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GEOLOGY OF THE PEGMATITES AND ASSOCIATED 
ROCKS OF MAINE. 

By EDSON s. BASTIN. 

INTRODUCTION. 

The field studies which form the basis of this report were made by 
the writer during July and August, 1906, under the general supervision 
of George Otis Smith, of the United States Geological Survey. The 
writer wishes to acknowledge the valuable advice and kindly assistance 
of the late Prof. Leslie A. Lee, state geologist of Maine, at the time the 
field work for this report was done, and the cordial cooperation of 
many persons interested in the deposits concerned, without whose 
aid these studies would not have been possible. 

The expenses of the work were shared equally by the Survey Com­
mission of the State of Maine and the United States Geological 
Survey. 

On account of the brief time at the writer's disposal in the field, 
it was impossible to attempt anything like a prospecting of the whole 
State for the minerals here considered. Visits were made, however, 
to nearly all of the localities which had been or are at the present time 
operated commercially, and numerous observations were made on 
the geology of the intervening territory. 

With the exception of a few of the gem deposits, most of the minerals 
·here described have been exploited commercially only within the past 
fifty years. They belong neither to that class of natural resources, 
such as coal and limestone, which are useful to a pioneer civilization, 
nor (with the exception of the gems) to the class of highly precious 
materials which attract the explorer or the adventurer. Their utili­
zation was possible only after a very considerable development in the 
arts and industries of New England had taken plnce. 
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10 PEOMATlTES AND A~SO<;iATED ROCKS OF MAINE. · ..... 
DEFIN~t.(}N" ·.OF PEG M.A. TITE • 

. ·. : ·. ·• 
The granite-pegiQo&lii~;: ill which are found feldspar, quartz, mica, 

and gem minerp~;.,ar~ composed of the same mineral constituents as 
the ordina.ry g~~'ifes of the State, and differ from these principally 
in their .gr~ter coarseness and in their very uneven texture. . 
~-themselves the granite-pegmatites differ greatly in coarse­

~Ss;-·sl)me being little coarser than ordinary coarse-grained granite 
. -:\ ~~pa others showing single mnsses of feldspar or of quartz 20 feet in 
.; : tliameter. Their distinguishing feature is, therefore, not coarseness 

· of grain but extreme irregularity of grain. In a granite different 
grains of the same mineral species differ in size, but usually only 
within rather narrow limits. In a pegmatite, on the other hand, 
they appear to differ without limit, a crystal of feldspar an inch 
across perhaps having a neighbor which h~ several feet across. This 
textural feature is illustrated on a microscopic scale in Plate II, which 
is a reproduction of a photomicrograph of fine-grained aplitic pegma­
tite exposed in the river bed at Lewiston. 

Pegmatite usually forms dikes or sill-like masses in arens occupied 
principally by rocks of oth<'r kinds. (See p. 11.) 

GEOGRAPHIC DISTRIBUTION. 

Pegmatites occur throughout the Appalachian Mountain region 
from Alabama to ~cw York and thence northeastward into { 'onnecti­
cut, Massachusetts, ~ew Ilnmpshire, and Maine. In most of these 
States they have been worked commercially to a greater or less 
extent. In Maine the commercial dpposits are confmf'd largely to 
Cumberland, Sagadahoc, Lincoln, Androscoggin, and Oxford counties, 
though pegmatites also occur to some Pxtcnt in Franklin, Kennebec, 
Waldo, Knox, Hancock, and Washington counties. Their general 
distribution, as well as thnt of the granites, is shown on Plnte I, on 
which are also indicntt'd the localith•s which have been worked 
commercially .for various pt>gmatite minerals. 

Excellent opportunities for studying the character an(l relationships 
of the pcgmatites are aiTorded by many of the quarry opPnings, by 
numerous glaciated rock smfnces, and by almost continuous <'Xpo,-;ure,; 
along the seashore. The shore in the Boothbny region ('»pecially is 
an excellent field for study. 

GEOLOGY. 

BORDERING ROCKS. 

The geologic relations of the Maine p<'gmatitRs show thnt most 
of them are distinctly intrusive into the surrounding ro('k:-:, nlthough 
the conditions of intrusion are somPwltUt vuri<>d; and tltut. in origin 
they are closely connt><'i<'d with the grunitPs (p. 21). TJ1e rocks 
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• 
MICROPHOTOGRAPH OF FINE-GRAINED PEGMATITE FROM RIVER BED AT LEWISTON. 

MAGNIFIED ABOUT 34 TIMES. 

lll~o~strates t he eJC.treme irree;ularity c haracter•stic of the commonest type of pegmatit1c te ,;.ture . 
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A. HIGHLY INCLINED DIKE OF PEGMATITE IN SCHISTS AT PEMAQUID POINT, MAINE. 

Showing characte• i§11C swe:ling and pinching of di kes 

B. FLAT-LYING OR SILL-LIKE DIKE IN PEGMATITE INTRUDING GENTLY INCLINED 
SEDIMENTARY SCHISTS. BED OF ANDROSCOGGIN RIVER, BETWEEN RAILWAY 
AND HIGHWAY BRIDGES, AUBURN-LEWISTON, MAINE. 

Showing lenslike form cnaracter istic of many of 1hese pegmatite masses. 
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.A. INTIMATE INJECTION OF SEDIMENTARY SCHISTS BY PEGMATITE, FORMING AN 
INJECTION GNEISS. 

South thore of McMahon laland. 

B. PEGMATITE MASS, SENDING OFF STRINGERS OF PEGMATITE AND QUARTZ INTO THE 
BORDERING SCHIST AND THUS FORMING AN INJECTION GNEISS. 

Bay Point Pen insula, Georgetown. 
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into which they are intruded are in some places granites, but are 
generally foliates,a either schist or gneiss. The foliates are in many 
places dynamically metamorphosed sediments, but in others are 
unquestionably primary. 

PEGMATITES I:s' FOLIATED ROCKS. 

Gnu.ral statement.-Though showing minor irregularities of form, 
most of th£' pegmntit<> ma.ssl:'s in the foliated rocks are of sheetlike 
charac-ter and lie parallel or nearly parallel to the schist or gneiss 
folia. If the foliates nre steeply inclined the pegmatite exhibits a 
dike like form (Pl. III, A); if they are flat-lying the pegmatite mass 
a.ssunws a sill-likP form (Pl. III, B). 

Anothl:'r fenturP highly ehararteristie of pegmatite masses in 
foliat(•s is tl1Pir tPndenry to swell and thin along their trend so as to 
form virtually a sPries of connected lentides. (See fig. 1.) 

The <·ontnet between pegmatite and foliate is in nearly all areas 
very sharp, whethl•r the pegmatite lies parall£>1 to or cuts across 
the folia and whether its 
mass is large or small. 
In many places (see Pl. 
IY, A, Bl the pegmatitic 
intrusion is so intimnt<> 
that the bordering schist 
becom<'s an injection 
gneiss. Such gneisses 

FIGURE 1.-Pinrh and swell stmrturn in pegmatltP. dike. 

arl' Vl'ry rhnrarteristic featur<'s of many districts in south<•rn Maine, 
particularly in Oxford County. 

St"dimF"Ttlary foliates.-The s<'dinwntnry ori1.dn of many of the foli­
ates assoeiat<>d with thP p<'grnntit<•s is shown IJpyond qu<>stion nt a 
numlx•r of localitiPs hy the JH"PS<•rvntion of distinct l)('dding in the 
more quartzosf' lny<>rs. Xotnble Pxnmph•s nrP tlw sehists PX))OSNl 
at thf' Graphitf' minf' nt Cro1·k<•r Hill (rwnr Pnris) und ut. mnny 
plaet>s in Auburn village and ,;tudi<'tl pnrtieulurly nt tJw IH'W reser­
voir site, wlJPre the luy<'rs in wl1ich lwdding is pres<•n'ed are shown 
on microscopic study to he micne<'ous l[trnrtzit.<'. 

Since the )Wgmatit<> frequ<•ntly euts ueross the folia of th(• sl'di­
ffif'ntary schists nnd doPs not notably clumg£' t lw lattN ulong the 
c·ontacts, it is plain that the foliut.ion of the schists is not a con­
tart efT<'ct of the pegmutite intrusion. It is to hP nttrihut1•d mninly 
to ret:,-rional metamorphism previous to the pegmatite intrusions. 
Since these foliates bear no traces of fossils, their ng<' is indt>tcrmi­
nate, but certain of them may he correlated with the Pt•nohscot for-

• The term "lollates" was proJlOI!I!d by thP writer (Jour. Geoio~y. vol. 17, p. 4-19) BS a rom-enient r ompre­
bensh-e term to Include all rocks show in~ foliated strll<'tun•s othPr thon ht•tlcling J>lan••s. lt.• """ uvoi<ls 
lreqlll'tlt n!peUUon or the terms .chL'ts and gnr.ls..;o>s, 1111•! avoids 1111y postulate us to the primary or second· 
ary chanoct.er or the foliated structure. 
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mation of the Penobscot Bay region. a .A."l the last great dynamic 
metamorphism which affected soutlwrn and central Maine took place 
probably near the close of Ordovician time, th('se dynamically meta­
morphosed sediments are probably not younger than Ordovician. 

Igneous foliate8.-0thers of the foliated rocks with which the peg­
matites are associat~d are probably primary or flow foliates; that is, 
igneous rocks that owe their foliated structure to differential move­
ment within their mass before completf:' solidification. To this class 
probably belong many of the foliates in the Boothbay Harbor rE>gion 
and about Brunswick and Topsham. }!any of them are very similar 
in their general appearance t.o foliates of sNiim('ntary origin but 
upon microscopic study are found to be indistinguishable in mineral 
composition from igneous rocks. One of the most instructive expo­
sures of a foliate of this type occurs on the ('llSt shore of St. George 
River, near the extreme southern edge of the Rockland quadrangle, 
where porphyritic granite of normal composition, with f<>ldspar 
phenocrysts from one-half to three-fourths of an ineh io length, con­
tains a number of elongated purallellensPs of much finer graine(l rock 
of dioritic composition. (See Pl. V, A.) The larg<'st of these lenses 
is about 6 feet long and I foot widE'. Tlw inelosing grnnit~ shows 
a decided grain parallel to the direction of elongation of tlw lenses, 
and in other similar occurrenc<'s in this n•gion tlw fpldspnr pheno­
crysts of the bordering granite show n t('ll(lCIH'Y townrcl ori('ntntion 
with their long axes parnll<'l to the uxPs of th<' busi(' h•nst>s. 'Within 
a few rods of this exposure occurs anothPr whi('h pr<>sPnts the appear­
ance shown in Plate V, R, the light-('olor('d hands hnving about the 
texture and composition of normnl grnnitP nnd the darker bnnds 
being qunrtz diorite similur to the }pn,.;<•s at the exposure shown in 
Plate V, A. 

Vnder the microscope the dioritic und granitic bnnds are both 
set>n to be feldspnthic and of intt•rlo('king gmnulnr tPxturo without 
any catudnst.ic structurPs. Tlw ba,.;ic bawls, lww<'V<•r, besi(lt•s being 

. fmer grained thnn the ot.lu,•rs, contain a mu('h !urger p<'n•t•ntnge of 
green hornblt>nde nnd n ~mnllt•r pen·(•ntngt• of qunrtz. Both phns<'s 
contain abundnnt titanite in gruins, many of which show well-defin<>d 
crystal form. The feldspar in both lJHs the composition of oligoelnse­
andPsinE'. 

It seems evi(lPnt. thnt t.he gn<>iss of Pint<' Y, B, r<'pn's<'nts mPrely 
the nPxt step of the procPss of comhin<•d flowag(~ und magmntic 
differentiation which dPvelop('d the n•lations shown in Plate V, A, 
and that the two rcpr<'sent two stages in th<' !ll1~ing of a flow gnPiss. 
At the time when the whole muss wa,.; in n moltt•n ('ondition the 
basic portions w<>re prPsumahly mom lluid than thP n<"idi(· portions, 
and the proc<>ss is probably to h<' J"(•ganh•d a..; an intimatP intr11sion of 

I 
I 

.I 
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.L LENSES OF QUARTZ DIORITE IN PORPHYRITIC GRANITE. PROBABLY THE RESULT OF 
COMBINED FLOWAGE AND BASIC SEGREGATION ABOUT MANY CENTERS. 

Eut thore of St. Georce River, near south border of Rockland quadrangle. 

B. COARSE IGNEOUS GNEISS OF ALTERN ATE LAYERS OF GRANITE AND QUARTZ DIORITE. 

Same locality. ShowinJ a further step in the process illustrated above. 
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the more viscous by the less viscous portions of the same magma 
when both were under lateral compression. 

At an old road-metal quarry in the city of Brunswick schists of 
probable igneous origin are also well exposed in association with 
pegmatite. The schists show very even and regular foliation and an 
alternation of broad light-gray layers with narrower ones which are 
dark gray to nearly black. The lighter bands are seen under the 
nucroscope to be a hornblende granite of interlocking granular 
texture and without cataclastic structurE.'.s. The foliated structure 
is due to a greater abundance of hornblende along certain planes 
than along others and to subparallel elongation of the hornblende 
grains. The dark-gray phases of the schist have the mineral com­
position of quartz dimite, the ft'ldspar ooing largely andesine. A 
few bands up to one-E.'ighth inch or so across are a more coarsely 
crystalline association of quartz with a little feldspar. These schists 
carry none of the minerals, such as staurolite and andalusite, fre­
quently observed in metamorphosed sediments, and though their 
derivation by metamorphism from arkoSE.'s or graywackE.'s is con­
ceivable it is not probable. The pegmatite associated with these 
schists locally cuts across their foliation, but in other places grades 
into them so complett~Jy as t{). suggest that the schist was not com­
pletely solidified at the time the pegmatite was intruded. 

H('lre and at a number of otht>r localities a slight foliation parallel 
to the schist folia is visible in some of the pegmatites; it suggt~sts a 
slight flowing move.mt>nt in the schist su bseque.nt to the intrusion of 
the pt'{.,'lllatite. . The thickening of the schist folia opposit<> the nodt>.s 
of l~{.,'lllatite dikes and their thinning oppo!'itl• the hulgl'S (st>e fig. 1) 
is also indicative of flowing mi:>venwnts in thl• schists nt tlw time the 
pegmatite was intruded. :\Iany of tlw rwgmutit<' bodiPs associated 
with the primary flow foliates an• probably to be n•gard<•d as intru­
sions under high pressure of a less viscous into n more viscous magma. 

· PEGMATITES IX ~IASSIYF. GRANJTJo~S. 

ThEl relationships exhibit<·d at a mnnh<•r of lo('ulitil's bt•twt•<•n the 
pegmatites and the granitt>s throw much light on the origin of the 
fom1er. Of broad sii,'Tlificance is the fuct thnt grunite is pres<•nt in 
all of the districts in which pe-gmatite occurs. Tlw rewrse rl'lution 
also holds, though to a less('r dt>grt>e. The similarity in min('ral 
composition between the granites and the pet,"'llutit('s will be con­
sidered later. 

