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PEGMATITE INVESTIGATIONS, 1942-45, IN NEW ENGLAND

By Evcene N. CaMeEroN, DAvip M. LARRABEE, ANDREW H. McNAIR, JamEes J. Pace, GLeNNy W. STEwART, and
VincenT E. SHAININ

ABSTRACT

During 1942-46 the Geological Survey made an intensive
study of New England pegmatites to aid in the exploration, de-
velopment, and mining of pegmatite miners1 deposits and to gain
information concerning available reserves of mieca, beryl, and
other strategic pegmatite minerals. Detailed geologic maps were
made of more than 300 pegmatites in Maine, Connecticut, and
New Hampshire, and hundreds of other pegmatites were briefly
examined. Most of the larger mines were mapped and studied
periodically. The internal structure of the pegmatites was
analyzed, and information on the distribution of minerals within
pegmatites as well as on production, costs, and yields of deposits
was accumulated.

New England pegmatites have been mined since 1803. From
1863 to 1869 the mica deposits of this region were the most pro-
ductive in North America, and since 1869 have been an important
domestic source of mica, slthough production has been inter-
mittent. Mica production rose to record heights in 1943-44,
under the stimulus of wartime demands. About 5,600 tons of
crude mice was produced during this period and about 303,000
pounds of sheet and 503,000 pounds of punch with a total value
of about $1,740,000 were obtained from the crude. Nearly all
the mica came from Maine, New Hampshire, and Connecticut.

Feldspar mining in Connecticut was begun in 1825, snd later
spread to other New England states. Prior to 1920 the chief
production was from Maine and Connecticut, but since that time
New Hampshire has been the leading source of feldspar in New
England. Production has fluctuated widely from year to year,
but the general trend of production has been upward since 1920.
The percentage of the total domestic production represented
by that from New England, however, has markedly declined.

Most of the pegmatites examined lie in five districts: (1) the
Topsbam district, Maine; (2) the Paris-Rumford district, Maine;
(3) the Grafton district, New Hampshire; (4) the Keene district,
New Hampshire; and (5) the Middletown district, Connecticut.
Most of the districts are in maturely dissected, glaciated uplands
consisting of tree-covered hills separated by valleys that are
occupied by permanent streams. Glacial till and soil form an
extensive cover, and exposures are generally not abundant. The
pegmatites erop out mostly on knolls and ridges.” The exposed
rock is not deeply weathered, and in most places the minerals are
essentially unaltered, even at the surface.

The districts in which the pegmatites occur are underlain by
metamorphic rocks, derived chiefly from Paleozoic sediments that
bave been metamorphosed as the result of folding and of repeated
intrusion by igneous rocks. Quartz-mica schist is the most abun-
dant rock type. The most widespread igneous rocks are grano-
diorites, quartz monzonites, and granites that form stocks, domes,
sheets, and dikes, and have been intruded into the metamorphic
rocks. Pegmatites are more abundant in the highly foliated
metamorphic rocks than in the less distinctly foliated igneous
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rocks. The pegmatites range from bodies a few feet long and a
few inches thick to those more than a mile long and hundreds of
feet thick. Most bodies are less than 1,000 feet long and less
than 100 feet thick.

Most of the pegmatites are flat, bluntly terminated lenses that
seem to be greatly elongated along strike, but sheetlike bodies
and some that are elliptical or even discoid are found. Al-
though all the pegmatite mines in New England are shallow,
several seem to have reached the bottoms of pegmatites. Some
pegmatites are simple lenses constant in strike, dip, and thick-
ness over much of their extent. Others show great variations
in thickness, pinching, and swelling along strike or down dip.
Many seeming irregularities in the walls are structural features
that have systematic relationships to the form of the pegmatite
body, and some are closely related to structural features of the
country rock. Few of the pegmatites mapped show complete
irregularity of form, although many have complex forms. In
some districts the shapes of pegmatites in massive or poorly
foliated rocks such as granite and granite-gneiss are simpler than
those in well-foliated rocks, and in these districts simple discord-
ant lenses are common in gneisses. Concordant bodies are the
more common in schists.

The wall rocks of pegmatites are commonly tourmalinized,
enriched in muscovite, or otherwise changed, but contacts of
most of the pegmatites studied are sharp. The sharpness of
contacts suggests that injection, either forceful or permissive,
was the principal mechanism of pegmatite emplacement. Some
pegmatites occupy tension fractures related to shear zones;
dilatancy would appear to be a sufficient explanation of their
emplacement. Other pegmatites appear to have been forcefully
injected. This is shown by the patterns of minor folds in wall
rocks adjacent to the pegmatites, as at the Strickland-Cramer
mine, or by the pattern of flexures of foliation or bedding, or both,
as in the Rice-Palermo area.

There are other pegmatites, however, that have gradational
contacts with wall rocks, oriented inclusions with vague and gra-
dational contacts, and inclusions in various stages of conversion
to pegmatite. Room for pegmatites of this type has obviously
been made in part by replacement of wall rocks. Whether re-
placement has been the major mechanism of emplacement or has
been aided in greater or lesser degree by dilatancy or forceful
injection is seldom clear.

Most of the pegmatites show some degree of systematic
arrangement of their constituents ard are divisible into two or
more contrasting lithologic and structural units. Three princi-
pal types of lithologic and structural units are recognized: frac-
ture fillings, replacement bodies, and zones. Fracture fillings
are tabular bodies that fill fractures in existing pegmatite. They
range from tiny veinlets to veinlike bodies about 100 feet in

" length and about 8 feet thick. They show a wide range in min-

eral composition, but most are composed of minerals that are late
in the zone sequence. Replacement bodies are units formed by

1
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replacement of existing pegmatite; most of them are controlled
by fractures or other structural elements of a pegmatite body.
They show a wide range of characteristics. Quartz, cleavelandite,
and muscovite are especially characteristic of replacement bodies,
and in most of the examples studied the muscovite is in wedge-
shaped books. In many pegmatites, replacement bodies con-
tain small amounts of comparatively rare minerals, but these
minerals are not restricted to replacement bodies.

