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PREFACE

This publication is intended to explain more fully the accom-
panying geological map of New Hampshire. Although a geological
map contains a large amount of information, it is apparent that
its scope is necessarily limited.

This map of the bedrock geology of New Hampshire, the
first to be published since 1877, has been made possible by the
interest and zeal of many people. Among these are those geolo-
gists, gradute students and faculty from various colleges and
universities, who spent two or more years investigating specific
areas. They are too numerous to list here, but their names
are given beneath the index map on the right-hand side of the
sheet containing the geological map. Many others have given help
and encouragement in various ways. Among these are the late
Professor James W. Goldthwait of Dartmouth College, Dr. Harold
M. Bannerman of the TU. 8. Geological Survey, and Professor T.
R. Meyers of the University of New Hampshire, The former
State Highway Commissioner of New Hampshire, Frederic E.
Everett, as well as the former and present officials of the New
Hampshire State Planning and Development Commission, like-
wise encouraged the program. Finally, the Geological Society of
America, especially the secretary, Dr. Henry Aldrich, and the
editor, Miss Agnes Creagh, have been most helpful in supporting
the publication of the results of the many detailed investigations.
Thanks are also due to Professor M. T. Heald of the University
of West Virginia who cooperated with the writer in a reconnais-
sance study of the geology of parts of New Hampshire in 1951.
Professor John B. Lyons of Dartmouth College, Dr. Harold M.
Bannerman, and Professor T. R. Meyers kindly read the first
draft of this publication and made numerous valuable sugges-
tions for its improvement.

A brief word is desirable to explain the purpose of the ac-
companying geological map. In a sense, the present map is a by-
product of efforts to understand the geological history of New
Hampshire, that is, to learn the sequence in which the rock forma-
tions developed and the physical conditions under which they
formed. It is increasingly apparent that such studies and the map
accompanying this report are indispensable in planning the
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search for new mineral deposits. On the other hand, the reader
should realize that detailed information concerning mineral dfe-
posits cannot be shown on the scale of this map. Such details will

be found in Part III of the present series. TABLE OF CONTENTS

The finality of the accompanying geological map also needs

discussion. It is always possible to improve a geclogical map. PAGE

There are many reasons why modification is possible. Ideally, the INTRODUCTION ......... ... . ... i i,
geologist mapping an area should see every outcrop, but in a

quartir—minul':e quadrangle (about 200 square miles) it would STRATIGRAPHY .......... .. ... .,
take a three-man field party ten years to find and map every out- General statement
crop. In many regions only 1% or 2% of the area displays out-
crops of the bedrock; elsewhere the bedrock is buried by glacial
deposits or river deposits from one to hundreds of feet thick. Who

Western, central, and northern New Hampshire ........
Ordovician () ... .. i e e
General statement ........ ... ... ... ... . . .. ...

would undertake to prepare a street map of Boston if given spot Waits River formation .. ........ ... ..
information on only a few percent of the city? But the problem Standing Pond voleanics .............. ... . ..
of correlation is most important; that is, is the slate in outcrop B (I.\'}{lletMm}Jlntaln floz’cc'matlon ------------------------
the same as the slate in outcrop A; if not, is it lower or higher in Orfordville formation | /11111111
the stratigraphy? The successful interpretation of the relation- Albee formation . .. ... .. ... oo
ship between thousands of outcrops taxes the intelligence of any AMMONocosue voleanics . ..o
geologist investigating the geology of an area. Alternative inter- Partridge formation . ......... ... .. ... ... ... ...,
pretations are often possible, Silurian ....... e e

With the gradual accumulation of new data in specific areas Clough quartzite ...................... .. ...,

Fitch formation ........ ... .. .. i nn..

as the years go by, it is obvious that geological maps must be Devonian .. ..... ... . ... oo

modified. Moreover, with the continuous forward march of
science, it is necessary to reinterpret the old data and integrate MiSSISSIDPIAN ()« ovoorreeee e e
it with new information. New ideas may greatly modify the in- General statement
terpretation of geological data. Finally, the ever changing and Moat voleanics
more exacting requirement of a growing economy demand re-
appraisal of our natural resources.

Southeastern New Hampshire ........................
General statement ............... ... ... ... .......

The manuscript copy of the map was submitted to the U. S. Ordovieian (7} ..o
Geological Survey in January, 1953: hence, it represents facts Rye formation ....... ... ... .. ... .. . . ..
known at that time. Since then the geologic mapping of the Man- Silarian (1) ... e
chester, Dover, and Exeter quadrangles has been completed. Field Kittery quartzite ............. ... .
work has been initiated in the Dixville and Errol quadrangles. Eliot formation ........... ...l

Berwick formation .......... .o

Much work remains to be done in mapping other parts of New Merrimack group . . . . ..o oooo

Hampshire that have been covered only by reconnaissance meth-
ods (see index map accompanying the geological map). Moreover, PLUTONIC ROCKS
with the progress of knowledge, it is apparent that revision of
parts of some of the other quadrangles is highly desirable.
Cambridge, Massachusetts.

October 10, 1955

General statement ................ ... ... . ... ........
Pre-Cambrian or Early Paleozoie . .............c.......