The detailed relationships existing between the two rocks are 
various. At the Woodside quarry in the town of Brunswick, 2! 
miles southeast of Hillside station, a rather fine-grained musc{)vite­
biotite granite has been quarried for fla.g~ring and underpinning. In 
it the pegmatite often forms lens-sh~ped or wholly irregular bodies, 
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the two rocks being charactt>rized by the same mint1rals and grading 
into each other in the most gradual and complete mann~r. In such 
cases there can be no question that the two rocks crystallized from 
the same magma and that the pegmatitic ma.'ls£'s are to be regarded 
as segregations within the granite. In other places, however, even 
at this same quarry, pegmatite, which in general appearance and 
mineral composition is indistinguishabl£\ from that described above, 
forms sharp-walled dikes in the granite. 

An exposure on the shore of the first point west of Boothbay 
Harbor shows a dike of fine-grained granite 1! feet wide cutting 
schist and pegmatite. A few feet farther north the same granite 
dike is itself cut by pegmatite that is wholly similar in appearance 
to the pegmatite which the granite intrudes. Tht>se relations show 
that the pegmatites are not precisely contt>mporant>ous. Since, 

0 5 F'eet 

Ftaoaz 2.-Grndatlon or gran!!<• into i><'KIIlali!P, Booth hay llnrhor. 

however, there i" no evi­
tlence here or t>lsewht>re 
in Maine of very wide 
divergence in the age of 
different pegmatites or 
dift'ert>nt granites (see 
p. 15), the exposure also 
shows the broad con­
temporaneity of granite 
and p£'gmatite. 

On the is lund of South.: 
port, on the shore ncar 
the south l.'ntrance of 
Townsend Gut, the 
l'('hist, granitl.', and peg­
matite are associated in 
the manner shown in 

figure 2. Both are distindly intrusiw, the sehist contacts !wing 
cverywhl're sharp and in many places wry rn).!}~'£'tl. Tlu' main mass 
of the intrusion is granite of normal tPxtur<' , hut the nurrowl'r hrandws 
st>nt off by the granite paralll'l to the folintion of tlH' s<"hists become 
typical pegmatite a short distanee from the grunit£' muss. The 
gradation bl'twecn the two roeks is grnt!uul nnd ('ompll'tP. 

Und£'r the microscope the granitl' shows un intPrlol'king grunular 
texture and consists prin<'ipnlly of qunrtz unt! mi<Todin<' , with minor j 
amounts of orthocln.o.;t', of biotite altPring to chlorite, und of mus-
covite, in part primary and in part n product of ft•ldspnr nlt<'rnlion. I 
l\licrographic granitP is presPnt in smull nmounts, us un• sc·nttPrcd j 
small grains of oligoclnsP. Tlw mint>mls of the JWgmntitP nrc iden-
tical with those of the gmnite but occur in much lnq.!<'l' crystals, 1 

1 
i 

'·I 

.. , 

l. 



MINERAL AND CHEMICAL COMPOSITION. 15 

with much greater range in size among individuals of the same mineral 
species. Oligoclase and micrographic intergrowths of quartz and 
feldspar are also more abundant in the pegmatite than in the granite. 

For detailed descriptions of other instances of gradations or close 
relationship between granite and pegmatite the reader is referred 
to locality descriptions of the Rumford Falls region (p. 94), Stow 
(p. 102), Edgecomb (p. 64), Boothbay Harbor (p. 67), and the South 
Waterford mica mine (p. 1 03). 

The granites and associated pegmatites are the youngest known 
rocks occurring in notable abundance within the State. Here and 
there, however, they are cut by younger small dikes of diabase, 
usually aphanitic and sharp walled. Usually these occur only as 
individuals, but on the shore of Keewaydin Lake (Lower Stone 
Pond), near the village of East Stoneham, schist and associated 
pegmatite are intruded by a remarkable network of fine-grained 
diabase. (See Pl. XVI, A.) 

AGE. 

The field studies in Maine have afforded no evidence of great 
diversity in age among the pegmatite deposits. Although all of 
them are not strict.ly contemporaneous, it seems probable that all 
were formed within the limits of a single period of geologic time. 
As it has been shown (p. 27) that the pegmatites are broadly con­
temporaneous with the granites with which they are invariably 
associated, the age of the pegmatites may be inferred from that of 
the granites. 

The evidence thus far available indicates that all of the granites 
of the State are of approximately tho same geologic age. In the 
Penobscot Bay region granite is intrusive in rocks of Silurian (Niag­
aran) age.a In the Perry Basin,b in the extreme eastern part of the 
State, granite pebbles are absent from the late Silurian sediments 
but a.re present in the conglomerate of the Perry formation, which 
is probably of Upper Devonian age. The granites were therefore 
intruded in late Silurian or in Devonian time, and the pegmatites are 
also probably of that age. 

GENERAL CHARACTER. 

MINERAL AND (:HEMICAL COMPOSITION. 

Jlineral oonstituents.-The pPgmatite deposits in all parts of the 
State show great similarity in their principal minerals, although 
exhibitmg notable differences in their minor constituents. Essen­
tially they are coarse granites, their principal light-colored con­
stituents being potash and soda feldspars, quartz, and muscovite, 

a Peoob!loot Bay folio (No. 149), Geol. Alias tT . 1'. , L S. Geol. :<un·•·y. 190i. 
b Smith, G. 0., and White, David, Geology or the Perry Basin: l'rol. Paper U.s. Geol. Survey No. 35, 

11106. 
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and their principal dark-colored constituents black mica (biotite) 
and black tourmaline. In pegmatites in which black mica is abun­
dant black tourmaline is almost always rare or absent, and vice versa. 
Accessory constituents present in almost all pegmatites are garnet, 
magnetite, and green opaque beryl. Accessory minerals present 
only in certain pegmatites number over fifty species, the most 
important probably being lepidolite or lithium mica; amblygonite; 
spodumene; blue, green, and pink tourmalinf\; transparent green, 
pale-blue, or golden bf\ryl; colorless to amber-colored topaz; and 
rose and amethystine quartz. 

The following minerals have been reported from the pegmatite 
deposits of Maine: 

Albite.-Common in many of the pegmatite deposi!.'l; in some places massive, but 
usually occurring as the white lamellar variety clevelandite. 'Especially abundant in 
gem-bearing pegmatites. 

Allanite.-Reported from pegmatite at Mount Apatite, in Auburn. 
Amblygonite.-An original constituent of many of the pegmatite deposits, espe­

cially those bearing gem minerals . 
.Apalite.-Occurs as an original pegmatite constituent wholly indo8Cd by other 

minerals in many pegmatite deposits. The fine purple apatites of ~fount Apatite, 
in Auburn, occur on the walls of pockets and were probably depo~itcd by aqueous or 
pneumatolytic agencies during the latest stages of the pegmatite crystallization. 

Arsenopyrite.-Reported from pegmatite at Mount Rubellitc, in Hebron . 
Autunile.-Occurs at the Dunton tourmaline mine in Newry, Oxford C'.ounty, in 

crystals seldom over .,\- inch across, embedded in or lying between plates of cleve­
landite. Mostly decomposed. Found also at Ilarndon Hill, in Stoneham. 

Bertrandite.-Occurs with herderite and hamlinite in caviti('H in pegmatite at 
Stoneham. 

Beryl.-Tran~lueent to opaque varietie~, wholly incloHe>d by other constituent.~, 
occur in nearly all the coar;<t>r pegmatite bodie~. A few cry~talM reach gigantic pro­
portions. In a few coan<e pegmatitPH tmn~parent pale-green g-em varietieM (aqua­
marine) occur completely embedded or projecting from the walls of cavitie~ . 

Beryllonite.- Not found in place, but occurring in the ~oil in Stoneham. It j,.. 

attached to typieal pegmatite minerals and i~ plainly an orig-inal pe>g-matite constit-
uent. ' 

Biotitc.-One of the abundant con~tituent~ of mo~t of the Jl(').:matiteH. 
Calcuc.-Not observed as an original pe>grnatitc con~tituPnt , but occu~ o<Tasionally 

as a secondary deposit in li~~ures and ea\"itiP". 
Cassitcritc.-An original con:;tituent in pPL':Illatit e at Pari,, Hebron, ~t<>nl'ham, and 

Auburn. 
Childrcnitr.- Reported as an original con:<tituent of pegmatite at 2\lount Rubellite, 

in Hebron, occurring in minute hair-brown pri,'lmlt ic cry><tals with amlrlygoBite. 
Chrysoberyl.-.\u original pegmatite t·un"titul'nt at a lnrf!e number of luc-alitie::<, 

though nowhere abundant. 
('/evelandite.-See Albite. 
Columbile.- An original c<•n~tituent of certain pegmati te~ . Pre,ent only in ~mull 

amounts. 
Cookcite.-Abundant as a coating in most of the pnckeb in the euar,;N pPgmatite::<. 

Not an original constituent hut ~e>condary and <lue to water <lPpo,;ition . 
Damourite.- Occurs at ~lount Huhellite, in Hebron, m· an altcrat ion prnduct of tnur­

maline. Also reported from Mount Apatite, in .\uburn. 
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.Bmmzld.-Gem beryl found in Maine is usually so pale that it is c!BI!I!ed as aquama­

rine. One fractured cry~~tal found by the writer at the Dunton mine in Newry could 
properly be clasaed as a pale emerald. 

Fdd.por.-One of the principal pegmatite minerals. See albite, orthoclase, and 
microcline. 

Flu.orite.--Bmall cry~~tals occur 88 an original constituent in a few of the pegmatitee, 
but in generalduorite is much rarer in the Maine pegmatitee than in those of certain 
other regions. 

Gamd.-A common constituent of moet of the pegmatitee. Fl'equently OCCWB in 
graphic intergrowth with quartz, muacovite, or feldapar. Gamet of gem cleamE!tiS ill 
extremely rare. 

ChaphiU.-Abllent from most of the Maine pegma~itee. OcciUII in pegmatite 
injected into sedimentary ach.iats at a few localities. 

GummiU.-Reported in minute particles from pegmatite at Mount Apatite, in 
Auburn. An alteration product of some uranium mineral. 

Halloylite.-Reported from Mount Mica. Probably a decomposition product of 
feldspar. 

HamliniU.-OcciUII sparingly at Stoneham, 88110Ciated with herderite and ber­
tzandite. 

HelmmiU.--Bee Amblygonite. 
Hmlerite.-Found at Stoneham, Me., on quartz cry~~tals in pockets in the pegmatite. 

Found sparkgly in Hebron and Greenwood, at Mount Apatite in Auburn, and at 
Berry's quarry in Poland. 

Kaolinite.-A decomposition product of feldspar. Common in pocketa in the 
C08ll!er pegmatite&. 

Limmt.iU.-A secondary mineral in some pegmatitee, resulting from the decomposi­
tion of other iron-bearing minerals. 

LepidoliU.-Common in pegmatitee which bear gem tourmalines. 
LiJUingite.-Occ\UB in narrow stringers cutting feldspar at Mount Mica, in Paris, 88 

an original pegmatite constituent. 
JlagnetiU.-Common in many pegmatitee in well-developed step-cryatals. 
Jlieroc:line.-One of the commonest constituents in the pegmatitee. Most of the 

potash feldspar present is microcline rather than orthoclase. 
Jlrea.-Bee Biotite, Muacovite, and Lepidolite. 
JlolybderaiU.-Abundant 88 an original constituent in granite and 88110Ciated ~ 

tite at Catherine Hill in Hancock County, and reported in small amounts in similar 
rocks elaewhere. Reponed from pegmatite in Auburn. Rare in most pegmatite 
bodies. 

Jlcmtmorillonw.-A.->ciatedw:ithcookeiteandothersecondarymineralsinthepock­
eta of several of the C08.I'II8l' pegmatite maasee. A product of feldspar decomposition. 

JlUICOVitt.-One of the principal constituents in nearly all pegmatites. 
Orthoclau.-Preaent with microcline in nearly all of the pegmatitee, the two being 

commonly intergrown in the .-me crystal. 
PllenaeiU.-Reported from pegmatite at Noyes's tourmaline mine in Greenwood. 
Plumbago.-Bee Graphite. 
PoUueite.-OcciUII in pockets in pegmatite at Mount Rubellite in Hebron. 
Pyrite.-An original constituent in many Maine pegmatites. 
J7rrhoti.k.-An original pegmatite constituent at Mount Mica, in Paris, and at a felt 

other localities. 
Qu.artz.-White or gray; one of the principal constituents of all the pegmatites. 

:Muaive rose quartz OCCIU1I in a few places and crystal groups of amethystine and 
IIIDOky quartz are developed here and there on the walla of pockets in the pegmatite. 

Rllodoehro.&te.-An original pegmatite constituent at the Towne quarry in Auburn. 
83016°-Bull. 446--11-2 
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Schorl.-8ee Tourmaline. 
, J Spinel.-Reported from pegmatite at Cobble Hill in Norway. 

Spodumene.-Common in many of the coarser pegmatite!!, especially thoee that carry 
gem tourmalines, lepidolite, and other lithium mineral11. 

Titanite.-A minor original constituent of many of the pegmatites. 
Topaz.-An original constituent of a few of the coarser pegmatites. l.Jsually form11 

crystals on the walls of cavities. A maeeive constituent of eome of the M>lid peg­
matites. 

Tourmaline.---8chorl or black tourmaline ill a common coD!Itituent of many of the 
pegmatitee. Colored tourmalines occur in eome, in many places completely inclOIIed 
by other minerals, but in others implanted on the walls or lying on the fioon of cavities. 

n-iphylite.-An original pegmatite mineral at Ha.rndon Hill in Stoneham. Aao­
ciated with spodumene in Peru. 

Triplite.-An original constituent of pegtnatite in Auburn and Stoneham. Pn!Bent 
only in 8tnall amountB. 

Vauvianite.-Reported from pegmatite at Yount Rubellite in Hebron. 
l1trocerite.-Reported from pegmatite at Mount Mica, in Paris. 
Zircon.-Reported from pegmatite in Aub'tlnl and Norway and from Mount Mica, in 

Paris. 

Rilative proportions of minerals,-Not only a.re a great variety of 
minerals present in the pegmatites, but there is also much variability 
in their relative proportions. In the vast majority of deposits the 
pegmatite minerals appear to be present in very nearly the same pro­
portions as in the associated granites. Variations in their proportions 
are principally along two lines, the first involving an increase in 
silica, the pegmatite becoming more quartzose; and the second 
involving an increase in both sodium and lithia, the pegmatite becom­
ing rich in albite (variety clevelandite) and in the lithium minerals, 
lepidolite, spodumene, colored tourmaline, and amblygonite. A 
minor variation involving an increase in the fluorine content is shown 
by the presence of the fluorine minerals topaz, fluorite, herderite, 
hamlinite, certain types of apatite, etc. Increase in soda and lithium 
and increase in fluorine are both usually accompanied by some increase 
in the phosphorus content. Cavities which were probably originally 
filled with water are more abundant in the soda-lithium rich pegma­
tites than in the normal pegmatites. As shown later, the magmas 
from which the former solidified were presumably more aqueous than 
those of the normal pegma.tites. 

