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CORRELATION OF MAP UNITS

PLUTONIC AND ASSOCIATED VOLCANIC ROCKS

New Hampshi
Plitonic Sute

DESCRIPTION OF MAP UNITS

PLUTONIC AND ASSOCIATED VOLCANIC ROCKS
[See explanation of map unit symbols in section on “Plutenic Rock Compositions.”
Note: Because of their relative scarcity and lithologic diversity, volcanic rocks in
igneous complexes have not been subdivided on a modified (1973)
scheme. The lithologic part of some formal names has been changed in accordance
with Streckeisen (1973)]

White Mountain Plutonic-Volcanic Suite (Cretaceous and Jurassic)—Includes
Cretaceous alkalic syenite to granitic to gabbroic plutons, minor volcanic rocks,
and lamprephyre dikes of the New England-Quebec ignecus province of
McHone and Butler (1984); also includes Jurassic granite and syenite and less
abundant quartz syenite, diorite, gabbro, nepheline syenite, and volcanic rocks
of the White Mountain igneous province of McHone and Butler (1984)

rly Cretaceous)—Pink Conway-type

Mesoperthitic biotite granite
aranite of Kingsley (1931)
Porphyritic biotite granite—Pink to gray; hastingsite or riebeckite in
some varieties

Rhyolite and fine-grained granite—Includos some ignimbritic calderafil
and minor intrusive rocks (part of Ossipee Mountain Complex of
Kingsley, 1931); also some aphanitic gray, black, or tan quartz-feldspar
porphyry

Medium-grained granite ¢ and (or)
hastingsite

Biotite-hornblende granodiorite

Large mesoperthitic phenocrysts in a pink to gray quariz syenite por-
phyry of “Albany type”—Alkalic amphibole or favalite may be present.
Part of Ossipee Mountain Complex of Kingsley (1931)

Gray augite-hornblende-biotite

Hornblende diorite grained to porpt

Augm-homhhnde-bloﬂte gabbro—Fine- to coarse-grained

Augite-hornblende diorite and gabbro—Gray to black, coarse-grained,
porphyritic. Found in Mt. Pawtuckaway quadrangle

Basalt—Black, chiefly massive to porphyritic. Includes minor rhyolitic
ignimbrite and andesitic tuff. Part of Ossipee Mountain Complex of
Kingsley (1931)

Conway Granite (lale? and Middle JWTWIN pink, coarse-
grained bictite (amphibole-free) granite; locally fine-
grained or porphyritic
Mount Osceola Granite (Middle and Early Jurassic)
Green biotite mesoperthitic granite

Granite iining hornblende and, locally, b ferrohedent
or fayalite

Fine-grained granite—Commonly contains alkalic amphibole and
mesoperthite

Mesoperthitic granite—Contains riebeckite and (or) hastingsite

Hastingsite granite—Leucocratic, pink or light-brown, and mesoperthitic

Porphyritic granite

Granite porphyry (Early vaamc)—Gmme wmainlng phmocrysls of
smoky quartz and alkalic
hedenbergite or fayalite may be present. “Mount Lafayette” type gmn
ite porphyry of Billings (1955)

Leucocratic granite to quariz syenite

Quartz syenite—Commonly porphyritic and mesoperthilic; contains
biotite and, locally, fayalite, h Y e
Hornblende or alkalic amphibole quartz syenite

Porphyritic hornblende or alkalic amphibele quartz syenite

biotite quartz d ition ranges from

quartz monzonite to diorite

Hormnblende (or alkalic amphibole) syenite

Porphyritic syenite—Hastingsite or hornblende and (or) hedenbergite are
present

Augite monzodiorite

Diorite—Contains hornblende, biotite, and hedenbergite

Porphyritic hornblende diorite—Found in northwestern New Hampshire

Gabbro—Has varying amounts of olivine, augite, and hornblende

Nephellng-soda'llis—hnsﬂnm sysnlte—Found at Red Hill in Mt
Chocorua

f Map Data")

Moat Volcanics mldadle Jutaﬁc?)—Bedded and ignimbritic tuffs, flows,
and breccias; also porphyritic rhyolite and minor trachyte

Permian intrusive rocks

Gray biotite granite—Contains minor muscovite. Found in Milford
quadrangle

Pennsylvanian or Mississippian intrusive rocks

Two-mica granite of the Sebago batholith and Effingham pluton of
eastern New Hampshire

Mississippian or Devonian intrusive rocks

“Two-mica granite—Found in northern New Hampshire

v o i i
bly belonging to the Sebago batholith

New Hampshire Plutonic Suite (Late to Early Devonian)—Includes synkine-
matic and postkinematic granitoids related to the Acadian orogeny. Ages range
from 410 to 365 Ma

Concord Granite (Late Devonian)—Gray two-mica granite, locally grad-
ing to tonalite

Two-mica tonalite—Similar to Concord Granite; found in south-central
New Hampshire

Two-mica granite of northern and southeastern New Hampshire—
Similar to Concord Granite

Pink equigranular biotite granite (Late Devonian)—Found in
Woodsville and Whitefield quadrangles and in small intrusive units in
northern and southeastern New Hampshire

Porphyritic biotite granodiorite—Found in Mt. Cube quadrangle

Spaulding Tonalite (Early Devonian) {Spaulding Quariz Diorite of
Fowler-Billings, 1949)—WeaKly foliated to nonfoliated, spotted biotite
quartz diorite, tonalite, granodiorite, and granite; garnet and muscovite
may or may not be present

Hypersthene-biotite quariz diorite and hornblende or actinolite dior-
ite or gabbro—Spatially associated with Spaulding Tenalite plutons

Biotite tonalite—Dark-gray; found in scutheastern and western New
Hampshire

Biotite in Rumney

Winnipesaukee Tonalite (Early Devonian) (Winnipesaukee Quartz
Diorite of Billings, 1955)—Gray, massive to foliated tonalite and
minor quartz diorite, granodiorite, and granite. Probably coeval with
Spaulding Tonalite
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di (Early (Bethlehem Gneiss of
Billings, 1955)—Gray, strongly foliated biotite-muscovite granodiorite
and associated tonalite and granite
[0 | Kinsman Granodiorie (Early D Quartz
of Billings, 1955)—Foliated granite, granadiorite, tonalite, and minor
quartz diorite; large of ium feldspar ch qar-
net locally abundant

Biotite quartz diorite in northeastern New Hampshire

Devonian intrusive rocks!

