »P-<"» -inerals, O.I-0.5i (Kroll, 1977). 
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Alteration. Crowley (1968) reported that there is an Increase in 

regional metamorphic grade from central to western Connecticut, ranging from 

chlorite grade near New Haven to silllmanite grade near Bridgeport. Some 

retrograde metamorphlsm may have occurred (Kroll, 1977). 

9.2.7.5 Secondary Intrusions 

Pegmatltic intrusions form dikes and sills throughout the crystalline 

rock body. Small hornblendite and diabase dikes are also reported. Dark, 

fine-grained diabase cuts across the quartz-plagioclase-mlcrocllne gneiss in 

the mixed felslc gneiss. 

9.2.7.6 Country Rock 

To the east of the Norwalk area gneisses lie large refolded and 

recumbent folds and nappes of metamorphosed eugeosyncllnal rocks, including 

the granitic gneisses described in Sec. 9.2.4. To the west are refolded, 

steeply inclined isoclinal folds of metamorphosed miogeosynclinal rocks, 

including the Harrison gneiss described in Sec. 9.2.5 (Kroll, 1977; Rodgers, 

1982). Hornblendites, pegmatites, and diabase occur In the Norwalk area 

gneisses. 

9.2.7.7 Rock Structure 

Kroll (1977) suggested that the major folding and metamorphlsm are 

largely related to Acadian thermotectonic events ,of 360 m.y. ago. A second 

event, about 260 m.y. ago, was primarily thermal in nature. Structurally, the 

rocks of the Norwalk area are highly anisotropic. 

Folding in the Norwalk North area is complex and multiple. Kroll 

(1977) studied the structural fabric of the area. In the Norwalk North area, 

the Wilton fold incorporates the schist, granullte, and mafic gneiss units. 

In the Wilton fold, the S2 foliation Is parallel to the bedding surfaces but 

becomes an axial plane foliation in the mafic gneiss; lineation is well 

developed in the schist and granulite unit; and the minor fold axes Fĵ  

postdate the S, foliation (Kroll, 1977). In the Norwalk South area, a major 

fold is recognized. The lineation and minor fold axes plunge southward and 

southwestward, in contrast to the north- and west-plunging orientation in the 

northern section. 

Fractures are common in all lithologic units and frequently show 

sllckensides on steeply dipping, northwest-trending fracture surfaces (see 

Fig. 9.9). Such sllckensides are generally indicative of shear fractures 

caused by stress systems with near-horizontal maximum compression and near-

vertical intermediate compression. Kink bands are the result of north-south 

compression (Dietrich, 1968). 
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In the massive felslc gneiss, 

foliation is not well developed, 

except In local micaceous rocks. 

Lineation Is absent or not well 

developed. The gneiss Is fractured, 

with sllckensides coated wleh fine

grained tourmaline. 

9.2.7.8 Geophysics 

The contact between the 

blotlte-plagioclase-quartz gneiss and 

the amphlbollte-bearlng unit of the 

mixed felslc gneisses In the Norwalk 

South quadrangle trends parallel to 

the magnetic-Intensity lines on the 

aeromagnedc map (U.S. Geol. Survey, 

1971). The magnedc Incenslcy of Che 

blotlte-plagioclase-quartz gneiss Is 

greater ehan ChaC of ehe ocher rock 

units, because of the magnetite con

tent. Hildreth (1979) showed -10-mgal 

to -20-mgal gravity-anomaly values on 

a regional Bouguer anomaly map for the 

area. 

Fig. 9.9 Orientation Diagram of 

133 Sets of Sllckensides in the 

Norwalk North and Norwalk South 

Quadrangles (Source: 

Kroll, 1977) 

9.3 ACADIAN AND POST-ACADIAN 

9.3.1 Canterbury Gneiss (Plate VIII, Pluton 14) 

9.3.1.1 Size, Shape, and Location 

The Canterbury gneiss Is a fairly homogeneous, medium-groined, quartzo-

feldspathic gneiss that crops out In eastern Connecticut. The pluton forms a 

belt ehae crends noreh-noreheast and extends nearly across the state (see Fig. 

9.10). The approximate total length of the belt of six elongated, roughly 

parallel strips Is 78 km (48 ml). The approximate area occupied by the body 

is 210 km^ (81 mi^). 

9.3.1.2 Relative and Absolute_Age 

The youngest rocks thst the gneiss cuts ore of Ordovlclon age. Whole-

rock Rb-Sr onalysls suggests Chat the oge of the Canterbury gneiss is 



355 

EXPLANATION 

Gabbro of Labanon 

^ 
Canterbury Gnsiss 

^ 
Scotland Schist 

Hebron Formation 

1 S i 

General strihe and direction ot 
dip of foliation or schistosity 

Sample locality and number 

Fig, 9.10 Geologic Map of Canterbury Gneiss Area 
(Source: Zartman et al., 1965) 

approximately 329 ± 9 m.y. (Pease, 1982); it is possible, however, that this 
reflects a later thermal event that reset the ratios of rubidium and strontium 
in the measured rocks. 

9.3.1.3 Origin 

The Canterbury gneiss is a metamorphosed intrusive body. The 
antecedent of the gneiss was probably emplaced as an intrusive sill into the 
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sedimentary sequence of Che Hebron formadon. Inclusions of Che Hebron 

formadon are found near Che margins of che body, and IC appears Co hove 

asslmllaCed much of ICs wall rock by anaCexla (Dixon and Pessel, 1966; Pease, 

1982). Metamorphlsm of the entire complex la believed to have occurred during 

the Devonian Acadian orogeny. 

9.3.1.4 Petrography 

Mineralogy and TexCural Reladons. Rocks of the Canterbury gneiss are 

generally equigranular, with grain sizes ranging from 1 mm (0.04 in.) to 3 mm 

(0.12 in.). Composition of the gneiss varies from granite to tonallte, but 

granodlorlte and quartz monzonite are the most common facies. Cataclastlc 

features are often observed, owing to the proximity of the Honey Hill faulc 

zone. The Cyplcal gneiss Is a medium- Co dark-gray augen gneiss. In which 

feldspar augen 0.5-5 cm (0.2-2 in.) long H e In a maCrlx of quarCz, feldspar, 

and blodce (Lundgren, 1966b). A less common varleCy ts a muscovite gneiss 

that lacks noticeable feldspar augen and contains slightly less biotite. The 

Canterbury gneiss contains oligoclase or sodium andeslne, quartz, microcline, 

greenish-black blotite, and minor amounts of muscovite. Iron-rich epidote, 

sphene, and garnet. Among the accessory minerals are euhedral allanlte grains 

with epidote rims, zircon, magneclce-llmenlce, pyrlce, and apacice (Snyder, 

1964a). Subparallel arrangemenc of blodCe flakes ImparCs a scrong llneadon 

and a weak follaclon tn mosc hand specimens. However, tn ehe excreme norchern 

edge of ehe plucon, che rocks are more scrongly follaced. 

Alceradon. Mosc alceradon occurred afcer Che period of ehrustlng, as 

a result of low-temperaure hydration reactions. The most coonon reactions 

were the altering of biotite to chlorite, minor sphene, and muscovite. 

9.3.1.5 Secondary Intrusions 

Although some pegraaclce Incruslons may be presene, chey are relatively 

minor (Lundgren et al., 1971). Absence of foliation In these pegmatite dikes 

suggests emplacement during the late stages of metamorphlsm and folding. 

9.3.1.5 Country Rocks 

The Canterbury gneiss Is bounded mainly by the Hebron formotion ond the 
Tatnic Hill formation, but It also comes In contact with the Scotland schist 
and ehe Lebanon gabbro (Dixon and Shaw, 1965). 

The Hebron formadon, where le Is adjacenc Co che Cancerbury gneiss, 

conslscs of various granular and ralcaceoua achlscs and gneisses chsC represent 

mecamorphosed cslclc sedlmencary rocks (Snyder. 1964a). Three dlfferenc rock 

types are considered part of the Hebron formation: (1) layered, green-gray. 
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calc-silicate rock composed of quartz, andesine-labradorite, hornblende, and 

smaller amounts of blotite, dlopslde, aluminum-rich epidote, and sphene; 

(2) purple-brown schist composed of quartz, andesine-labradorite, biotite, and 

calcite; and (3) brown schist with quartz, oligoclase-andeslne, biotite, 

potassium feldspar, and sphene. 

The Tatnic Hill formation consists predominantly of muscovltlc blotlte-

quartz-plagloclase schist and gneiss. Interbedded with these rocks are rusty-

weathering slHlmanitic biotite-muscovite schist, garnetlferous quartz-blotite 

schist, amphibolite, and calc-slllcate gneisses (Lundgren, 1962). 

The Scotland schist of Dixon and Shaw (1965) is predominantly a 

muscovite schist with well-developed foliation and indistinct bedding. The 

schist is composed of fine-grained quartz and biotite, coarse-grained 

muscovite, and minor amounts of garnet, staurolite, oligoclase, and kyanite. 

Accessory minerals are tourmaline, apatite, zircon, and opaque minerals. 

9.3.1.7 Rock Structure 

Two types of faults affect the outcrop area of the pluton. These are 

low-angle thrust faults and high-angle faults striking north to south and 

north-northwest to south-southeast (Lundgren and Thurrell, 1973). The 

Canterbury gneiss is well jointed, containing two major joint sets. Both sets 

are nearly vertical; the most prominent set strikes north-south, while the 

less developed set strikes east-west. Most mineral lineation plunges gently 

to the southwest or south and is generally parallel to small fold axes. The 

Canterbury gneiss is distributed throughout an area that has experienced at 

least two deformational events, and major and minor folds are recognized 

throughout the area. Outcrop patterns suggest that the gneiss itelf has been 

folded. 

9.3.1.8 Geophysics 

Aeromagnetic maps of all Connecticut quadrangles have been published by 

USGS. The following specific maps may be of significance: 

1. Boynton, G.R., and C.W. Smith, Aeromagnetic Map of the 

Norwich Quadrangle, GP-543 (1966). 

2. Boynton, G.R., and C.W. Smith, Aeromagnetic Map of the 

Scotland Quadrangle, GP-540 (1966). 

3. Phllbln, P.W., and C.W. Smith, Aeromagnetic Map of the 

Hampton Quadrangle and Part of the Scotland Quadrangle, 

GP-593 (1966). 
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4. Phllbln, P.W. , and C.W. Smith. Aeromagnetic Map of the 

Danielson Quadrangle and Part of the Plalnfleld 

Quadrangle, GP-592 (1966) 

5. Author unknown, Aeromagnetic Map of the Eastford 

Quadrangle and Part of the Hampton Quadrangle, GP-651 

(1959). 

6. Author unknown, Aeromagnetic Map of the Wllllmantlc 

Quadrangle and Parts of the Spring Hill and Scotland 

Quadrangles, GP-851 (1973). 

7. Author unknown, Aeomagneclc Map of Che Fitchville 

Quadrangle and Part of the Norwich Quadrangle, CP-860 

(1973). 

No interpretations are provided wleh these maps. 

9.3.2 Nonewaug Granite (Plate VIII, Pluton 9) 

9.3.2.1 Size, Shape, and Location 

The Nonewaug granite forms four discontinuous areas of outcroppings 

that define a lens-shaped body trending tn a southwesterly direction. In Che 

Woodbury, LlCchfleld, Thomaston, and Waterbury quadrangles. The two largest 

of the four areas are each about 12 km (7 ml) long and 3-5 km (2-3 ml) wide; 

the two smaller areas are each about 5 km (3 ml) long and 2 km (1.2 mi) 

wide. Outcrops occur over a total area of about 78 km (30 mi ) (Gates, 

1954). 

9.3.2.2 Relative and Absolute Age 

The Nonewaug granite Intrudes Into the Hartland formation of Ordovician 

age and is intruded tnCo by a basale of Lace or posC-Trlasslc age. Whole-rock 

Rb-Sr dadng Indlcaces an age of 382 * 54 m.y. (Besancon, 1970). 

9.3.2.3 Origin 

The Nonewaug grantee probably InCruded InCo ehe Hardand formation as a 
magma. The body Is also associated with dikes ehae cue tnCo ehe Hardand 
formac ton. 