Quartzose phase.-The first type of variation, increase in the quartz 
content, is not as common a phenomena in Maine as in certain other 
regions where pegmatites are abundant, and it commonly takes place 
on a small scale only.o Quartzose phases of the pegmatite are par­
ticularly well shown on a nearly bare hilltop 2! miles northeast of 
Paris in Oxford County, where the pegmatite is cut by a number of 
quartz veins or dikes mostly under 6 inches wide and mostly parallel 
to a rather poorly defined system of joints in the pegmatite. Some. 

" Oertalu largll quart& dikes may be geneticall7 00~ wtUI tile ~te ~· Buell OODIIoc­
~D l:lllt uot ~ Y~t ll<!Wl!~, beou pronll. 



U. 8. GE.OLOOtCAL &URV!Y IULL£TIN 448 PLAT! VI 

ZONE OF STRAIN, FRACTURE, AND RECRYSTALLIZATION IN ROSE QUARTZ FROM NORWAY, 
MAINE. 

Maa:nified about 34 diameters. Shows the continuance of certain of the straight bands of inclusions from 
the unstra•ned quartz into the stra1ned zone. 
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of these quartz veins possess very sharp boundaries, but others are 
. only vaguely delimited from the pegmatite. The quartz veins of the 

latter type are particularly likely to contain scattered crystals of 
orthocl~microcline and some muscovite and black tourmaline. 
Black tourmaline is also in some of the veins associated with quartz 
alone, the two minerals being in many places intimately intergrown. 
In some narrow veins the bla.ck tourmaline may be more abundant 
than the quartz. In one place the genetic relation between a quartz. 
vein and the pegmatite was shown in the unequivocal manner 
illustrated in figure 3. Contemporaneous quartz dikes in pegmatite 
are also well exposed in the Boothbay Harbor region. (See p. 166.) 

At a large number of localities, where injection gneisses are associ­
ated with pegmatite, quartz stringers in the gneiss can be traced into 
continuity with the pegmatite. A striking instance of this is illus­
tnted in Plate IV, B. 

In the Yaine deposits quartz is very rarely found in distinct bands 
in dikes or sills of pegmatite. In a 
single small dike in Topsham some 
concentration of quartz in the cen­
tral portion of the dike was ob­
served, the feldsp&l" being concen­
trated mainly along the walls. 

Four thin sections of rose, white, 
and gray quartz from the larger 
quartz masses in the pegmatites 
were examined under the micro­
scope. One of these consisted of 
a single quartz individual, but the 
other three showed several inter-
locking quartz grains within the FlouRE a.-Quartz otl'shoot from pegmatite, 

small area covered by the micro- Parts. He. 

scope slide. The quartz in all of these showed little or no strain 
except along an occasional zone of fracturing and recrystallization 
such as that shown in Plate VI. In one specimen of quartz from a 
quartz.-rich pegmatite near Cumberland Mills (see p. 62) all of the 
grains are much strained and are granulated along their borders. 
Like the development of mica,.coated shear planes in certain pegma­
tites, tltis indicates slight local shearing movements subsequent to 
some of the pegmatite crystallization. Such phenomena are the 
exception, however, and not the rule. 

Flutdol c:atlities.-Fluidal cavities of microscopic dimensions are 
abundant in most of the pegmatite quartz examined. They are very 
sim.ilar in cb.a.racter in almost all the quartzes, characteristic forms 
being shown in figure 4. Nearly all contain a vacuole or gas bubble, 
which in the larger cavities reverses its position in the cavity when the 
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slide is rotated in a vertical plane, moving always slowly toward the 
top of the cavity and thus indicating that the vacuole is of lower 
density than the inclosing fluid. An examination of a number of thin 
sections of Maine granites shows that the inclusions in the quartzes 
of both pegmatites and granite are similar ill character and distribu­
tion and are not noticeably different in abundance. In both types 
of rocks the fluidal cavities are generally arranged in bands, most of 
.which are nearly straight, though some are wavy. Some of these 
bands terminate abruptly at the border of P. quartz grain, but others 
pass without change or deflection from one quartz grain to another. 

In the rose quartz 
illustn.ted in Plate VI 
some of the bands of 
fluid inclusions in the 
larger quartz grains 
terminate abruptly at 
the sheared and re­
crystallized zone and 
others continue into 
it. Bands of inclu­
sions also pass from 
grain to grain within 
the sheared zone. It 
appears therefore that 
some of the bands of 
inclusions are not only 
later than the original 
crystallization of the 
quartz but are later 
even than the strain­
ing, granulation, and 
r e cry stall iza tion 
which subsequently 

FIGURE 4.- Flui<lal cavities In p<'l(matitic quartz, X 300. affected it. 
The tint and degree of opacity exhibited by the quartz seems to 

be dependent in some mPasure on the abundance and distribution of 
t.he inclusions. In several pieces of dirty-gray, opaque quartz, 
h..r.clusions were particularly abundant and were not confined to bands 
but were also scattered irregularly through the quartz. A thin sec­
tion of transparent smoky quartz from the Berry quarry in Poland 
was seen under the highest available power of the microscope (540 
diameters) to be clouded with inclusions so minute that their char­
q,cter could not be made out. They wt>re not arranged in bands and 
the usual type of fluidal cavities was entirely absent. It is not 
uncommon for the inclusions in pegmatite quartzes to be in two 
dominant sets of bands nearlv at right angles to each other and 
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showing considerable uniformity of trend throughout the area of the 
thin section. A thin section of an intergrowth of quartz and ganwt 
from Mount Apatite showt'd wt>ll-developed bands of inclusions 
in both minerals, though the bands were most abundant and regular 
in the quartz. The inclusions appeart>d to be of the same typt> in 
both, but none were observed to pass from one mineral to the other. 
Alternating bands of clt>ar and opaque quartz conspicuous to the 
unaidt>d eye in the quartz of certain p(~gmatites are due to the much 
greater abundance of fluidal cavitit>s iu tht> opaque areas. 

Dale 0 rt>ports fluidal cavitit>s ranging from 0.00285 to 0.062 
millimeter in Redstone, N. H., granit<•. Fluid inelusious in the 
quartz and garnet intergrowth described ahoY<' raugt>d from 0.0015 
to 0.0068 millimett>r. Those in the quartz of fme-gruined granite 
associated with pegmatite at Rumford Falls ranged from 0.0015 to 
0.01 millimeter in diameter. In the associatPd pPgmutite from the 
same locality inclusions similar in character occurrPd in bauds and 
showed the same range in size. In both of the Rumford Falls rocks 
the bands of inclusions in the quartz terminate abruptly agn.inst 
bordt>ring feldspars. In the latter mineral no fluidal cavities were 
observed. 

Sodium and lithium phasu.-Increa.se in the proportions of sodium 
and lithium in the pegmatitt>s results in the formation, in regions 
where most of the pegmatite is of normal character, of a few bunds or 
zones characterized by the presence of clevelandite, lepidolite, 
spodumene, and colo:red tourmalines in addition to tlw more common 
pegmatite mint>rals. The rich tourmaline-bearing pegnmtitt•s of 
lfount Mica and Mount Apatite are of this typt•. Increuse in the 
phosphorus content is sho'\\'TI by the presence of n.mblygonite in nParly 
all such deposits. The sodium and lithium rich p<'gmatit.Ps are 
confined almost exclusively to the WPstern part of Androscoggin 
C()unty tLild to the central and eastern part of Oxford County; pmc­
tically all occur within a radius of 30 miles from ~fount .Miea, the 
richt>St discovered locality. Although it is true that tlw pt>gmu.titPs 
v.-ithin this area are richer than the normal })('gmutites in sodium unu 
lithium their average composition is but slightly ui1fereut, ~ince 
even \\-ithin this area the sodium and lithium rich phases constitute 
only a small proportion of the total mass of the pegmatite. 

Flumine phase.-Some sodium and lithium rich p1•gmatit(•s cu.rry 
fluorine minerals, but pegmatites carrying fluorine and phosphorus 
minerals alone in addition to the normal pegmatite constituPnts nre 
confined largely to the western part of Oxford County. Ewn there 
they constitute but a small proportion of the totn.l mn.ss of pt>gmatite 
present. 

• Dale, T. N., Commercial puit.ee o1 ~woetts, New Hampshire, anu Rhode Island: llull l: . S. 
OtaL Slll'ftJ No. 16&,1108, p. G. 
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Muswvite phase.-A few deposits showing local increases in the 
proportion of muscovite have been worked for this mineral in the 
past, but have not been commercially successful. 

TEXTURE. 

The pegmatites show remarkable differences in coarseness, some, 
especially the narrower dikes and sills, being but little coarser than 
mE>dium-grainf'.d granites, though differing strikingly from the latter 
in texture, and others containing single crystals of nearly pure 
feldspar 20 feet across and single beryl crystals the diameter of a 
hogshead. The majority of the df'posits are nearer the lower limit 
than the higher. Only the coarsest deposits are commercially 
valuable for their feldspar, quartz, mica, or gem minerals, and these 
constitute a relatively small percentage of the total mass of pegmatitic 
material present in any district. In most of the pegmatites worked 
commercially the feldspar and quartz crystals will not average more 
than 4 or 5 feet in diameter. 

Irregularity of grain.-The most striking characteristic of the tex­
ture of the pegma.tites, with the exception of the graphic intergrowths 
described below, is their irregularity. Typical granites show consid­
erable uniformity in the size of grains of the same mineral species, 
but the pegmatites show no such regularity, a feldspar crystal, for 
example, being as likely to be two or three or even ten times as large 
as an adjacent crystal as to be of equivalent size. This feature is 
shown on a microscopic scale in Plate II. 

Graphic gra.nite.-Most of the pegmatites contain much graphic 
granite, formed by an intimate intergrowth or interpenetration of 
large single crystals of quartz and feldspar. In certain directions 
through these intergrowths the quartz forms an angular pattern 
somewhat resembling the cuneiform inscriptions of the ancients. (See 
Pl. XVIII.) Fine-grained phases pass in the most gradual manner into 
coarser graphic granite (Pl. VII); and the latter, by decrease in the 
percentage of quartz, may pass into masses of pure feldspar, or by de­
crease in the percentage of feldspar into masses of pure quartz. Much 
of the material mined as "spar" is coarse-grained graphic granite 
containing from 10 to 20 per cent of free quartz. 

On casual inspection the coarser ·types of graphic granite appear 
to contain a somewhat larger proportion of feldspar than the finer­
grained types. Chemical analyses of graphic granites of different 
coarseness from Maine and from other districts indicate, however, 
that the proportion of feldspar to quartz hears no marked relation 
to the coarseness. Such variations as do occur are within relatively 
narrow limits and appear to be dependent on the composition of 
the feldspar and on other factors not yet understood. Analyses 
of graphic granites of widely different coarseness from the Fisher 
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GRAPHIC INTERGROWTH OF MICROCLINE AND QUARTZ OF GRADUALLY VARYING COARSENESS. 

Mount Apatite, Auburn. From apecimen in U. S. National Museum. 
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feldspar quarry in Topsham are given on page 124. In the quarry 
these two rocks graded gradually into one another, and aa ·shown 
by the analyses the proportion of feldspar to quartz is nearly 
identical in both. The samplee analyzed were obtained by grinding 
five or six pounds of each granite and quartering down the product 
to a quantity convenient for analysis. Some allowance must, of 
coul"'6, be made for the difficulty in procuring a sample that is truly 
representative of the rock mass. This difficulty was greater in the case 
of the coarser rock. 

Feldlpar "brwiha."-A very uncommon type of graphic granite 
was observed only in Topsham, in the G. D. Willes feldspar quarry, 
where it was exposed on the extreme sou them wall in dikelike bands 
in the normal pegmatite up to a foot or so in width. These bands 
appear to the unaided eye to consist largely of buff-colored feldspar 
with different though minor amounts of biotite. The feldspar forms 
an aggregate of brush-shaped or long fan-shaped crystals placed with 
their long axes at right angles to the general trend of the .Ukelike 
band. A faint banding in these layers parallel to their general trend 
and at right angles to the trend of the feldspar brushes somewhat 
simulates bedding. 

This banding is the combined effect (1) of a greater abundance of 
biotite along certain layers than along others; (2) of the presence of 
zones quite even .in width, characterized by a coarser intergrowth 
of feldspar and quartz than the adjacent layers, though generally 
showing crystallographic continuity from one layer to another and 
even into a third layer; and (3) of the presence of some parting along 
planes parallel to the a pinacoid and resulting slight clouding of the 
feldspar by alteration along these fractures. 

Single feldspar brushes range in length from a fraction of an inch 
to 3 inches. The biotite forms thin knife-blade crystals which range 
in lenght from microscopic dimensions up to three-fourths of an inch • 
and are oriented in about the same direction as the feldspar brushes, 
penetrating or lying between them. 

Under the microscope the brush-shaped crystals are seen to be made 
up not of feldspar alone but of a graphic intergrowth of quartz and 
feldspar of microscopic dimensions. The brushlike form represents, 
however, the form of the feldspar crystal. Quartz having one optical 
orientation frequently extends from one feldspar crystal into a neigh­
boring one. The microscope shows also that the feldspar is not all 
of one variety. That forming the brush-shaped crystals is largely 
microeline, but some plagioclase, mostly in aggregates of irregular 
grains between the brush-shaped crystals, is associated with it. The 
plagioclase ia ~bite and is in places graphically intergrown with 
quartz. Quartz with the same optical orientation in many instances 
continues from a crystal of microcline into a neighboring one of albite. 
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The long straight blades of biotite are idiomorphic with respect to the 
quartz and feldspar grains and their intergrowths. The biotite 
blades are paralleled in many specimens by an abundance of micro­
scopic blades of muscovite alternating with thin layers of quartz. 
Other blades of muscovite traverse the rock in the same manner that 
biotite does, though they are much smaller. 