Exeter Diorite (Early Devonian}—Includes associated intrusive rocks of
southeastern New Hampshire; pyroxene and pyroxene-hornblende
diorite and gabbro, along with minor grancdicrite and granite

D 3, Sil ), and Ord (?) intrusive rocks

- Metamorphosed gabbro, diorite, and intrusive basalt dikes—Chiefly
in northern New Hampshire

Serpentinite and soapstone—Found in central and western New
Hampshire as very small bodies

Silurian intrusive rocks!
Newburyport Complex (Late Silurian}—Medium-grained porphyritic
granite

Complex (early Late Silurian)—Gray, medium-grained
tonalite and grancdiorite

- Biotite granite stock and dikes (Late to Early Silurian}—Northernmost

New Hampshire
- Ayer Grnnudloﬂte (E!.rly Siludm}—Gneissl: granite to Icmal . locally
coarsely n New H i
Oliverian Plutonic Suite? (Late Ord Pink, weakly to mok ly foliat-
ed, locally pomhyrihc biotite granitoids found in manﬂmcl gneiss domes, Mafic
varieties contain hernblende. Variably up to amphit lite facies

Biotite granite—Pink, moderately o weakly foliated

Homblende-biotite granite
Porphyritic (alkalic feldspar) biotite granite

Granite, granodiorite, and tonalite

Granite, grancdiorite, and trondhjemite

Porphyritic biotite granodiorite in northern Jefferson dome in Milan
quadrangle

Biotite granodiorite

Hornblende granodiorite

Granodiorite to tonalite

Trondhjemite—Contains bictite and hornblende

Trondhjemite and quartz diorite in northem Jefferson dome in
Gorham quadrangle

Porphyritic biotite quartz syenite in central Jefferson dome in Mt.
Washington quadrangle

Hornblende quartz monzonite

Hornblende-biotite quartz syenite to syenite

Hornblende gabbro

Plutonic Suite? (Late Ordovician}—Pink to green rocks contain-
ing epidote, sericite, and chlorite. Found as stocks metamorphosed to green-
schist facies and commonly sheared; coeval with Oliverian Plutonic Suite

Homblend di Part of Lost Nation pluton of
northwestern New rhmpshma

Hornblende granodiorite of Highlanderoft pluton—Contains minor
tonalite and diorite

Tonalite, diorite, granodiorite, and granite—More mafic rocks have
hernblende; part of Lost Nation pluton

Rocks of the Chickwolnepy intrusions in northern New Hampshire (Middle
Ordovician)
Biotite granite—Contains minor muscovite. Makes up Cambridge Black
pluton

o hase of hormblcese-bote sl

Gabbro and dhbam—Fuhamd o noniulmed and coarse- to ﬁr\e—gvalned
includes mafic dikes

‘Ordovician intrusive rocks
- Tonalite {Middle Ordovician)—Extended from Joslin Turn, Vermont

Ord (?) to Late P rocks
- Rye Complex! (Ord ? to Late P Migmatite consist-
ing of gray, foliated, sheared or mylonitized twmnica gramte and peg-
matite, as well as minor hornblende-biotite diorite, intruding metapelites
and lcanic rocks in h New

Late Proterozoic rocks

- Massabesic Gneiss Complex! (Late Proterozoic)—Migmatite consisting
of pink, foliated biotite gmmle intruding gneissic and granulose
and ic rocks in th n New

Hampshire

“* _and U.S. Geological Survey

Lower Cretaceous.

B R sune

Jurassic

GRENVILLE TERRANE

Permian CONNECTICUT VALLEY TROUGH

Upper Silurian

Lower Silurian

Upper Ordovician

Middle Ordovician

&wihnmm -

Upper Proterozoic

METASEDIMENTARY AND METAVOLCANIC ROCKS OF THE
CONNECTICUT VALLEY TROUGH
(B e m divided (Lower D )—Gray to tan
metawacke and schist or phyllite; gradational into the Meetinghouse

Slate Member but is much more thickly bedded and less pelitic than the
member. Includes minor metavolcanic lentils

Meetinghouse Slate Member—Gray to black phyllite and silty metasand-
stone turbidite

Interbedded gray slate or phyllite and brown-weathering calcite-ankerite
metasilistone—Contains minor marble and quartzite. Resernbles Waits
River Formation in Vermont

Mafic lcani iber—Possibly lent to Putney Volcanics of
southeastern Vermont

Konboand ' My divided (Lower Dk
Interbedded gray phyllite, in places containing feldspathic clasts, and
feldspathic metasandstone, variably graded

Grits at Halls Smmm in northern New Ham-psh::e—'lhlckly bedded felds-
pathic volcanicl grit and bedded gray slate. to
Grenier Ponds Member of the lronbound Mountain Formation in west-
ern Maine

Felsic volcanic member

Basaltic to andesitic member

Euxinic metashale member

Metarhyolite and microgranite intrusions

Frontenac F divided (Sil thick felds-

pathic wackes, tan and green slates, and mmnr calcareous lenses
Mixed volcanic and sedimentary facies

Proximal bimodal velcanic facies

Metabasalt interbeds

Graded-bedded metagraywacke and subordinate gray phylite

Massive tan- or by h calcite-ank fels and
interbedded gray metapelite—Probably pmly a facies equivalent to the
Waits River Formation in Vermont

METASEDIMENTARY AND METAVOLCANIC ROCKS OF THE
CENTRAL MAINE TROUGH
[Variably metamorphosed sedimentary and volcanic rocks of greenschist to granulite
facies, locally migmatized. Area includes structural belts between the Monroe fault on
the west and the Campbell Hill fault on the east; that is, the Bronson Hill anticlinori-
um, Piarmom allnnhthnm Kearsarge-central Maine synclinorium, central New
and Roct Lebanon (Maine) antiformal synclinorium)

- Littleton F divided (Lower Devoni g
and ke and subord; leanic rocks; gener-
ally, but not everywi with the underlying Fitch or

Madrid Formations.  Fossiferous in western New Hampshire

Upper unnamed member—Light-gray metaturbidite, lithologically identical
to, and probably correlative with, the Seboomook Formation of Maine.
Coticule layers common

Volcanic lentils—Both mafic and felsic

Epiclastic metavolcanic sediments

Cale-silicate rock—Possibly equivalent in part to Hildreths Formation of
Maine but not restricted to one horizon. Locally fossiliferous, as in
Moosilauke quadrangle

