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EDIMENTARY, METAVOLCANIC
AND VOLCANIC ROCKS

Moat voleanies

(Extrusive phase of White Mountain
plutonic-volcanic series)

ffs, and breccias composed chiefly of lt'ght-gm%i
gray, and red rhyolite, black basalt, and dar
ndesite, but including some red trachyte. J

MAJOR UNCONFORMITY |

Littleton formation

DI—dark-gray slate and dark-gray sandstone;
lcanic rocks, including buff to white soda rhyolite,
yolite volcanic conglomerate, and dark-green
2 schist and chlorite-actinolite schist.

Similar to zone ¢ except that some rocks have bio-
rphyroblasts. Dlqg—white quartzite and white
conglomerate.

nd st: DI—gray quartz-mica schist and gray mica
with such manerals as biotite, garnet, and/or
ite; Dlv—wolcanic rocks, including light-gray
vined biotite gmeiss and dark-ife’n to black
olite; Dll—lime-silicate rocks, including greenish-
tinolite granulite, greenish-gray actinolite-diop-
anulite, purplish-brown biotite schist, and rusty-
quartzite; Dig—white quartzite and white quartz
nerate.

Dl—gray micaceous quartzite and gray coarse-
1 mica schist, with such minerals as biotite, gar-
imanite, and locally, andalusite; Div—dark-green
n-grained amphibolite and gray mica schist;
ve stlicate rocks similar to those in zones st and
-gray gneiss, much of it rusty brown; gneisses
. separately mapped everywhere; Dig—white
te and white quartz conglomerate. Dli and Digi—
ind gneiss, respectively, injected by numerous
nd sills of binary granite; many such injected
ave not been separately distingus. . Dlk—schist
1 by numerous sills and dikes of Kinsman quartz
vite. Dlkq—schist injected by numerous sills and
f Kinsman quartz ite and Winnip kee

diorite. i J

Fitch formation
Bluish-gray limestone, white marble, buff slaty
te, gray calcareous slate, gray arenaceous lime-
white calcareous sandstone, gray slate, white
, and light-gray quartz conglomerate.
White to marble, greenish-gray diopside-
lite granulite, greenish-gray actinolite marble,
actinolite-biotite schist, purplish-brown
calcite schist, light-gray arenaceous marble, white
ite, and light-gray mica schist.

Clough quartzite
gray to white quartzite and gquartz conglomerate.
nd st: white quartzite and quartz conglomerate,
hat more coarsely crystalline than in zone c; also
mica schist with such minerals as biotite, garnet,
r staurolite. ) .
rocks similar to those in zones g and st, except

hists contain sillimanite rather Mn staurolite.

MAJOR UNCONFORMITY

Partridge formation

chiefly dark-gray slate; thin-bedded light-gray
ite, dark-gray slate, and buff soda-rhyolite tuff at
f formation. ] o

: gray mica schist with such minerals as biotite,
] amr/or staurolite. )
gray mica schist with such minerals as biotite,
, and /or sillimanite.

Ammonoosuc volcanics

buff to white schistose soda-rhyolite tuff, breccia,

vleanic conglomerate; dark-green chlorite schist;

reen chlorite-epidote schist; gray slate; and gray

e quartzite.

similar to zone c, excgpt that many of the rocks

totite and/or hornblende.

st, and si: light-gray fine-grained biotite gneiss,

reen to black amphibolite and conglomeratic am-

ite, gray mica schist, and gray micaceous quartz-
i L vcs 1njected by numer-

008UC VO

Oami—A
kes and sills of binary granite.

Albee formation
light-green slate and phyllite, light-green quart-
wyllite, and light-green to white quartzite.
svmilar to zone c, except that rocks contain some

DOTpAFeIN . L )
and st: light-gray to white micaceous quartzite,
uartz-mica schist, and gray mica schist that may
n porphyroblasts of biotite, garnet, and/or stau-
Oalp—Piermont member; in ition to rocks
in main part of the formation, gray to dark-gray
schists with biotite, garnet, and/or staurolite are
ant.
- whate to light-gray micaceous quartzite and gray
-grained mica schist with microscopic needles of
ynite.