The coarseness of the graphic intergrowth of quartz .and feldspar 
described above varies notably, even where only one quartz and one. 
feldspar individual are involved. There does not appear, however, to 
be any important difference in the relative proportions of the minerals 
involved. On the contrary, it is notable that the areas of graphic 
intergrowth, whether coarse or fine, terminate very abruptly against 
areas of pure feldspar that are crystallographically continuous ·with 
the feldspar of the intergrowth (Pl. VIII) and that show no transi­
tion through intergrowths characterized by progressively smaller 
proportions of quartz. The quartz and feldspar thus appear to be 
intergrown in rather definite proportions or not at all.4 

Very little is known of the physical-chemical conditions that pro­
duce the peculiar types of crystallization described above. The mode 
of occurrence in the Alaskan and New Mexican examples suggests, 
however, that the brush-shaped crystals developed rapidly in a 
border portion of the magma where the temperature gradient was 

a Adolph Knopf, of the U.S. Geological Survey, In a pt'l'90nal communication states that he ha' observed 
radiating graphic Intergrowths Identical with those of the Maine specimens In rockll from the Cape Mountain· 
region near Cape Prince or Wales In Alaaka. The specimen brought !rom the field was lndistfneulshable 
in appearance !rom the Maine specimens except that the graphic intergrowth was slightly finer grnlned. 
Ita mode or occurrence, however, was wholly dltrerent. It occurs at the border or sills or mlcrocl!ne­
ortboclase-blotlte granite which radiate !rom a central granite m1111111f at their contact with limestones. The 
latter have been metaiPOrphosed by the granite with the development, within 3 feet or the contact, or 
numerous contact-metamorphic minerals. The contact zones of micrographic gra,lte range up to Sl:lches 
or so In width, though the Individual brush-ehaped crystals are not over 4 Inches In length. In n microscopic 
section parallel to the longa.'<isofoneor the ''brushes" and about parallel to the c (001) plnncoid of o:Jeof 
the feldspar crystals, the cross sections or the quartz bands are for the most part elongate rod·shaped. In 

• some ol these the long axis is the d lrectlon of fastest light transmlssio:1; In others it is the direction or 
slowest. Single microcline crystals may be !ntergrown with several quartz crystals, each with slightly 
dltrerent orientation and slightly dltrerent trend or their blades, which repeat In miniature the brushlike 
forms assumed by the microcl!ne crystals. A feature observed in both the Maine and Alaskan specimens is 
the frequent abrupt termination of the quartzes alo:Ig planes transverse to the axes oi the brushes,otherseta 
or lntergrown quartzes beginning with equal abruptness farther on. The microcllne is rrystaliographically 
cont!nuoua across these hiatuses. In other places the fine graphic intergrowths are succeeded abruptly alo:Jg 
planes at right angles to the length of the br··hes by coarse ones. As In the Maine sp<'clmen. grains of 
albite, usually graphically !ntergrown with qt: tz,occur between some or the quartz-mirrodine .. brushes," 
and between others occurs a granular aggregbte of quartz, microcllne, and albite. There are occasional 
short blades or biotite. 

Bands of brusb-5haped Intergrowths of feldspar and quartz, similar in appearance to the Maine and 
Alaska oocurrences but of microscopic dimensions, were al90 studied in a m kroscop<' slide In the oollection 
of the United States Geological Survey. This shows the contact between a coarse quartz diorite and an 
Intrusive aplite dike lrom New Mexico. For 0.15 millimeter from the diorite eontact ()('CUrs a granular 
aggregate of quartz and feldspar so line that It may represent a devitrillcd gia.-;.• ; the next zone. o.r.o milli­
meter Ll average width, is made up or brush-shapt'd Intergrowths of feldspar and quartz radiat.ing from 
the finely crystalline zon• mentioned above Into the malo mass or aplite. 

Frank C. Calkins, of the United States Geological Survey, reports in a personal communication the 
oocurrencenear Anaconda, Mont. ,ol borders li Inches or so in width similar to the Ainskan anrt Maine 
occurrences In general appearance, at the contact between diorite and an intrusive ma.<s of hiotit•• ~r~nlte. 
No specimens or thelle were collected for study but presumably they are similar In structure to those here 
deecribed. 
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PHOTOMICROGRAPH OF GRAPHIC GRANITE FROM TOPSHAM, MAINE. 

"' Mae:n1fted about 34 diameters. Note the abrupt termination of areas of iraphic ih'f'ergrowth against areas 
of pure feldspar, even where the f•ldspar is cry•tallographlcally continuou1 f rom on a to the other. 
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steep. In general the brushes are elongate in the direction probably 
characterized by the most rapid temperature variation, that is, at 
right angles to the bordering wall. lt is possible that progressive 
differences in concentration of the magmatic solution as the wall 
rock was approached were also in part the cause of the faster growth 
of the crystals in that direction. The brush-shaped crystals noted 
in Maine unquestionably represent a phase of the pegmatite crystal­
lization, evidently one of its later stages. 

In addition to the graphic intergrowths of feldspar and quartz the 
quartz in many of the Maine pegmatites assumes branching or 
arborescent forms in the feldspar. 

lntergr<n»ths of minor constituents.-Graphic intergrowths are not 
confined to feldspar and quartz but even in the same pegmatite mass 
may often be found between several of the less abundant constitu­
ents. The most common of these are intergrowths of muscovite and 
quartz in which a single crystal of muscovite is penetrated both 
parallel to and across its laminm by quartz. The quartz in some 
specimens seems to be one crystal, in others, several. The pattern 
produced on surfaces parallel to the muscovite cleavage resembles 
that of graphic granite but is somewhat less regular. . In some speci­
mens these intergrowths are fine-grained in their centers and become 
progressively coarser outward, terminating occasionally in ·blade­
shaped crystals of muscovite. In some places the intergrowth8 are 
brush or rosette-shaped, and in others the graphic intergrowths form 
borders about sharply bounded hexagonal crystals of muscovite, the 
muscovite of the intergrowth being crystallographically continuous 
with that of the crystal core. 

Intergrowths of quartz and garnet are also common and in certain 
directions through them have a more or less graphic pattern. Some 
of these intergrowths are 2 to 3 inches across and they commonly 
possess well-defined crystal faces, their outer portions being almost 
entirely garnet. When broken open, however, they are seen to be 
intergrowths of garnet with quartz, the rods and blades of the lntter 
in many places radiating toward the crystal faces. Gamet is locally 
intergrown with the quartz of the quartz-muscovite intergrowths. 

Intergrowths of quartz and black tourmaline are also common, 
the tourmaline usually radiating from a core composed wholly of 
tourmaline. At Mount Mica clusters of nearly parallel bl11.ck tour­
maline crystals, mostly from one-eighth to one-half inch in diam­
eter, embedded in a satiny matrix of very minute muscovite flakes 
are occasionally found. The tourmaline rods of these intergrowths 
commonly emerge from the end of a large tourmaline crystal. 

Intergrowths occur of a character less regular and intimate than 
those already described. Microcline feldspar is locally intergrown 
to some extent with muscovitP, lying between the mica folia or 
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cutting across them. Many small gamete with well-developed 
crystal fonns a~.re partly or wholly inclosed by muscovite. Lath­
shaped cryste.Js of biotite bordered by mU8COvite are sometimes 
found, the cleavage planes of the two micas being absolutely coin­
cident. Crystals of tourmaline lying in somewhat flattened form 
between the plates of a mica crystal are common, and some small, 
colored specimens are of much delicacy and beauty. At Black 
Mountain, in Rumford, spodumene was observed intimately inter­
grown with quartz. 

Mw.-In many of the pegmatite bodies muscovite is not evenly 
distributed throughout the mass but is most abundant in certain 
zones. (See Pl. IX, .A.) These zones appear to be distributed 
through the pegmatite in a totally haphazard manner, bearing no 
relation to the general fonn of the pegmatite mass nor to the position 
of the wa.ll rocks. The central portions of these muscovite belts for 
a width of a few inches consist of an a.ggreg11.te of heterogeneously 
arranged muscovite plates, few of them more than one-fourth inch in 
diameter. (The hammer bead in the illustration, Pl. IX, A, rests 
on one of these central fine-grained portions.) They are commonly 
plane or only gently undulating throughout their length and, being 
lines of weakness, are usually marked by a fracture plane. From this 
fine-grained portion spearhea.d-fthaped books of muscovite, showing 
wedge structure (see p. 139), project in a direction nearly at right 
angles to the general plane of the mica belt; some of these muscovite 
books are a. foot in length. This peculiar distribution of muscovite 
is not readily explainable; but it seems to represent a muscovite 
crystallization proceeding not from a single center, but from a plane 
or from a large number of centers lying in nearly the same plane. In 
the pegmatite of the Black Mountain mica mine in Rumford, where 
the mica locally constitutes three-fourths of the pegmatite mass, the 
elongate mica books near the schist wall rock tend to orient themselves 
with their long axes perpendicular to the contact. In a number of 
quarries muscovite crystallization about a center is exemplified by 
the presence of nearly equidimensional aggregates, some of them 5 
feet across, consisting of small heterogeneously arranged plates aver­
aging about one-fourth inch in diameter. From their peripheries 
these muscovite aggregates send off spearhead-shaped muscovite 
books into the surrounding pegmatite. 

Biotite may occur in isolated lath-shaped crystals penetrating the 
pegmatite in all directions or in radiating aggregates of such crystals. 

Gem-bearing pegmatites.-Pegmatites particularly rich in gem min­
erals exhibit peculiarities of structure not present in the normal rock. 
Lithium minerals, such as colored tourmalines, lepidolite, spodu­
mene, etc., and the soci.a feldspar clevelandite, are concentrated in a 
zone which usually parallels the plane of greatest dimension of the 
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.d. MUSCOVITE-RICH. ZONES IN PEGMATITE. G. D. WILLES FELDSPAR QUARRY, 
TOPSHAM. 

11. POCKET, ABOUT 3 FEET IN DIAMETER, IN GEM-BEARING LAYER AT MOUNT MICA. 
OPENED JUNE, 19().4. 

The ai.ant compound tourmaline crystal 1hown in Plate XIV came from th is pocket; also anoH'I~r simi lar but 
smaller compound tourmaline crystal ; two large s1mple tourmaline crystals, one of which IS ihown in 
Plate XV; about $1 ,300 worth of red and p1nk gem tourmal inei; and about $300 worth of green gem 
tourmalines. In ell the pocket yielded •bout 75 pounds of tourmal•ne . Photog raph by Mr. A. A. Norton, 
of Portland, Maine. 
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t~mmonly lens-shaped pegmatite body. Within this zone pockets 
are also apt to be puticularly abundant. PockE>ts are found in 
some of the normal pegmatites also, but thE>ir disposition sf.'f.'DlS to 
be wholly sporadic and most of them are barren of g'-'m minerals, 
though some contain groups of fine <tuartz crystals or of small feld­
spar crystals on their w&lls. 

ln the richly gem-bearing pegmatitR.s the zone of sodium and 
lithium minerals is generally sE~parated from the normal P'-'gma.tite 
which borders it by a highly garnetiferous zone from an inch to 
several inches wide, the garnet being associated with a granular 
aggregate of quartz and f£>ldspar. A few such handf' are paralleled 
by a second one of similar character I or 2 inch£>s away. These 
garnet bands are frequently of practical sPrvice in traeing the gem­
bearing zone. The pegmatite outside th«•m is invariably barr£'n of 
gt>m mineral<>. 

A., explained in the detailed descriptions of Mount Mica and otht>r 
gem localitit>S, the gem tourmalines are usuclly found in pockets, 
having developed on their w&lls. The pockets, though confined 
mainly to the zone rich in soda and lithium min£>rals, may be wholly 
absent from considerable portions of such zon£>s and ar·e distributed 
with great irregularity through the remaining portions. The char­
acter and distribution of pockets is best illustrated at the Mount 
Mica tourmaline mine. Plat~ XII is from an early photograph of the 
workings at Mount lfica, taken at a time when only the outcropping 
portion of the gem-bearing zone had bePn worked. A stake with 
card att.acht>d markB the position of each p<X·ket. 

Most of the pockets are somewhat splwri<~al in form, but others 
are oval or elongate and othPrs PXcePdingly irregulnl'. Th<•ir si;r.e 
rangt>8 from a few incht>s across to a magnitude such 11s is Rhown 
in Plate XIII, which represents the largest pocket PVl'r found at 
.Mount Mica. 

~linor details of structure of thE> gE>m-hE>aring pP~mntit<•s are dis­
CU&<>Nl in the locality descriptions (p. IS) . 

OB.IGDl 0:1' TBE KAINE PEGKATITES. 

The writt>r does not purpose in this r«•port to discuss tlw volumi­
nous literature on pegma.tites exc~pt in so far as it !wars dosel~· on 
those of the region under discussion. Previous writings and tlworit'S 
have been well summarized by GE>orge II. Williams a antl E>speeially by 
Br()gger.• 

RELATIONS TO GRANITES. 

The geologic relations of the Maine pegmat.ites, us already pointed 
out (pp. 13-15), show beyond reasonable doubt that tlwy nrP gt'lwti-

• WWJmaa. 0. H., Plftellath Allll. u.p~ U.S. Oeol. Survey, 11195, pp.ti7H.s.l. 
• Bdlqlr, W. C., Dw 8J811qJIIIII&Ut-cluP der sudnorwegbcben Auglt und Nepbelinsyenlte: Zelt.sebr. 

l. ~ • .,.... 16, 181. 8leUDa8 Clll plllllll uauslated In Caoad1aD Rec. Sci., vol. 6, 11194, pp. a:Hel, 61-71. 
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cally connected in a most intimate manner with the granite'!!. Evi­
dence of this is found in mineralogical similarity, in the invariable 
presence of granite in all areas where pegmatite is found, and in 
many actually observed transitions from one to the other. (See 
fig. 2.) 

If we admit a genetic connection between the pegmatite.s and 
granites, it is next of importance to inquire what evidence is afforded 
by the Maine pegmatite'!! as to the physical and chemical conditions 
which resulted in the crystallization from related magmas of rocks 
of such widely varying character. 

EXTERNAL CONDITIONS. 

Differences in external conditions at the time of crystallization 
appear inadequate to explain the observed textural differences. 

·This is shown by the close association of the two type<!~ of rocks- an 
association already cited as evidence of their genetic relationships. 
The field relations show that in many instances the external condi­
tions, suoh as the nature and temperature of the wall rock, the depth 
at which solidification took place, etc., were similar for both types 
of rocks. In cases such as that shown in figure 2 the general exter­
nal conditions must have been practically identical. A similar con­
clusion is justified in numerous other instances where granite and 
pegmatite grade into each other, and especially where pegmatite forms 
segregation-like masses wholly inclosed in granite. Conversely, the 
broad, general similarity of the pegmatites over very large areas 
where the external conditions were certainly not constant also indi­
cates that the causes of their peculiar textures were in the main 
internal rather than external. It seems necessary to look, there­
fore, to differences inherent in the magmas themselves for an expla­
nation. 

DOMINANT CONSTITUENTS. 

The characters shown by the Maine pegmatites accord with the 
evidence obtained from many other districts in indicating (1) that 
the pegmatite magmas were characterized as a general rule by the 
presence of certain components in amounts larger than occur in nor­
mal granite magmas, and (2) that to these differences in composi­
tion were in large measure due the differences in texture. The exact 
nature of such differences is, however, more largely a matter of 
inference than of direct field observation. 