Metaconglomerate and quartzite—Locally fossiliferous in Whitefield quad-
rangle

Lower unnamed member—Thinly or poorly bedded aluminous lower part,
somewhat rusty. Rare guartzite lentils. Carrabassett Formation in
northwestern Maine is probably correlative
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Migmatitic rocks (Devonian and Silurian)—Formations m:dmuﬁahle
owing to obliteration of original sedi or volcanic che i
by anatexis or by numerous infrusions

Fitch Formation (Upper Silurian; Pridolian and Ludlovian)—
Metamorphosed limestone, calcareous sandstone, siltstone, and dark
pelitic schist; lower contact is disconformable on the Clough Quartzite.
Fossiliferous

Fitch and Clough Formations, undivided (Silurian)

Madrid Formation (Upper Silurian?}—Massive to weakly foliated, pur-
ple biotite-feldspar granofels, layered calc-silicate, and dark pelitic-sul-
fidic schist containing cale-silicate pods in upper member; an eastern
facies equivalent to the upper part of the Fitch Formation. Locally
mapped as the Warner Formation of Nielson (1981) in southern New
Hampshire

Madrid and Smalls Falls Formations, undivided (Silurian)

Smalk Falls Formanon. undivided (Upper to Middle Silurian;
and Wenlockian}—Very rusty weathering, thinly bedded sul-

ﬁdlographluc schist and pyrrhotitic cale-silicate granofels. Eastern facies
equivalent to lower part of the Fitch Formation. Locally mapped as
Francestown Formation of Nielson (1981) in southern New Hampshire

Mixed rocks and l
Metabasalt member
Felsic metavolcanic member

Metaconglemerate member—Found in Errol quadrangle in northern New
Hampshire

Perry Mountain Formation, undivided (Middle? to Lower? Silurian)—
Sharply interbedded quartzites, light-gray nongraphitic metapelite, and
“fast-graded” metaturbidites. Coticule layers common

Sedimentary and subordinate distal felsic and mafic voleanic facies in
Piermont allochthon

Valcanic facies in Piermont allochthon

Perry M and R ley F (il )

Clough Quartzite (Lower Silurian; upper Llandoverian)—

rfhoquarmte, quartz metaconglomerate, muscovite schist, and minor

Disconformable below the Fitch

Formation and unconformable on Ordovician formations. Equivalent,
in part, to member C of Rangeley Formation of Maine. Fossiliferous

Rangeley Formation, undivided (Lower Silurian; Llandoverian)

(ELT)
B
Fed]
[
[
|
e
P ]
5
B
R
]
i

Upper part of Rangdzg anmﬂun—Rustpamall’mng pelitic schist,

and local leniils; cale-sil-
icate pods common; minor oohcule Prabably equivalent to member C
of Rangeley Formation of Maine

Member (63 (uppermmﬂ] of the Rangeley Formation in Maine and nmfh-
pebble

n New F Quartz-
ale (.werlain by rusty mnapehte and feldspathic quartzite

Pink to green calc-silicate and purple biotite granofels—Thinly bedded.
Close to transition from lower to upper parts of the Rangeley
Formation. Probably equivalent to part of Paxton Formation of Zen
and others (1983) in Massachusetts”

Lower part of Rangeley Formation—Gray, thinly laminated (5-25 mm)
metapelite containing local lentils of turbidites and thin quartz conglom-
erates in western New Hampshire. Sparse calc-silicate pods and cotic-
ule. Probably equivalent to member B of Rangeley Formation of Maine

Ribbon-banded calc-silicate of eastern New Hampshire—Probably equiva:
lent to Patch Mountain Member of the Sangerville Formation
(Llandoverian and Wenlockian) of central Maine

Felsic metaveleanic rocks—Found in south-central New Hampshire

Greenvale Cove Famuuon (Lower Slhllhn?)—Gmy:sthhzt interlam-
inated hale, and calc-silicate rock of
the Piermont allochthon in western New H; hi

Quimby Formation (Upper Ordovician?)—Black graphitic-sulfidic rusty-
weathering schist and thickly bedded metagraywacke

Ammonoosuc Voleanics (Upper and Middle Ordovician)

Upper part of Ammonoosuc Voleanics (Upper Ordovician)—Probably
equivalent to Partridge Formation in Massachusetts.
Bimedal volcanic rocks

Metasedimentary rocks—Contain mafic metavolcanic lenses

M leanic  and di rocks of the lower part of
Ammonoosuc Volcanics, undivided (Middle Ordovician)

Metabasalt

Bimodal volcanic rocks—Locally includes unmapped Oals

Volcaniclastic metagraywackes

Metasedimentary rocks
Felsic metavolcanic rocks
‘White quartz-kyanite rock and silicate iron-formation

Partridge Formation, undivided (Upper to Middle Ordovician)—Black,
mly-manmmq sulﬂdic-gmpm:c slahz or schist and sparse to abundant
between upper and lower parts

of the Ammonoosuc Volcanics

I ified ic rocks—Chiefly amphibolites, found in south-
western New Hampshire

White quartz-kyanite rock

Dead River F divided (Lower O and Upper
Cambrian?)—Thinly laminated, “pin-striped” gray, green, or tan
metapelite and quartzite

Graded-bedded lite—Found in Percy quadrangle of northern New
Hampshire

A hos F fivided Ord >

Cambrian?)—Probably a lower pelitic facies of the Dead Rwer
Formation {shown in section only)

Upper unnamed b ining sparse siltstone
laminations and abundant lansa.s of vein quartz

Lower unnamed member—Rusty, dark metapelite containing thin coticule
laminations, feldspathic metatuff, and vein quartz lenses

Hi M (Upper Cambrian?—Rusty-weath-
ered, darksﬂmmssmlyslatsarschiﬂ having flaser structure and
polymictic fragments ranging in size from a few millimeters up to (in
Maine) several hundred meters. A mélange consisting of metasedimen-
tary, felsic and mafic metavolcanic, and ultramafic rocks

Jim Pond (Upper Camb Pillos basalt member.
Lenses within the Hurricane Mountain Formation of northern New
Hampshire interpreted as tectonic rafts of Jim Pond Formation
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METASEDIMENTARY AND METAVOLCANIC ROCKS OF THE
MERRIMACK TROUGH