Orfordville formation

Oo—dark-gray slate_and gray arenaceous slate;
les some volcanic rocks, chiefly chlorite schist and
se rhyolite. Oos—Sunday Mountain volcanics,
 slaty soda-rhyolite tuff. Oop—Post Pond volcanic
or, chiefly chlorite schist. Ooh—Hardy Hill quartz-

gray to white quartzite and quartz conglomer-
North of latitude 40°45' the volcanic rocks have not
istinguished from the met phosed sedi tary

rocks similar to those of zone c¢ except that some
rocks contain biotite and/or hornblende.

and st: Oo—dark-gray mica schist with porphyro-
of garnet, staurolite, and/or kyanite; locally
te schist; includes some volcani¢ rocks, chiefly
bolite and fine-grained biotite gneiss. Oos—Sun-
fountain volcanics; amphibolitc and fine-grained
gneiss. Oop—Post Pond volcanic member; am-
ite and some ﬁneu;gmined biotite gneiss. Ooh—
) Hill quartzite: white quartzite and quartz con-
rate. Oom—metasomatized zone around Lebanon

: 0

m—

Meetinghouse slate
dark-gray slate with some thin beds of gray quartz-
ite.

a e

Gile Mountain formation
dark-gray slate, dark-gray phyllite, gray arena-
phyllite, and quartz-sericite schist.
similar to rocks in zone c, but porphyroblasts of
may be present.

=

Standing Pond volcanics
chiefly green chlorite schist, but including some
white schistose soda-rhyolite tuff; some porphyro-
of biotite.

Waits River formation
dark-gray phyllite, gray calcareous phyllite, and
rown arenaceous limestone.
similar to zone ¢ except for presence of porphyro-

Y
MISSISSIPPIAN (7)

Y
DEVONIAN

SILURIAN

ORDOVICIAN ()

Merrimack group (S0m)

Zone c: buff slate, buff silistone,
and gray calcareous slate. SOmp
—dark-gray phyllite. -

Zone b: purplish-brown biotite
schist, gray quartz-mica schist,

eenish-gray actinolite granu-
ite, and brown biotite-actinolite
schist.

Zones g, st, and si: similar to zone b
except that garnet is also present.
SOmm—gray coarse-grained mica
schist with microscopic stllimanite.

Subdivided north of lat. 43°:

Berwick formation (sob)

Zone c: g:gaslate. buff siltstone, and
gray reous slate.

Zone b: purplish-brown biotite
schist, gray quariz-mica schist,
greenish-gray actinolite granu-
lite, and brown biotite-actinolite
schast.

Zones g, st, and si: similar to zone b
except that garnet is also present.
SObg—Gove member: chiefly a

1 mica schist, some of it
containing staurolite and/or sil-
limanite.

Eliot formation (s0e)
Zone c: buff slate, buff siltstone, and
gray calcareous slate. SOec—Calef
member: chiefly black phyllite,
but also some green quartz-chlorite
phyllite. )
Zone b: purplish-brown biotite
schist, gray quartz-mica schist,
greenish-gray actinolite granulite,
and brown biotite-actinolite schist.

Kittery quartzite (sok)
Zone c: gray quartzite, argillaceous
quartzite, and slate.
Zone b: simalar to zone ¢, but rocks
carry some biotite.

1] H

e
s

Rye formation
Zone b: SOrv—upper metavolcanic
‘member: fine-grained biotite gneiss
and amphzibolite. )
Zone g: SOrv—upper metavolcanic
‘member: fine-grained biotite gneiss
and amphibolite, both of which
may contain garnmets. SOrm—
lower metasedimentary member:
feldspathic mica schist with bio-
tite and garnet. - )
Zone st: SOrm—feldspathic mica
schist with biotite, garnet, and
staurolite. )
Zone si: SOrm—feldspathic mica
schist with biotite, garnet, and
sillimanite.

White Mountain plutonic-volcanic series
AN

PROBABLY ORDOVICIAN AND SILURIAN

Upper Devonian (?)
AL
These plutonic rocks in southeastern New Hampshire are as yet unassigned to a plutonic
series, but probably belong to the New Hampshire plutonic series.

Wapack Range

2} Contoocook: R.

EXPLANATION

PLUTONIC ROCKS

(Including a few dike rocks and shallow
intrusive volcanic rocks)

Camptonite )
Dark-gray medsi to fine-grained camptonite.

Volcanic rocks

Shallow intrusive rocks composed of tuff, breccia, rhyolite,

quartz latite, keratophyre, andesite, and trachyte.