Zones are units of contrasting composition and texture that
are systematically arranged with respect to the walls of a peg-
matite body. In the ideal case, the zones are successive shells
concentric about an innermost zone or core, but in many peg-
matites the zones are incomplete, discontinuous, or asymmet-
rically developed. Four major types of zones are recognized:
border zones, wall zones, intermediate zones, and cores. Pods
are regarded as isolated segments of discontinuous cores and
intermediate zones. The various types of zones differ in tex-
tural, mineralogical, and structural characteristics, and these
differences have an important bearing on the distribution and
extraction of commercially valuable minerals.

Study of the mineralogy of zones in individual pegmatites
indicates that different mineral assemblages oceur in a definite
sequence from the walls of the pegmatites inward. The zones
in nearly all the pegmatites have the following sequence: (1)
Quartz-muscovite-plagioclase border zone; (2) quartz-plagioclase-
sheet-muscovite zone; (3) plagioclase-perthite-quartz-muscovite
zone with or without biotite; (4) perthite-quartz-plagioclase-
muscorite zone with or without biotite; (5) perthite-quartz
zone; (6) quartz core. Few pegmatites contain all the members
of the sequence, but in any given pegmatite the members present
occur in an order from the walls inward that corresponds to the
general sequence given. Evidence at hand indicates that zones
have developed successively from the walls inward, and not by
replacement of existing massive pegmatite. Some fracture fill-
ings are offshoots of inner zones into outer zones, and some
replacement bodies have probably formed at the expense of
outer zones during deposition of inner zones. Broadly consid-
ered, however, fracture fillings and replacement bodies are later
than zones, entering into structural patterns that are imposed on
zonal structure.

In this report, mineral deposits in pegmatites are classified
according to the mode of distribution of the valuable minerals.
On this basis, the following types of deposits are recognized:
Border-zone, wall-zone, intermediate-zone, core, pod, fracture-
filling, replacement, and disseminated deposits. Core-margin
deposits are recognized as an additional special group. The
name is applied to a deposit in the zone next to the core,
commonly an inner intermediate zone.

Mineralogically the pegmatite bodies studied are mostly very
simple, consisting essentially of quartz, plagioclase, perthite, and
muscovite in various proportions. The common acecessory min-
erals are biotite, black tourmaline, garnet, apatite, and beryl.
Columbite-tantalite, spodumene, lepidolite, and amblygonite are
common or abundant in a few pegmatite bodies but, like a
host of other accessories, are generally rare in these pegmatites.

Nearly all the mica produced from the pegmatites during
1942-45 was muscovite, and the emphasis was on production of
sheet and punch mica of grades and qualities suitable for war
equipment. Most of the sheet and punch mica was sold to
Colonial Mica Corporation, agent for Metals Reserve Company,
and was prepared according to its specifications.

Five principal types of mica deposits are recognized: wall-
zone, intermediate-zone, pod, fracture-filling, and disseminated
deposits. Core and replacement deposits also occur but are of

little economic importance. Core-margin deposits are an
important subtype.

Wall-zone mica deposits are present in some pegmatites only
adjacent to the hanging wall, but in others are present along
both hanging and foot walls. In a very few pegmatites the
wall-zone mica deposit is confined to the foot wall. Wall zones
are more persistant and in general have been far more productive
than any of the other types. The extent and richness of wall-
zone deposits in some pegmatites are directly related to important
structural features of the pegmatite walls. Essential minerals
in wall-zone deposits are commonly quartz, albite or les$ com-
monly oligoclase, and muscovite. The general absence of
potash feldspar and biotite is noteworthy.

The characteristics of intermediate-zone mica deposits vary
with the positions of the zones in pegmatites. Generally,
intermediate-zone deposits near the walls have structural and
economic characteristics of wall-zone deposits. Deposits in
zones near or adjacent to the core, however (such as core-margin
deposits) commonly contain less mica than wall-zone deposits
and are less uniform in mica content. These inner intermediate-
zone deposits are discontinuous in many pegmatites, and ex-
tensive barren or nearly barren parts have led to abandonment
of some operations. In most pegmatites that have an inter-
mediate zone on both sides of the core, the two parts commonly
differ in thickness, mica content, or content of recoverable
sheet. Most core-margin deposits oceur in pegmatites that
have cores composed chiefly of quartz. Essential minerals in
most of the intermediate-zone deposits are quartz, albite, and
muscovite. Perthite is present in some deposits, particularly
those adjacent to perthite-rich cores. - Small amounts of tour-
maline, beryl, columbite-tantalite, phosphates, and other
minerals are present in some intermediate-zone deposits. Some
inner intermediate-zone deposits contain only wedge or herring-
bone mica. .

In general, pods containing book mica also contain quartz,
perthite, and plagioclase in various proportions. The mica
books are intergrown with coarse plagioclase and quartz. The
three minerals may occur along the pod margin or throughout
the pod. Although they received much attention from pros-
pectors during the war period, such deposits have not been
important because most pegmatites contain only small, sparsely
distributed pods. The pods are apt to differ in content and
quality of mica in a given pegmatite, a feature that lends fur-
ther uncertainty to mining operations.

Mica deposits of the fracture-filling type are common. The
simplest are tabular bodies that fill simple fractures in pegma-
tite. Most are too small, too thin, and too low in average mica
content to repay mining costs.

A pegmatite that contains sheet-bearing mica books scattered
throughout its full width, except for the border zone, is called a
disseminated deposit. In small parts of disseminated deposits
the mica may be concentrated along the walls or in the vicinity
of pods, but clearly defined, persistent concentrations are lacking.
A few have been worth mining, but most are too low in content
of sheet mica.

Replacement deposits are commonly irregular in shape,
variable in mica content, and small. Muscovite in many of
these deposits occurs in wedge-shaped books and is of inferior
quality.

At the Nancy No. 1 mine, Groton, New Hampshire, a mica
deposit has been formed in steeply dipping quartz-sillimanite
schist that underlies a gently dipping pegmatite. The schist
was impregnated with pegmatitic material, and many irregular
lenses of pegmatite and isolated crystals of mica were formed by
replacement of the schist.
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Of the five principal types of mica deposits recognized, pod and
disseminated deposits are probably most abundant. Few have
been mined although many pod deposits have been prospected.
Wall-zone and intermediate-zone deposits are less numerous.
Replacement bodies of sufficient size to warrant prospecting
appear to be rare. The core type is least common and was the
only type not mined during World War II. Several pegmatites
studied contain two types of deposits. The most common com-
bination in operating mines consisted of a wall-zone and a core-
margin deposit. Pod deposits and fracture-filling deposits
occur together in some pegmatites, but though many have
been prospected, few have sustained either profitable or lengthy
operations.