(Sil ? to O }—Includes Berwick, Eliot and
Kittery Formations. See also footnote 1
Kittery Formation—Tan, graded-bedded, calcareous metasandstone and
purple and green phyllite. Grades into the Eliot Formation but facing
direction is uncertain
- Eliot Formation—Gray to green phyllite, calcareous quartzite, quartz-
mica schist, and well-bedded calc-silicate
Calef Member—Black phyllite at western contact of the Eliot Formation

Berwick Formation—Purple biotite-quartz-feldspar granofels or schist
and interbeds of calcsilicate granofels and minor metapelites.
Stratigraphic sequence with respect to Eliot Formation uncertain

Gove Member—Whi ite: schist, Equhvalent to the Gonic
of Hussey {1962)

Unnamed member—Contains more calc-silicate (15 percent) than does
the remainder of the formation (5 percent)

Rye Complad (Ordovician? to Late Pmtuumlc?]—ngm-colozed to

d gneisses, quartzites, and hit Variably migma-
tized and mylomtmad Contact with Kittery Formation on west is the
Portsmouth fault

Breakfast Hill Granite of Novotny (1964)—Blastomylonitic quartz-
feldspar granitic gneiss and pegmatite intruded the Rye Complex and
formed a migmatite

Massabesic Gneiss Complext (Late Proterozoic)—Quartzose-feldspath-
ic gneiss and biotite schists (locally rusty), granofels, and calc-silicate
racks closely intruded by, and grading into, a pink gneissic granite (623
Ma) that produced a migmatite

Lower Devonian

Silurian(?)
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CENTRAL MAINE COMPOSITE TERRANE

CENTRAL MAINE TROUGH

EXPLANATION OF MAP SYMBOLS
Contact—Dashed where location is inferred (shown in section only); dot-

ted across large lakes

FAULTS

e Nnmla[ fault—Ticks on downthrown side.
AF, A

NASHOBA-CASCO-MIRAMICHI TERRANE |

MERRIMACK TROUGH

Silurian

Spwgiiang. e ordm:ian%l. to

Upper Proterozaic ‘}Pmlmnic

FOOTNOTES |

"The Early Devonian and Late Sclunan age asslgnments for the Exeter and
port plutons of hire are based on work by Bothner

and others (1993), which supersedes sweml pmamiy reported isotopic ages,
#Far age constraints on Oliverian and Highlandcroft Plutonic Suites, please see list

of isok ing the “Plutonic Map Showing Isotopi nd Fossil
Dulted acrosslargelaluas Cmmwwwcmm ic Map ing Isotopic Age ai

MBF, Mesozoic border fault; HHG, Hyland Hill graben; MLG Mine

Ledge graben; WHG, West Hill graben

—==— High-angle or strike-slip fault—U on upthrown block and D on down-
thrown block or arrows where relative dmcuon of mmemenl is known.

ham; NF, Newbury; $The name Rye Formation is here revised as Rye Complex because the unit con-
sists of granite intruding gneissic and il dis v and lcanic
rock. The Breakfast Hill Granite of Novotny (1964), or the granite at Breakfast Hill
(Novotny, 1969), has been included in what had been the “upper metavolcanic mem-
bzr of the Rye Formation of Novotny (1969). Hussey (1980) first recognized that the

C ly silicified or

ic member” was composed of strongly deformed granitic intrusions.

Abbreviations: DRF, DeadWaba‘r Ridge

Deer Pond; TPF, Thrasher Peaks; BLF, Bill Little; NHF, Northey

PPF, Pine Peak; RRF, Roxbury Road; PF,

Campbell Hill; SLF, Silver Lake; FHiF, Flint Hill, MHF, Misery Hill 1984).
—A—A—  High-angle thrust fault or shear zone—Filled sawteeth on upper plate.
Dashed where location is inferred. Characterized by strong ductile fab-
ric. Abbreviations: PTF, Portsmouth; TBF, Tunnel Brook
—£&—~a—  Low-angle thrust fault or normal slide—Open sawteeth on upper plate.
Dashed where location is inferred. Generally folded. Abbreviations:

MF, Mahoosuc; PMF, Plumbago Mountail

Hill; MNF, Monroe; CF, Canterbury; CPF, Chesham Pond; BHF,

Undifferentiated fault—Dashed where location is inferred (shown in sec-

Brennan Hill
tion only)
OTHER FEATURES
*x % x Premetamorphic clasts

breccia—Angular
tolith scattered through a matrix of sulfidi

\\m«u

PLUTONIC ROCK COMPOSITIONS

[Modified from Streckeisen (1973) and Osberg
From left to right, plutonic labels give the age, formation

sition in a modified Streckeisen system (two or more numbers for a compositional
range), characteristic mineralogy, and textures or special features. Volcanic racks (v)

are not classified similarly.

Composition

1 Granite (either alkali- or two-feldspar granite)
2 G o
3A Tonalite
38 Trondhjemite

4 Quartz syenite (4A and 4B)
ac Quartz monzonite

L] Quartz monzodiorite

6 Quartz diorite

7 Syenite (7A and 78)

c Monzonite

8 Monzodiorite
9A Diorite

9B Gabbro

0 Foid-bearing syenite

n Foid-bearing monzodiorite

12 Foid-bearing gabbro-diorite

Other rocks
u Ultramafic rocks
Characteristic mineralogy
Biotite {may have minor muscovite)
Muscavite or muscovite and biotite

T3 o

Hornblende or hastingsite (plus biotite)
r Riebeckite (plus hastingsite)
Texture or structure
Porphyritic or megacrystic
Migmatized
Aphanitic or fine-grained
Leucocratic

- @ o~ ox

Examples
Delm Devonian Concord two-mica granite
JaB dJurassic gabbro
Dk2x Devonian Kinsman megacrystic granodiorite

QUARTZ

35065
Ratio of plagioclase
to alkall feldspar

DIPF Diamond Pond; DPF, “An muplc age of 623 Ma (JN Alemnkoﬁ oral commun., 1994) for the
ill; Massat Greiss Complex ly reported ages of 475 and 646 Ma
for Massabesic orthogneiss (Aleinikoff and others, 1979 and Gaudette and others,

Pinnacle; SF, Spofford; CHF,

“The Ironbound Mountain Formation was introduced by Marvinney.(1983) and fur-
ther described by Pollock (1987) in Maine, where it is the basal formation of the
Seboomack Group. W.A. Bothner and RH. Moench (unpub. data, 1992) now rec-
ognize the Ironbound Mountain in New Hampshire as the result of fiekd mapping in
the Sherbrooke-Lewiston, Maine, N.H., and V., 1:250,000-scale quadrangle. It is a
probable facies equivalent of the lower part of the ittleton Formation.