359 

9.3.2.4 Petrography 

Mineralogy and Textural Relations. The Nonewaug granite is a banded 

igneous rock with layers ranging in thickness from a centimeter or less (a 

fraction of an inch) to a few meters (several feet). Its texture ranges from 

very fine grained granite to coarse pegmatite. Boundaries between layers are 

gradatlonal. The most common rock is a patchy mixture of granite and 

pegmatite in the central part of the body. There is no regular distribution 

of the fine- or coarse-grained types. The general rock fabric is of an 

Intrusive breccia, with fine-grained granite forming clasts and with more 

pegmatltic granite as the host. A broad zone with plumose muscovite and 

graphic granite crosses the central part of the granite body and trends N. 60° 

E. The graphic granite grains range in size from less than 2.5 cm (1 in.) to 

0.6 m (2 ft). 

The chief minerals of the Nonewaug granite are microcline, sodium 

plagloclase, quartz, muscovite, and blotite. Apatite and garnet occur as 

accessory minerals. Microcline and alblte normally account for 65% of the 

rock, with quartz 30% and mica about 5%. Microcline may predominate in one 

sample and plagloclase in another. All proportions between a nearly pure 

potassium feldspar granite and a nearly pure sodium plagloclase granite 

occur. In general, plagloclase is more abundant, and the Nonewaug is termed a 

sodic granite. Muscovite is the predominant mica (Gates, 1954). 

Alteration. Secondary alteration may be minimal, as there is no 

mention of it in the literature. 

9.3.2.5 Secondary Intrusions 

No secondary Intrusions have been mapped within the Nonewaug granite. 

9.3.2.6 Country Rocks 

The Nonewaug granite intrudes into the Hartland formation, which lies 

on the eastern flank of the Green Mountain anticlinorium and extends from 

Vermont through Massachusetts and Connecticut, to Long Island Sound. The 

Hartland formation is considered to be a Cambrian-Ordovician sequence 

consisting of various metasedlments, Interbedded mica quartzites, mica quartz 

schists, and granitic gneisses. Granite and pegmatite dikes and sills are 

prominent features in the Hartland formation near its contacts, particularly 

along its southern border. 
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9.3.2.7 Rock Structure 

The Nonewaug granite body Is transected by a north-south-trendlng 

Mesozolc fault. The CexCural layering of Che Nonewaug granite Indicates 

pervasive flow handing. The Nonewaug granite Is not folded. 

9.3.2.8 Geophysics 

On Hlldreth's (1979) mop, the pluton lies In on orea characterized by 

low-value positive gravity contours. 

9.4 ALLEGHENIAN AND POST-ALLEGHENIAN 

9.4.1 Narragansett Pier Grantee (Place VIII, Pluton 16) 

See Sec. 8.4.1 and Plate VII, pluton 1. Only 1 km (0.4 ml ) of the 

Narragansete Pier grantee occurs In ConnecdcuC; ehe resC of Ic lies In Rhode 

Island. Therefore, Ic Is discussed wlch che plutons of that atate. 
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10 CRYSTALLINE ROCKS OF SOUTHEASTERN NEW YORK, NORTHERN 

NEW JERSEY, AND SOUTHEASTERN PENNSYLVANIA 

10.1 GRENVILLE AND AVALONIAN 

10.1.1 Baltimore Gneiss Complex (Plate IX, Pluton 2) 

10.1.1.1 Size, Shape, and Location 

The Baltimore gneiss complex extends from just southeast of Trenton, 

N.J., southwestward to the Delaware border. The complex is elongated parallel 

to a general strike of N. 68° E., stretching In this direction more than 92 km 

(57 mi). Its maximum width, near the southern end, is 14 km (9 mi); its 

minimum width, near the northern end, is 0.5 km (0.3 mi). Baltimore gneiss 

crops out in many 7.5-min quadrangles, including the Trenton West, Langhorne, 

Hatboro, Ambler, Frankford, Germantown, Norristown, Valley Forge, Malvern, 

Philadelphia, Lansdowne, Media, West Chester, Unlonsville, Coatesville, Marcus 

Hook, Wilmington North, Kennett Square, and West Grove quadrangles. Outcrops 

of this body are found throughout an area of about 477 km (185 mi ). 

10.1.1.2 Relative and Absolute Age 

On the basis of U-Pb analyses on zircon, Lapham and Root (1971) 

assigned an age of about 1100 m.y. to the Baltimore gneiss. However, Wagner 

and Crawford (1975) proposed that this is probably the date of an event of 

granulite-facies metamorphism, and that the rocks may actually be older than 

1100 m.y. 

10.1.1.3 Origin 

The Baltimore gneiss may have resulted from metamorphlsm of both 

igneous and sedimentary Precambrian rocks (Wagner and Crawford, 1975). 

However, the rocks have been so severely altered that their origin is 

uncertain. 

10.1.1.4 Petrography 

Mineralogy and Textural Relations. Baltimore gneiss is synonymous with 
the term "basement complex" (Higgins, 1972). The gneiss comprises several 

On the basis of studies within a 65-km 

, Wa 

Crawford (1975) divided the complex into four main llthologles: (1) pyroxene 

different metamorphlc assemblages. 

(25-ml ) area of the Westchester prong section of the complex, Wagner and 
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granullte, (2) quartzo-feldspathic granullte, (3) quartzose rock, and (4) 

amphlbollte and mlgmadte. Within this atudy area, which Is only about one-

seventh of the total surface area of the Baltimore gneiss, Wogner and Crawford 

(1975) noted several major composltlonol differences between the western and 

eastern sections. These differences are probably reloted to differences In 

original rock type and mecamorphlc history. In places, the Baltimore gneisses 

have some slmllarldes wleh Che Reading Prong llchologles; Chls is particu

larly true In areas north and south of the Huntington and Cream Valley faults. 

The pyroxene granullte (alao referred to as gabbrolc gneiss) composes 

about half the surface area of the complex. The granullte Is a two-pyroxene 

plagloclase rock containing accessory magnetite and/or llmenlte, zircon, and 

apatite. The orthopyroxene is hyperschene, and Che cllnopyroxene Is sallce. 

Plagloclase is twinned and often antlperthltlc. Some pyroxene granullte 

contains hornblende or biotite or both, apparently in equilibrium with the 

pyroxenes. Foliation Is faint to nonexistent. 

The composition of the quartzo-feldspathic granullte Is extremely 

variable; In the past It has been claased with felslc or granite gneisses. 

The quarCz grains contain garnet, presumably from Che first of several meta

morphlc stages. Biotite ts common, and apatite Is present as an accessory 

mineral (Wagner and Crawford, 1975). The amphlbollte-ratgmatite ts s 

crystalloblastic rock composed mostly of hornblende and plagloclase, with 

small amounts of quartz and accessory minerals (Armstrong, 1941). Pyroxene is 

also present and may constitute as much as 5% of the rock. 

Rocks of the quartzose fades are probably minor, underlying less than 

5% of the surface area In the region studied. Mose of chese rocks are kyanlce 

quarczlces. Some samples contain as much as 40% garnet. Phlogopite occurs In 

some of the kyanite quarczlces, accompanied by minor amouncs of plagloclase, 

orchoclase, or very fine perthite. Rudle ts ofcen presene, and graphlce and 

zircon are accessory minerals. Hemadte may be present, possibly the result 

of weathering of magnetite (Wagner and Crawford, 1975). 

Alteration. Both Amenta (1974) and Wagner and Crawford (1975) agreed 

that the Baltimore gneiss underwent three stagea of metamorphlsm. However, 

Amenta believed the area waa also subjected to five discrete phases of 

deformation. It has not been deCermined whecher Che rocks now forming the 

Baltimore gneiss were originally Igneous or sedlmencary. The Grenvllle 

orogeny, which mecamorphosed che original rocks beyond recognlclon (Wagner and 

Crawford, 1975), Is probably Che oldesC evenc preserved In che region. 

A second metamorphlsm associated with intense deformodon probobly 

occurred about 440 m.y. ago during the Taconic orogeny. Metamorphlsm under 

anhydrous conditions produced garnec coronos In gronullce-facles rocka and 

diabase dikes. MeCamorphlsm under hydrous condidons resulted In omphlbollte-

type fades. This metamorphlc event wos also responsible for altering the 

Wlssahlckon sediments Co amphibollte-facles rocks (Wagner and Crawford, 
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1975). However, the effects of post-Taconic events on the Baltimore gneiss 

are difficult to differentiate from those of the Taconic events (Drake, 1982). 

10.1.1.5 Secondary Intrusions 

Three secondary intrusive events are recorded in the Baltimore 

gneiss. The first was intrusion of diabase dikes sometime between 1000 m.y. 

and 440 m.y. ago. It has been suggested that these dikes are Precambrian, but 

a Cambrian or Ordovician age is also possible (Wagner and Crawford, 1975). 

Several of these pre-Trlasslc dikes occur in the lower west center of the 

complex, with a lone dike in the upper east area near the Newark basin 

border. The dikes show well-preserved ophitlc textures, sharp contacts, and 

chilled margins. These dikes were also partially recrystalllzed during post-

Cambrian metamorphism. During the early Paleozoic, the gneiss was intruded by 

several pegmatite dikes, three at the southwestern terminus of the complex-

All have similar thicknesses and are from 0.8 km (0.5 ml) to 5 km (3 mi) in 

length. Two more massive pegmatite bodies are located within the complex. 

One is a small elliptical formation in the southwestern region; the other is a 

V-shaped structure in the north-central portion (Gray et al., 1960) that is 

about 2.4 km (1.5 ml) long and 0.3 km (0.2 ml) wide at its widest point. 

Drake (1982) suggested that the pegmatites were probably generated within the 

gneiss during subsequent metamorphlsm. 

The gneiss has also been intruded into by Trlasslc diabase of the York 

Haven quartz tholeiitic type. At least 10 of these dikes, 1.6-6.4 km (1-4 mi) 

long. Intersect the lower third of the complex (Smith et al., 1975). All 

three types of dikes show a general strike of N. 45° E. 

10.1.1.6 Country Rocks 

For the most part, the gneiss is unconformably overlain by members of 

the Wlssahlckon formation, presumably along a tectonic contact. Along the 

southern and northwestern edges, contact is predominantly with an oligoclase-

mica schist (assumed to be a facies of the Wlssahlckon) and also hornblende 

gneiss, some augen gneiss, and quartz-rich and feldspar-rich members that show 

varying degrees of granitlzatlon (Gray et al., 1960). At the western 

extremity, the gneiss is overlain, respectively, by Cockeysville marble, a 

white to light-bluish-gray marble, and by the Setters formation, a white 

feldspathic quartzlte to gray mica gneiss and schist. All three of these 

layers are part of the provincial series called the Glenarm supergroup, which 

overlies the basement Precambrlan rocks throughout the region. 

Country-rock relationships to the east are more complex, where fairly 

extensive contacts with the Cambrian Chickies formadon are recorded both 

north and south of the Baltimore gneiss. The Chickies formation is a light-

gray, hard, massive, scollthus-bearing quartzlte and quartz schist, with a 

conglomerate at its base and thin interbeds of dark slate at its upper margin. 
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In the extreme northeast, the Stockton formation defines the edge of 

the Newark-Gettysburg Trlasslc basin, which is bounded by faults on the 

southeasc. IC is a llghc-gray to buff, coarse-grained arkoslc sandstone and 

conglomerate, with red and brown siliceous sandstone and red shale. This 

contact suggests covering of the Glenarm supergroup within the Newark basin. 

10.1.1.7 Rock Structure 

Foliation within che felslc rocks of Che complex Is defined primarily 

by blodce; sceep JolnCs have developed parallel Co Chese follaclon planes 

(Armscrong, 1941). Near JenklnCown, chese Jolncs strike about N. 60° E. The 

second most prominent Joint system throughout the gneiss Is nearly vertical 

and strikes norch (Armscrong, 1941). However, cross jointing is not uncoaaon. 

Fault lines define almost all of the southern edge and more than holf 

of the northern edge of the complex. The Rosemont snd Cream Valley fault 

zones that border the Baltimore gneiss were octlve as lote as the Alleghenian 

orogeny. South of the Rosemont fault, the Alleghenian deformation Is not 

evident (Amenta, 1974). 

There are five separate generations of folds, resulting from five 

discrete deformatlonal events. Within the handed hybrid rocks (gneisses), the 

fold axes plunge 10-30°. 

10.1.1.8 Geophysics 

Diment et al. (1980) compiled Bouguer gravity data for the northeastern 
United States. The gravity gradlenC represenCed by Che Balelmore gneiss and 
relaced gneisses separaces ehe mecamorphlc core of ehe Appalachian MounCalns 
from che miogeosynclinal depostcs, which are characterized by sharp gravity 
lows. 