Wall-zone and outer intermediate-zone mica deposits are
richer in mica and have been far more productive than any
other type. Next in richness and productivity are the inner
intermediate-zone deposits.

Production statistics also indicate that wall and outer inter-
mediate-zone deposits gave higher yields of sheet mica from
crude mica than inner intermediate-zone deposits, but as other
factors affect the yield the significance of the production record
is in doubt. )

No sharp distinetion can be drawn between barren and
productive pegmatites. Mica deposits are not coextensive with
the pegmatites in which they occur. For profitable mining not
only the right pegmatite, but the right part of it must be found.
In general, the productive pegmatites are those that possess a
series of clearly defined zones. Well-zoned pegmatites therefore
deserve particular attention from prospectors, as they may
contain wall-zone or intermediate-zone deposits, the principal
sources of sheet mica in New England in the past. The presence
of plagioclase-rich zones along the walls of a pegmatite, although
by no means infallible, is the best known indication of the possible
presence of a wall-zone deposit. The presence of much potash
feldspar or biotite is an unfavorable indication.

During World War 1I the Keene district was the most pro-
ductive of the five, the Grafton district second, and the Middle-
town district third. Production from Maine was small. The
recovery of sheet and punch mica from crude mica was higher
for the two New Hampshire districts than for the Middletown
district. Nearly four-fifths of the total yield of sheet mica from
New England mines was of No. 1 and No. 2 qualities. Of the
three most productive districts the Grafton district produced
the highest percentage of sheet mica of these qualities.

Some mines were much more productive than others, and 10
mines yielded 51.6 percent of the total New England production
of crude mica, 56.9 percent of the sheet mica, and 59.2 percent
of the punch mica. Compared to the less productive mines, the
10 most productive mines were characterized by higher yield
of crude mica from rock mined and higher yield of sheet and
punch mica (expressed as equivalent sheet). The yield of crude
miea from rock moved at various mines ranged from 0.12 percent
to 12.0 percent, and more than anything else this variation in
yield explains why some mines were profitable, others highly
unprofitable. Other important factors were efficiency in mining
and processing the mica.

The postwar outlook for New England mica mines operated
during the war is poor, as it seems likely that the dollar yield
per ton of crude mica will be appreciably lower than during the
war, and analysis of wartime operation indicates that with
lower dollar yields few mines could be operated at a profit.

No clear-cut answer can be given to the question of how much
mica is available in the deposits of New England. As a conserva-
tive estimate, it appears that under economic conditions com-
parable to those of 1943-44, minable reserves in known deposits

would sustain operations for four years at the 1943-44 rate of
about 2,550 tons of crude mica per year. Total reserves under
such conditions may be much greater.

The rate of New England production during the war years
was considerably below the maximum that could be achieved by
concentrating effort on the richer and potentially more pro-
ductive mines.

The ultimate life of the industry, of course, depends not only on
the size of resreves in known deposits, but also on the future rate
of discovery of new deposits sufficiently rich to repay mining
costs. The discovery rate of 1942-44 is not encouraging; most
of the production came from deposits already known. Surface
prospecting appears to have reached the point of diminishing
returns, hence further discoveries will depend in a large degree
on the application of geologic data and modern methods of
prospecting.

New England feldspar deposits have chiefly yielded potash
feldspar for ceramic uses.

The commercial feldspar-producing pegmatites examined are

of five types:

1. Distinctly zoned pegmatites containing a perthite core and
an intermediate zone consisting of graphic granite or
coarsely intergrown perthite and quartz.

2. Zoned pegmatites containing a core of perthite and quartz,
graphically intergrown in part, and a wall zone relatively
rich in quartz and plagioclase. In such deposits only the
core is removed in feldspar operations.

3. Pegmatites containing a hood-shaped zone of perthite ex-
tending over the crest of a quartz core,

4. Pegmatites containing small isolated pods of microcline and
quartz surrounded by an intermediate or wall zone of
plagioclase, microcline, and quartz. Pod deposits have
not been successfully exploited because only small
quantities of feldspar can be removed from them.

. Pegmatites containing mixed or intergrown feldspar min-
erals from wall to wall. Such pegmatites have not been
very productive in the past because the feldspar is difficult
to sort by hand. If inexpensive milling techniques were
developed, numerous pegmatites of this type in New
England could be used as sources of high-grade feldspar.

According to their mode of occurrence in pegmatites, New
England beryl deposits can be classified into the following types:
Border-zone, wall-zone, intermediate-zone (including core-mar-
gin), core, pod, and disseminated deposits, fracture-fillings, and
replacement deposits. In general, beryl crystals large enough to
be hand-sorted are most abundant in inner intermediate-zone,
core, pod, fracture-controlled, and replacement deposits. Beryl
in border-zone deposits occurs in crystals too small to repay
hand-sorting. In none of the types of deposits is the content of
beryl sufficient to justify mining for beryl alone and, barring a
marked change in the value of beryl, this will probably hold true
even while methods of separating the constituents of pegmatites
by milling are developed.

One hundred and eighty mines and prospects are described in
the report, and the geology of the pegmatites worked is discussed.
Most of the mine and prospect descriptions are accompanied by
geologic maps and sections. The occurrence of commercially
valuable minerals in each mine is described and, wherever
possible, a statement as to future potentialities is given.
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INTRODUCTION

The manufacture of war equipment created shortages
of mica, beryl, tantalite and other pegmatite minerals
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early in World War II. Therefore, in 1942 the War
Production Board, through the Metals Reserve Com-
pany and the Colonial Mica Corporation, sponsored a
program for intensive exploitation of domestic deposits.
Geologic information to guide the exploration, develop-
ment, and mining of pegmatite deposits was needed,
and for this reason the Geological Survey included in
its Strategic Minerals Investigations an intensive study
of domestic pegmatite deposits. In New England this
work began in 1942 and continued into 1945.,

More than three hundred New England pegmatite
bodies were mapped in detail, and some hundreds of
others were given brief examinations. Attention was
focused on tantalite in May and June of 1942 and on
beryl and sheet-mica deposits in the latter part of 1942
and early 1943. When the demand for beryl declined in
mid-1943, the emphasis was shifted to deposits of sheet
mica, which continued to be in short supply until the
latter half of 1944. Although the studies were chiefly
concerned with mica and beryl pegmatites, much in-
formation on the occurrence of commercial deposits of
feldspar and other pegmatite minerals also was obtained.