¢The Frontenac Formation was named by Mzﬂqrﬁgl& (1935) in Quebec and has
been mapped by Slivitzky and St-Julien {1987) in and by Marvinney (1982,
1986) and Pollock (1985} in northwestern Maine. Frontenac Formation has been
recognized in New Hampshire in the border area near the Customs Station by W.A.
Bothner and R.H. Moench {unpub. data, 1992) as a result of field mapping in the
Sherbrooke Lewiston, Maine, N.H., and Vt, 1:250,000-scale quadrangle. The
Frontenac Formation stratigraphically underlies the fossilferous Early Devonion

Compton Formation of Quebec (equivalent to the Gile Mountain Formation in New
S e aialtig Hampshire) and the Ironbound Mountain Formation in Maine and New Hampshire
and is here interpreted as Middle and Upper Silurian. |

“The Rangeley Formation and one of its units (Srup) are traced into the Paxton
Formation in north-central Massachuselts, where it mapped as a “western belt” of
the Paxton and Littleton Formations by Zen and others (1983). These two units are
assigned now to the Silurian Rangeley Formation in Massachusetts (see Robinson and
Goldsmith, 1991, which is based on more recent mapping).

“The Silurian(?) to Ordovician(?) age assignment and sequenoe of rhe Memmack
Group (Berwick, Eliot, and Kittery F ) in
based upen isotopic age determinations by J.N.
approximately 440 and 420 Ma from detrital zircon:

in; TF, Thornton; FHF, Foster

and others (1985)]
name (if applicable}, compo-

ff (ma] ‘commun., 1994) of
the Berwick Formation.
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Albany, 1956, revised 1974; Boston, 1956, revised 1970;
Glens Falls, 1956, revised 1972, Lake Champlain, 1962,
revised (United States only) 1972: Lewiston, 1956, revised
1972; Portland, 1956, revised 1972; and Sherbroake, 1961

Transversa Mercator Projection

&

SCALE 1:250 000
5 0 5 10 15 20 25 MILES

5 ] 5 10 15 20 25 £} 35 KILOMETERS

'CONTOUR INTERVALS 50 AND 100 FEET

BEDROCK GEOLOGIC MAP OF NEW HAMPSHIRE
By

dJohn B. Lyons!, Wallace A. Bothner2, Robert H. Moench3, and James B. Thompson, Jr4
1997

BRONSON HILL ANTICLINORIUM

COMNECTICUT YALLEY TROUGH

MD1m

. Ssfb Sgf /...

CENTRAL NEW HAMPSHIRE ANTICLINORIUM

KEARSARGE-CENTRAL MAINE SYNCLINORIUM

ON HILL ANTICLINGRIUM

INTERION - GEOLOGICAL SURVEY, RESTON, VA— 1907

BEDROCK GEOLOGIC MAP OF NEW HAMPSHIRE
SHEET 1 OF 2

§EEREERIG

ANTIFORMAL

CENTRAL NEW HAMPSHIRE ANTICLINGRIUM

KEARSARGE-CENTRAL MAINE SYNCLINORIUM

SEA LEVEL

KEARSARGE-CENTRAL MAINE SYNCLINORIUM

BRONSON HILL ANTICLINGRIUM

Geology compiled in 1984-94 from sources shown accompanying the index
Edited by Susan Tufts-Moore and Elizabeth D. Koozmin

Digital cartography by Thomas Falk {Complex Systems Research Center,
University of New Hampshire, Durham, N. H.} and D, Paul Mathieux

LTI

Any use of trads, product, or firm names in this publication
is for descriptive purposes only and does not imply
endorsement by the U.S. Government

For sale by U.S. Geolagical Survery, mfwm-tlon Servicas,
Bax 26288, Federal Center, Denver, CO 802



U.S. DEPARTMENT OF THE INTERIOR ipared lorcadesalion il
U.S. GEOLOGICAL SURVEY THE U.S. DEPARTMENT OF ENERGY AND
GORDON P. EATON, DIRECTOR THE STATE OF NEW HAMPSHIRE

EUGENE L. BOUDETTE, STATE GEOLOGIST

EXPLANATION EXPLANATION EXPLANATION
Ages of plutons and migmatite rocks He?mur;ﬂlhhnmgﬁdaplpeﬂﬁmuwﬁcw!mic,mm& Ages of plutons and migmatite rocks
Mesoolc pstectnic W Mounian Pnic Volcnic Se slicee o, Lihter shdof sene cok dciom phacic focks - Mescic postecoic Whie Mourain Plnic Vokaric S
ing rocks ntrusive rocks
e Regional facies Voleanic rocks

Permian (Alleghanian) posttectonic granitoids

Permsylvanian and Mississippian posttectonic granitoids

Late and Middle Devonian post-Acadian two-mica and biotite
granitoids

Early Devonian late-tectonic metaluminous Acadian diorite to
granite

Early Devonian syntectonic Acadian peraliminous granitolds

Silurian diorite to granite—Includes East Inlet, Ayer, and
MNewburyport plutons )

Late and Middle Ordovician diorite to granite—Includes
Oliverian and Highlanderoft Plutonic  Suites  and
Chickwolnepy intrusions

Ordovician(?) and Late Proterozoic granitic intrusive rocks and
migmatites

—— Contact—Conlacts of individual plutons are shown within large
areas of composite infrusions
Fault—Undilferentiated

40 Isotopic age—Mumber keyed to tabulation of isctopic ages
(table 1). Small square marks a dated igneous body too
small to be shown at this scale

Fossil location—Abbreviations: ED, Early Devonian inverte-
brates; EDp, Early Devonian plants; LS, Late Silurian inverte-
brates; ES, Early Silurian invertebrates