Conway granite

Coarse- to medium-grained biotite granite; includes fine-

grained biotite granite on Red I_Iill.

Riebeckite granite

West of Bartlett is white medium-grained riebeckite gran-
ite. East of Lost Nation and south of Percy is green

medium-grained hastingsite-riebeckite granite..

Hastingsite granite

West of Chatham s gray mediuma‘ined lg::stirgis;’t&
ckite granite.

granate, which includes some rieb

miles west of Berlin is pink fine- to medium-grained

hastingsite-biotite granite.

Mount Osceola granite

Green coarse- to medium-grained granit

places dark minerals are altered to chlorite and sec
ary biotite.

L5

Granite porphyry

Pink, gray, green, and red medium-grained granite por-
phyry. Includes Mount Lafayette granite porphyry of
Mount Lafayette region.

Rhyolite

Light gray to flesh-colored fine-grained porphyritic rhyolite.

Porphyritic quartz syenite

Pink, gray, and green medium- to coarse-grained porphy-
oy gt

ritic quartz syenite. (Albany and Mount

porphyritic quartz syenite.) Includes some black fine-

gratned porphyritic quartz syenite.

Quartz syenite

Gray, white, pink, and light-brown fine-to medium-grained

quartz syenite, locally porphyritic.

Nephelite-sodalite syenite

Light-gray medium- to coarse-grained nephelite-sodalite

syenite.

Syenite
Dark-green, light-gray, and pink coarse- to medium-grain-
ed syenite. Includes syenite porphyry.

Quartz monzonite

Dark-gray fine- to coarse-grained quartz monzonite, lo-

cally porphyritic.

gd

Granodiorite
Gray to dark-gray fine-grained granodiorite.

Monzonite

Gray to pink fine- to medium-yruimd monzonite; includes
dark-gray to light-gray medium-grained m diorite.

Diorite

Dark-gray to black fine- to coarse-grained diorite. Gener-
ally massive, but 18 foliated in Pawtuckaway Mountains
Intruded and brecciated by Conway granite in Belknap
Mountains. Includes quartz diorite 4 miles southeast
of Franconia.

Gabbro

Dark-gray, medium- to coarse-grained gabbro, including
some olivine gabbro and anorthosite. North of Union is

gray to dark-gray fine- to medium-grained

MERRIMACK SYNCLINORIUM

MERRIMACK SYNCLINORIUM

|+ WINNIPESAUKEE |-BELKNAP RING-DIKE __| \u/\ NIPESAUKEE
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SECTION ALONG LINE F-F’

Upper Devonian (?)

e. Dark miner-
als, which are not abundant, are hastingsite, fayalite,
and hedenbergite where rock is mot altered; in man

MISSISSIPPIAN (?)

foliated diorite-gabbro.

Granite

Light-gray to white medium-grained binary granite and
quartz monzonite, some strongly foliated. Much of it is
wdentical with binary granite found elsewhere in State.

Ayer granodiorite

Gray medium- to coarse-grained biotite-hornblende gran-
orite, in many places with phenocrysts of potash
feldspar 1 to 8 inches long. Similar to porphyritic

phases of Kinsman quartz monzonite.

Granite, quartz monzonite, and granodiorite

Where mapped in detail, east of longitude 71°15', these
rocks are pink to gray medium- to coarse-grained mas-
sive to foliated biotite granite, quartz monzonite, and
ﬂanodiom'te. West of longitude 71°15', where these rocks

ve not been mapped in detail, some areas of schist
have nmot been separately distinguished. Continuous

with Fitchburg granite of Massachusetts.

Diorite and granodiorite

Dark-gray medium- to coarse-grained diorite, including
some quartz diorite, granodiorite, and quartz monzon-

of biotite. J \ ite. Locally foliated. Includes Exeter diorite.
3°00" 72°30 72°00' 71°00'
T T T T = T
\2 '/
|
EXPLANATION |~
| High-angle normal fault
D (U - upthrown side; D- dowrfhrown side) C
Sl Thrust fault (T- upper plate)
pper p
Anticline (showing trace of axial plane,
—  and bearing and plunge of axis) [ 40(5;
Syncline (showing trace of axial plane,
and bearing and plunge of axis)
Overturned anticline (showing trace of
axial plane, direction of dip of limbs,
and bearing and plunge of axis)
White Mountain plutonic-volcanic series
New Hampshire plutonic series tocks and Ring-Dikes
Oliverian plutonic series,
forming cores of domes w .
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DEVONIAN (7)

U PLUTON J

.‘ Souhegan R.
Souhegan R.