Under the stimulus of war-time demands, more peg-
matite deposits were operated in New England in
1942-45 than during any previous period of compa-
rable length. This intensive exploitation created a
unique opportunity for systematic investigation of
pegmatite deposits, and for the correlation of geologic
features of the deposits with economic data. The
investigations were thus carried on under exceptionally
favorable conditions.

The structures of many pegmatites were analyzed
in the course of the investigation, and the relationships
of structural features to the distribution of valuable
minerals were so clarified that the results can be applied
to problems of mining, prospecting, and estimating of
reserves. Deposits of mica, beryl, and other minerals
in pegmatites comprise only a small number of struc-
tural types. The characteristics of the various types
were studied and correlated with analyses of production
data. In addition, information about available re-
serves of pegmatite minerals and about potentialities
of individual mines was compiled.

In this report the characteristics of the pegmatite
mineral deposits studied are discussed, and applica-
tions to mining, development, and exploration are
indicated. The investigations are not complete, be-
cause it was necessary to work rapidly and to empha-
size field work on the economic aspects of pegmatites
at the expense of those laboratory studies that are
essential to comprehensive scientific analysis of any
group of mineral deposits. This is a progress report
indicating the status of investigation and knowledge
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of the pegmatites of Connecticut, Maine, and New
Hampshire at the end of 1945.

LOCATION OF PEGMATITE DISTRICTS

The deposits examined in the course of the present
study lie in southwestern Maine (fig. 1), southwestern
and central New Hampshire, and central and western
Connecticut. Most of the deposits fall within five
fairly well defined districts, as follows:

1. Topsham distriet, Maine. This district includes a number
of deposits in the towns of Topsham, West Bath, George-
town, and Phippsburg.

2. Paris-Rumford district, Maine, including the towns of
Waterford, Rumford, Newry, Greenwood, Albany, Paris,
and Peru.

3. Grafton district, New Hampshire, including the towns of
Warren, Wentworth, Rumney, Grafton, Canaan, Alex-
andria, Orange, Groton, Dorchester, Wilmot, Springfield,
and Danbury. The locations of individual mines and
prospeets examined in this district are shown on plate 1.

4. Keene district, New Hampshire, including the towns of
Gilsurn, Alstead, Marlow, and Keene. The locations of
individual mines and prospects examined in this district
are shown on plate 2.

5. Middletown district, Connecticut, including parts of the
towns of Portland, Glastonbury, Haddam, Middletown,
and East Hampton. The locations of mines and pros-
pects examined in this distriet are shown in figure 6.

A few pegmatite deposits in Massachusetts yielded

small amounts of mica and beryl during the war.
These were not investigated by the authors and are

not included in this report.
PREVIOUS WORK

New England pegmatites have attracted the atten-
tion of many geologists, as sources of various minerals,
as a geologic problem of unusual interest, and as the
locus of commercial deposits of mica, feldspar, and
other minerals. Consequently the literature on New
England pegmatite deposits is extensive. The articles
are of two types: (1) papers describing the economic
geology of pegmatite bodies, and (2) contributions to
the mineralogy of pegmatites. The following summary
is restricted to selected articles of the first type.  An
extensive bibliography of New England pegmatites,
but including many other articles dealing with pegma-
tites is to be found on pages 341-347.

The reports of Jackson in 1844 and C. H. Hitchcock
in 1874 refer briefly to New Hampshire pegmatite
mines. Crosby and Fuller discussed the origin, struc-
ture, and genesis of pegmatites in 1897 and made
numerous references to pegmatites in New Hampshire
and Massachusetts. The first systematic study of a
group of New England pegmatites, however, was pre-
sented by Bastin in a series of articles in 1907, 1910
and 1911. The feldspar deposits of New England, in
particular those of southwestern Maine, were discussed,
and the geologic setting and origin of Maine pegma-
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FIGURE 1.—Index map showing principal pegmatite districts of Maine, New Hampshire, and Connecticut,

tites was treated in these articles. In 1926, Watts
described feldspar mines in Maine, Massachusetts, and
Connecticut.

Investigations of mica deposits by Sterrett over a
period of twenty years led (in 1914 and 1923) to two
publications in which nearly 100 mines and prospects
in Maine, New Hampshire, and Connecticut were
described, and many were illustrated by maps and
diagrams. This work has been the principal source
of information regarding New England mica deposits
for many years.

In 1929, G. R. Megathlin briefly discussed the char-

acteristics and origin of a group of pegmatites in"‘the
Gilsum area, New Hampshire. In 1940, J. C. Olson
examined most of the New Hampshire mica mines and
prospects and mapped certain important mines. An
area in the vicinity of ‘Alstead, N. H., was mapped
in detail to reveal the extent and structural relations
of the pegmatites. Characteristics of the deposits
were tabulated and discussed briefly, and a descrip-
tion of types of mica deposits was given.

Field studies by H. M. Bannerman in 1941-42 are
of special interest, for the approach and techniques
used in the present work are an outgrowth of Banner-
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man’s work, which combined mapping of selected
mica producing-areas in the Grafton district with
studies of structure and mineral occurrence in indi-
vidual pegmatites (Bannerman, 1943).
- Studies by L. R. Page and J. B. Hanley, of the
Geological Survey, in the spring and early summer of
1942, resulted in brief manuscript reports on a number
of pegmatite deposits in Maine and New Hampshire.
Their maps and reports have been used in the present
report. Credit is given in appropriate places in the
text. Detailed descriptions of a number of individual
pegmatites have been given by various authors, among
them Williams and Palache, Shaub, Switzer, Jenks,
Landes, and Fraser. '

Several general studies have furnished valuable
information on the broader geologic relationships in
the various districts. Studies by a group of investi-
gators in New Hampshire under the direction of M. P.
Billings have been particularly useful, as these workers
have mapped and described a number of the quad-
rangles in which pegmatite deposits occur. The
writers are indebted to Billings and his co-workers, in
addition, for the use of the then unpublished maps of
the Plymouth, Holderness, Claremont, Sunapee, and
Bellows Falls quadrangles.