Devonian(?) or Ordovician(?) serpentinite and soapstone

B OBCHD O

}:ED

Base from U.5. Geological Survey
1:250,000, 1972

Lambert conformal conic projection based
on standard paraliels 33° and 45 1

30 MILES

10 20 20 40 KILOMETERS

A, PLUTONIC MAP SHOWING ISOTOPIC AGE AND FOSSIL CONTROL

Table 1.—Isotopic ages: plutons, dikes or sills, and volcanic rocks

[Numbers are keyed to “Plutonic Map Showing lsotopic Age and Fossil Control.” Ages
are given in mega-annum (Ma, 10%). Unless otherwise indicated, uranium-lead (U/Ph)
ages are on zircon and are taken as the time of intrusion. U/Pb ages marked below
by an asterisk (s} are from a composite discordia of several Oliverian plutons. Monazite
U/Pb ages record times at which magmas cooled below approximately 700°C,
Rubidium-strontium (Rb/Sr) ages are probable whole-rock emplacement ages, provid-
ed magmas initially were homogeneous isotopically.  Potassium-argon (K/Ar) and
argon-argon (Ar/Ar) ages are on bictite and record times at which magmas cooled
below approximately 300°C; for shallowly emplaced plutons, this is slightly less than
the age of intrusion|

1. East Inlet pluton
43044 U/Pb (Lyons and others, 1986; Eisenberg, 1981)

2. Felsic metatuff of Perry Mountain Formation
418+4d U/Pb (Lyons and others, 1983)

3. Academy pluton

4. Felsic metatuff of Frontenac Formation

432+ 10 U/Pb (J.N. Aleinikoff, oral commun., May 3, 1985; Moench and
others, 1995)
5. Felsic dike from possible feeder system for munber 2 above

418+4 U/Pb (Lyons and others, 1983)

6. Gore Mountain granitic intrusive rocks of White Mountain Plutonic-

Volcanic Suite

169+3 K/Ar (Foland and Faul, 1977)

7. Long Mountain pluton of New Hampshire Plutonic Suite
350 {approximate) U/Ph (Harrison and others, 1987)

8. Owlhead Mountain pluton of White Mountain Plutonic-Volcanic Suite

9. Felsic metatuff of the Rangeley Formation {shown on this map as Smalls
Falls Formation)

43248 U/Ph (Meinikoff and Moench, 1987)
10. Greenough Pond pluton of New Hampshire Plutonic Suite

11. Mooselookmeguntic batholith
3716 Rb/Sr (Moench and Zartman, 1976)

12. Umbagog Granodiorite
38446 U/Pb (Aleinikoff and Moench, 1985)

13. Percy pluton of White Mountain Plutonic-Voleanic Suite
166+4 K/Ar (Foland and Faul, 1977)

14. Chickwolnepy Complex of Moench and others (1982)
467+4 U/Pb (Aleinikoff and Moench, 1992)

15. Cambridge Black pliton of Chickwolnepy intrusions
468+7 U/Pb [J.N. Aleinikoff, oral commun., Feb. 1994)

16. Lost Nation pluton of Highlandcroft Plutonic Suite
43925 U/Pb (Lyons and others, 1986)
44244 U/Pb {J.N. Aleinikoff, oral commun., June 30, 1988)

17. Pliny Range intrusive rocks of the White Mountain Phutonic-Volcanic Suite
182+4 and 18945 K/Ar (Foland and Faul, 1977)
18342 Ar/Ar (Randall and Foland, 1986)

18. Whitefield Gneiss of Oliverian Plutonic Suite
45848 U/Pb (Zartman and Leo, 1985)

19. Jefferson dome intrusive rocks of the Oliverian Plutonie Suite
44145 Rb/Sr (Foland and Loiselle, 1981)
444+ 8* U/Pb (Zartman and Leo, 1985)
456:+3 U/Pb (Aleinikoff and Moench, 1987)
45445 U/Pb [L.N. Aleinikoff, oral commun., Feb. 1994)

20. Crescent ring dike of the White Mountain Plutonic-Volcanic Suite

21. Highlanderoft pluton of the Highlanderoft Plutonic Suite
450+5 U/Pb (Lyons and others, 1986)

22. Remick Tonalite

23. Alderbrook pluton

24. Cherry Mountain pluton (syenite) of White Mountain Plutonic-Volcanic Suite
25. Bretton Woods pluton of New Hampshire Plutonic Suite

26. Peabody River pluton of New Hampshire Plutonic Suite

27. Shelburne Woods granite dike
406(71? Rb/Sr (Hayward, 1983)

28. Joslin Turn pluton (Vt.-N.H.)
469+1.5 U/Pb (Aleinikolf and Moench, 1992)

29, Perry Mountain Formation
41444 U/Pb (tuff bed), 41212 U/Phb (tuffisite sill), <430 and =410 U/Pb
{rhyolite intrusive unit) (J.N. Aleinikoff, oral commun., June 8, 1990)
30. Ammonocosuc Volcanics, Moosilauke quadrangle, N.H.
44444 U/Ph (LN, Aleinikoff, oral commun., Oct. 1991)

31. French Pond Granite
3654 U/Pb (Aleinikoll and Moench, 1987)

32. Haverhill Granodiorite

33. Ammonoosuc Volcanics
4618 U/Pb (J.N. Aleinikoff, oral commun., Feb. 1994)

34. Moody Ledge Granite of Oliverian Plutonic Suite

35. Moody Ledge Granite displaced by Mount Clough pluton
435+ 3 U/Pb (Aleinikofl and Moench, 1987)
45547 U/Pb (LN, Aleinikofl, oral commun., June 1994)

36. Landaff dome intrusive rocks of Oliverian Plutonic Suite
444+ 8° U/Ph (Zartman and Leo, 1985)
447+4 U/Pb (J.N. Aleinikoff, oral commun., Feb, 1994)

37. Sugar Hill dome intrusive rocks of Oliverian Plutonic Suite
44448 U/Pb (Zartman and Leo, 1985)

38. Cannon Mountain pluton of White Mountain Plutonic-Volcanic Suite
18444 K/Ar (Foland and others, 1971)
19444 K/Ar (Foland and others, 1977)
39. White Mountain Plutonic-Volcanic Suite, chiefly Conway Granite, but
ather lithologies where noted
188+5 U/Pb (Tilton and others, 1957)
177 and 182 Rb/Sr (Tilton and others, 1957)
180-134 Rb/Sr, biotite (Aldrich and others, 1958)
17348 Rb/Sr, biotite (Hurley and others, 1960)
181:£4 K/Ar (Hurley and others, 1960)
16943 K/Ar (Foland and others, 1971)
16943 and 18114 K/Ar (Foland and Faul, 1977)
196, 193, 186, and 175 Rb/5Sr, biotite (Eby and Creasy, 1983)
185 207Ph /206Ph (Eby and Creasy, 1983)
1934:2 Rb/Sr, Carrigain Syenite Porphyry (Eby and others, 1992)
187+1 Rb/Sr, Mount Osceola Granite {Eby and others, 1992)
17043 Rb/Sr, Albany Porphyritic Quartz Syenite (Eby and others, 1992)
17342 Rb/Sr, lower part of Moat Volcanics (Eby and others, 1992)
168+ 1 Rb/Sr, upper parl of Moal Volcanics (Eby and others, 1992)