In the great mass of the normal pegmatite it is exceedingly diffi­
cult, if not impracticable, to make a satisfactory estimate of the rela­
tive proportions of the different mineral constituents. So far as can 
be judged without measurements the proportions are of the same 
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general order as in the normal granites, except that the pegmatites 
are probably on the average slightly more quartzose, a conclusion 
that seems warranted by the numerous transitions from pegmatite 
masses into veins composed largely or wholly of quartz. The differ­
ences in the proportions of the principal mineral constituents in the 
normal granites and the normal pegmatites seem, however, insuffi­
cient to account for the great differences in their textures. It 
appears necessary to seek the cause of these contrasts in differences 
in the proportions of minor constituents or in the presence in the 
granite or pegmatite magma.q of constituents which have since escaped 
or which, through occlusion, are not now visible to the unaided 
eye in the derived rocks. 

MINOR CONSTITUENTS. 

The presence in many pegmatites of unusual minerals, su<'h as 
-· fluorite and other fluorine-bearing minerals, lithium mine:t;"&ls, boron 

and phosphorus minerals, and occasionally rare earth m~rals, has 
led certain geologists a to attribute to some of these su bitances an 
important r~le in the production of pegmatite textures. .J.t can not 
be doubted that when present in magmas such substanc~s have some 
influence upon the texture of the resulting rock. It has not been 
demonstrated, however, that the presence of thf'~'le unusual constitu~ 
ents is essential to the development of typical pegmatitic textures. 
In the opinion of the writer their presence is probably not essential. 
The pegmatites which earliest attracted the attention of American 
mineralogists and geologists, and which have hef'n most often de­
scribed in the literature, were naturally those in which unusual min­
erals were present in especial abundaneo or in perfection of erystal 
form. Such pegmatites constitute, howev<>r, only an exceedingly 
small proportion of the pegmatite in any district and must he regu.rded 
as unusual rather than as normal types. Tho writer is f!l.miliar with 
certain deposits showing typical pegmatitic texturf'.s, which hnve 
been worked for their feldspar for years with the discowry of few if 
any of the rarer minerals.b In by far the greater number of the 
pegmatites of Maine unusual minerals arc so uneonunon ns onli­
narily to escape detection. In pegmatites in which tlwy nre present 
their paucity or abundance seems to have small influeneP on the tex­
tures developed. Those inclined to attribute lnrge influence in the 
development of pegmatitic textures to the presence of rare constit­
uents usually contend that a more careful study will show thnt their 
scarcity is more apparent than real. Such an assumption is not in 

- - - · --- --· - . - -- - ·---- ----
•Certain J'reacb polaplu In particulu have supported this ¥lew. See De Lappar~nt., Tmltt\ de 
~ 4th eel., 11100, p. 1311; De Leunay, La ICience geologique, lQOS, pp. 557-5.'>!1, &!2- 511.1. 

• The Alldrewl ftoldaper quarry In Portland, Conn .• the Mil<' hell feldspar quarry In ~brylan<l. and the 
Goldlup feld.,.,- quarry In GecqetowD, Me., are examples. See Bull. U. 1:1. Geol. Sun·ey No. -120, pp. 50, 
7&, aad tbiiJ npan. p. J06. 
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accord with the field observations of the writer in Maine and other 
parts of New England, and it appears to be unwarranted. 

GA8EOUS CONSTITUENTS. 

If neither the dominant nor the rare minerals of the pegmatites 
have been controlling factors in the development of typical pegmatitic 
textures, it appears necessary to seek an explanation in the presence 
in the magmas of certain constituent!'! which have !'IUbeequently 
escaped or at least are not readily recognizable in the resultant rock. 
The fact that large crystals can not be obtained at atmospheric 
pressures from simple dry melts of the commoner rock-forming min­
erals suggests at once that the crystallization of these minerals in 
nature took place either under widely different physical conditions 
(such as high pressure) or in the presence of certain substances which 
are scarce or absent in the rocks 8.8 now exposed. It has already been 
argued from field evidence (p. 28) that in many instances differences 
in preMUre or other external conditions at the time of erystallda­
tion can not reasonably be adduced to explain the textural varia­
tions observed. In such cases an appeal to the escaped constituents 
of the magma appears unavoidable. The same condusion appe&r8 
necessary when the extreme viBcosity exhibited (under atmospheric 
pressures) by silica, orthoclaae, and albite near the melting tempera­
tures is considered. The various forms of silica that have beea arti­
ficially produced have all crystallized from a melt so viscous as ~ be 
virtually a glass.4 As regards orthoclase the viscosity of its melt 
is so great that all attempts to crystallize the mineral from it have 
been unsuccessful. Since increase in pressure can hardly be appealed 
to as increasing molecular mobility" in magmas) it seems necessary 
again, in accounting for the large crystals developed in the pegmatites, 
to postulate the presence in the magma of some substance or sub­
stances not now recognizable in the derived rock. That the presence 
of volatile constituents in a magma does influence the viscosity is 
shown by the fact that certain obsidians may be readily melted with 
evident fluidity and the escape of gases, but that their refusion after 
such gases have escaped is much more difficult. Iddings e has also 
shown from a microscopic study of the obsidian of Obsidian Cliff, 
Yellowstone National P&rk, that where there WBS more dissolved 
gas the conditions were more favorable for crystallization than in 
other parts of the magma. 

Among those constituents of magmas which might escape, leaving 
little record of their former presence, water gas and hydrogen are 

a Day, D. T., and ShephMd, E. S., The Hm&-ellka !lel'!ee ol minerals: Am. Jour. Sci., 4th oer., vol. 22, 
11106, pp. 271-27~. Day, D. T., and .\Uen, B. T., The l110111orph11m and thermal propertifos of the feld­
spars: Pubs. Caml!l(le lMt., No. Sl, 1905, pp. 28-29 and 4~. 

& Barker, Allred, The natural hl..tory or Igneous rocka, 1909, pp. 1~164. 
•Iddings, 1,1'., ~venth Ann. Rept. U.S. Oeol. Survey, 1886, pp. 283-28i. Also Ip.ous rocu, 1909, 

P· 186. 
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probably tile most abundant, as is plainly indicated by analyses of 
the gases still remaining in igneous rocks 4 and by studies of the gases 
emitted from volcanic vents. • 

The presence of water gu in association with subordinatf' amounts 
of other gases and of certa)Jl unusual submances (mineralizers) hu 
been considered by many observers to be the competent and effective 
cause in the development of pegmatitic textures. With this opinion 
the present writer is in general accord, though the persuasion is based 
more largely on the process of reasoning already outlined than on 
field evidence of high-water content or relatively low viscosity in peg­
matite magmas. The field evidenee gathered in the study of the Maine 
pegmatites is summarized later (p. 45), but must be looked on as 
merely suggestive; anything like a complete solution of the problem 
will in all probability wait upon synthetic laboratory expf'riments 
on the interaction between gases and rock-forming silicates. 

The small weight of the gaseous and liquid constituents of ruost 
igneous rocks as compared with the total weight of the rock might 
lead one to question their competence to notably affect the viscosity 
of magmas and to produce large textural variations. In this connec­
tion it may not be out of place to call attention t~ a possible applica­
tion of Raoult's law,e according to which if various substances are 
dissolved in equal amounts of the same solvent in the proportions of 
their molecular weights the resulting lowering of the freezing point 
of the solution will be the same in · each case.d In other words, the 
effect produced is a function of the numbf'r of molf'culPs con<'emed 
and is not primarily dependent on the nature of the substtmces 
introduced. It follows that a small amount by weight of a substance 
of low molecular weight (such 1~s H20, molecular weight IS) will 
exert the same depressing influence on the freezing point of tlw solu­
tion as a much greater weight of a suhstanee of high molecular wl'ight 
(such as Fe10 1 , molecular weight 160); and thllt given equal weights 
of the two the substance of lower moleeular weight will ex!'rcise 
much the greater influence. This law has been found to ltpply 
strictly only to very dilute solutions where there is no clwmicnlaeti.on 
between solvent and dissolved substance. It has been applied by 
V~t• to rock magmas, but the wisdom of such ext~nsi.on to <'OYer 
widely different and much more complex physical conditions may 
well be questioned. It seems not unreasonable, however, to ttttribute 
some general importance to this principle in rock magmns, to the 
extent that magmatic constituents of low molecular weight mtly exert 
---------------- - ----- - --

•CbMnbsiiD, R . T., Thea-lllrocb: Pubs. Carnegie lnst. No. 106, 1908. ThL•In~lndesasnmmnry of 
.... lllftllllatiaal 
•PW•~GIU.IltenmNODvolciiDlc ..-.-Clarke, F. W., The data of georilemL•Iry : Bull. 

U. 8. GeoL 8IWft7 No. 310, 1808, pp. 212-236. 
co.twlld, lt'lbiiiD, O.tla.. Gf flll*ll cllemlstry, 18M, pp. l:ICH3i. 
•N~...,IniiJUO d'-clh&lcll, whlob II prollllblll' of llllalllmportaoce ln t'l<:li. Ul&gJniiS, 

•VQ~t,l. a. L., Dll 8111 ....... ~. vo!. 2, li!Ol •. \'\'• l~Hll6· 
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greater influence in lowering the freezing point, decreasing viscosity, 
and affecting textures, than do constituents of high molecular 
weight. They may thus attain an importance which appears dis­
proportionate to the small part by weight which they form of the 
whole magma. The substances (hydrogen, water, fluorine, chlorine, 
and boron) commonly believed to exert the greatest influence upon 
the viscosity of magmas and the textures of the resulting rocks are 
all substances of much lower molecular weights than silica and the 
rock-making silicates and oxides, even if, minimum values for the 
latter are assumed. The hiatus between the molecular weights of 
these two groups of substances is so marked as to justify the reten­
tion of the term "mineralizers" for the lighter group, in case the 
principle outlined above is eventually shown to be operative to an 
important degree in magmas. 

VISCOSITY AND GAS CONTENT. 

The field and laboratory data on the pegmatites of Maine that 
bear on the viscosity and gaseous content of the pegmatite magmas 
may be set forth as follows. As the pegmatite magmas crystallized 
at some distance below the surface, the gases which they contained 
must either have made their escape through the wall rocks or else 
must have remained in cavities or occluded within the solid pegmatite 
mass. The escape of such materials through the wall rocks should 
presumably leave some record in contact-metamorphic effects. 
Their retention within the rock should presumably be recorded in 
an especial abundance of miarolitic cavities and fluid or gaseous 
inclusions. 

Miarolitic cavities.-The field studies of the writer in Maine and 
other parts of New England show that the granites are almost 
wholly devoid of Iniarolitic caviti('s of any kind. An isolated cavity 
of small size is occasionally found, but its walls are usually more or 
or less pegmatitic in texture. In the great bulk of the pegmatites of 
Maine, particularly the finer-grained ones, such cavities are also 
exceedingly rare. In the coarser pegmatites, however, they are a 
characteristic fenture, though usually as far as can be judged con­
stituting consid('rahly l£>ss than 1 per c£>nt of the total volume of the 
pegmatite. Within the very narrow gem-bearing zones of certain 
pegmatites miarolitic caviti£>s may form a considerably larger per­
centage of the total volume. Such cavities have been attributed by 
various writers to shrinkage of the pegmatite mass in crystallization. 
This may in fact play some part in their formation, but that they are 
not entirely the result of shrinkage, but, on the contrary, were filled 
or partly filled with some mttterial which has since disappeared, is 
shown by the presence of perfectly developed crystals of quartz, 
tourmaline, and other minerals projecting inward from the walls of 
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the cavities. Some filling must have been present from which such 
crystals derived the materials for their growth. It is probable, 
therefore, that immediately after the crystallization of the main body 
of pegmatite the miarolitic cavities were completely filled with a gase­
ous solution, which may later have liquified and has since disappeared. 
Water carrying numerous other substances in solution probably 
formed the bulk of this cavity filling. The abundance of quartz 
crystals on the walls of these cavities indicates that silica was one of 
the most abunrlant of the dissolved substances. 

If the crystallization of the rock with pegmatitic rather than 
granitic texture is due to the presence of larger amounts of gaseous 
constituents, greater size or abundance of microscopic fluidal or 
gaseous cavities might reasonably be expected in the pegmatite 
minerals than in those of the no1mnl granites. \Vith this iden. in 
mind the writer attempted a microscopic measurement of these 
inclusions in pegmatites and associatcd granites from )!nine. On 
account of the uneven distribution of the inclusions in bands travers­
ing the minerals accumte estimates were found to be impracticable 
and the results were negative or inconclusive. It was found, more­
over, that some of the bands of fluidal cavities in the quartz of peg­
matite were formed later than shearing moveml:'nts which had affect~d 
the quartz. (See Pl. VI.) The inclusions in the pegmatite were 
similar in character to those in the normnl gmnitN; of the State and 
any differences in their size nnd abundance in the two types of rocks 
was not sufficient to be noted on casual inspection. 

Contact-metamm·phic effects.-If the pegmatite magmas are eharac­
terized by considerably larger proportions of gaseous eonstituents 
than are present. in the granite magma .. ., nnd henc·e hy notahly greater 
fluidity, not.able differences might he expeded in the contuet-mPtn­
morphic effects produeed hy the two types of roc·ks, since sueh pfl'Pcts 
are believed to be product-d lurgPiy by gaseous nnd fluid cmnnat ions 
from the cooling igneous masses. Field observntions in )Iaine fnil to 
show that contact-metamorphic effects due to the intrusions of peg­
matite are notably greater than those produced h.'- the granites. The 
effects produced by both are usually slight und in man.'· instnnees 
almost nil. In many places masses both of pegmatite and grnnite 
cut across the foliation of schists without any distortion of the Iutter, 
the contacts being of knife-edge sharpness. In other pluees, howeYer, 
pegmatite has produced a notable softening of the bordering roc·k, 
though this effect is usually apparent only close to the contact. 

A striking instance of this effect was observed about 2! miles 
northeast of Paris village, where a pegmatite mass 2 to 3 feet across 
and several smaller masses .are intrusive in sehists of probable 
metamorphic-sedimentary origin. (See Pl. :X, .A .) Although the 

63096°-Bull. 445-11-3 
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schist folia do not in general conform to the outline of the large 
pegmatite m&BS, as they would if any considerable amount of soften­
ing had occurred, still in a zone an inch or two wide along the imme­
diate contact such softening has taken place with a deflection of 
schist folia toward parallelism with the pegmatite contact. The 
bending of the schist folia in the manner shown indicates also that 
the pegmatite when intruded behaved to a certain extent like a solid 
body capable of exerting differential thrust on the inclosing walls of 
schist. In a body behaving essentially like a liquid, pressure would 
be equalized in all directions and it is diflicult to see how such bending 
of folia along the borders of the m&BS could occur. 