PLUTONIC ROCKS
(CONTINUED)

big

Binary granite
White to light-gray fine-to coarse-grained biotite-muscovite
granite and quartz monzonite. (Concord and Bickford
granites.)

Granite of Hedgehog Hill
Pink medium- to coarse-grained biotite granite and quartz
‘monzonite.

French Pond granite
Pink coarse- to medium-grained biotite granite.

Kinsman quartz monzonite

Dark-gray to light-gray medium- to coarse-grained biotite-
quartz monzonite, in many places with phenocrysts of
potash feld?ar 1 to 8 inches long; massive to well folr-
ated. Includes Meredith granite of Lake Winnipesaukee
region. kqmb—Kinsman gquartz monzonite injected by
numerous dikes of binary granite to form the ‘‘ Fran-
conia’’ breccia. kqmi—Kingman rtz monzonite with
numerous inclusions of Littleton formation.

A
A

Quartz monzonite of Norway Rapids

Pink medium- to coarse-grained quartz monzonite, gener-
ally foliated. Phenocrysts of potash feldspar up to 3
inches long.

New Hampshire plutonic series

bg

Bethlehem gneiss
Dark-gray to light-gray medium-grained biotite gneiss,
strongly to weakly foliated, granoblastic texture common.
Chiefly gramodiorite, some quartz diorite and quartz
monzonite.

Quartz diorite

Dark-gray to gray medium-grained biotite-quartz diorite;
massive to well foliated; includes some diorite, granodi-
orite, and quartz monzonite. (Winnipesaukee quartz
diorite of central part of State, Spaulding quartz diorite
of southwestern part of State, Remick tonalite west of
%ttletsm and Lisbon, and unnamed quartz diorite else-

ere.

dr‘

Diorite

q L Dark-gray medium-grained metadiorite.

Y

Lebanon granite
Lebanon granite (Ig): pink medium-to coarse-grained sub-
porphyritic somewhat granulated biotite granite. Bor-
der gneiss (lgb): dark-gray fine- to medium-grained
granulated gneiss ranging from amphibolite to quartz
monzonite.

ols

Syenite

Pink coarse-to medium-grained syenite, generally foliated.

olh

Hornblende-quartz monzonite

Dark-gray mediw ined foliated hornblende-quartz
monzonite with phenocrysts of pink potash feldspar.
Includes some granodiorite and quartz diorite.

ol

Granite, quartz monzonite, and granodiorite
Pink to gray medium- to coarse-grained granite, quartz
monzonite, and granodiorite; in many places foliated
and granoblastic; elsewhere massive. Depending upon
the ratio of potash feldspar to total feldspar, the rocks
are granite, quartz monzonite, granodiorite, and rarely
quartz diorite.

Middle or Upper Devonian (?)
A
Oliwverian plutonic series
.

olw

Whitefield gneiss

Dark-gray mediwm-grained foliated biotite granodiorite
gneiss.

(jm

Amphibolite
L L Dark-gray to black medium-grained amphibolite. y

AL

Highlandcroft plutonic series

Dark-gray medium- to coarse-grained diorite and quartz
diorite, gray medium-grained granodiorite, and green-
ish-gray to pink quartz monzonite. Locally these rocks

U  are strongly foliated. >

Highlanderoft
plutonic series

Upper Ordovician (?)
A

Serpentine
Dark-green serpentine. Only body shown is in extreme
L northern part of State. Age uncertain. )

X

Newburyport quartz diorite
Dark-gray medium- to coarse-grained quartz diorite,
L locally banded.

/‘\

Contact

/\
Thrust fault
T on overthrust side. Locally silicified.

.-
el

/o
Normal fault

D on downthrown side. Commonly silicified. Dotted where
Concealed.

2 v

Silicified zone
Presumably but not demonstrably related to faults.

/ ey
Isograd
Dashed where inferred. Dotted where taken through igne -
ous rocks.

METAMORPHIC ZONES OR FACIES

All the metasedimentary and metavoleanic rocks older than the
Mississippian (?) Moat volcanics have been metamorphosed. The
lithological character of the rocks is thus greatly influenced by the
metamorphic grade or facies. For convenience the rocks have been
arranged in five metamorphic zones or facies. ’

The zone or facies is shown below the symbol for the formation
thusly: %. This means Devonian (D) Littleton (I) formation in the
biotite zone. The detailed descriptions in the explanation indicate
the lithology in each of the zones.