SCOPE AND PERSONNEL OF THE PRESENT
INVESTIGATIONS

In the present investigations, techniques seldom
applied to pegmatites but long used in studying other
types of mineral deposits have been employed. The
work has involved field study of the structure of peg-
matites and the distribution of minerals within them,
and depiction of these features by means of maps,
structure sections, plans of workings, and other dia-
grams on scales commonly ranging from 80 feet to
1 inch to 10 feet to 1 inch. In the earlier stages of
the work, scales as small as 200 feet to 1 inch were used
for maps of deposits, but experience has shown that in
studying individual deposits a scale of 20 feet to 1
inch is commonly necessary. Mapping was done by
telescopic alidade or engineer’s transit, unless other-
wise stated on the accompanying maps. Progress
'~ maps of many mines were made periodically by use of
tape and compass. Some -mines were completely
remapped at intervals. This was made necessary by
the nature of New England pegmatite mining, par-
ticularly opencut mining. At some mines later stages
of operations obliterated earlier workings making maps
of the early workings useless.

Repeated visits to the mines have given a compre-
hensive picture of many pegmatites whose structures
would not have been revealed by single visits, and have
made it possible to keep maps abreast of mining opera-
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tions. In many mines the geologic features observed
during successive visits have been correlated with pro-
duction data furnished by mine operators and by the
Colonial Mica Corporation, making it possible to
determine the bearing of geologic relationships on the
practical problems involved in the recovery of pegmatite
minerals.

In the course of the work, a vast amount of data on
percentages of crude mica from rock mined, recovery
of sheet mica from crude mica, and sizes and quantities
of sheet mica produced at various mines was accumu-
lated. Many of these data were obtained on a confi-
dential basis and therefore few of them appear in the
descriptions of individual mines. Syntheses of the
data are presented, however, in the analysis of the
wartime mica industry of New England (pp. 44-49).

Study of individual deposits was emphasized, but
selected larger areas were mapped, mostly by pace-
compass methods. Mapping was adopted chiefly as
a means of prospecting for mica or beryl, but partly to
disclose the group characteristics of pegmatites and
their relationships to associated rocks.

The work was begun in New Hampshire in 1941 by
J. C. Olson, and continued there and in Maine in
May 1942 by L. R. Page and J. B. Hanley under
general supervision of D. F. Hewett and G. R. Mans-
field. It was expanded to cover Connecticut deposits
in the fall of 1942, The program was under the general
supervision of H. M. Bannerman from June 1942 to
September 1944, during which period the scope of
investigations expanded greatly. E. N. Cameron
supervised the work from September 1944 through
1945. Field work in New England was directly in the
charge of Bannerman, 1942 to 1943; Cameron, 1943
to 1944; and A. H. McNair, 1944 to 1945. Men in
charge of field parties were E. N. Cameron (1942-44).
D. M. Larrabee (1942-45), A. H. McNair (1942-45),
J. J. Page (1943—-45), L. R. Page (1942), V. E. Shainin *
(1943-45), G. W. Stewart (1943—45), C. S. Maurice
(1942), and J. B. Hadley (1944). They were assisted
by K. S. Adams (1944-45), W. H. Ashley (1943),
G. H. Brodie (1942), R. P. Brundage * (1943), G. B.
Burnett (1942), J. T. Callihan (1942),D. W. Caldwell
(1944), A. H. Chidester (1944), J. H. Chivers (1943),
E. Ellingwood, III (1943), N. K. Flint (1943-44),
1. S. Fisher (1942), P. W. Gates® (1944), L. Goldthwait
(1943), J. B. Hanley (1942), J. B. Headley, Jr. (1942),
W. M. Hoag (1943), H. Kamensky (1943), H. R.
Morris (1943), and F. H. Main (1944-45).

In addition to working in the field, K. S. Adams
and F. H. Main redrafted and rearranged the maps,

1 Died June 1950.
2 Died in action on Okinawa, May 3, 1945.
2= Died in service, Fort Belvoir, Va., April 20, 1947.
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sections, and other illustrations used in this report,
prior to the final preparation for publication. Their
contribution is gratefully acknowledged.
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The writers are indebted to mine operators and
owners for many courtesies and for cordial cooperation
that greatly facilitated the work and is responsible
for much of its practical value. The work was carried
on in close cooperation with officials of the New
England office of the Colonial Mica Corporation,
especially Messrs. O. P. Peterson and R. S. Dent,
who have furnished production data indispensable to
practical applications of the work. Exploratory proj-
ects carried on in cooperation with the U. S. Bureau
of Mines have also contributed data on several deposits.

Dartmouth College, Hanover, N. H. furnished
office, laboratory, drafting room, and library facilities
to members of the Survey parties throughout the
investigations, and assisted them in many ways.
The writers are grateful to Prof. J. W. Goldthwait,?
formerly Chairman of the Geology Department, and
to his colleagues. Wesleyan University, Middletown,
Conn., also furnished office and laboratory space
in 1943 for parties working in the Middletown district,
and the writers extend their thanks to Dr. C. S.
Denny for his many courtesies in this connection.

During the investigations discussed in this report,
the U. S. Bureau of Mines explored a number of peg-
matite bodies by trenching, diamond-drilling, and
other means. The Geological Survey examined the
trenches and other surface works made during explo-
ration, spotted drill holes at some deposits, and logged
the cores of the drill holes. In this way much infor-
mation pertinent to the present report was obtained.

Mr. Edward Ellingwood and Professor T. R. Meyers
have also cooperated in furnishing maps and infor-
mation at the disposal of the New Hampshire State
Planning and Development Commission. Dr. Joseph
M. Trefethen, Maine State Geologist, has cooperated
in planning field work in Maine pegmatite districts
and in the exchange of information. Dr. E. L. Troxell,
Superintendent of the Connecticut Geological and
Natural History Survey, has maintained a lively
interest in the work. In the summer of 1944, an
informal cooperative program of work on Connecticut
pegmatities was arranged between his organization
and the Federal Survey.