20146 and 19346 K/Ar, Mount Garfield Porphyritic Quartz Syenite (Eby
and others, 1992)

195+6 K/Ar, Mount Lafayette Granite Porphyry (Eby and others, 1992)

183£5, 182+4, 18044, 18044, 178+4, 17114, and 1554 K/Ar (Eby
and others, 1992)

17945 K/Ar, Albany Porphyritic Quartz Syenite (Eby and others, 1992)
17715 K/Ar, riebeckite granite (Eby and others, 1992)
16944 and 162+4 K/Ar, trachyte of Moat Volcanics (Eby and others,
1992)
40. Hart Ledge pluton of White Mountain Plutonic-Volcanic Suite

13616 K/Ar, hornblende (Weston Geophysical Co., in Hatch and
Moench, 1984)

168+4 and 1635 K/Ar, biotite (Eby and others, 1992}
41. North Baldface pluton of White Mountain Plutonic-Voleanic Suite

42, Baldface pluton of White Mountain Plutonic-Volcanic Suite
17244 K/Ar (Foland and Faul, 1977)

43. Mount Tripyramid intrusive rocks (syenites and some gabbro) of White
Mountain Plutonic-Volcanic Suite

112+5 K/Ar, homblende (Weston Geophysical Co., in Hatch and
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. Fairlee pluton of New Hampshire Plutonic Suite

411+4 U/Pb, zircon and 40045 U/Pb, monazite (Moench and Aleinikoff,
1987)

Indian Pond pluten of New Hampshire Plutonic Suite

. Baker Pond dome intrusive rocks of Oliverian Plutonic Suite

Owls Head dome intrusive rocks of Oliverian Plutonic Suite
444+ 8* U/Pb (Zartman and Leo, 1985)

- Lincoln pluton of New Hampshire Plutonic Suite

<422 and =400 U/Pb, monazite and zircon (J.N. Aleinikoff, oral com-
mun.,-June 8, 1990)

Rumney pluton of New Hampshire Plutonic Suite

. Thomton pluton of New Hampshire Plutonic Suite

Campton pluton of New Hampshire Plutonic Suite

Mad River pluton of White Mountain Plutonic-Volcanic Suite
17815 K/Ar, 1584 Rb/Sr, biotite (Foland and others, 1971)

Sandwich Mountain pluton of New Hampshire Plutonic Suite

. Sebago batholith

32547 Rby/Sr (Hayward and Gaudette, 1984)
32543 U/Pb (Aleinikoff and others, 1985)
298+2 U/Pb (.M. Aleinikoff, oral commun,, Dec. 24, 1992)

Lebanon intrusive rocks of Oliverian Plutonic Suite
431430 Rb/Sr (Naylor, 1969)

. Plainfield intrusive rocks of Oliverian Plutonic Suite

Mascoma Granite of Oliverian Plutonic Suite
450425 U/Pb (Naylor, 1969)
431130 Rb/Sr (Navior, 1969)

. Smarts Mountain Granite of Oliverian Plutonic Suite

Mount Clough pluton of New Hampshire Plutonic Suite
41045 U/Phb (.M. Aleinikoff, oral commun., Jan. 4, 1989)

dewell Hill pluton of New Hampshire Plutonic Suite
Grafton pluton of New Hampshire Plutonic Suite

Cardigan pluton of New Hampshire Plutonic Suite
411419 Rb/Sr (Lyons and Livingston, 1977)
41345 Nd/Sm (Barreiro and Aleiniloff, 1985)

Newfound Lake pluton of Mew Hampshire Plutonic Suite

373 concordant) U/Pb, monazite (J.N. Aleinikoff, oral cormmun., Feb.
15, 1984)

. Granite pegmatite, Holderness quadrangle

393+7 U/Ph, monazite (Eusden and Barreiro, 1988)
Meredith Granite of New Hampshire Plutonic Suite

. Winnipesaukee Tonalite of New Hampshire Plutonic Suite

39243 U/Pb (J.N. Aleinikoff, oral commun., Jan, 1995)

Red Hill Syenite of White Mountain Plutonic-Volcanic Suite
19944 K/Ar (Armstrong and Stump, 1971)
190+4 Rb/Sr, biotite (Foland and Faul, 1977)
198.5£1.5 K/Ar and 187.3+3 Rb/Sr (Henderson and others, 1989)

. Ossipee Mountain Complex of Kingsley (1931)

122+2 K/Ar (Foland and Faul, 1977)

Green Mountain pluton of White Mountain Plutonic-Voleanic Suite
11143 K/Ar (Foland and Faul, 1977)

Effingham pluton
32547 Rb/Sr (Hayward and Gaudette, 1984)

Belknap intrusive rocks of White Mountain Plutonic-Volcanic Suite
15943 K/Ar (Foland and others, 1971)
16145 Rb/Sr and 158+3 K/Ar, biotite (Foland and Faul, 1977)
169.3+1.7 Rb/5Sr [Loiselle and Hart, 1978)

Merrymeeting Lake intrusive rocks of White Mountain Plutonic-
Volcanic Suite

115+10 Rb/Sr (Foland and others, 1971)
117+5 K/Ar (Foland and Faul, 1977)

Croydon dome intrusive rocks of Oliverian Plutonic Suite

Sunapee pluton of New Hampshire Plutonic Suite

34947 Rb/5r (Hayward, 1983)

36648 Rb/Sr: recalculation by J.N. Aleinikolf (oral commun., July 20,
1990) of combined Rb/Sr data of Lyons and Livingston (1977) and
Hayward (1983)

36442 U/Pb (Harrison and others, 1987; J.N. Aleinikoff, oral commun.,
July 20, 1990)

Unity dome intrusive rocks of Oliverian Plutonic Suite

Sugar River intrusive rocks of Oliverian Plutonic Suite

Massasecum pluton of New Hampshire Plutonic Suite

Kearsarge pluton of New Hampshire Plutonic Suite
39345 Rb/Sr (Lyons and Livingston, 1977)