Newburyport quartz diorite ........................
Ordovician (7)

vi vii
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General Statement

The sedimentary and volcanic rocks thal constitute the
framework into which the plutonic rocks have been emplaced
range in age from Ordovician (?) to Mississippian (?). General-
ized columnar sections are given in Fig. 3 and 4. The Silurian and
Devonian rocks are dated by fossils in New Hampshire, The
Ordovician (?) rocks are dated by their relationship to fossilif-
erous rocks in Vermont and Quebec. The Ordovician (?) and
Silurian (?) rocks in southeastern New Hampshire are dated in
part by their relationship to the fossiliferous rocks in central
Maine, and in part by their relationship to the fossiliferous rocks
in western New IIampshire. The Mississippian (?) voleanics are
dated by their relationship to Devonian rocks in New Hampshire
and Pennsylvanian rocks in Massachusetts.

The Devonian and older sedimentary and voleanic rocks have
been regionally metamorphosed. The grade of metamorphism
differs considerably, from the chlorite zone at one extreme to the
sillimanite zone at the other. For deseriptive purposes the rocks
have been assigned to five zones: the chlorite, biotite, garnet,
staurolite, and sillimanite zones. These are, respectively, more or
less the equivalents of the following subfacies in the facies classi-
fication : chlorite-muscovite, chlorite-biotite, chloritoid-almandite,
staurolite-kyanite, and sillimanite-almandite subfacies (Turner
and Verhoogen, 1951). The regional metamorphism thus greatly
complicates the description of the rocks. Conceivably, each forma-
tion might appear in all five of the metamorphic zones. For
structural reasons this happens in only a few instances, and most
formations appear in only a few of the zones.

The Mississippian (?) voleanic rocks are younger than the
regional metamorphism. They have probably been involved in
some contact metamorphism, but apparently they have not under-
gone much change in mineralogy.

‘ Vast quantities of plutonic rocks have been emplaced in the
sed}mentary and voleanic rocks. These plutonic rocks, although
assigned to a large number of separate map-units, belong to
Seven major groups. The ages of some of these plutonic rocks,
originally based on stratigraphic relations, have recently been
confirmed by radioactive age determinations. The Newburyport
quartz diorite is probably pre-Cambrian; the serpentine is possi-
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bly late Ordovician; the Highlanderoft plutonic series is late
Ordovician; the Oliverian and New Hampshire plutonic series,
as well ag the plutonic rocks of southeastern New Hampshire, are
Middle or Upper Devonian; and the White Mountain plutonic-
volcanic series is Mississippian.

In the ensuing pages each sedimentary and voleanic forma-
tion is described under the following subheadings: name, distri-
bution, lithology, thickness, and correlation. By correlation is
meant the internal correlation within New Hampshire and adja-
cent parts of New England. In other words, these sections on
correlation are concerned with the proof that the formation has
been properly correlated within the limits of the map. It does not
refer to the correlation with fossiliferous formations elsewhere.

Although the age of the varicus formations will be men-
tioned briefly under the subject of correlation, the main discus-
sion of the age of the rocks is reserved for a separate section.
Fossil localities are so few that the age of a formation is, in many
cases, determined by its relation to fossiliferous rocks either
within New Hampshire or, in some instances, in adjacent states
and provinces. Hence, since the age of a formation is determined
in many cases by regional relations, it seems best to discuss the
entire subject in one place.

Woestern, Central and Northern New Hampshire

Ordovician ()
General Statement

The formations that have been assigned to the Ordovician
{?) on the geological map are the following : Waits River forma-
tion, Standing Pond volcanics, Gile Mountain formation, Meet-
inghouse slate, Orfordville formation, Albee formation, Am-
monoosuc volcanics, and Partridge formation (Fig. 3).

Waits River Formation

Name. A formation that is very extensive in eastern Ver-
mont was called the calciferous mica schist by Hitchcock et al
(1861). Many decades later Richardson (1908) proposed the
name Waits River limestone for a group of rocks exposed along
the Waits River, in Vermont, which joins the Connecticut River
2 miles northwest of Piermont, New Hampshire. Because much of
the rock in this formation is phyllite and sandy phyllite, whereas
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LITHOLO®Y WHERE LEAST METAMORPHOSED

» black basalt, and dark-gray andesits,

Flows, tuffs, and breccias composed chisfl

and red rhyolite

but including soma red trachyte.

Dark-gray slate and dark -gray sandstone

Dlv = voleanic rocks, including buff to white sada-rhyalite, soda rhyolite
volcanic conglomerate, dark-graen chlerite schist and lighter green

chlorite-actinolite achist.

-gray limestone, white marbls , buff slaty dolomite, gray

carsous slate, gray arenacaous fimestone , whits calcarsous
sandstone, gray slate, white arkose, and light-gray quartz conglome,

Gray to white quartzita and quariz conglomarste

Blue
cal

Chiafly dark-gray slate.
Buff to white schistose sodarhyolite tuff, breceia, and volcanic con
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Dark-gray slate and grey arenaceous slate. Qos = Sunday Mountain volcanic
member, chiefly slaty soda-rhyolite tuff. Oop=Post Pand voleanic member,

Light-graen state and phyllite, light ~green quartzose phyllite, and
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Chiefly green chlorite schist, but including soma buff to white

soda-rhyolite tuff.
Dark- gray phyllite, gray calcarecus phyllite, and dark-brown

Dark-gray slate, dark -gray phyllite, gray arenacecus phyllite,
arenacecus limestone.

Dark-gray slate with some thin bads of gray quartzite.
and quartz - sericite schist.

Figure 3. Stratigraphic sequence in western, central, and northern New Hampshire.
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