10.1.2 Honey Brook Complex (Plate IX, PluCon 1) 

10.1.2.1 Size, Shape, and Locadon 

The Honey Brook complex is locsCed between the Susquehanna and Schuyl

kill rivers, directly wesC of Phoenlxvllle In soucheoscern Pennsylvonlo. The 

Phoenlxvllle, PotCsCown, Elverson, Malvern, Downington, Wogontown, Honey 

Brook, New Holland, CoaCesvtlle, Parkesburg Gap, and Quarryvllle quodrongles 

are ehe 7.5-mln quadrangles In which che complex crops ouC. The Honey Brook 

complex underlies an area of about 507 km^ (195^ „i), „hlch Includes the Honey 

Brook upland and the Glenarm terrane, on opposlce sides of the largely 

Paleozoic Chester Valley region (aee Fig. 10.1). The anorchoslte body, which 

underlies about 9% of the total surface ares of the complex (Groy et ol.. 
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1960), is often referred to as the 

"Honey Brook anorthosite." According 

to Gray et al. (1960), the remainder 

of the area is underlain by granite 

gneiss, monzonite, granodiorite, 

graphitic gneiss, and gabbrolc gneiss. 

However, the geological understanding 

of the area has been substantially 

reappraised by Crawford (1979), 

Crawford and Crawford (1980), and 

Crawford and Hoersch (1983). 

The southern edge of the com

plex is fairly straight, extending 

approximately 58 km (36 mi) and 

striking about N. 71° E. From its 

northeastern terminus to its center, 

the complex is fairly massive, with an 

average width of 16 km (10 mi). From 

the center westward, the complex 

bifurcates into two narrow prongs, 

each with an average width of 4 km 

(2.5 mi). 
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Fig. 10.1 Geographical Relation

ship between the Honey Brook Up

land, Chester Valley Region, and 

Glenarm Terrane of the South

eastern Pennsylvania Piedmont 

(Source: Crawford and 

Crawford, 1980) 

10.1.2.2 Relative and Absolute Age 

Tilton et al. (1960) and Grauert et al. (1973) found U-Pb-zircon ages 

of 980-1100 m.y. for gneisses from the Honey Brook upland and the Glenarm 

terrane, ages that probably indicate the effect of the Grenvllle thermotec

tonic event. Crawford and Hoersch (1983) reported Ar^'^-Ar^^ ages of 850-880 

m.y. on coexisting hornblende and biotite from the granullte gneisses, which 

suggests cooling and uplift following the Grenvllle event. 

10.1.2.3 Origin 

Mafic and felsic gneisses of amphibolite facies in the Honey Brook 

complex probably are of metavolcanic and metagraywacke origin (Crawford et 

al., 1971; Drake, 1982; and Crawford and Hoersch, 1983). The graphitic 

gneisses may be graphite-bearing phases of the felsic gneiss (Crawford and 

Hoersch, 1983), rather than being of metasedimentary origin as Gray et al. 

(1960) and Berg et al. (1980) suggested. The anorthoslte body is of magmatic 

origin; its present status is the result of flow differentiation (Crawford 

et al., 1971; Raman and Hewing, 1979). 
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10.1.2.4 Petrography 

Mineralogy ond Textural Relations. The complex comprises the Honey 

Brook uplands and the Glenarm terrane of the Pennaylvanla piedmont (see Fig. 

10.1). The following Information Is based on Crawford et al. (1971), Demun 

(1977), Crawford and Crawford (1980), and Crawford and Hoersch (1983). 

The Honey Brook complex Is principally composed of anorthoslte, 

amphlboltte-facles gneiss, and granullte-facles gneisses (see Fig. 10.2). The 

Honey Brook anorthosite forms an elliptical body of about 47 km (18 ml ) ot 

the center of the complex. It is composed of sn ossoclstlon of anorthosite 

(40%), leuco-hornblende gabbro (40%), and hornblende gabbro (20%), which are 

distinguished by differences In their hornblende content — about 0-8% In the 

anorthoslce and up Co 55% In the gabbros. The texture Is typically hypldlo

morphlc granular. Blotite, quartz, apatite, and magnetite are accessory 

minerals. Crawford et al. (1971) suggesCed ChaC flow differentiation may have 

concentrated the plagloclase In the core, while forcing the gabbrolc 

anorthoslte liquid to the borders, where It crystallized lost. 

The amphtbtoltte-factea gneisses are predominantly massive gneisses of 

felslc and InCermedlaCe composldon. The principal minerals are quarcz, 

plagloclase, hornblende, blodce, and muscovlce, tn varying propordons. In 

conCrase, che mafic gneisses, composed of hornblende and plagloclase, are well 

follaced hue subordinate. 

The graphtee-beartng gneisses form ImporCanC consClCuenCs of boCh che 

amphlbollce- and granullce-facles rocks of Che uplands. The granullce-facles 

gneisses are medium- Co coarse-grained, weakly foliated, and somewhat layered 

felslc and mafic granulites (charnockltes). The presence of mesoperthlte, 

hyperschene, and auglce, tn addtdon to quartz and plagloclase, differentiates 

them from the amphlboltte-facles gneisses. The upland gneisses are largely of 

felslc to intermediate composition, whereas the Glenarm Cerrane gneisses are 

more mafic and lack graphlce. 

Alteration. Three separate sCages of meCamorphlsm are identified with 

the youngest greenschlst fades, which caused noticeable retrogression in the 

metamorphlc grade (Demmon, 1977). Metamorphlsm caused the formadon of 

urallte, serlclte, cllnozolslCe, zolslce, garnet, and rare epldoce and 

allanlce (Crawford ee al., 1971). Tecconlc movement or later magmatic stress 

caused granulation. Plagloclase In the felslc gneisses is sericltized. 

10.1.2.5 Secondary Intrusions 

Precambrlan diabase dikes intrude Into the granlce gneiss portion of 

the Honey Brook complex In four places at Its southern d p . Also, a long 

diabase dike of uncerCaln age (probably eicher Precambrlan or Trlasslc) 

Incrudes into the north-centrsl section of che body. All of Chese dikes 

scrlke approximately N. 20° E. At the point where the complex narrows. 
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several pegmatite dikes Intrude Into both the granite and gabbrolc gneisses. 

Three small pegmatite dikes are found at the extreme southeastern tip of the 

complex. 

10.1.2.6 Country Rocks 

On the norcheasc Che Honey Brook complex is In contact with the 

Stockton formation of the Newark basin, which Is obout 3.2 km (2 ml) deep 

(Falll, 1973). The Stockton formation consists of light-gray to buff, coarse

grained arkoslc sandstone and conglomerate, with rod and brown, fine-grained, 

siliceous sandstone and shale (Gray et al., I960). The only other contact Is 

with the Chickies formation of Cambrian age. This formation Is o massive, 

hard, scollthus-bearing, gray quartzlte and quartz schist, with a thin layer 

of dark Interbedded slate at its upper surface and a conglomerate ot Its base. 

10.1.2.7 Rock Structure 

The Brandywlne Manor fault cuts through the center of the Honey Brook 

complex and may have brought the otherwise cohesive metamorphlc terrane Into 

its present position. This fault represents at least 914 m (3000 ft) of 

upthrust of Precambrlan rocks to the north of the fault. This upthrusttng 

along a steep faulc accouncs for Che anorchoslclc core being exposed ae Che 

surface. The Gap overchrusc faulc has a general easC-wese scrlke; Ic cuts 

Chrough ehe souChern Chlrd of Che complex and runs subparallel to the 

Brandywlne Manor fault. Upthrusttng occurred In the region south of this 

fault (Bascomb and Stose, 1938). 

According to Gray et al. (I960), several short faults exhibiting little 

vertical movement Intersect the northeastern boundary of the Precambrlan 

outcrop. These faults all strike about N. 30° E. and are all less than 6 km 
(4 ml) long. 

This area Is currently IneerpreCed as ehe result of a Taconic nappe 

structure, wleh an Alleghenian ramp-and-flat-decollement deformation super

posed on the eorller extreme deformation (Droke. 1982). The complex Is 

composed of three adjacent anticlines that are bounded by the faults discussed 

above. Furthest north Is the Welsh Mountain andcllne. which extends north

ward past the Precambrlan rocks to Include exposures of Cambrian metasedl

ments. This andcllne Is believed to be severely eroded. It termlnotes 

abruptly at the Brandywlne fault. 

At the center of the body Is the Barren Hills anticline, which occupies 

a slight depression defined by the Brandywlne and Gap faults. This anticline 

ts westward-plunging. Finally, the .southernmost third of the Honey Brook 

region Is known as the Mine Ridge anticline. Folding In this region was 

extremely Intense, and Che sCrucCure Is compllcaCed by extensive fauldng. It 

Is possible ehae fauldng and folding were contemporaneoua developments 

(Bascomb and Stose, 1938). 
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10.1.2.8 Geophysics 

An aeromagnetic map of the Wagontown quadrangle Indicates that the 

anorthosite body represents a magnetic low In the Honey Brook complex. The 

magnedc contrast between the rocks indicates that the anorthoslte is a steep-

sided stocklike body (Crawford and Hoersch, 1983) that extends to a moderate 

depth (Bromery et al., 1960). 

10.1.3 Housatonic Massif (Plate IX, Pluton 6) 

See Sec. 9.1.3 and Plate VIII, pluton 7. Only about 25 km^ (10 mi^) of 

this pluton occurs in New York; the remainder lies in Connecticut, and it is 

therefore discussed with the plutons of that state. 

10.1.4 Manhattan Prong (Plate IX, Pluton 7) 

10.1.4.1 Size, Shape, and Location 

The Manhattan Prong comprises a group of elongated parallel bodies that 

trends northeastward across southeastern New York into southwestern Connecti

cut. The Manhattan Prong underlies an area of about 406 km (157 ml ) and 

includes several different llthologles. 

10.1.4.2 Relative and Absolute Age 

On the basis of llthostratlgraphlc relations, crystalline rocks of the 

Manhattan Prong (Fordham gneiss and Yonkers gneiss) are assigned a late 

Proterozoic age and are considered part of the "Grenvllle Terrain" (Hall, 

1968a; Rodgers 1982). On the basis of Rb-Sr whole-rock data, Long (1969) 

reported that the Yonkers gneiss of the Manhattan Prong is 450-1000 m.y. old 

and similar to rocks associated with the Avalonian event. Radiometric data 

suggest that rocks of the Manhattan Prong underwent a major thermal event 

about 360 m.y. ago, which indicates possible Influence by the Acadian orogeny 

(Long and Kulp, 1962; Hall, 1968a). 

10.1.4.3 Origin 

The Yonkers gneiss is considered to be a metamorphosed rhyollte or 

arkose. Most of the Fordham gneiss consists of metamorphosed clastic 

sedimentary rocks. Amphlbolites in the Fordham gneiss are believed to be 

metamorphosed mafic volcanics, whereas granitic gneisses are believed to be 

metamorphosed rhyolltlc volcanic rocks. These gneisses probably represent a 

metamorphosed eugeosyncllnal sequence that contained intrusive rocks (Hall, 

1968a and 1976). 
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10.1.4.4 Petrography 

Mineralogy and Textural Relations. Metasedimentary rocks of the 

Manhattan Prong Include the Fordham gneiss, Lowerre quartzlte, Inwood marble, 

and Manhattan schist. Metalgneous or metasedimentary rocks Include the 

Yonkers and Pound Ridge gneisses. Igneous rocks consist of the Cortlandt 

complex, the Peeksktll granite, and smaller Intrusive bodies (Mose and Hayes, 

1975). 

Rocks of granidc composldon are primarily the Fordham gneiss, the 

Yonkers gneiss, and the Manhotton schist. The Fordham gneiss has been 

extensively studied in the White Plains quadrangle (Hall, 1968b) and Glenville 

quadrangle (Hall, 1968a and 1968b). In the White Plains quadrangle, the 

Fordham gneiss consists of five members referred to as A through E: 

Member A is composed of garnec-blodce-quarcz-feldspar gneiss, 

amphlbollce, and gray blodCe-hornblende-quarCz-feldspar gneiss. Member B 

consists, for the most part, of gray garnet-blotlte-quartz-feldspar gneiss 

that Is locally silllmanite bearing, and amphlbollte. Member C Is similar to 

Member B, but is hornblende-bearing; It also contains layers of pinkish gneiss 

similar to the Yonkers gneiss. Member D is sulfIde-bearing slllimanite-

garnet-biotite-quartz schist or schistose gneiss, with local layers of 

quartzite or biodce gneiss and calc-slllcate granullte. Member E consists of 

gray garnet-blotlte-quarez-feldspar gneiss, blodce-quarez-feldspar gneiss, 

and amphlbollce, all InCerlayered. 