Weare pluton of New Hampshire Plutonic Suite

Blackwater pluton of New Hampshire Plutonic Suite
39847 U/Pb, monazite (Eusden and Barreiro, 1988)

Granite sill, Gilmanton quadrangle
35947 U/Ph. monazite (Eusden and Barreiro, 1988)

Shaker Village pluton of New Hampshire Plutonic Suite

Concord Granite of New Hampshire Plutonic Suite
365420 U/Pb (J.N. Aleinikoff, oral commun., Mar. 5, 1986}

37547 U/Pb, monazite lrom pegmatite in Concord Granite (Eusden and
Barreiro, 1988)

Granite sill, Gilmanton quadrangle
35947 U/Phb, monazite (Eusden and Barreiro, 1988}

Gilmanton pluton of New Hampshire Plutonic Suite

Granite sill, Gilmanton quadrangle
372+7 U/Pb, monazite (Eusden and Barreiro, 1988)

New Durham pluton of New Hampshire Plutonic Suite
37747 U/Ph, monazite (Fusden and Barreiro, 1988)

Bellows Falls pluton of New Hampshire Plutonic Suite
410405 U/Pb (T.M. Harrison, quoted by Spear, 1989)

Alstead dome intrusive rocks of Oliverian Plutonic Suite
Otter Brook pluton of New Hampshire Plutonic Suite
West Hopkinton pluton of New Hampshire Plutonic Suite
Antrim pluton of New Hampshire Plutonic Suite

Deering pluton of New Hampshire Plutonic Suite

. Clinton Grove pluton of New Hampshire Plutonic Suite

Lyndeborough pluton of New Hampshire Plutonic Suite

Hooksett pluton of New Hampshire Plutonic Suite
40247 Rb/Sr (Hayward, 1983)
365420 U/Ph ()N, Aleinikoff, oral commun., Mar. 5, 1986)

Granite pegmatite, Suncook quadrangle
3757 U/Pb, monazite (Eusden and Barreiro, 1988)

Barrington pluton of New Hampshire Plutonic Suite
3637 U/Pb, monazite (Eusden and Barreiro, 1988)

Rochester pluton of New Hampshire Plutonic Suite

100. Vermnon dome intrusive rocks of Oliverian Plutonic Suite

101. Ashuelot pluton of New Hampshire Plutonic Suite

102. Keene and Surry dome intrusive rocks of Oliverian Plutonic Suite

4444+8" U/Pb (Zartman and Leo, 1985)

103. Warwick dome Intrusive rocks of Oliverian Plutonic Suite

Compiled by J.B, Lyons, J.N. Alginikoff, and W.A. Bothner, 1988-94

Conlacl facies

diopside)

4444 8" U/Pb (Zartman and Leo, 1985)
104. Babbidge Reservoir pluton of New Hampshire Plutonic Suite

105. Marlborough pluton of New Hampshire Plutonic Suite
106. Spaulding Hill pluton of New Hampshire Plutonic Suite
107. Troy Quarry pluton of New Hampshire Plutonic Suite
108. Gap Mountain pluton of New Hampshire Plutonic Suite
109. Cummings Pond pluton of New Hampshire Plutonic Suite
110. Hardwick Tonalite of New Hampshire Plutonic Suite

111. Fitzwilliam Granite of New Hampshire Plutonic Suite
38347 Rb/Sr (Hayward, 1983, 1987)

112. Peterborough pluton of New Hampshire Plutonic Suite
113. Whitcomb Peak pluton of New Hampshire Pliutonic Suite

114. Pratt Pond pluton of New Hampshire Plutonic Suite

2B0£6 U/Pb, zircon, 2722 U/Pb, monazite (J.N. Aleinikoff, oral com-
mun., Dec. 1994)

36547 U/Phb, zircon, 3657 U/Pb, monazite (J.N. Aleinikofl, oral com-
mun., May 1995)

115. Granite, Milford quadrangle

280+5 U/Pb, monazite, 27547 (approximate) U/Pb, zircon (Aleinikoff
and others, 1979)

116. Hollis pluton

117. Massabesic Gnelss Complex
620-600 L/Pb, orthogneiss(?) (Besancon and cothers, 1977)

64647 U/Pb, paragneiss, 47547 U/Pb, orthogneiss (Aleinikoff and oth-
ers, 1979)

641125 Rb/Sr, paragneiss(?) (Kelly and others, 1930)

375+7 U/Ph, monazite from aplite dike in Campbell Hill fault at western
contact of Massabesic Gneiss (Barbara Barreiro, oral commun., 1990)

38442 and 27522 U/Pb, monazite in paragneisses (J.N. Aleinikolf, oral
commun., April 1993)

62318 U/Pb ion probe, orthogneiss; earlier age of 475 (Aleinikoff and
others, 1979) discredited [J.N. Aleinikoff, oral commun., Feh. 1994)

118. Mount Pawtuckaway intrusive rocks of White Mountain Plutonic-
Volecanic Suite

12242 K/Ar Foland and others, 1971)
128+2 Rb/Sr, biotite (Eby, 1985}

119. Hudson pluton of New Hampshire Plutonic Suite

120. Onway tholeiite dike
177 K/Ar, whole rock (Sundeen and Hulff, 1991)

121. Scobie Pond pluton of New Hampshire Plutonic Suite

122, Biotite granite dike
381+£2 U/Pb (J.B. Lyons, J.N. Aleinikoff, and R.E. Zartman, this map)

123. Aver Granodiorite
43345 U/Pb (Zartman and Naylor, 1984)

124. Chelmsford Granite of New Hampshire Plutonic Suite

125. Sweepstakes pluton

126. Island Pond pluton

127. Newburyport Complex
450415 U/Pb {(Zartman and Naylor, 19284)

418+1 U/Pb (WA, Bothner and S.A. Bowring, oral commun., Feb.
1994)

128. Exeter Diorite
473+37 Rb/5Sr (Gaudette and others, 1984)
40641 U/Pb (Bothner and others, 1993; oral commun., Feb. 1994)

129. Breakfast Hill pluton

130. Appledore pluton
472410 Rb/Sr (Henri Gaudette, written commun., 1996)

131. Quariz syenite dike
159 K/Ar (Aleinikoff, 1978)

132. Dundee Hill pluion
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