The work of the writers in 1943 and 1944 emphasized
and further developed certain concepts of pegmatite
structure and of the distribution of minerals within
pegmatites that previously had been found to be useful

3 Died Dec. 31, 1047,

in the analysis of pegmatite deposits. During this
period groups were working along similar lines in the
Southeastern United States, Idaho, Montana, Colo-
rado, New Mexico, Wyoming, and South Dakota
and were using techniques similar in all essential
respects. Discussions between the New England
group and the other groups held in the fall of 1944
and in 1945, have done much to clarify and extend the
understanding of pegmatite structure and mineral-
ogy and have also correlated findings in the various
districts. The results are a uniform nomenclature
for the features of pegmatites and a classification
of pegmatite deposits that are a joint effort in every
sense. The symbols and system of presentation used
on accompanying maps and diagrams are likewise
the results of joint agreement.

HISTORY OF PEGMATITE MINING IN
NEW ENGLAND

Pegmatite mining in New England was begun in 1803
with the opening of the Ruggles mine in Grafton, New
Hampshire.* Mica was the mineral sought at first,
but feldspar mining was started in Connecticut about
1825 and in later years spread to other New England
states. Since about 1900 the value of feldspar pro-
duced has in many years exceeded that of mica.
Records of pegmatite mining are fragmentary. Most
of the operations, particularly those for mica, have
been intermittent, chiefly owing to fluctuations in the
demand and prices for sheet mica.

MICA MINING

In 1810 the Big mine was opened and shortly there-
after other mica mines were opened in the Keene
district of New Hampshire. Mount Mica, in Paris,
Maine, may have yielded mica soon after its discovery
in 1820. Between 1830 and 1840 the Ruggles mine and
other mines in the vicinity are known to have been
operated, and during this period New Hampshire and
New Mexico were probably the only mica-producing
states in the nation. As the demand for large-size
sheet mica for stove use increased, the production from
the state rose rapidly until 1869, when the Ruggles
mine alone produced 26,250 pounds of sheet mica
valued at $60,000 (Hitchcock, 1878, p. 90). In this
year, however, New Hampshire yielded first place as a
mica-producing state to North Carolina.

From 1870 to 1899 New Hampshire continued to be a
leading producer of sheet mica, but its production
declined owing to competition from the rapidly growing
mica industry of North Carolina. In 1877 the pro-
duction of the Ruggles mine was only 3,600 pounds of

4 Information for this section has been obtained chiefly from Dubois (1640), and from
annual volumes of Mineral Industry (1892-1941), Mineral Resources of the United
States (1882-1931), and Minerals Yearbook (1932-43).
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sheet mica valued at $7,200 (Hitchcock, 1878, p. 90),
and in 1880 the total production of New England was
only 39,000 pounds; 36,000 pounds from three New
Hampshire mines, the remainder from a mine in Massa-
- chusetts and one in Maine. Many mines were operated
in New Hampshire during 1877-78—the Ruggles, Kil-
ton, and Alger mines in Grafton; the Hoyt Hill mine in
Orange; the Valencia and Palermo mines in Groton, the
Mud mine in Alexandria, and the French mine in
Alstead. The Valencia mine, opened in 1880, was a
large producer between 1884 and 1896. The Mud mine,
opened in 1883, produced 90 percent of the New England
sheet mica output in 1885 and 60 percent in 1886. In
Maine, mines in Edgecombe and at Mount Mica were
active in 1883, and from 1890 to 1906 small amounts
of mica were obtained as a byproduct of feldspar
mining in Connecticut, at the Roebling mine in New
Milford and the Strickland mine in Portland. The
Elliot mica mine in Rumford, Maine, was opened in
1898.

A marked decline in mica production followed the
first importation of India mica in 1884 and was accen-
tuated by the importation of Canadian mica in 1886,
when all mica entered duty free. In addition, the
excessive cost of large-sized sheets of mica (up to $11.00
per pound) caused stove manufacturers, the principal
consumers of sheet mica, to reduce the size of stove
panels. A decline in production of large-sized sheet
and in the average sale price of mine-run mica resulted.
In 1890, however, the McKinley tariff against imported
mica was established. Domestic production increased
subsequently, but it is doubtful whether the increase
was due to the tariff or to increasing demand by the
electrical industry for small-sized sheet used in micanite
(built-up mica).

In the late 1880’s small sales of scrap mica for grinding
partly offset the decline in the market for domestic
sheet mica. Ground mica did not become a staple
commodity, however, until 1894, when 106 tons of
scrap mica was sold from New Hampshire.

Between 1900 and 1913 the production of sheet and
scrap mica was greater than ever before, due partly to
increased use of smaller-sized sheet mica and to accept-
ance of domestic sheet mica for use in the electrical
industry. During the period, however, New England’s
production ranged from 43 percent (1900 and 1913) to
less than 3 percent of total United States production.
Most of the output came from New Hampshire, and
was recovered from dumps of mines where the small-
sized books had earlier been discarded. The Big, Hoyt
Hill, United, Fletcher, Atwood, and Mud mines were
among those worked. Scrap mica operations at Black
Mountain, Maine, yielded an average of 250 tons per
year from 1901 to 1905.

Fluctuations in production of mica from 1912 to 1944
are summarized in figure 2. Important producing
mines between 1912 and 1941 were the Ruggles, Valen-
cia, Strickland (1912-37), Mud (1916-30), French, Big,
Ruby, Rice, and Standard mines. From 1924 to 1930
New Hempshire was the country’s leading producing
state, and in 1926 produced 63 percent of the total
domestic mica. The produection from Maine and Con-
necticut was largely a by-product of feldspar mining.
In 1935, however, the output from the Strickland-
Cramer deposit made Connecticut the leading mica-
producing state in New England. Scrap mica produc-
tion continued during the period, and in 1938 a grinding
mill was built at Penacook, N. H., by the Concord
Mica Company.