In che Glenville area, amphlbollce and calc-slllcote rocks are 

recognized as Important components of the five llthologlc units (Hall. 1968b 

and 1976). The sequential and spatial relations of llchologlcal subdivisions 

in the two quadrangles have not yet been fully deciphered. 

Brock and Brock (1983) reported that Che granullce facies assemblage is 

also presene In ehe Fordham gneiss of Che Manhacean Prong and Che Hudson 

Highlands. In concrasc to the highly heterogeneous nature of the Fordham 

gneiss, the Yonkers gneiss Is commonly pinkish, homogeneous blotite-

hornblende-quarcz-feldspar gneiss. 

AlCeraCIon. The rocks of ehe ManhaCCan Prong were mecamorphosed during 

Che main phase of Che Taconic orogeny. All of the ManhaCCan Prong region, 

excepC ehe weaCern margin, underwenc a second Chermal evenC during the Acadian 

orogeny (Hall, 1968a). 

10.1.4.5 Secondary Intnislons 

The rock formotions of the Manhattan Prong are complex, and soaie con

tain pegmaddc Intrusions that are probably anatectlc. 
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10.1.4.6 Country Rocks 

The Manhattan Prong is composed 

of rocks of metasedimentary or meta

volcanic origin; they were not Igneous 

intruslves. The geological relations 

of the Manhattan Prong are shown in 

Fig. 10.3. It is bounded on the west 

by the Mesozoic sedimentary rocks of 

the Newark basin, on the north by the 

Precambrlan rocks of the Hudson High

lands, on the east by Cambrian and 

Ordovician eugeosyncllnal rocks of the 

Hartland formation east of Cameron's 

line, and on the south by Cenozoic and 

younger sedimentary rocks and sedi

ments. 

10.1.4.7 Rock Structure 

There is some evidence of 

faulting in the Manhattan Prong 

(Ratcliffe, 1971), but it is not 

always structural evidence. 

r ^ n [MANHATTAN SCHIST 
^^=^ [ INWOOD MARBLE 

t I FORDHAM GNEISS 

Fig. 10.3 Generalized Geologic Map 

of Manhattan Prong (Source: Mose 

and Hayes, 1975) At least three separate 

episodes of folding occurred in the 

Manhattan Prong. The first deforma

tion involved intense folding and 

high-grade metamorphism at some time during the Precambrian. This was 

followed by episodes of deformation in the Ordovician, the latest of which was 

extremely intense and occurred in or later than the Middle Ordovician. Brock 

and Brock (1983) proposed that the Fordham gneiss originally was the floor for 

Paleozoic cover rocks and was later isocllnally folded. It Is considered 

possible that the major deformational events in the Manhattan Prong occurred 

during the Taconic and Acadian orogenies (also see Merguerian, 1983). 

10.1.4.8 Geophysics 

The Manhattan Prong is defined by -20-mgal to -40-mgal Bouguer-anomaly 

contours on the gravity map of Diment et al. (1980); the Prong is part of the 

east-to-northeasterly gravity trend characterized by the metamorphlc core 

rocks of the Appalachian belt. 
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10.1.5 Reading Prong, Northwestern Massif (Plate IX. Pluton 4) 

The Reading Prong Is a major northeasterly trending complex of gnelsslc 

ridges, plateaus, and Intermontane sedimentary sequences that covers much of 

the northern part of New Jersey, parts of Pennsylvania, and southeastern New 

York. The map plan of the terrane exhibits nearly continuous streaks or belts 

of metamorphlc rock sequences, bordered along its entire length by lower 

Paleozoic metasedimentary rocks on the northwest and Mesozolc sedimentary and 

intrusive rocks on the east. In New Jersey the contsct between the Reading 

Prong and the sedimentary rocks to the northwest is defined by reverse faults 

and overthrusts; to the southeast that contact Is marked by a system of 

irregularly developed normal faults. Within the Reading Prong Itself are 

numerous high-angle faults that divide the complex Into three main regions: 

the western extension (pluton 3 on Plate IX), the northwestern massif (pluton 

4), and the southeastern massif (pluton 5). These three regions are 

discussed, tn this report, aa separate plutons In'Secs. 10.1.5, 10.1.6, and 

10.1.7; however, the introductory comments below describe the entire complex 

in general. 

The Reading Prong complex Is associated with the Green Mountain massif 

and, with Che Manhaeean Prong, consdtutes the Pennsylvania-New Jersey-New 

York Precambrlan basement expression of the Appalachian Mountains. However, 

the overall structure and composition of the Reading Prong terrane are 

different from that of the New England Berkshire and Housatonic highlands 

(Smith, 1969). Drake (1982) concluded that the Berkshlres are more clearly 

characterized by nappe and thrust structures; Drake further noted chac many 

Reading Prong rocks are mecasedlmencary and meeavolcanlclasdc, and ChaC Che 

granidc rocks are probably syntectonlc anatectlc sheets. 

The Precambrlan-Paleozolc contact of the Green Mountain-Reading Prong 

arc Is overturned and overthrust to the west. The crystalline part of the 

entire Reading Prong has been Interpreted to be a far-travelled allochthonous 

mass, or kllppe, of Precambrlan and early Paleozoic rocks overthrust westward 

Into northern New Jersey during ehe Taconic orogeny. Drake (1980) Included 

ehe Reading Prong tn Che "Taconldes" Cerrane. Helenek (1983) proposed Chac 

Che quarcz-plagloclase gneisses were derived from volcanic Island-arc 

procollths. 

In Pennsylvania the Reading Prong Is known as the Reading and Durham 

Hills; tn New Jersey as ehe New Jersey Hlghlanda; and in New York as the 

Hudson Highlands. Although a terminal moraine obscures s middle section of 

ehe Cerrane, ehe region was noC exCenslvely glaclaced. Because the rocks sre 

deeply weschered, fresh outcrops are rare, except In the southeastern massif. 

The Reading Prong province runs approximately 240 km (150 ml). It 

extends from near the Schuyklll River In eaatern Pennsylvania about 70 km (43 

mi) to the New Jersey border, where le Is approxlmacely 16 km (10 mi) wide. 

It continues northeast acroas New Jersey about 100 km (62 ml), and widens to 

35 km (22 ml) at the New York border between the Klttatlnny valley and the 
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Piedmont plateau. The northwestern massif tapers out about 20 km (12 mi) into 

New York, but the eastern branch continues another 70 km (43 ml) across New 

York, even extending a few kilometers (miles) into Connecticut. 

10.1.5.1 Size, Shape, and Location of Pluton 4 

The northwestern massif is composed of five distinct, subparallel 

blocks, which trend in a northeasterly direction and are separated by high-

angle faults. Young (1978) reported that each block is a succession of 

complexly deformed paragneisses and sheets of metamorphosed salic intrusive 

rocks. The northwestern massif lies primarily in New Jersey, where it is 

about 15 km (9 mi) wide and 55 km (34 mi) long; a narrow strip extends about 
2 

18 km (11 mi) into New York. The massif underlies an area of about 572 km 
(220 mi^). 

10.1.5.2 Relative and Absolute Age 

The entire Reading Prong has been interpreted as an allochthonous 

thrust sheet and, therefore, determinations of relative age are not 

possible. Absolute ages, determined by Lapham and Root (1971), were 1100-1150 

m.y., which places these rocks in the Precambrian. 

10.1.5.3 Origin 

The entire crystalline belt of the Reading Prong has been interpreted 

to be a far-travelled allochthonous mass overthrust in a westerly direction 

during the Taconic orogeny (Drake, 1970). The nature of the original magmatic 

emplacement is therefore obscured by the tectonic events that moved the 

granitic rocks from their original environment. 

10.1.5.4 Petrography 

Mineralogy and Textural Relations. The northwestern massif consists of 

five structural blocks isolated by high-angle faults. The Intrusive rocks of 

the Pochuck Mountain block are Isolated stocklike and sill-like masses of 

buff-colored, structureless, medium- to coarse-grained blotite or hornblende 

granite and leucogranite (Young, 1978). The major intrusive rocks of this 

block consist of quartz, microperthlte microcline, oligoclase, hornblende, and 

blotite. Magnetite, zircon, apatite, sphene, allanlte, and fluorlte occur as 

accessory minerals. 

The Pimple Hills-Allamuchy block is made up of various gneisses that 

are not of intrusive origin. In the Sparta Mountain-Cranberry Lake block, 

gneisses dominate and are intruded into by thick sheets of syenitic to mon-

zonitic rocks, with quartz syenite, quartz monzonite, and granidc variants. 
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The Beaver Lake block Is dominated by stratigraphically layered 

gneisses that have been folded Into an Isocllnally plunging antlforra. A sheet 

of hornblende granite occurs In the nose of the Beaver Lake ontlform. It is a 

medium-grained, hypidlomorphlc-granular to granoblastic rock, with micro

perthlte set In a groundmass of fIner-grolned plogloclase and microcline. 

Hornblende, quartz, magnetite, zircon, apotlte, and (locally) blotite are also 

present. 

The Wawayanda-Hopatong block Is composed chiefly of gnelssose rocks 

including granitic and quartz syenitic variants. These are medium grained and 

foliated, with hypldlomorphlc texture. They are composed mainly of cllno

pyroxene, quartz, mesoperthlte, microperthlte, plagloclase. magnetite, and 

sphene. Hornblende, zircon, and apatite are found locally. 

The Mase Mountain block is also composed mainly of gnelssose rocks, the 

principal Intrusive component of which Is a hornblende-bearing leucogranite. 

This is a coarse-grained, well-foliated, pinkish rock, with locally prominent 

Ilneatlon defined by quartz rods and hornblende needles. Where It Is 

uncontaminated, the leucogranite has hypidlomorphlc-granular texture and Is 

composed of quartz, microcline microperthlte. and oligoclase, with minor 

chloritized hornblende, magnetite, zircon, and apatite. 

Gneisses of the northwestern massif Include quartz-ollgoclase gneiss, 

microcline gneiss, blotlte-bcarlng gneiss, hornblende-bearing gneiss, blotlte-

quartz-plagloclase gneiss, dlopslde-epldote-quartz gneiss, quartz-ollgoclase 

leucognelss, quartz-monzonlte to quartz-syenite orthognelss, quartz-microcline 

gneiss. epidote-scapollte-quartz gneiss, hypersthene-quartz-plagloclase 

gneiss, and cllnopyroxene-quartz-plagloclase gneiss. 

Alteration. Secondary features are related to retrograde metamorphism 

during one or more Paleozoic orogenlc events. Dallmeyer (1973) reported that 

a common feature Is sertcttlc replacement of plagloclase. Clinozoisite and 

epidote are commonly part of this saussurltlc alteration, but they also occur 

locally as discrete, interstitial grains that are often Intergrown with 

secondary calcite. 

10.1.5.5 Secondary Intrusions 

The Mase MounCaln block has been InCruded Into by a sheet of fayallte-

bearlng cllnopyroxene-perthlte quartz syenite (Young, 1972). This rock Is a 

folded sheet of dark-greenlsh-gray, coarse-grained, massive rock with hypidlo

morphlc-granular texture, and Is composed of ferrohedlngberglte, quartz, and 

mesoperthlte, with minor fayallce, zircon, apadce, and magnedte (Young, 

1972). 
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10.1.5.6 Country Rocks 

The northwestern massif is unconformable beneath Cambrian and 

Ordovician sedimentary rocks. These rocks include orthoquartzite carbonate 

shelf deposits (Lower Cambrian through Lower Ordovician), deeper-water neritlc 

carbonate deposits, and graywacke-shale flysch deposits (Middle and Upper 

Ordovician). 

10.1.5.7 Rock Structure 

The entire northwestern massif is bisected and transected by seven 

major high-angle fault zones. This faulting has created five major structural 

blocks. The general geologic map of the massif outlines these blocks and the 

faulting associated with them. The Pochuck Mountain block is isolated on its 

southeastern flank by the East fault zone. Contacts with Paleozoic rocks to 

the north and south are Interrupted by high-angle faults. The Pimple Hills-

Allamuchy block is bounded on the northwest by the Hamburg fault zone. Along 

the entire southeastern margin, the block is bounded by the Zero fault zone 

and is on the upthrown side of the zone. The Sparta Mountain-Cranberry Lake 

block is bounded on the northeast by the Zero fault zone and along its 

southeastern margin by the East fault zone. The two major slices within the 

block are separated by the Wright Pond fault zone, and the downthrown side is 

on the southeastern side of the zone. The Beaver Lake block is bounded by the 

East fault zone to the northwest. Along the northwestern end of the zone, the 

Beaver Lake block has dropped downward; farther south the block has moved 

relatively upward, owing to the wedging in of the Sparta Mountain-Cranberry 

Lake block. Along the southeastern margin, the block is bounded by the Vernon 

fault zone. The block is bounded by the Reservoir fault to the southeast. 