Another instance of still more extensive softening of the schists 
bordering pegmatite, with the development therein of minerals 
derived from the pegmatite magma, was observed at Rumford Falls 
(Pl. X, B). The contact is very irregular and the schist folia near the 
contact curve around so as to conform rather closely to the outline 
of the pegmatite mass. Not only are there irregular protuberances 
of the pegmatite into the schist, but there are developed in the schist 
next to the contact a number of masses, mostly composed of feldspar 
but with some admixture of quartz, which in the plane of the section 
are not connected with the main pegmatite mass. There may, of 
course, have been some connection between them and the main peg­
matite body, either above or below the plane of the present surface 
of exposure. A feature of especial interest is the development in 
some of these masses of well-defined crystal faces, as is clearly shown 
in Plate X, B, especially in the mass to which the hammer handle 
points. The straight faces on these masses are parallel to the cleavage 
directions in the feldspar and there can be no doubt that they are 
crystal faces. These relations plainly indicate a considerable per­
meation of the schist by the pegmatite magma and a suflicient yield­
ing on the part of the schist to permit the development of very perfect 
crystal faces in the feldspar. This may have been accomplished 
through absorption or by metasomatic replacement of the schist, but 
other evidence of absorption is wholly absent, for the contacts though 
very irregular are very sharp, and no difference is noticeable between 
the pegmatite next the contact and that some distance away. It 
seems more probable, therE-fore, that the phE-nomena observed indi­
cate.a yielding of the sehist through recrystallization to the pressures 
of various kinds exerted by the pegmatite. 

Further instances of the softening of the schists as a result of the 
intrusion of pegmatite are exemplified by numerous occurrences of 
the type illustrated diagrammatically in figure 1 (p. 11), where the 
schist laminre show a thickening opposite the nodes of the pegmatite 
dike or sill and become thinner opposite the bulges. 
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.A. DEFLECTION OF SCHIST FOLIA ALONG THE IMMEDIATE CONTACT WITH A PEGMATITE 
DIKE. 

Two and one-half miles northeast of Paris villa&•· Odord County. 

B. DEVELOPMENT OF FELDSPAR CRYSTALS IN SCHIST NEAR PEGMATITE, RUMFORD FALLS. 
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Such softening effects as those cited are confined, however, to the 
immediate vicinity of the pegmatite, usually to a zone a few inches 
in width, and are the exception rather than the rule, most pegmatite 
contacts being exceedingly sharp and free from all evidence of soften~ 
::ng. Absorption (except in a few doubtful · instances) appears to be 
wholly absent, the contacts even in the places where softening is shown 
being sharp, and the pegmatite next the contact showing no difference 
in composition from that at some distance away. Where schist frag­
ments are inclosed in the pegmatite their sharp outlines are preserved. 
Contact-metamorphic effects of the pegmatite on schists are particu­
larly noticeable at Black Mountain in Rumford. (Seep. 96.) 

[i'orms ojth.e ·intnuives.-If the physical conditions of the pegmatite 
and granite magmas were notably different at the time of their intru­
sion, it would be natural to expect some differences in the forms 
assumed by the granite and pegmatite masses. Though in many 
cases those forms are similar, there is in general a tendency for the 
smallf!r pegmatite intrusions in the foliates to assume the form of a 
succession of lenses (fig. 1, p. 11) and for the granite intrusions of 
similar size to be more nearly parallel walled. This contrast is par­
ticularly noticeable in the Boothbay Harbor region and near Rumford 
Falls and is probably expressive of slightly greater rigidity in the 
granite than in the pegmatite magma and also of greatf!r softening 
of the inclosing schist by the pegmatite than by the granite magmas. 
The great size of certain pegmatite masses, such as Streaked Mountain 
in Hebron, is, on the other hand, suggestive of degrees of viscosity in 
some pegmatite magmas·not widely different from thos(l prevailing in 
normal gra.nite·magmas. The crest of Streaked )lountnin was exam­
ined for more than half a mile of its length and the width of outcrop 
examined across the trend of the ridge for about half a mile. The 
whole area traversed and the remainder of the mountain ns fur as it 
could be sef!n was underlain almost exclusi,·ely by eoarse JH'gmntite, 
the mountain being a "boss'' of this material. The pegmatite is of 
the usual granitic type and exhibits no more than the usual amount 
of variation in texture and composition from point to point. It is 
difficult to conceive of a mass of this size and g<'neral uniformity (Tys­
tallizing under anything like vein conditions. With very high gaseous 
content and correspondingly high mobility it would he nuturnl to 
expect more differentiation both in text.ure and composition. It 
seems probable that the viscosity of sud1 a pegmatite magmn was 
not so much below that of a granite mass intruded under similar con­
ditions as has been commonly supposed. 

Fragments of the wall rock are very frequently found inclosed by 
the border portions of the granite masses of Maine. The phenome­
non is much less common in the case of the pegmatites but was 
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nevertheless observed at several localities. On the highest portion 
ot Streaked Mountain a number of patches of schist a few square 
yards in area were seen apparently entirely inclosed by pegmatite. 
Small schist fragments are also inclosed by pegmatite in the Booth­
bay Harbor region. W. H. Emmons, of the United States Geological 
Survey, who visited Mount Mica a year later than the writer, when 
the excavation had proce-eded farther, observed, a few feet below the 
schist hanging wall, schist fragments which appeared to be wholly 
inclosed in the pegmatite. The schistosity of these fragments made 
large angles with the schistosity of the walls from which they had 
evidently been dislodged. The pegmatite shows no bending of the 
minerals nor other changes in character near the fragments. In the 
instances cited the schist fragments appear to have been caught up 
while the pegmatiU.1 mass was still partly or wholly .fluid, and the 
density of the magma was sufficient, at least in the Mount Mica 
example, to float the fragments. 

TJo:!IIPERATrREs Oio' PEGMATITE CRYSTAI.LIZATJON. 

E:rperimfnts of lVrigld and Larsen.-Some e\;denee in regard to 
the temp<'rattires of the pegmatit<'s at the time they crystallized has 
bt•en obtained from stuclil's of quartz by 'Wright and Larst'n, some of 
the specimens being collected by the writer from the pegmat.ites of 
Maine and other parts of X ew England. To quok' from their paper-a 

For * * * g-eologic thermometric purposes, quart.z has been found by experi­
ence to be well adapwd. It is plentiful in nature. and occurs in many dit1erent 
kinds of rock~. Si02 in the form of tridymite melts at about 1,625° (centigrade); 
between that temperature and about 800° tridymite i:s the stable phaBe; below about 
800° quartz iH the stable phat~e. From evidence thus far ~thered it is probable that 
pre&~un• hilt! but slight eff('ct on rai11in~ or lowering ~uch an inversion point, and 
that, then•fure, whenever quartz appears in nature, it waH formed at a temperature 
below 800°. 

The studiPs of 'Vright and Lat-sf•n and of earlier observers have 
shown that nt nhout .575° C. tlwrc is n sudden change from one form of 
erystal symmetry to mwtlwr. Quartz dcvelopt>(l below 575° crystal­
lizes in what hns ht><'ll enlled the a form (the trnpezohedral-tetarto­
hedral division of the lwxagonnl system) and quartz developed above 
575° appenrs to erystnllize in the /3 form (the trapezohedral-hemihe­
dral division of the same system). 

Quartz itJ:~('!f undergo('~ a revt>r:<ihle ehan~-:e at about 575°. * * * Practically 
the only cry~tallographic ehanJ.:e whic·h tukP~ plan• on the inven<ion i11 a molecular 
rearrang-ement, Hueh that th(' common divalent axe~ of the high temperature P form 
become polar in the a form, and thiM fnet involves c·Prtain consequences which can 
be used to di~tingui11h quartz whic·h has lH'en formed above 575° from quartz which 
has never reached that temperature. At ordinary temperatures all quartz it~ a quartz, 
but if at any time in it~< history a particular pieee of quartz has pas~ed the inversion 

"Wright, F. E., and Lan!en, E. S., \~uart• os a geologic thermomet.lr; Am. Jour. Sci., 4th ser., voL 28, 
1909, p. 423. 



TE:HPEBATUBES OF PEGMATITE CRYSTALLIZATION. 37 

point and been heated above 5i5°, it bears ever afterward~> marks potentially prei.'Cnt 
which on proper treatment can be made to appear Just as an exposed photographic 
plate can be distinguished at once from an unexposed plate on imm<'n~ion in a proper 
developer, although before development both plates may be identical in appear­
ance.a 

In addition to the change in crystal form at 575°, the quartz 
exhibits changes in its coefficients of expansion, in eirculur polnriza­
tion, and in birefringence. 

Briefly 8tuted, the four crit<'ria whir-h C'an be Ull<.'d to di~tingui~h, at ordinary 
tempcrnturt'l<, quartz which wat! fornH•tl aboYC 5i5° from quartz which hat~ never 
bt'E'n heat<-d t.o that temperatun•, arc: (I) ("ry~tal forn1, if cryRtal~ he anliluhlc, the 
prell<.'nt"e u( trigonal trapezolwdnm~ and otlwr t•Yid('IIC'(' of tdurtohe<lri:uu, irrej!U}ar 
development of the rhomhs ancl the likC', l>Ping indkatin• of the a form. (~) Char­
actt-r uf twinning, us ~hown Ly P!.-!1 fignr•·~ on tlw hu~ul pinal"oid . In Ill(' a fonn, 
whieh cryt~tallizcd from ~olutionl! at eomparatiYdy low t<•mJwratnre~, the twiuning 
is usually regular and ~harply markt•cl, while in <JUartz plat<'~ origiually of the p 
form and now cr by virtuP. of invN~ion in the ~olid ~tall', the lim·~ an• u~u:dly irregu­
lar, and the twinning patcht•s ar<' ~mall a1ul hear uo rdation to the ontl'r form t•f the 
crystal. (3) Intergrowths of right and i<'ft handed qnartze:~ arc more frequent and 
more reh'"lliar in boundary lint'" in the a than in tlw [J form. (·li ·Plates of originally 
pquart.z but now a quartz hy inven;ion show the <'fiect of tlw inn·r~ion by the Hhat­
tering, whit·h !!hould be moMt evident on large plate~. Into nil the:<(' ('riteria an clt•­
ment of probability cntt>rs, and in te~ting <jUurt.z plates, with this end in view, a 
numb('r of platet1 tohould be examined t.u t<trengtheu th<' validity of the inferences 
drawn.b 

The bearing of the experiments on tht' t.('mpc>raturc>s of crystalliza­
tion of granit~·s and pegmatit.~s hns heen hriefl~- <liseussPd by \Vright 
and Lal"S('n, but the \Hiter <lesirc>s to nmplify tlw discussion hy a 
more detailed description of its rPintinn to thosn spt><,inwns with 
which he is personnlly familiar. 

Ko granites from ::\Iaine were tesh•d by ·wright nnd Lnr;wn, hut 
thirtet>n spt>cinwns of gmnites, granite grwissps, uncl porph~Ti<'S 

which were tested from otlH•r regions show us a ruk t lw ehnrtH't <>rs 
of {J or high-tt•mperature qunrtz, thus phwing tlu•ir tcmp<>mtun• of 
final solidification a hove .')7 5° C. 

Two SJWrinwns of rose quartz from :\fuirw (\"os. 1:3 nnd 1-l, " ' right 
and Lanwn), ono of them from Paris, Oxford l'ounty, now in tho 
collection of the Unit~d States Xationnl ~fus<>um , \H're Pxnmirwcl by 
Wright and Larsen and fouwl to show tlw <'hnrndPI"s of ,r or low­
temperature quartz. The spePinwns lun·(~ tlw npp<>nruiH"P of typienl 
pegmatite quartz; and in ::\fnirw rose qunrtz, so fur· tts known, oeeurs 
only as a pegmatite constituent. 

A speeimen of rose quartz (N"o. 12, "\Y. and L.) coiiP<·h·d h~- the 
writer from the feldspar and quartz quarry of P. H. Kinkle's Sons 
at Bedford, N. Y., also showed the ehnraet<>risties of (r or low-

• Wrfcht, 7. E., and IAraeD, E. 8., Quart& as 11 gooloJ,.;c thermonwtcr: .\m. Jour. ::;cl., 4th Sf•r., ,·ol. 2~, 
pp. «13. 425. 

tldem,p.-
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temperature quartz. This pegmatite has been described b~· the 
writer in another report a and is similar in most of its character­
istics to the coarser Maine deposits. The quartz of this quarry is 
mostly white but is rose colored in places. It is associated with 
the feldspar in a wholly irregular manner and forms large masses in 
one pit, being the principal rock on two of the walls. These quartz 
masses at their borders are in intimate interpenetration with the 
feldspar and may even grade into the quartz of graphic granite. 
There is not the slightest doubt that they fonv an integral part of 
the pegmatite mass, though very likt-ly they were the lat~st portion 
to crystallize. 

Another specimen of quartz, collected by the writer from the peg­
matite at an old feldspar quarry on the northwest side of ~fount 
Ararat in Topsham, showed a qu~rtz crystal about 1 ~ inches across 
projecting with perfectly developed pyramid faces into a crystal of 
pink microdine. The crystal faces of the quartz were only shown 
when the feldspar was broken away. The two minerals formed 
intimate parts of a large mass of coarse pegmatite and plainly crystal­
lized contemporaneously. The tests on this quartz (Xo. 20, W. and 
L.) indicate that it crystallized hE>Iow 575°. 

Another t~st (Xo. 18, W. and L.) was made upon quartz collected 
from the B<'rry feldspar quarry in Poland, ~fe. The deposit is a 
gem-bearing pegmatite and the quartz u•sted was irregularly inter­
grown with rounded lepidolite and bladed albite of the develandite 
variety. It occurred in the solid pegmatite but near miarolitic cav­
iti<>s. The tt•sts, though not \vholly conclusive, show that it probably 
bt>longs to th<' low-temp!'rature variety. 

Crystals of transparent smoky quartz (No. 15, W. and L.) devel­
oped on the walls of poekets in the pegmatite at the same quarry 
exhibited low-temperature characters. Similar resttlts (X o. 19, W. 
and L.) were obtaine(l for a compoun'l quartz crystal developed in 
one of the poC'kets at the G. D. Willes fcldspnr quarry in Topsham. 
At its proximate end this l'rystal mass wu.s intergrown with the feld­
spar of the wall of the pocket. It was plainly a pegmatite crys­
tnllization, though a late one. 

A spe<'imen (Xo. 16, ,V. and L.), taken h~· the writer from a large 
mass of white quartz severn! feet aC'ross in the pegmatite at the 
Fisher fel(lspar quarry in Topshnm, nlso showed the <·haraeters of 
the (r or low-temperature variety. These quartz areas form an 
intimate part of the pegmntite mass, interlocking at their borders 
with crystals of the other constituents and in pln<"l:'s gra(Jing without 
break into the quartz of coarse graphic granite. 