Zonal classification Facies classification
Zone Subfacies Facies
chlorite chlorite-muscovite .
: — green schist
biotite chlorite-biotite
g | garnet chloritoid-almandite albite-epidote
amphibolite
st| staurolite staurolite-kyanite ok
- amphibolite
si | sillimanite sillimanite-almandite

Isograds, which are boundaries between zones or facies, are

shown in red and labeled thus:

B —biotite isograd—boundary between chlorite and biotite zones.

G —garnet isograd—boundary between biotite and garnet zones.

St—staurolite isograd—boundary between garnet and staurolite zones.

Si—sillimanite isograd—boundary between staurolite and sillimanite
zones. :

The index minerals listed above are not necessarily present in
the zone bearing their names. This is especially true of staurolite
and sillimanite, which form only in rocks that were originally alumi-
nous shales. In some parts of the State the rocks are assigned to the
appropriate zone on the basis of such original aluminous shales al-
though they may constitute only a small proportion of the rocks.

In general the location of the isograds is only approximate be-
cause: (a) the zones are transitional into one another; (b) original
aluminous shales may be uncommon; and (c¢) the mapping in places
is of a reconnaissaince character.

DEVONIAN (7)

ORDOVICIAN (D

or Upper Ordovician
A
i
PRE-CAMBRIAN
OR
ORDOVICIAN
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Northern New Hampshire. Reconnaissance. Publishec
Hitcheock, Atlas on the Geology of New Hampshi
Wolff (1922, 1923), M. P. Billings (1951),and M. T.

Percy quadrangle. Detailed. Published on scale of 1/¢
Jour. Sci., 5th ser., v. 30, p. 401-431, 1935; Geol. Soc
1100, 1948; Geology of the Percy quadrangle, N. H. |

New Hampshire part of the St. Johnsbury quadrangle
scale of 1/62,500: J. H. Eric and M. P. Billings, 19:

New Hampshire part of the Littleton quadrangle. De
1/62,500: M. P. Billings, Geol. Soc. America Bull., +
of the Littleton and Moosilauke quadrangles, N. H.

New Hampshire part of the Whitefield quadrangle. De
of 1/62,500: R. H. Arndt (1946-1950).

Mount Washington quadrangle. Detailed. Published
Billings, C. A. Chapman, R. W. Chapman, K. Fowler-
Geol. Soc. America Bull., v. 57, p. 261-274, 1946; M. ]
C. A. Chapman, R. W. Chapman, and R. P. Goldt
Washington quadrangle, N. H. Plan. Devel. Comm.

Gorham quadrangle. Semidetailed. Unpublished on sc
and K. Fowler-Billings (1947-1953).

New Hampshire part of the Woodsville quadrangle.
of 1/62,500: W. S. White and M. P. Billings, Ge
p. 647-696, 1951.

Moosilauke quadrangle. Detailed. Published on scale
Geol. Soc. America Bull., v. 48, p. 463-566, 1937;
Moosilauke quadrangles, N. H. Plan. Devel. Comm.,

Franconia quadrangle. Semidetailed. Published on scal
and M. P. Billings, Geol. Soc. America Bull., v. 4¢
of the Franconia quadrangle, N. H. Plan. Devel. Co

Crawford Notch quadrangle. Detailed. Unpublished
Henderson (1947-1950).

North Conway quadrangle. Semidetailed. Published
Billings, Am. Acad. Arts Sci. Proe., v. 63, p. 67-137

New Hampshire part of the Mount Cube quadrangle.
of 1/62,500: J. B. Hadley, Geol. Soc. America Bull.,
Hadley in J. B. Hadley and C. A. Chapman, Geo
Mascoma quadrangles, N. H. Plan Devel. Comm., 1

Rumney quadrangle. Detailed. Published on scale
K. Fowler-Billings and L. R. Page, Geology of the
rangles, N. H. Plan. Devel. Comm., 1942.

Plymouth quadrangle. Detailed. Published on scale of |
of the Plymouth quadrangle, N. H. Plan. Devel. Co

Mount Chocorua quadrangle. Detailed. Published on sc
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