The Reservoir fault is a high-angle reverse fault that has been seismlcally 

active recently. The Mase Mountain block is bounded by the Reservoir fault to 

the northwest and by the Longwood Valley fault to the southeast. 

The Beaver Lake block has been folded into a large isoclinal, north

easterly plunging andform. The gneisses of the Mase Mountain block have been 

cast into a series of open, northeasterly plunging folds and are syntectoni-

cally intruded by hornblende-bearing leucogranite. 

10.1.5.8 Geophysics 

The Reservoir fault has been seismlcally active recently. Sbar et al. 

(1970) reported a 3-mo occurrence of seismicity in the Wawayanda-Hopatcong 

block. The activity, which occurred around the Hopatcong block, lowered the 

level of Hopatcong Lake by 81 cm (32 in.) (Sbar et al., 1970). The epicenters 

were very shallow (0.5-3 km [0.3-2 mi]), the magnitude low (1.25), and the 

intensity IV. The origin of the seismicity is unknown. 
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Aeromagnetic surveys have been conducted for every 7.5-mln quadrangle 

in the Reading Prong area. 

The northwestern massif of the Reading Prong lies on a gravity gradient 

that is characteristic for Precambrlan rocks north through Vermont and south 

to the Blue Ridge anticlinorlum. Most of the Reading Prong lies over a 

negative gravity anomaly (Dlmenc ee al., 1980). 

10.1.6 Reading Prong, Southeastern Massif (Plate IX, Pluton 5) 

10.1.6.1 Size, Shape, and Location 

The southeastern massif ts composed of three blocks outlined by high-

angle faults that crend tn a norcheascerly dlrecclon. As wlch che north

western massif, the blocks are composed of a complex succession of deformed 

paragneisses and sheets of metamorphosed sallc Intrusive rocks. The south

eastern massif, roughly 150 km (93 ml) long and, on average, 18 km (11 ml) 

wide, falls about equally In New Jersey and New York, ond condnues a small 

distance into Connecticut. The total area occupied is about 1990 km (768 

ml^). 

10.1.6.2 Relative and Absolute Age 

Because the Reading Prong has been Interpreted as an allochthonous 

thrust sheet, determination of relative age is not possible. Absolute ages 

determined by Lapham and Root (1971) are about 1100-1150 m.y., which places 

these rocks In the Precambrlan. 

10.1.6.3 Origin 

The entire Reading Prong crystalline belt has been Interpreted as s 

far-travelled allochehonous mass overchrusc In a wesCerly dlrecclon during Che 

Taconic orogeny (Drake, 1970 and 1980). The naCure of ehe original magmatic 

emplacement Is therefore obscured by the tectonic events that moved the rocks 

from their original environment. 

10.1.6.4 Petrography 

Mineralogy and Textural Relations. The southeastern mosslf consists of 

three structural blocks separated by high-angle faults. The Monroe-Dover 

block Is composed of paragneisses Intruded into by thick sheets of gnelssold 

hornblende granite. The granitea are medium Co coarse grained, follaced, or 

lineaced, wleh hypidlomorphlc-granular Cexture. They are composed of 
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hornblende, quartz, microcline microperthlte, and oligoclase, with minor 

magnetite, zircon, and apatite. Biotite-bearlng facies occur locally. 

The Ramapo block is composed of gneisses that have been injected by 

large sheets of massive, foliated, or lineated hornblende granite. The 

granitic rocks are medium to coarse grained with hypidiomorphlc-granular 

texture. The major minerals are hornblende, quartz, microcline microperthlte, 

and oligoclase. 

The Brewster block also is composed of gneisses that were invaded by 

large masses of hornblende or biotite granite. The granite is granoblastic to 

hypidlomorphlc-granular and is composed essentially of quartz, microcline 

microperthlte, sodium oligoclase, and hornblende or biotite, with accessory 

magnetite, zircon, apatite, and sphene. 

The gneisses of the southeastern massif Include pyroxene-hornblende-

plagloclase gneiss, hypersthene-quartz-plagloclase-gnelss, blotlte-quartz-

plagloclase gneiss, quartz-ollgoclase leucognelss, and silllmanite- and 

cordierite-bearing blotlte-quartz-feldspar gneiss. 

Alteration. Secondary features are related to retrograde metamorphism 

during one or more Paleozoic orogenic events. Dallmeyer (1973) reported that 

a common feature is sericite replacement of plagloclase. Clinozoisite or 

epidote or both are commonly part of this saussurltlc alteration, but they 

also occur as discrete, interstitial grains that are often Intergrown with 

secondary calcite. 

10.1.6.5 Secondary Intrusions 

No significant secondary intrusions have been reported In the 

southeastern massif. 

10.1.6.6 Country Rocks 

The Reading Prong is flanked by sedimentary rocks of Cambrian and 

Ordovician age that were deposited in a Paleozoic syncline (Drake, 1970). 

These rocks consist of orthoquartzite shelf deposits, deeper-water neritlc 

carbonate deposits, and a graywacke-shale flysch deposit. 

10.1.6.7 Rock Structure 

The Monroe-Dover blqck borders the Green Pond syncline to the north

west. In New York, this boundary is a high-angle fault along which the 

Precambrian crystalline rocks are on the upthrown side and the Paleozoic rocks 

are on the downthrown side. The block is bounded in New York on the 

southeastern side by a high-angle fault that follows the Ramapo River to the 
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Wanaque Reservoir at Pompton, N.J. tn central New Jersey, the entire 

soucheascern massif conslsCs of a single block. A few small, east-trending 

cross faults transect the Monroe-Dover block. 

The Ramapo block Is bounded by a reverse fault that separates it froa 

Che Monroe-Dover block towards the southwest and from lower Paleozoic rocks 

toward the norcheasc. The block Is bounded to the southeast by the Ramapo 

fault zone. This zone of normal faulting separates Precombrlon crystslllne 

rocks from Trlasslc bosslts, red beds, and lacustrine depoalts. Northeast of 

the Hudson River, the block Is bounded by the Canopus fault zone (Ratcllff, 

1971), which separatea It from rocks of the Reading Prong ChaC were severely 

affected by Paleozoic metamorphlsm and deformation (Long and Kulp, 1962; 

Dallmeyer, 1974). Near the Hudson River, the Ramapo block has been faulted 

into a number of smaller subparallel slices (Helenek, 1965 and 1971; Fisher 

et al., 1970). The blocks In the northern pordon are either In fault conCacC 

wlch or unconformably overlain by Paleozoic rocks in Dutchess County, N.Y. 

The southern terminus occurs near Pompton, N.J., where the two bounding fault 

zones converge. The Ramapo-Canopus fault zone subdivides the Hudson Highlands 

into eastern and western llthologlc unlCs (Hall, 1980). The BrewsCer block 

lies east of Che Canopus faulc zone. The souChern boundary has been 

InCerpreted by Prucha (1968) as a high-angle fault. 

The Precambrlan crystalline rocks of the entire Reading Prong hove been 

complexly folded. Folds range In size up Co 11 km (7 ml) long parallel Co Che 

axis and 1.6 km (1 ml) In wldch. The folds range from uprlghc and open to 

Isoclinal and overturned, the latter being ehe mosc common. Mosc folds plunge 

norcheast, essentially parallel to the regional Ilneatlon. 

10.1.6.8 Geophysics 

Seismicity In northern New Jersey and soucheascern New York Is 

actrlbuted to thrust motion (e.g., of the Ramapo fault along northeast-

trending planes) (Aggarwal and Sykes, 1978). The Precambrlan ridges are 

bounded on ehe norCh by sCrong negsdve gravlcy anomalies and on the south by 

gravity gradients that drop off Into the trench of negative anomaly north of 

an adjacent Precambrlan ridge. Drake (1970) Interpreted this configuration as 

due to the absence of Precambrlan rocks beneath the Paleozoic rocks on the 

north sides of the ridges but to their presence, burled beneaCh Paleozoic 

rocks, on the southern aides. His model suggescs a series of soucheosc-

dlpplng, rootless Precombrlon bodies thot hove nonmagnetic aoterlol in front, 

below, and behind. 

The soucheascern massif lies on a gravity grodlent norcheasc of a 

gravlcy low In che wesCern exCenslon, The gravity gradient continues north 

olong a belt of Precambrlan crystalline rocka Co Vermont, and to the south 
along Che Blue Ridge ontlcllnorlum. 
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The rocks of the Reading Prong mark the western edge of the gravity 

trend characterized by the metamorphic core of the Appalachian belt (Diment 

et al., 1980). 

10.1.7 Reading Prong, Western Extension (Plate IX, Pluton 3) 

10.1.7.1 Size, Shape, and Location 

The western extension of the Reading Prong is composed of a group of 

northeasterly trending ridges isolated by valleys underlain by Paleozoic 

sedimentary rocks (Young, 1978). This part of the prong is about 125 km (78 

mi) long and extends about 70 km (43 mi) along its strike into Pennsylvania. 

The general shape of the group of ridges is elongated; they underlie an area 

of about 822 km (317 mi^). Drake (1970) showed that the Precambrian 

crystalline rocks underlying the ridges are remnants of the basement core of 

the Musconetong nappe, emplaced toward the northwest during the Late 

Ordovician. 

10.1.7.2 Relative and Absolute Age 

The relative age of the crystalline rocks is Precambrlan. Although the 

crystalline basement rocks are in contact with Paleozoic rocks, these are 

unconformable contacts. Absolute age determinations have yielded ages of 

1100-1150 m.y. (Lapham and Root, 1971). 

10.1.7.3 Origin 

Because the crystalline basement was tectonically emplaced as a thrust 

sheet during the Taconic orogeny (Drake, 1970), evidence of its original 

magmatic emplacement is obscure. 

10.1.7.4 Petrography 

Mineralogy and Textural Relations. The intrusive rocks of the western 

extension of the Reading Prong and the southeastern massif consist 

predominantly of gnelssold hornblende granite or hornblende granite gneiss. 

The rocks have relatively little cllnopyroxene and mesoperthlte and are 

relatively rich in quartz. In the northwestern part of the prong, hornblende 

and cllnopyroxene granite is common, but hornblende- or clinopyroxene-bearlng 

syenitic and monzonldc rocks or their variants are equally abundant. These 

crystalline rocks are relatively enriched in cllnopyroxene and mesoperthlte 

and somewhat poor in quartz. 
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Alteration. Retrograde features Induced during Paleozoic orogenies are 

10.1.7.5 Secondary Intrusions 

No slgnificanc secondary Incruslve phases sre reported for the area. 

10.1.7.6 Country Rocks 

To the west, Reading Prong rocks ore flanked by the miogeosynclinal 

sedimentary rocks of the Appalachian mountains. 

10.1.7.7 Rock Structure 

Young (1978) suggested that the western extension of the Reading Prong 

was on the move prior to Paleozoic time. Reconstruction Indicates the 

existence of two parallel Intrusive belts In the Precambrlan — o northwestern 

syenitic belt and a southeastern granitic belt. The syenitic and monzonltlc 

rocks were generated mainly by very deep-level partial melting of quartzo-

feldspathic and anorchoslclc rocks in a high-temperature, relatively anhydrous 

environment. The massif ts composed of a series of subparallel, northeasterly 

trending blocks apparently separated by high-angle faults. Within each block 

is a succession of complexly deformed paragneisses and sheets of metamorphosed 

silicic Intrusive rocks. 

10.1.7.8 Geophysics 

See Sec. 10.1.6.8. 

10.2 TACONIC 

10.2.1 Bedford Gneiss (Place IX. PluCon 10) 

See Sec. 9.2.5 and Plate VIII, pluton I. Only about 32 km^ (12 ml^) of 
this body of crystalline rock lies In New York; o much lorger area of 
outcroppings occurs In ConnecdcuC. where It Is Identified ss the Harrison 
gneiss. 

10.2.2 Granitic Gneiss (Plate IX, Pluton 8) 

See Sec. 9.2.4 and Plate Vlll. pluton 3. Only about 10 km^ (4 ml^) of 
this gneiss occurs In New York, whereas It underlies a much larger area In 
Connect tcut. 
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10.2.3 Harrison Gneiss (Plate IX, Pluton 11) 

See Sec. 9.2.5 and Plate VIII, pluton 1. Only about 38 km^ (15 ml^) of 
this rock lies in New York. This is the southern end of the Harrison gneiss 
of Connecticut, which has a sizeable exposure there; the northern end of 
Connecticut's Harrison gneiss also appears In a small area of New York as the 
Bedford gneiss (see Sec. 10.2.1). 