In contrast to the above tests on spel'imens of quartz from the 
large quartz masses in the pl:'gmntites and from the <tuartz in or near 

"Bastin, F.. S., Feld"par and quartz <lrpo,its or south<'"-'l<•rn :-;.,w York: Bull. l . . S. f;eol. Survey 
No. 315, 1907, pp. 39a-3\l8. 
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the cavities, tests of smaller masses of quartz in finer-grained peg­
matite or intergrown with feldspar in graphic granite show· that in 
these crystallization took place above the inversion point of 575° C. 
Quartz, for example, from a pegmatite dike 1 to 4 feet in v.idth, 
cutting fine-grained biotite granite in a railroad cut near Rumford 
Falls (Xo. 22, W. and L.), proved to be of the [3 or high-temperature 
'\'"ariety. The rock, in addition to quartz, contained microcline and 
biotite, ft>w of the feldspars exceeding 2 inches in diameter. This 
dike in texture and coarseness is typical of very many of the smaller 
pegmatite bodies of the State. Similar results were obtained with 
qunrtz (Xo. 25, W. and L.) from the coarse graphic granite of Fisher's 
ff'ltlspar quarry in Topsham (see Pl. XVIII, and an an11lysis, p. 124). 
At this qua~· much of the feldspar of the graphic granite is erystal­
lngraphi<·ally eontinuous with l1Lrge masses of pure feldspar, and 
mm·h of the quartz of the intergrowths may be traced into the 
large pure areas. Graphic hrranite of similar composition and coarse­
ness (Xo. 23, W. and L.) collected by the writer from the Andrews 
feldspar quarry in Portland, Conn., also showed high-temperature 
charaders: Concordant results were obtained on quartz of graphic 
granite from the l"'rals in Russia . 

.Appluation to Maine pegma.tit~.s.-The results of these several 
tests o.re consistent among themselves and in accord with the order 
of cry·sto.llization of va.rio~s portions of the pegmatite as established 
by field e'\'"idence. Though it is not safe to draw sweeping conclu­
sions from the rather small number of tests they are nevertheless 
very· suggestive an<l render it highly probnble that, although mnny of 
the finer-grained pegmatite masses and most of the grnphie inter­
growths of the coarser pegmatites erystallized at temperatures above 
5i5° C., the coarser and more siliceous portions - -the portions ehar­
arteri7.ed by the euvities and hence presumahly ric·her in gaseous or 
fluid <·onstituents--<·rystal1ized at temperntures below .'ii.~ 0• The 
portions characterized h~· high and hy low temperature quartz are 
commonly so intimately associated in the sume pegmatite mass that 
it seems unreasonable to assume great differen<'es in the temperature 
of ery·sto.llization of different portions. It is probable, therefore, 
that the whole mass of many of the <•oarscr pegmatite.~ erystnllized 
not far from the inversion point of quartz: that is, not fur from 
575° ('. 

EUTECTICS IX PEOMATITES. 

Largely as a result of the extensive studies of Vogt, a many geolo­
gists11 have been led to attribute to eutectics an important part in 
rock fonnation. One of the phenomen1~c that most obviously sug-

•Vact,.J. B. L-, Dle811111atacbmelslosuogen, vol. 2, 19m, pp.117-135. 
• Bmer, Allied, The D&tural history of Igneous rockH, pp. 262-266, Z70-Z72. 
eor.IJ, 1. 1. B., Bdtlllb petncraphy, 1888, pp. 401-«l'Z. 
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gested such a relation was the graphic Rtnwture exhibited by many 
pegmatites, which closely resembled patterns formed by eutectic 
mixtures in alloys. Vogt a calculated the ratio between quartz 
and feldspar in a number of analyses of graphic intergrowths of 
quartz with microcline, the latter mineral being also perthitically 
intergrown with various amounts of soda plagioclase. The ratios 
were constant enough to lead Vogt to conclude that the graphic 
granites represented eutectic mixtures. Slight disparities between 
analyses he attributed to slight variations in the compositions of 
the feldspars and to variations in the prer-;sures under which the 
granites had crystallized. In many specimens, especially in micro-

An. scopic varieties, the 

FlGt:RE 5.-Diagram sho"1ug composition of graphil' grauit~. 

graphic intergrowths 
are considered to be 
the end products of 
crystallization. 

In 1905 H. E. 
Johansson, b working 
mainly with Vogt's 
analyses, computed 
the molecular pro­
p o r t i o n s of the 
quartz and feldspars 
present and con­
cluded that these 
bore very s i m p l e 
numerical relations 
to eneh other. In 

graphic granites with dominant orthoclase the molecular ratio of 
feldspar to qunrtz was about 2:3. In an oligoclase graphic granite 
the proportion was about 1:2, and in an albite-quartz micropeg­
matite it wns about 1:3. 

Later Bygden< mnde n eonsidernble number of other analyses 
of graphic grnnites with the special purpose of determining to what 
extent the quartz-feldspur rntio is dPpendcnt on the composition of 
the feldspar. lie coneluded that the rntio between quartz and 
feldspar bore no regular relationship to the ('omposition of the feld­
spar. He believed that in most grnphic grnnites definite ratios did 
exist between the proportions of feldspar and quartz, hut that these 
ratios were not always so simple as Yo~t and Johansson hnd supposed. 

To supplement the smull numb<>r of aYailnblc trustworthy analy­
ses the writer collected sp<>rimens of graphic ~runite from the Fisher 

- - --- - ---- - ·-- - ··----- - --- -
a Op. dt., pp. 120-121. 
b Geologlskl\ fOrenlngens fOrlmndlin~ar, StO!•kholm. Yol. 27, 1\IIJ:o. p. 11!l. 
• Bygden, A., Cber das qnautitat!Ye Yerh<~lt nis zwi>when Fehl.<p>t nwl <ltmrtz In >'<'hrift-gromlten: 

Bull. Oeol lnst. Unlv. Upsala, '"oi. 7, 19tJ.I, pp. 1- 18. 



EUTECTICS IN PEGMATITES. 41 

feldspar quarr:Y in Topsh~m, Me., and from Kinkle's feldspar quarry 
in Bedford, N. Y. These were analyzed by George Steiger in the 
laboratory of the United States Geological Survey. (See p. 124.) 
In order that the material analyzed should represent closely the 
true composition, about 10-pound samples of the Maine granites 
were taken. The-se were pulverized, carefully mixed, and quar­
tered down to convenient size for analysis. The Kew York speci­
men was a cleavage pie<·e about I by 2 by 3 inches in size. 

The rntio of quartz to feldspnr in the unalyses published by Vogt 
and Bygden and in the author's anulyses nre giYen in the table 
below. In figure !> the compositions of the feldspurs are plotted 
on triangular projection. The numbers in the diagram correspond 
to those in the tnhle. 

No. IAll'&llty. 

f'omposition of graphic granit~s. 

I 
lfolt'<'Ul:>r Jlt'n't'nl.u.i:PS ~ 

'I' Feld- Quartz. a , ~~n~~dspnr t•ompo- i 

spar.<> I - I 
Ortho- . Albite. .\~or-

' , clase. I thite. : 
-------- ---~---- - - · ·- ·- ·-:--

HefPrPnrt•. 

: Per ctnl. Per em~. I i • _ 
1 SkarpO .... . ... . .. . . .. I 70.5 29. o 82. 5 15. 1 2. 4 Dygden JS o. ' · 
2 HltiA!ro... ..... ... . .... 66.0 34. 0 1 77.6 I 2l.li . I! Dygden No.8. 
3 Yolt>, Art'ndnl .. ....... l H. 7 25. 3 73.8 24.0 2. 2 \'ol(t No. I. 
4 EUkar!OO .. .. .... . ..... 

1
. 79. 2 20. 8 . 74.8 24. 5 . 7 Dygdcn No. ll. 

5 Topsham, M• .. .. · .... !2. 9 ~· 1 } 74. 4 1 25.!i None. See p . 112. 
6 ..... do ................. , <3. 7 20.3 

1 

7-8 Hlttero.... ... .. .. .. .. . 75.3 24.7 69. I 2R 5 2. 4 \'ogt Nos. 2 and 3. 
g Reade ..... .. .......... · Tl. i 27.3 t~i.1 2~.2, 5. 7 I \"ogt No.4. 

10 Arendnl .............. ' 76.5 23. 5 , ti:l. !l :1.1. 71 2. 4 \"ogt No.5. 
1,,1 H1,~102_rd __ ._r.;_·.·.'.· .. · .· .·.·. ·. ·. ·.·.l ~!,·. R0 ~9-. ~,·l t;!l, .. -,',· :17. 11 1.3 ~ccp. 112. 
,. ""' .. " ~<.>. 4 5. o Jlyg<lt•n No. 9 ( H olmquist). 
B J-:yje . . .. .. .. .. .. ... .. tiR.3 31.7 12.4 70.tl l ll.t; \ ' ogt lSo. tL 
C YttPrhY . . .. . .. . . . .. .. . fi2. 1 3i . !l 4.:~ 74. !i :!1. 2 Hygd t.•n Xo.ll. 
D 1 Bee!JsliWd .. .. .. .. .. .. 

1 
~1. 7 1!•. 3 4. 10 '" · o 27. ·I Byg<len .:-;o . 12. 

From the table and diagram it is at once evitknt that ('Wn among 
those graphic granit~s whose fPidsp!ll's an~ nhnost identical in eom­
position (such o.s Xos. 2 to 6) there arp quite considernhlo Ynriations 
in the quartz-feldspar rnt.io. In analyst'S :Xos. 1, 2, 3, 7, 8, 10, nnd 
11 (partil·ularly in N'os. 1, a, 7, R, nn't! 10) tht• lH'J'('!'IItnge of nnorthite 
is small and nearly constant, the only importnnt Yarintion !wing in 
the ratio between ortho<·luse nnd albite. Xo regular or eonsistPnt 
relationship is re<·ognizahle, howewr, hdwePn this rntio and the 
ratio between quartz and feldspar. The grouping of Xos. 1 to 11 
near the lower line of the diagram signifies merely thnt the feldspar 
associated with the orthoclase (or microeline) in gm phic granites 
as in normal granites 0 is usually albite or oligoelnse. 

Both analyses and microscopic studies show that most graphic 
granites are mixtures of three minerals-quartz, orthoclase or 

•Clarb, F. W., Theda&aofseoahemlstcy: Bull. U.S. Geol. Sun-ey No. 330,1908, p. 369. 
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microcline, and a member of the isomorphous series of plagioclase 
feldspars. It should be pointed out, moreover, that if water or 
other gases were present, as it is almost certain they were, they 
formed additional components whose amount the analyses do not 
reveal, but whose influence on the proportions of the other con­
stituents may have been great. If graphic granites crystallized 
from magmas of eutectic proportions these were therefore eutectics 
of at least four components. The sE'ries of analysE's (p. 41), though 
suggesting that the proportions between the constituents of graphic 
granites are controlled by some laws, can hardly be rt>garded as 
provin~ their eutectic ori¢n. The theoretical value of such analy­
ses in elucidating the laws govl.'rning rock solutions is impaired by 
the fact that they take no account of the ~aseous components of 
the magmas. 

Vogt a states that many graphic int(lrgrowths, especially when 
developed on a microscopic scale, represent the last portions of 
the magma to crystallize. This fact he cites as in harmony with 
the conception that they represent eutectic residues. Although this 
may be the true relation in some cases, in others the graphic granite 
was unquestionably not the last. crystallization from the magma. 
In the Fisher feldspar quarry in Topsham, for example, where 
large masses of graphic granite pass gradually and irregularly into 
large areas of pure quartz and feldspar, the tl.'sts of Wright and 
Larsen (see p. 39) have shown that the quartz of the graphic inter­
growths crystallized above .575° C., whereas the quartz of the large 
pure areas crystullizt>d below 575°. The latter was thert>fore the 
later crystallization. Almost all the gl.'m and cavity bearing por­
tions of the Maine pegmatit<>s gmde into normal pegmatite con­
taining abundant graphic gmnite. From thl.' prl.'scnce of cavities 
and of the rare minerals, from the gl.'ncral fil.'ld relations, and from 
the fact that the quartz of the pockets and of the gl.'m-lwaring por­
tions, when•ver tested, is of tlw low-h•mperature vuriety, there can 
be no reasonabl~ doubt that tlwse gem and cavity bearing portions 
rather thun the bordering graphic portions were the last parts of 
the pegmutite to erystallize.b 

In considering the signifieanee of the graphic intergrowths found 
in pegmatite, it is neeessary to consider not only the intergrowths 
of feldspar and quartz, but also the almost equally regular inter­
growths of muscovit(l and quartz, garnet and quartz, black tourma­
line and quartz, etc. As muscovite, tourmaline, und garnet are 
less abundant than feldspar in the pegmatitl.'s, their intergrowths 

<> Op. cit., pp. 118-123. 
b ln the tounnalin<>-h<'llrlng pelffilatltes of Cnlifomia (llCCOrdin~ to W. T . Schaller, oral eommunication) 

the tones charactrrlzed hy cavities and hy th~ prrsr ner of thr ~ems nmt other rare mineral$, which were 
almosteertainly the last portions to <·rys!·llliT.P, ~'T11rlc bt<•raliy without $harp hrt'ak into gr~phlc granite 
which border.; one wall of thrS(' pet:mati!e nuiSS<'s. Ot·c·•L'innal string<·rs of J><'~matitc i)('aring lithium 
mineral8 bran:h oil lrQm the main gem·be!lring layer and cnt the bordering ~'Taphic ~"Tanitc. 
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with quartz are also less abundant. and are usually of smaller size. 
Such intt>rgrowths occur, however, scattered irregularly through 
practically all of the coarser pegmatite masses. If the eutectic 
be considered, as usual, as the residue of uniform composition and 
minimum freezing point which is the last portion to crystallize, it 
is manifestly impossible to regard each of these intergrowths as 
representing a eutectic mixture, unless indeed several portions of 
the pegmatite magma arc regarded as crystallizing more or less 
indept>ndently of the remainder of the mass. 

MINERALOGICAL PROVINCES. 

It has already been pointed out that most of the known pegmatites 
which are rich in sodium and lithium minerals-that is, most of the 
gem-bearing pegmatites-are restricted to a zone about 25 miles long 
and 8 to 9 miles in width extending in a northwesterly direction from 
Auburn in Androscoggin County to Greenwood in Oxford County. 
A second and much smaller area includes the Newry and Black Moun­
tain _localities in the northern part of Oxford County and differs from 
the larger area in that the gem minerals are em bedded in the solid peg­
matite and are not in pockets. Within both areas the lithium-bearing 
phases form only a small proportion of the pegmatite present, most of 
which has the normal composition. The occurrence locally of certain 
masses of unusual composition is to be attributed either to the exist­
enc·e in the magma of sodium and lithium in very minute excess over 
their percentages in bordering pegmatite magmas, or else to differing 
degrees of segregation in magmas whose average composition was 
similar. As already explained, quartz associated with lepidolite and 
develandite from the gem-bearing portion of one of these pegmatites 
showed low-temperature characters, and the unusual abundance of 
pockets indicates that these portions were richer than the normal in 
gaseous consti'tuents, probably mainly water vapor. In gl'neral, 
therefore, the gem-bearing pegmatites were charaeterized by a higher 
percentage of sodium, lithium, and phosphorus than the normal peg­
matites, and probably by more water vapor and a slightly lower 
temperature of crystallization. 