With the entry of the United States into World War
II, demands for mica of the higher qualities were
greatly increased, and various Government agencies
undertook to stimulate domestic production. In June
1942, Colonial Mica Corporation, a non profit organi-
zation financed by Metals Reserve Company, was made
agent of the War Production Board to purchase sheet
mica for war industries. The corporation maintained
offices in Newport, N. H. and Middletown, Conn.,
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leased mining equipment and supplies, assisted In
the development of mica deposits, and gave instruc-
tion to operators of mines and processing shops.
Advances against production were made to mine
operators.

Ounly a few mines (see table, p. 10) were in operation
at the beginning of this period, but under the stimulus
of high prices offered for certain qualities of sheet mica
by Colonial Mica Corporation, many old mines were
reopened and new prospects were investigated. Activity
reached a peak in the second half of 1943 and the first
half of 1944, when 70 to 80 mines were In operation.
In September 1944 a decrease in subsidy prices was
announced for the first quarter of 1945. By January
1945 most of the mines were closed, and as prices were
further decreased for the second quarter of 1945, all
mines were shut down by the end of May. The em-
phasis during the war was on production of sheet mica,
but a second mica grinding plant was set up in New
Hampshire at Rumney Depot in 1942, and this was
operated through the war period.

Production totals for 1943 and 1944 given in figure
2 are less than the total for 1926. However, the figures
for 1943—44 are not comparable with those for 1926,
owing to differences in processing. Prior to the war, all
domestic mica was sold as punch mica and half-trim
or untrimmed sheet, whereas during 194245 a large
share of the production consisted of three-quarter
trimmed and full-trimmed sheet, so that the yield of
sheet and punch mica per ton of crude mica was con-
siderably less than during the prewar years. If the
better-prepared sheet of the war years were converted
into half-trimmed and untrimmed sheet, it is probable
that the total poundages for 1943 and 1944 would be
all-time highs for the New England mica industry. The
proportion of full-trimmed sheet sold in 1944 was con-
siderably higher than in 1943, so that a similar allowance
must be made in comparing figures for the two years.
Total crude mica production was slightly higher for
1944 than for 1943. Sales of sheet and punch mica to
Colonial Mica Corporation during 1942-44 are sum-
marized in the table on page 44. The value for sheet
and punch mica given for 1944 indicates that the value
given for the production of uncut sheet and punch in
figure 2 is low (see note on chart).

FELDSPAR MINING

Many pegmatite mines were opened and mined for
feldspar in Connecticut about 1825. Only the best
grades were recovered, and these were shipped to
England. Not until 1850 was the first feldspar grinding
mill in the United States built, at the Toll Gate mine,
in Middletown, Conn. Among the deposits opened

subsequently, the Howe ® quarry, in Glastonbury, was
apparently the most important. Opened in 1866, it
produced 200,000 tons of feldspar in the period 1866-98.
Mines in Haddam, Middletown, East Hampton, Port-
land, and Branchville were opened before 1900.

Feldspar mining began in Maine between 1852 and
1860 on the John W. Fisher farm in Topsham. The
Consolidated feldspar quarry in Georgetown was
opened in 1868 or 1869. It became one of the largest
pegmatite mines in the United States; a few years after
opening it yielded 17,000 tons of feldspar in a single
year (Dubois, 1940, p. 208). New quarries were
opened at Bath and at Mount Apatite between 1870
and 1899. Massachusetts mines yielded small amounts
during this period.

Although feldspar mining was begun at the Big mine
in 1921, the first commercial production of feldspar in
New Hampshire came from the Ruggles mine in 1914,
and many other deposits were opened in subsequent
years. The first grinding mill in the state was built
in 1922 at Keene. Production increased, and New
Hampshire was the second largest producer in the
country in 1924 and 1925. Production from Maine
and Connecticut was still large, but Connecticut pro-
duction, coming chiefly from the Howe and Strickland
mines, was on the wane. Mines were in operation in
Maine in the towns of Topsham, Paris, Cathance,
Bowdoinham, Georgetown, Buckfield, and Albany.

By 1925 total domestic production had increased
considerably, owing to demands for feldspar for con-
tainer glass; but New England production declined rap-
idly from 1927 to 1932. The trend was reversed in 1933.
Production reached record heights in 1941 but in 194245
again declined. New Hampshire continued to be the
major producing State, but both Maine and Connecti-
cut showed substantial annual increases. The Colony
mine, New Hampshire, was opened in 1939 and by 1941
had the largest output of any New England mine.

Experiments in froth flotation and agglomerate
tabling, and revival of investigations of electrostatic
separation were some of the technologic developments
during this period. A pilot froth-flotation plant was
designed by the U. S. Bureau of Mines and built in
Keene, N. H., by Golding-Keene Company in 1938.
Exploratory diamond drilling was done at the Ruggles
mine in 1940 by the Whitehall Company. In 1941 the
Golding-Keene Company began grinding feldspar at
their new mill in Rumney and in 1945 began building
a new flotation plant at Keene.

Available information on the production of crude
feldspar in the United States and in New England
during the period 1921-44 is summarized in figure 3.

¢ The particular mine then known by this name is uncertain.
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F1GURE 3.—Crude feldspar production, 1921-1944.

MINING METHODS

Most of the pegmatite mines in New England have
been worked by open-pit methods. Many mines are
extensions of open pits into underground workings;
only a few have been worked primarily underground.
The simplest methods have generally been employed
because most of the operations have been very small
and based on the assumption that mining must yield
a quick return for a small investment. Long-term
operations are few; almost every mine has a history of
intermittent operation. Since 1803, changes in methods
of mining mica and feldspar have been chiefly those due
to development of improved equipment. In the late
eighteen-nineties steam and pneumatic drills were intro-
duced in some of the larger mines, and since the turn
of the century electrical and gasoline-powered equip-
ment have been adopted. During 1941-45, portable
gasoline-driven compressors were used to run jack-
hammers, drifters, and stopers, and portable gasoline
hoists were in common use.