10.2.4 Norwalk Area Gneiss (Plate IX, Pluton 9) 

See Sec. 9.2.7 and Plate VIII, pluton 2. The largest part of this 
pluton occurs in Connecticut; only about 10 km (4 ml ) is found In New York. 
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Table A.l Ages of Crystalline Rock Bodies of Maine 

Plate II 
Number Name 

Age 
(m.y.) Dating Method Reference 

Grenville/Mlddle Proterozoic (1600-1000 m.y.) 

21 Chain Lakes Massif 1500-1600 Pb-Pb zircon Naylor et al. (1973) 

Taconic/Cambrian-Sllurian (570-408 m.y.) 

22 Attean Quartz Monzonite 470 
395-500 
356 ± 15 

U-Pb zircon 
Pb-a 
K-Ar biotite 

Boudette and Boone (1976) 
Faul et al. (1963) 
Faul et al. (1963) 

Acadian-Post-Acadlan/Devonlan-Pennsylvanlan (408-286 m.y.) 

3 Biddeford Pluton 

27 Bottle Lake Quartz Monzonite 

39 Cadillac Mountain and Somesvllle 
Plutons 

29 Calais Gabbro-Dlorlte Complex 

26 Center Pond Quartz Monzonite 

345 ± 12 

393 ± 11 
380 ± 5 
360 ± 16 
380 

400-389 

Devonian 

380 ± 5 
372 ± 10 
340-370 
349-359 
350 ± 100 

Rb-Sr whole rock 

Pb-Pb zircon 
Rb-Sr whole rock 
Rb-Sr whole rock 
Pb-o zircon 

K-Ar biotite 

Llthostratlgraphlc 
correlation 

Pb-Pb zircon 
Rb-Sr whole rock 
Pb-a zircon 
K-Ar biotite 
Rb-Sr whole rock 

Gaudette et al. (1975) 

Ayuso and Arth (1983) 
Ayuso and Arth (1983) 
Ayuso and Wones (1980) 
Faul et al. (1963) 

Faul et al. (1963) 

Spooner and Falrbalrn 
(1970) 

Loiselle et al. (1983b) 
Lolselle et al. (1983b) 
Larrabee et al. (1965) 
Larrabee et al. (1965) 
Larrabee et al. (1965) 



Table A.l (Cont'd) 

Plate II 
Number Name 

28 

5 

35 

19 

31 

38 

32 

10 

24 

Age 
(m.y.) Dating Method Reference 

Acad tan-Post-Acadian/Devontan-Pennsylvanlan (408-286 m.y.) (Cont'd) 

Chlputnetlcook Quartz Monzonite 389 ± 20 
400 

Concord and Related Plutons 

FlagsCaff Lake Complex 

Gardner Lake Gabbro-Dlorlte 
Complex 

Gouldsboro Pluton 

Granodlorlte of Whltneyvllle 

Hallowell and Togus Plutons 

Hartland Pluton 

Katahdln Bathollth 

359 ± 11 

Cranberry (Wabassus) Lake Pluton 356 
420 

Devonian 

Devonian 

Devonian 

Devonian 

387 ± 11 
394 * 8 

360 ± 8 
375 
356 

414 ± 4 
388 A 5 
355-390 

Rb-Sr whole rock 
K-Ar blotlce 

Rb-Sr whole rock 

K-Ar bloclce 
Pb-a zircon 

Ll chosCracIgraphlc 
reladons 

LlchosCradgraphlc 
correladon 

HchosCradgraphic 
relacIons 

LlchosCradgraphlc 
correladon 

Rb-Sr whole rock 

Rb-Sr whole rock 
K-Ar bloclce 
K-Ar bloclte 

Pb-Pb zircon 
Rb-Sr whole rock 
K-Ar b l o d t e 

McCutcheon et al. (1981) 
Faul et al. (1963) 

Lyons and Livingston (1977) 

Faul et al. (1963) 
Faul et al. (1963) 

Boone (1973) 

Crats (1978); Doyle (1967) 

Doyle (1967); Chapman 
(1962) 

Westerman (1973 and 1979); 
Doyle (1967) 

Dallmeyer and Von Breeman 
(1978 and 1981) 

Dallmeyer et al. (1982) 
Hurley (1964) 
Faul et al. (1963) 

Lolselle et al. (1983a) 
Lolselle et al. (1983a) 
Foul et al. (1963) 



Table A.l (Cont'd) 

Plate II 
Number 

36 

17 

41 

4 

30 

13 

42 

23 

33 

12 

18 

Name 
Age 
(m.y.) Dating Method Reference 

Acadian-Post-Acadian/Devonlan-Pennsylvanlan (408-286 m.y.) (Cont'd) 

Lead Mountain Pluton 

Lexington Pluton 

Lucerne Pluton 

Lyman Pluton 

Meddybemps and Related Granite 

Mooselookmeguntic Pluton 

Mt. Waldo Pluton 

Moxle Pluton 

Peaked Mountain Pond 
Gabbro-Dlorlte Complex 

Phillips Pluton 

Pierce Pond Pluton 

393 ± 

360 ± 

371 ± 
380 ± 
365 

322 ± 

400 

17 

12 

21 
5 

12 

Rb-Sr whole rock 

Rb-Sr whole rock 

Rb-Sr whole rock 
Pb-Pb zircon 
K-Ar biotite 

Rb-Sr whole rock 

Rb-Sr whole rock 

379 ± 6 Rb-Sr whole rock 

390 ± 10 
325 

393 

Devonian 

332 

379 ± 6 

Devonian 

Rb-Sr whole rock 
K-Ar biotite 

K-Ar biotite 

Llthostratlgraphlc 
correlation 

K-Ar biotite 

Rb-Sr whole rock 

Llthostratlgraphlc 
relations 

Loiselle et al. (1983b) 

Naylor (1975) 

Lolselle et al. (1983b) 
Lolselle et al. (1983b) 
Faul et al. (1963) 

Gaudette (in press) 

Spooner and Falrbalrn 
(1970); Faul et al. (1963) 

Moench and Zartman (1976) 

Sweeney (1974) 
Zartman et al. (1970) 

Faul et al. (1963) 

Doyle (1967); Westerman 
(1979) 

Faul et al. (1963) 

Moench and Zartman (1976) 

Boone (1973) 



Table A.1 (Cont'd) 

Plate II 
Number Name 

Age 
(m.y.) Dating Method Reference 

Acadian-Post-Acadian/Devonian-PennsyIvanlan (408-286 m.y.) (Cont'd) 

Pocamoonshlne Gabbro-Dlorlte 34 

7 Quaker Hill Pluton 

15 Redington Pluton 

II Rome Pluton 

6 Sebago Lake Bathollth (Includes 
Songo granodlorlte) 

25 Seboeis Complex (or Schoodic 
Lake granite) 

40 Sedgwick Granite 

20 Seven Ponds Pluton 

16 Sugarloaf Pluton 

37 Tunk Lake Pluton 

14 Umbagog Granodlorlte (includes 
Adamstown pluCon) 

Devonian 

Devonian 

Devonian 

314-281 

340-252 
227 

Devonian 

395 ± 15 

Devonian 

397 ± 12 

369 

Llthostratlgraphlc 
relatIons 

Llthostratlgraphlc 
correladon 

LlchosCradgraphlc 
correladon 

Ar-Ar btotite 

K-Ar blotlce 
Ar-Ar btoctce 

LlehosCraCIgraphlc 
correladon 

Rb-Sr whole rock 

LlchosCradgraphlc 
correladon 

K-Ar blodce 

K-Ar blodce 

Doyle (1967) 

Doyle (1967) 

Ordovician LlchosCradgraphlc 
to Devonian relations 

Doyle (1967); Moench (1970) 

Dallmeyer (1979) 

Guldotl (1965) 
Dallmeyer (1979) 

Doyle (1967) 

Brookins (1967) 

Harwood (197 3) 

Zartaan et al. (1970) 

Faul et al. (1963) 

Hussey and Pankiwskyj 
(1980); Doyle (1967) 



Table A.l (Cont'd) 

Plate II '̂ ge „ , 
Number Name (m.y.) Dating Method Reference 

Acadlan-Post-Acadian/Devonlan-Pennsylvanian (408-286 m.y.) (Cont'd) 

Waldoboro Pluton 295 ± 9 K-Ar biotite Zartman et al. (1970) 
Devonian Llthostratlgraphlc Doyle (1967) 

correlation 

Webhannet Pluton 400 Rb-Sr whole rock Gaudette et al. (1975) 

Alleghenian-Post Alleghenian/Permian-Cretaceous (286-66 m.y.) 

Agamenticus Complex 228 ± 5 K-Ar biotite Foland and Faul (1977) 
216 ± 4 K-Ar biotite Foland et al. (1971) 

^Reference details are given In Sec. 3.5 or in the references section of the adjoining state. 



Table A.2 Ages of CrysCalllne Rock Bodies of -New Hampshire 

Plate III Age 
'*""'**'" ^^"^ (m.y.) Dadng Method Reference 

Avalontan/LaCe Proeerozolc (1000-570 m.y.) 

20 Massabeslc Gneiss 646 U-Th-Pb zircon Alelnlkoff ee al. (1979) 

Taconlc/Cambrlan-Sllurtan (570-408 m.y.) 

23 Ayer Incruslve Complex 435 ± 10 U-Th-Pb zircon 

10 Jefferson Dome 455 U-Th-Pb zircon 

Peck (1976) 

ZarCman and Leo (1981) 

9 Lost Nation Group 444-451 U-Th-Pb zircon 

6 Mascoma and Lebanon Domes 440 ± 20 Rb-Sr whole rock 

''̂ ' * 5 Rb-Sr whole rock Foland and Lolselle (1981) 

Lyons (1981) 

Naylor (1969) 

22 Newburyport Granodlorlte Silurian or Llthostratlgraphlc Zen (1983) 
Ordovician correlation 

•521 * 10 K-Ar btotite Zartman et al. (1970) 

3 Westmoreland-Swanzey and 455 K-Ar blodce ZarCman and Leo (1981) 
Related Domes 

Acadian-Post-Acadian/Devonlan-PennsyIvanlan (408-286 m.y.) 

2 Ashuelot Plucon" 411 * 19 Rb-Sr whole rock Lyons and Livingston (1977) 

5 Cardigan Pluton'' 4 0 2 * 1 9 Rb-Sr whole rock Lyons and Livingston (1977) 



Table A.2 (Cont'd) 

Plate H I 
Number 

7 

21 

24 

1 

19 

8 

12 

4 

15 

13 

18 

17 

Name 
Age 
(m.y.) Dating Method Reference 

Acadian-Post-Acadian/Devonlan-Pennsylvanlan (408-286 m.y.) (Cont'd) 

Concord and Related Plutons 359 ± 11 

Exeter Pluton 390 

Fitchburg Intrusive Complex 382-412 

Fitzwllllam Granite 383 

Granite Pluton near Barrlngton Devonian 

Lincoln Pluton" 

Long Mountain Granite 

Mt. Clough Pluton (Includes 
Bethlehem gneiss) 

Sebago Lake Bathollth 

Umbagog Granodiorite 

Weare and Spauldlng Plutons 

Winnipesaukee Pluton 

Rb-Sr whole rock 

Rb-Sr whole rock 

U-Pb zircon 

Rb-Sr whole rock 

Llthostratlgraphlc 
correlation 

402 ± 19 

323 ± 11 

405 -.•: 78 

340-252 
227 

Ordovician 

to Devonian 

411 ± 19 

402 ± 19 

Rb-Sr whole rock 

Rb-Sr whole rock 

Rb-Sr whole rock 

K-Ar biotite 
K-Ar biotite 

Llthostratlgraphlc 
correlation 

Rb-Sr whole rock 

Rb-Sr whole rock 

Lyons and Livingston (1977) 

Gaudette et al. (1975) 

Maczuga (1981) 

Hayward (1983) 

Lyons and Livingston (1977) 

Lyons and Livingston (1977) 

Lyons and Livingston (1977) 

Lyons and Livingston (1977) 

Guldotti (1965) 
Dallmeyer (1979) 

Hussey and Pankiwskyj 
(1980); Doyle (1967) 

Lyons and Livingston (1977) 

Lyons and Livingston (1977) 



Table A.2 (Cont'd) 

Plate III ^g^ 

""'^"^ "*"" ("-y-) Dating Mechod Reference 

14 

Alleghenlan-Posc Alleghenlan/Permlan-CreCaceous (286-66 m.y.) 

16 Osslpee MounCalns Pluton 121 K-Ar btotite Foland and Faul (1977) 

" Pe'rcv'peaks and'cor ^ M " ' ' , T '"""''" LlchosCradgraphlc Foland and Faul (1977) 
rercy feaks and Gore MounCaln correladon 
stocks) 

White Mountain Bathollth (also 170-195 Rb-Sr whole rock Creasy (1974) 

comSex) ''"'•'''' "'""' '"-'^ """"' °̂<='' ^"y - d C.easy (1983) 

^Reference details are given In Sec. 4.5 or In ehe references secdon of ehe adjoining sCaCe. 

Incruslve bodies relaced to the Kinsman quartz monzonlce. 



Table A.3 Ages of Crystalline Rock Bodies of Vermont 

Plate IV 
Numbe r 

13 

12 

Name 
Age 

(m.y.) Dating Method Reference 

Grenvllle/Middle Proterozoic (1600-1000 m.y.) 

Chester Dome -1000 

Mt. Holly Complex, ~1000 
Northern Exposure 

Mt. Holly Complex, ~1000 
Southern Exposure 

Sadawga and Ray Pond Domes ~1000 

Llthostratlgraphlc Faul et al. (1963); 
correlation Rosenfeld (1954 and 1968) 

Llthostratlgraphlc Faul et al. (1963) 
correlation 

Llthostratlgraphlc Faul et al. (1963) 
correlation 

Llthostratlgraphlc Skehan (1961) 
correlation 

Taconlc/Cambrian-Silurian (570-408 m.y.) 

Barnard Gneiss 

Lost Nation Group 

Middle 
Ordovician 

444-451 

Llthostratlgraphlc Ern (1963) 
correlation 

U-Th-Pb zircon Lyons (1981) 

Acadian-Post-Acadian/Devonian-Pennsylvanlan (408-286 m.y.) 

Averill Pluton 

Echo Pond Pluton 

Misslsslppian Llthostratlgraphlc Billings (1956) 
correlation 

Devonian Llthostratlgraphlc Doll et al. (1961) 
correlation 



Table A.3 (Cont'd) 

Plate IV 
Number 

11 

10 

Name 
Age 

(m.y.) Doting Method Reference 

Acadlan-Post-Acadlan/Devonlan-PennsyIvanlan (408-286 m.y.) 

Knox Mountain Pluton 

Maldscone Pluton 

Nulhegan Pluton 

Victory Pluton 

Wllloughby Pluton 

380 
330 * 25 

Devonian 

Devonlon 

Devonian 

Devonian 

Rb-Sr whole rock Naylor (1971) 
Rb-Sr whole rock Murthy (1957) 

Llthostratlgraphlc Doll et al. (1961) 
correlation 

Llthostratlgraphlc Doll et al. (1961) 
correlation 

Llthostratlgraphlc Doll et al. (1961) 
correlation 

Llthostratlgraphlc Doll et al. (1961) 
correlation 

Reference details are given tn Sec. 5.4 or In ehe references secclon of che adjoining state. 

••Equivalent to the Hlghlandcroft Series. 

o 
o 



Table A.4 Ages of Crystalline Rock Bodies of Northeastern New York 

Plate V 
Number Name 

Age 
(m.y.) Dating Method Reference 

Grenville/Mlddle Proterozoic (1600-1000 m.y.) 

Alexandria Granite Gneisses 1220 

Diana Gneiss and Tupper/Saranac 1100-1200 
Metasyenlte Complexes 

U-Pb zircon 

U-Pb zircon 

Silver (1965) 

Silver (1965) 

Granite Gneiss 

Hornblende Granite and Hermon 
Granite Gneisses 

Main Metanorthosite Massif and 
the Snowy Mountain, Thirteenth 
Lake, and Oregon Anorthosite 
Domes 

Olivine Metagahbros 

Stark Metasyenlte Complex 

Middle Llthostratlgraphlc Silver (1969) 
Proterozoic correlation 

Middle Llthostratlgraphlc Buddlngton and Leonard (1962) 
Proterozoic correlation 

1130 U-Pb zircon Silver (1969) 

Middle Llthostratlgraphlc Buddlngton (1939) 
Proterozoic correlation 

1055 ± 30 Rb-Sr whole rock Heath and Falrbalrn (1968) 

^Reference details are given in Sec. 6.2. 



Table A.5 Ages of Crystalline Rock Bodies of Massachuseccs 

Plate VI 
Number Name 

Age 
(m.y. ) Dating Method Reference 

Grenville/Mlddle Proterozoic (1600-1000 m.y.) 

Berkshire Massif 

Mt. Holly Complex, 
SouChern Exposure 

1000-1080 

Middle 
Proeerozolc 

U-Pb zircon 

LlchosCradgraphlc 
correladon 

RaCcllffe and ZarCman (1971); 
Ratcliffe and Zartman (1976) 

Faul ee al. (1963) 

Avalontan/LaCe Proeerozolc (1000-570 m.y.) 

19 Dedham Granodlorlce 

11 Massabeslc Gneiss 

17 Milford Granlce 

7 Pelham Dome 

18 Salem Gabbro-Dlortce 

16 Sterling and Ponaganset 
Gneisses 

608 ± 17 

646 

600-650 

630 

565 ± 30 

Late Pro
terozoic 

640 

460 1 12 
414 ± 12 

Late 
Proterozoic 

Rb-Sr whole rock 

U-Th-Pb zircon 

U-Th-Pb zircon 

Ph207/p.206 ,, 
ro /Pb zircon 

U-Pb zircon 

Llthostratlgraphlc 
relations 

K-Ar hornblende 
Rb-Sr whole rock 
K-Ar blotite 

Llthostratlgraphlc 
correlation 

Falrbalrn eC al. (1967) 

Alelnlkoff eC al. (1979) 

ZarCman and Naylor (1972); 
Barosh et ol. (1977) 

Naylor (1975) 

Robinson (1967) 

Zen (1983) 

Zartmon and Naylor (1972) 
ZarCman and Morvln (1971) 
Zartman and Marvin (1971) 

Zen (1983); Hermes et al. 
(1981) 



Table A.5 (Cont'd) 

Plate II 
Number 

15 

12 

20 

5 

13 

14 

Name 
Age 
(m.y.) Dating Method Reference 

Taconic/Cambrian-Sllurian (570-408 m.y.) 

Andover Granite 

Ayer Intrusive Complex 

Barnard Gneiss 

Cape Ann Intrusive Complex 

Glastonbury Gneiss 

Monson Gneiss 

Newburyport Granodlorlte 

Sharpners Pond Diorite 

450 ± 22 

Silurian or 
Ordovician 

435 ± 10 

Middle 
Ordovician 

452 ± 10 

Ordovician 

350 

4/2 ± 15 

Silurian or 

Ordovician 
321 ± 10 

Silurian or 
Ordovician 

Devonian 
or older 

Rb-Sr whole rock 

Llthostratlgraphlc 
correlation 

U-Th-Pb zircon 

Lithostratigraphlc 
correlation 

Pb-Pb zircon 

Llthostratlgraphlc 
correlation 

Rb-Sr whole rock 

Rb-Sr whole rock 

Llthostratlgraphlc 
correlation 

K-Ar biotite 

Llthostratlgraphlc 
correlation 

K-Ar biotite 

Handford (1965) 

Zen (1983) 

Peck (1976) 

Ern (1961) 

Zartman and Marvin (1971) 

Rodgers (1982) 

Brookins and Methot (1971) 

Brookins and Hurley (1965) 

Zen (1983) 

Zartman et al. (1970) 

Zen (1981) 

Zartman et al. (1970) 



P l a t e VI 

T a b l e A.5 ( C o n t ' d ) 

Age 
dumber Name ( m . y . ) Dating Method Reference 

Acadlan-Post-Acadtan/Devonlan-Pennsylvanlan (408-286 m.y.) 

6 Belchertown Intrusive Complex 380 ± 5 U-Pb zircon Ashwal ee al. (1979) 

10 Ftcchburg Incruslve Complex 382-412 U-Pb zircon Maczuga (1981) 

9 Hardwlck-Coys Hill Granlce 393 LlchosCradgraphlc Lyons (1982) 
correladon 

4 Williamsburg Granodlorlte Devonian Lithoscradgraphlc NorCon (1967) 
correladon 

Reference details are given In Sec. 7.4 or tn che references secdon of Che adjoining sCaCe. 



Table A.6 Ages of Crystalline Rock Bodies of Rhode Island 

Plate VII Age „ * a 
Number Name (m.y.) Dating Method Reference 

Avalonlan/Late Proterozoic (1000-570 m.y.) 

6 Bulgarmarsh Granite Late Pro- U-Pb zircon Zartman and Naylor (in press) 
terozoic 

534 ± 13 Rb-Sr whole rock Galloway (1973) 

5 Esmond Granite 620 U-Pb zircon Hermes et al. (1981) 

3 Sterling Pluton Group Late Llthostratlgraphlc Hermes et al. (1981) 
(includes Hope Valley Proterozoic correlation 
alaskite and Ponaganset 
gneisses) 

2 Ten Rod Granite Gneiss 638 ± 42 Rb-Sr whole rock Day (1968) 

Acadian-Post-Acadian/Devonian-Fennsylvanlan (408-286 m.y.) 

Scituate Granite 370 U-Pb zircon Hermes (1982) 

Alleghenlan-Post Alleghenlan/Permian-Cretaceous (286-66 m.y.) 

1 Narragansett Pier Granite 273 U-Pb monazlte Kocis et al. (1978) 

^Reference details are given In Sec. 8.5 or in the references section of the adjoining state. 



Table A.7 Ages of Crystalline Rock Bodies of Connecticut 

Plate VIII Age 
""'•'>«'• "sue (m.y.) Dating Mechod Reference^ 

Grenville/Mlddle Proeerozolc (1600-1000 m.y.) 

6 Bear Hill Maaslf Middle LtehoscraClgraphlc Grauere and Hall (1973) 
Proeerozolc correladon wich 

Fordham gneiss 
575 ± 30 Rb-Sr whole rock Long (1969) 
355 K-Ar blodce Dallmeyer and Sucter (1976) 

8 Berkshire Massif 1040-1080 U-Pb zircon Ratcliffe and Zartman (1976) 

^7 Housatonic Massif Middle Llthostratlgraphlc Grauert and Hall (1973); 
Proterozoic correlation with Rodgers (1982) 

Fordham or Berk
shire gneiss 

5 Manhattan Prong Middle Rb-Sr whole rock; Rodgers (1982) 
to Late HchosCradgraphic 
Proeerozolc correladon 

Avalonlan/Lace Proeerozolc (1000-570 m.y.) 

13 Scerllng Pluton Group Lote Llthostraclgraphlc Hermes et al. (1981) 
Proterozoic correlation 

12 Waterford Gneiss Group Lote Llthostratlgophlc Rodgers (1982) 
Proterozoic correlation 



Table A.7 (Cont'd) 

Plate VIII 
Number 

15 

4 

10 

11 

Name 
Age 
(m.y.) Dating Method Reference 

Taconic/Cambrian-Sllurian (570-408 m.y.) 

Ayer Intrusive Complex 435 ± 10 

Brookfleld Gneiss 

Glastonbury Gneiss 

Granitic Gneisses 
(Includes Mine Hill, 
Tyler Lake, Ansonia, 
and Slscowit gneisses) 

Harrison Gneiss 

Ordovician 

Ordovician 

>350 

Ordovician 

Middle 
Ordovician 

360 

Monson (Haddam) Gneiss 428-450 
4/2 ± 15 

Norwalk Area Gneisses Ordovician 

U-Th-Pb zircon 

Llthostratlgraphlc 
correlation 

Llthostratlgraphlc 
correlation 

Rb-Sr whole rock 

Llthostratlgraphlc 
correlation 

Llthostratlgraphlc 
correlation 

K-Ar biotite 

U-Pb zircon 
Rb-Sr whole rock 

Llthostratlgraphlc 
correlation 

Peck (1976) 

Rodgers (1982) 

Rodgers (1982) 

Brookins and Methot (1971) 

Pease (1982); Rodgers (1982) 

Hall (1976); Gates and 
Martin (1976); Rodgers 
(1982) 

Clark and Kulp (1968) 

Leo et al. (in press) 
Brookins and Hurley (1965) 

Hall (1971) 



Table A.7 ( C o n t ' d ) 

P l a t e V I I I Age 
" " " b e r Naae ( m . y . ) D a d n g Method Reference 

Acadtan-Pose-Acadtan/Devonlan-PennsyIvanlan (408-286 m.y.) 