Methods of mining and equipment used during 1941-
45 depended in part upon the size, shape, attitude, and
structure of the pegmatite deposit to be mined. Over-
burden was removed by hand tools, or by dragline
scraper, bulldozer, or power shovel. Most of the open-
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pit mines were extended and ddepened by benches.
Waste rock and mica or feldspar were commonly
removed by derrick and hoist, or by aerial tramway.
In some of the large feldspar mines combining open pits
and open stopes, feldspar was hauled or pushed from
the working faces to the main hoist in the pit by car or
wheelbarrow. In underground workings with a vertical
shaft, a derrick with a bucket, or a bucket on an aerial
tramway, was used. In underground workings with
inclined shafts, ore cars were hoisted on tracks, or a
bucket was pulled up a timbered skidway. Wheel-
barrows were used to remove mica and waste rock from
several mines. Several operators used draglines or
power shovels, and one used a dragline scraper.

After the drilling and firing of each round, the mica
was hand-picked or broken from large blocks and bagged
before being hoisted to the surface. At some mines
where feldspar was recovered as a byproduct, the
broken rock was hoisted to the surface after recovery
of loose mica by hand-picking. Feldspar and more
mica were then recovered. Crushers and picking belts
were used in several feldspar mines to decrease the
cost of hand-sorting. At the Allen mine, Alstead,
N. H,, the broken rock was loaded by gasoline shovel
into trucks at the working face of the open pit, then
carried to the crusher and picking belt.

GEOLOGIC SETTING OF THE DEPOSITS

Large areas in New England are underlain by schists,
quartzites, and gneisses formed chiefly by meta-
morphism of sediments during folding and repeated
intrusion by igneous rocks. Quartz-mica schist is
probably the most abundant metasediment. The most
widespread igneous rocks are granodiorites, quartz
monzonites, and granites that form stocks, domes,
sheets, and dikes intruded into the metamorphic rocks.
Associated with some of these granitic rocks are numer-
ous pegmatites that individually are small but collec-
tively are an important element in the bedrock complex.
Four series of granitic rocks of different ages have been
distinguished in New Hampshire; hence, it is probable
that groups of pegmatites of different ages and sources
are present. This undoubtedly is reflected in the con-
trasts among groups of pegmatites in different areas,
and even among pegmatites within areas.

The pegmatites of New England were formed at
considerable depths beneath the surface of the earth and
are exposed only because thousands of feet of rock has
been eroded. Undoubtedly, erosion has destroyed
many pegmatites contained in the overlying rocks, and
many other pegmatites must lie beneath the surface.
The degree to which a pegmatite is now exposed depends
upon the original position of the body in the earth’s
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crust relative to the depth locally attained by erosion.
Erosion has exposed only the tops of some pegmatite
bodies, others have been half or more than half removed,
and still others have been almost completely destroyed.

All the pegmatite districts lie in maturely dissected
glaciated uplands consisting of rolling, tree-covered hills
and valleys with permanent streams. Relief ranges
from 1,000 feet in the Middletown district, Conn., to
2,000 feet in the Paris-Rumford district, Maine. The
floors and lower valley sides are covered by glacial
deposits and soil and generally have few outcrops either
of pegmatite or of country rock. The upper slopes and
crests of the hills are covered by a thinner glacial and
soil mantle, and have more abundant exposures.

Pegmatites in general are more resistant to erosion
than their wall rocks and therefore form small ridges
and terraces. Some large pegmatites and groups of
closely spaced smaller bodies sustain the crests of hills
and ridges. Although pegmatites are more fully
exposed than their wall rocks, probably less than 10
percent of the surface of the average pegmatite is
exposed on the upper slopes and crests of hills and
ridges; surely many are concealed entirely by surficial
deposits.

The Pleistocene ice sheet covered New England and
moved across it in a southeasterly direction. Rock
material carried by the ice abraded and polished the
exposed western and northwestern surfaces of some of
the pegmatites and plucked rock from the eastern and
southeastern sides of others that cropped out as elongate
ridges prior to the advance of the ice. It has been
possible to trace some pegmatite boulders to their parent
ledges.

In New Hampshire and Maine, and to a less extent in
Connecticut, low temperatures and deep snow seriously
curtail mine production in winter, especially in opencut
mines and in underground mines situated some distance
from roads that are kept open. Severe winter con-
ditions from late December until late February or
March are followed in April and part of May by a
period in which all but the well-graded gravel roads and
hard-surfaced roads are impassable by automobile
or truck.

Pegmatites containing workable deposits of mica,
feldspar, and beryl are far more abundant in some
districts of New England than in others. Prospecting
for pegmatite deposits has been carried on in New
England for decades, especially in times of high prices
or unemployment. It is improbable that all the poten-
tially productive deposits of New England have been
discovered, but the results of past prospecting should
provide a fair measure of the relative potential pro-
ductivity of various parts of the region. More than
90 percent of New England production has come from
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areas totaling about 500 square miles in Maine, New
Hampshire, and Connecticut. Few prospects have been
found in Massachusetts, and none have been very
productive.

GEOLOGY OF THE PEGMATITE DISTRICTS
OF MAINE

Pegmatites are widespread and abundant in western
Maine, but most of those exploited commercially are in
the Paris-Rumford and Topsham districts, in the south-
western part of the State. Figure 4 shows the distribu-
tion of pegmatite quarries and prospects as well as the
approximate distribution of metamorphic and granitic
rocks. Little detailed areal geology has been done with-
in either district. Bastian (1911, p. 10) located the
larger granite areas, pointed out the genetic relationship
of the granites to the pegmatites and described the
country rocks briefly. Shainin (1948, p. 17) described
some of the pegmatites and associated rocks in the
Topsham district. Katz (1917), Fisher (1941), and
Hanley (1939), worked in areas adjacent to the pegma-
tite districts and added information concerning them.
A geologic map compiled by Keith (1933) shows the
general distribution of metamorphic and granitic rocks
of the pegmatite districts, and this information is
incorporated in figure 4.

METAMORPHIC ROCKS

Most of southwestern Maine is underlain by low- to
high-grade metamorphic rocks. These are sedimentary
and volcanic rocks that have been folded, metamor-
phosed, and intruded by large bodies of granitic rocks.
The metamorphic rocks are quartz-mica schist, garnet
and sillimanite schist, marble, lime-silicate gneiss,
actinolite schist, amphibolite, and quartzite. They are
complexly folded and contorted but tr