14 Cancerbury Gneiss 329 ± 9 Rb-Sr whole rock Pease (1982) 

9 Nonewaug Grantee 382 ± 64 Rb-Sr whole rock Besancon (1970) 

Alleghenlan-Post Alleghenlan/Permlan-Crecaceous (286-66 m.y.) 

16 NarraganseCC Pier 2/3 U-Pb raonaztce Kocis et al. (19/8) 
Granite 

^Reference details are given in Sec. 9.5 or In the references section of the adjoining sCaCe 



Table A.S Ages of Crystalline Rock Bodies of Southeastern New York, 
Northern New Jersey, and Southeastern Pennsylvania 

Plate IX 
Numbe r Name 

Age 
(m.y.) Dating Method Reference^ 

Grenvllle/Middle Proterozoic (1600-1000 m.y.) 

Baltimore Gneiss -1100 
>1100 

Honey Brook Complex 980-1100 

Housatonic Massif 980-1080 

Manhattan Prong 

Reading Prong, 
Northwestern Massif 

-1000 

1100-1150 

Reading Prong, 1100-1150 
Southeastern Massif 

Reading Prong, 
Western Extension 

1100-1150 

U-Pb zircon 
Lithologic 
characteristics 

U-Pb zircon 

Lapham and Root (1971) 
Wagner and Crawford (1975) 

Tilton et al. (1960); 
Grauert et al. (1973) 

Llthostratlgraphlc Grauert and Hall (1973) 
correlation 

Rb-Sr whole rock Long (1969) 

Lapham and Root (1971) 

Lapham and Root (1971) 

Lapham and Root (1971) 

Taconic/Cambrian-Silurian (570-408 m.y.) 

10 Bedford Gneiss -467 K-Ar and U-Pb Long and Kulp (1962) 
Middle Llthostratlgraphlc Gates and Martin (1976); Hall 
Ordovician correlation (1976); Rodgers (1982) 



Table A.8 (Cont'd) 

Ploee IX Age 
Number Nome (m.y.) Dadng Mechod Reference 

Taconlc/Cambrlan-Sllurlan (570-408 m.y.) (Conc'd) 

8 Granidc Gneiss Middle LlehoseratIgraphlc Rodgers (1982); Pease (1982) 
Ordovician correlation 

11 Harrison Gneiss Middle Lithoscradgraphlc GaCes and Martin (1976); 
Ordovician correlation Hall (1976); Rodgers (1982) 

9 Norwalk Area Gneiss Ordovician LlchosCradgraphlc Hall (1971) 
correlation 

Reference details are given in Sec. 10.3 or tn the references section of ehe adjoining sCate. 



Internal 

411 

DISTRIBUTION for ANL/ES-137, Parts 1 and 2 

F.A. Cafasso 
E.J. Croke 
J.L. Cronk 
J.D. Ditmars 
J.J. Dzingel 
D.E. Edgar 
D.F. Fenster 
L. Haley 
W. Harrison (10) 
J.H. Kittel (2) 
K.L. Kliewer 

A.B. Krisciunas 
J.H. Lawlor 
K.S. Macal 
T.L. McNeil 
G.W. Reed 
J.J. Roberts 
B.A. Salbego 
M.G. Seitz 
M.K. Sood (5) 
P.A. Spadaro 

J.R. Stetter 
S.Y.-H. Tsai 
CE. Till 
M.W. Tisue 
S.L. Vargo (74) 
M. Winters 
ANL Contract Copy 
ANL Libraries (2) 
ANL Patent Department 
TIS Files (6) 

External 

U.S. Department of Energy Technical Information Center, for distribution 
per UC-11 (239) 

Manager, U.S. Department of Energy Chicago Operations Office (DOE-CH) 
Energy and Environmental Systems Division Review Committee: 
E.E. Anglno, University of Kansas 
H.J. Barnett, Washington University 
B.A. Egan, Environmental Research and Technology, Inc., Concord, Mass. 
W.H. Esselman, Electric Power Research Institute, Palo Alto, Calif. 
N.C. Mullins, Indiana University 
J.J. Stukel, University of Illinois, Urbana • 
J.J. Wortman, North Carolina State University 

D.B. Allen, Colby College, Waterville, Maine 
A.T. Anderson, University of Chicago 
Atomic Energy of Canada, Chalk River, Ontario 
Atomic Energy of Canada, Ltd., Library, Pinawa, Manitoba 
B.O. Bach, Houston 
CH. Baker, Engineers International, Inc., Westmont, 111. 
B. Baldwin, Middlebury College, Vt. 
P.J. Barosh, Weston Observatory of Boston College, Chestnut Hill 
J.W. Bennett, U.S. Department of Energy, Washington, D.C. 
S. Bhattacharji, Graduate School of the City University of New York 
M.P. Billings, Harvard University, Cambridge, Mass. 
G.M. Boone, Syracuse University, N.Y. 
K.B. Borgelt, Rolling Meadows, 111. 
W.F. Brace, Massachusetts Institute of Technology, Cambridge 
B.S. Brock, Carleton University, Ottawa, Ontario, Canada 
S.J. Brocoum, U.S. Nuclear Regulatory Commission, Washington, D.C. 
R.W. Bromery, University of Massachusetts, Amherst 
P.A. Brown, Geological Survey of Canada, Ottawa, Ontario 



1 
412 « 

D.M. Caldwell, Boston University 
W.B. Caswell, NorCh WhlCefleld, Maine 

C A . Chapman, University of Illinois, Urbana 

R.W. Chapman. The John Hopkins University, Shady Side. Md. 

N.K. Coch. Queens College of New York, Flushing 

Connecticut Geological and Natural HlsCory Survey, Harcford 

C Cooley. U.S. DeparCmenc of Energy. Washlngcon, D.C. 

R.D. Dallmeyer, Unlversley of Georgia, Achens 

T.W. Donnelly, SouChern Unlversley of New York aC BlnghamCon 

A.A, Drake, Jr.. U.S. Geological Survey, ResCon, Va. 

J.E. Ebel, Weston Observatory of Boston College, Chestnut Hill, Mass. 

C Ewen, Pergamon Press., Inc.. Elmsford, N.Y. 

O.C. Farquhar, University of Massachusetts. Amherst 

J.M. Ferry. Arizona State University. Tempe 

M.F.J. Flower. University of Illtnots aC Chicago (5) 

R.M. GaCes, Unlversley of Wisconsin, Madison 

C George, U.S. DeparCmenc of Energy, Washlngcon, D.C. 

J.H. Gibbons, Office of Technology Assessmenc, U.S. Congress 

R.T,. Gore, Unlversley of Lowell, Mass. 

R. Gnae, Chicago 

D.W. Croff, Wescern ConnecdcuC Scace Unlversley, Danbury 

A.L. Guscafson, Haverhill. Mass. 

H.C Halls, Unlversley of Toronco. OnCarlo, Canada 

G.N. Hanson. Seace Unlversley of New York aC Scony Brook 

J.H. HarCshorn. Unlversley of Massachuseccs. Amhersc 

O.D. Hermes. Unlversley of Rhode Island. KlngsCon 

D.S. Hodge. State University of New York at Buffalo, Amherst 

R. Hon, Boston College 

A.M. Hussey, II, Bowdoln College, Brunswick, Maine 

Y.W. Isachsen, Delmar, N.Y. 

J.H. Johnsen, Vassar College, Poughkeepste, N.Y. 

D.C. Kamlnent, Geological Survey of Canada, Occawa, Oncario 

D.E. Kash, Unlversley of Oklahoma 

P.K. Kearns, U.S. DeparCmenc of Energv, Argonne, III. 

G.A. Kolsead, U.S. DeparCmenc of Energy, Washlngcon, D.C. 

S.M. Koneczke, Norcheascern Illinois Unlversley, Chicago 

S.J. Kowall, Baccelle Memorial Institute, Columbus, Ohio 

G.J. Kuecher, Marathon Petroleum Co., Houston 

C A . Leltch, Chicago 

H.M. Levine, Oak Park, 111. 

M. Logdaon, U.S. Nuclear Regulatory (^mmisalon, Washlngcon, D.C. 

M.C Lolselle, Maine DeparCmenc of Conservselon, Augusca 

C.B.I. Lourle, The Devtn Adatr Company, Old Greenwich, Conn. 

S.A. Lovect, University of Illinois at Chicago 

J.R. Lundy, Mlnneapolla 

J.B. Lyons, Dartmouth College, Hanover, N.H. (2) 

W.J. Madia, Baecelle Memorial InsetCuCe, Columbus, Ohio (2) 
Maine Geological Survey, AugusCa 



413 

S.A. Mann, U.S. Department of Energy, Argonne, 111. 

D.E. Markley, Battelle Memorial Institute, Columbus, Ohio 

Massachusetts Department of Environmental Quality Engineering, Boston 

W.N. Melhorn, Purdue University, West Lafayette, Ind. 

W.G. Melson, Smithsonian Institution, Washington, D.C. 

L. Mims, Chicago 

D.G. Mose, George Mason University, Fairfax, Va. 

E.H. Muller, Syracuse University, N.Y. 

J.O. Neff, U.S. Department of Energy, Columbus, Ohio 

New Hampshire Department of Resources and Economic Development, Durham 

New Jersey Geological Survey, Trenton 

New York State Geological Survey, Albany 

New York State University, Department of Geological Sciences, Albany 

R.R. Nicks, Battelle Memorial Institute, Columbus, Ohio 

S.A. Norton, University of Maine, Orono 

I.D. Novak, University of Southern Maine, Gorham 

A.S. Patwardhan, Woodward-Clyde Consultants, Wayne, N.J. 

M.H. Pease, Watervllle Valley, N.H. 

Pennsylvania Bureau of Topographic and Geologic Survey, Harrisburg 

Pennsylvania State University, Dept. of Geoscienees, University Park 

N.M. Ratcliffe, U.S. Geological Survey, Reston, Va. 

P.T. Robinson, Dalhousle University, Halifax, Nova Scotia, Canada 

J. Rodgers, Yale University, New Haven, Conn. 

Rutgers - The State University, Dept. of Geological Sciences, New Brunswick 

P. Sargent, Atomic Energy of Canada, Ltd., Pinawa, Manitoba 

P.A. Schassburger, U.S. Department of Energy, Argonne, 111. 

D.I. Slegel, Syracuse University, N.Y. 

R. Slever, Harvard University, Cambridge, Mass. 

G. Simmons, Massachusetts Institute of Technology, Cambridge 

P.K. Sims, Golden, Colo. 

H.W. Smedes, Germantown, Md. 

M.R. Stahl, Lisle, 111. 

A.B. Stanley, National Water Well Assoc, Worthlngton, Ohio 

R.S. Stanley, University of Vermont, Burlington 

B.K. Sternberg, Conoco, Inc., Ponca City, Okla. 

G.H. Swihart, Chicago 

L.R. Sykes, Columbia University, Palisades, N.Y. 

A.A. Szoplnskl, Northeastern Illinois University, Chicago 

B.S. Termaat, New Haven, Conn. 

J.B. Thompson, Jr., Harvard University, Cambridge, Mass. 

F.M. Trent, Chicago 

University of Connecticut, Dept. of Geology and Geophysics, Storrs 

University of Maine, Dept. of Geological Sciences, Orono 

University of Massachusetts, Dept. of Geology and Geography, Amherst 

University of New Hampshire, Dept. of Earth Sciences, Durham 

University of Vermont, Dept. of Geology, Burlington 

A.E.J. Van Luik, Rogers & Associates Engineering Corp., Rockville, Md. 

Vermont Geological Survey, Montpelier 



414 

J. Wallach, A.E.C.B., Ottawa, Ontario, Canada 
R.J. Warner, Odessa, Texas 

C A . Witt, Norcheascern Illinois Unlversley, Chicago 

R.A. Wogellus, Unlversley of Illinois oC Chicago 

D.R. Wones, Virginia Polytechnic Institute, Blocksburg 

H.H. Woodord. Beloit College, Wis. 

J.P. Yong, New York 

L. Younker. University of California, Livermore 

K. Zar, Regenstetn Library, University of Chicago 

» U<VCI»llltT IHINTIK OrriCtl I M 4 < 7 S S - l t * 