The region characterized by pegmatites rich in fluorine minerals but 
not in lithium minerals forms an area only a few miles aaoss in the 
town of Stoneham and bordering parts of other towns in Oxford 
County, Maine, and Chatham, N. H. 

GEOGRAPHIC RELATIONS. 

The broad geographic relationships of the granites and pegmatites 
are also significant of their relationship and origin. As may be seen 
from Plate I, many of the granite areas of the eastern portion of Maine 
are characterized by sharp boundaries, and most of the granite areas 
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of southwestern Maine show very indefinite boundaries and are bor­
dered by large areas of slates and schists which have been intrudf.'d by 
various amounts of granite gneiss and pegmatite and by some granite 
and diorite. The contrast between the two types of contacts is well 
shown within the Penobscot Bay a and Rockland b quadrangles. In 
many parts of the former area, notably along the granite-schist con­
tact from Bluehill village northward and from Bluebill Falls south­
westward to Sedgwick, the granite preserves its normal medium grain 
up to the exact contact. In most places this contact is so sharp that 
it is possible to stand with one foot resting upon typical Ellsworth 
schist and the other foot resting upon normal granite. Dikes and 
irregular intrusions of granite are not very abundant in the schists 
near the main granite masses, and flow gneiss, pegmatite, and basic 
differentiations from the granite magma are almost entirely absent. 
In the Rockland quadrangle, on the other hand, the contact relations 
are wholly different, the change from pure granite to pure sediments 
taking place gradually through a transition zone of contact-metamor­
phosed and injected sediments 2 to 3 miles in width. These transi­
tion zones include a great variety of rocks, slate, schist, injection 
gneiss, flow gneiss, diorite, diabase, pegmatite, and granites of various 
textures all assoeiated in a manner so that it is impracticable to 
delineate them separately in ordinary geologic mapping. In western 
and southwestern ~Iaine these transition zones are much broader than 
in the Rockland quadrangle and contain larger amounts of pegmatite 
and granite gneiss and smaller amounts of basic igneous rocks. 

The contrast between the sharpness of certain granite contacts 
observ(•d in the Bluebill rPgion and the VPry gradual transitions 
observPd in the Rockland quadrangle and farthPr southwest seem to 
be best explained on the hypothesis that the broad injected zones 
represent portions of the " roof" of granite batholiths, whereas the 
sharp contnets represent the sides of similar batholiths. The char­
acter of the rocks found in the two types of eontnets lends support to 
this view. The fact that water gns and other gases and their dis­
solved substances Pseape upward more readily thnn they do lnterally 
may explain the great abundance of pegmatite in the brmul transition 
zones, inasmuch as the presenee of such gnses is believed to be the 
most important faetor in the development of pegmatitie tPxture. It 
is a reasonable supposition that basie differentiation from the granitic 
magma would also be more rapid upward than laterally, and the 
abundunee of diabase and diorite in certain of the trunsition zones 
may thus be aecounted for. The hypothesi8 i8 also in aceord with 
the low temperatures at which certain portions of the p<•gmatites 
appear to have crystal1ized in comparison with the temperatures of 

o Folio 149. Geol. Ati:JS l ' . S., t;. s. Geol. !:'nn·• y . 
b Folio ISS, Geol. .ALI:JS l". S., L S. Gcol. Survey. 
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crystallization of normal granites; it also accords with the presence 
of numerous dikes of very fine-grained granite, some so fine as to 
be rhyolitic in certain of the contact zones, and with their absence 
about the sharper contacts. 

SUMMARY. 

Field and laboratory studies of the Maine pegmatites indicate that 
all are in a broad way contemporaneous and are genetically related 
to the associated granites. 

External conditions, though locally having some slight influence, 
are not primarily the cause of the pegmatitic textures. The presence 
of the rarer elements seems to have had only a minor influence on 
the texture, for in many typical pegmatites such elements appear to 
be entirely absent. Theoretical considerations and the presence of 

. miarolitic cavities in certain pegmatites point to the gaseous con­
stituents of the pegmatite magmas, especially water vapor, as the 
primary cause of their textures. 

Although certain facts, such as the pinch and swell phenomena 
observed in many pegmatite dikes in contrast with the parallel­
walled character of most of the granite dikes, indicate somewhat 
greater mobility in the pegmatite than in the granite magmas, other 
facts, such as the·sharpness of many of the contacts between pegma­
tite and schist, the absence of absorption along any. of the contacts, 
the presence of angular schist fragments now surrounded by pegma­
tite, the small proportion by volume which the cavities bear to the 
whole pegmatite mass, the absence of notably greater contact-meta­
morphic effects near pegmatite than near granite contacts, and the 
batholithic dimensions of some pegmatite bodies, all suggest that the 
difference in average' composition }:)etween the granite pegmatites 
and the normal granites was relatively slight and that the pegmatite 
magmas were not so greatly different in physical characters from the 
granite magmas as has been commonly supposed. 

In his text-book on igneous rocks a Iddings, in discussing the peg­
matites, says ''the amount of gases concentrated in such magmas 
was not many times that of the gases originally distributed through­
out the magma. from which the pegmatite was differentiated; pos­
sibly not more than ten times as much." The present writer would 
be inclined, in the case at least of the granite pegmatites of New 
England, to estimate the gaseous content of these rocks at a still 
lower amount. 

The experiments of Wright and Larsen on quartz from pegmatites 
from Maine and elsewhere indicate that some at least of the coarser 
pegmatites began to crystallize at a temperature slightly aboYe the 
inversion point of quartz (about 575° C.) and completed their crystal-

•Iddings, J.P., Igneous rodu, vol. 1, 1009, p. 276. 
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lization somewhat below this temperature. It is probable that 
many of the finer-grained pegmatites crystallized wholly above 
575° c. 

The theory that the graphic intergrowths in pegmatites represent 
eutectic mixtures can not be regarded as proved by the published 
analyses. Certain field evidence is unfavorable to the eutectic 
theory. 

The broader field relations suggest that the large areas character­
ized by particular abundance of pegmatite intrusions constitute in 
reality the roofs overlying granite batholiths. Where more exten­
sive erosion has exposed the flanks of such batholiths, pegmatite 
masses in the bordering schists are not abundant. 

LOCAL DESCRIPTIONS. 

ANDROSCOGGIN COUNTY. 

AUBURN. 

CHARACTER AND DISTRIBUTION o•• THE PEGMATITE. 

Large areas in the town of Auburn, especially in the valleys of 
Androscoggin and Little Androscoggin rivers, are covered with sands 
of glacial origin which obscure the bed rock. Wherever the latter is 
exposed, howt>ver, it is found to be either quartz-mica schist or peg­
matite intrusive in the schist or a coarse gneiss resulting from a very 
intimate injection of the schist by pegmatite. 

Auburn }'(Ills.-The prevailing rock types and the relationships 
betwe('n them are well shown in the riwr bed at the falls just above 
the bridge betwepn Auburn and Lewiston. (Seep. 11 and Pl. III, B.) 
The purplish-gray quartz-mica schists, which dip about 30° NE., in 
many placeS show distinct bPdding and are of undoubted sedimentary 
origin. They are similar in every way to those at the Au burn res­
ervoir. The p<'gmatite masses arc intruded in general purallel to the 
trend of the schists. Just below the bridge both schists and peg­
matite are <·ut by a dike of fine-grained diabns1~ 3 to 4 fe<•t wide. 

The larg<'st pegmatite mass exposed <·ross<'s the river b('() at the 
falls, which are a result of the superior r(•sistance to erosion offered 
by this pegmatite and its bord<'ring intenS{'Iy injected Sl"hists as com­
pared with the ordinary phases of the sehists. This p<'gmutitc sill 
has a maximum thiekn<'ss of about 20 f<'et and extends nt>arly across 
the river oed, though it forks at several places. It presprves about the 
same coarseness in the wide and narrow parts and in the c·enter and 
next the walls. Its contact with the schist is <'Verywhere sharp, and 
there is not the least evidence here or anywhere in this vicinity of any 
absorption of schist by the pegmatite. 

Auburn reservoir.-Fresh exposures of the schists were also beauti­
fully shown at the new reservoir site on Goff Hill in Auburn. This 
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reservoir was under construction at the time of the writer's visit, and 
many exposures then showing have since been covered. The schists,· 
which in general are purplish gray in color, have been intensely 
injected by pegmatite, though the largest pegmatite lens observed 
was 10 feet long and 2! feet in greatest width. The injection does 
not in all places take the form of definite lenses or stringers of peg­
matite, but in m!Uly the impregnation of the schist is so intimate as 
to obscure almost entirely the schistose structure and develop a 
speckled appearance. The sedimentary origin of the schist is shown 
by the general evenness and regularity of its trend and by the local 
preservation of bedding in its more quartzose layers. 

Danville Oorners.-An exposure of considerable interest was ob­
served in a road cut about half a mile southeast of Danville Corners, 
where the rock, which has been recently blasted, is for the most 
part a gray granite of slightly gneissic texture. It is phanerocrys­
talline, most of its mineral grains ranging from 1 to 2 millimeters 
in diameter and its texture is typically granitic. The faint gneissic 
texture is due to a parallel orientation of many of the biotite plates, 
to their slightly greater abundance along some planes than along 
others, and to slight differences in the coarseness of certain bands as 
compared with others. Under the microscope the constituents are 
seen to be quartz, orthoclase and microdine, albite, biotite (altering 
to chlorite), and some muscovite, their relative abundance appearing 
from casual examination to be in the order given. 

This granite gneiss is associated with subordinate amounts of peg­
matite, which is not so coarse as much pegmatite found elsewhere, but 
is typically pegmatitic in texture. The pegmatite specimen collected 
for detailed study shows feldspar crystals up to one-half inch across 
and aggregates of feldspar crystals unmixed with other constituents 
1 inch across and areas of smoky quartz one-half inch across. .Mus­
covite crystals are one-eighth inch across and biotite crys__tals one­
fourth inch. Garnets up to one-sixteenth inch in diameter occur. 
Texturally the pegmatite differs from the granite gneiss in showing a 
much greater range in size in the mineral grains of each species and 
much less evenness in their distribution. In the pegmatite there is 
a marked tendency toward segregation of the different minPral con­
stituents, some areas being dominantly feldspar and others domi­
nantly quartz. This feature is entirely distinct from mere increased 
coarseness of grain. 

The constituents of the pegmatite are identical with those of the 
granite gneiss, being (1) quartz, (2) orthodaso and microcline, (3) oligo­
clase-albite with some border rims of albite, ( 4) biotite, and (5) musco­
vite, the numbers showing the order of their apparent abundance. The 
principal difference in their mineral composition is the mueh smaller 
quantity of biotite present in the pegmatite. Inclusions are abundant 
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in the quartzes of both rocks and are of about the same size. The 
majority are under 0.005 millimeter, but a few are over 0.01 millimeter 
in greatest dimension. They are not notably more abundant in the 
pegmatite than in the granite gneiss. 

In a few places the pegmatite is rather sharply delimited from the 
granite gneiss in dikelike masses, but for the most part it occurs in 
the granite in lens-shaped or roughly spheroidal masses from a few 
inches to a foot or more across, coarsest in the center and grading very 
gradually with increasing finen<'ss into the surrounding granite gneiss. 
A few of the pegmatite "bunches" show a center composed largely of 
quartz, surrounded by a zone in which feldspar is dominant. In 
places the pegmatite masses send off irregular and vaguely bounded 
ramifications into the granite gneiss. The two types are associated in 
the most irregular manner. In places the pegmatite is wry coarse 
and carries beryl and black tourmaline. One feldspar crystal in this 
portion measured 8 inches across. 

The relation and mineral charactNs detailed above suggest the 
following infen•nees in regard to the g<'nesis of the rocks described: 

1. The presenee of the same min!'ral species in the same order of 
abundance in both rocks and the many instances of complete grada­
tion of one rock into the other show that they are products of the 
same parent magma. 

:2. The faet that the pegmatite masses in some parts of their length 
have rather sharp walls and in other parts grade gradually into the 
granite gneiss indicates that certain portions of the pegmatite crys­
tallized after some of the granite was rigid enough to develop cracks 
into which the pegmatite magma penetrated, and that at the same 
time other parts were fluid enough to permit pegmatite and granite 
to solidify with gradual gradation and perfect crystallographic con­
tinuity between them. 

3. The intimate and small-scale manner in which the pegmatite 
and the granite gneiss are assoeiated, and the fa<"t that these varia­
tions are so irregular ancl are not related in any way to any wall 
rock now observed or probably existent in the past, suggest that the 
causes operative in producing the variat;ons in texture and composi­
tion were not of external origin, hut were inherent in the magma itself. 

Danville Junction. - In the extreme western part of the town of 
Auburn, about 3 miles west of Danville Junction, along the road to 
Poland Springs, conspicuous white ledges of pegmatite exemplify 
clearly certain common relationships of the pegmatites of this part 
of the State. In places this pegmatite grades gradually with perfect 
crystallographic continuity into a rather fine-grained granite gneiss. 
One pegmatitic band 1 inch wide in this granite gneiss shows contor­
tions, which, in the absence of any regional metamorphism later 
than the granite-pegmatite intrusions, appear only explainable as the 
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result of flowing movements in the granite gneiss at the time the 
pegmatite was intruded. A small mas.'! of quartz-mica schist lying 
between two sill-like masses of pegmatite, though evidently molded 
somewhat during their intrusion, shows no evidence of absorption. 
Some of the narrower pegmatite bands in the schists can be traced 
continuously through portions showing su<·cessively larger propor­
tions of quartz into "lit-par-lit" injections of pure quartz. Several 
diaha."lc dikes at this locality strike X. 70° to 80° W. and dip ver­
tical; they are o.hout parallel to the mol'lt prominent joint planes ·in 
the granite and pegmatite. 

The inferences which appear justified from the relations just 
described are as follows: 

1. The eomplete and gradual gradation of pegmutite into granite 
gneiss and the prescnee of contorted bands of pegmutite in the granite 
indicate that portions at leust of the grunite gneiss were still more 
or less fluid when the pegmatite was intruded. 

2. Certain quartz stringers in the schists are the end products of 
pegmatitic crystallization. 

3. Neither the granite gneiss nor the pegmatite at this locality 
exercised any considerable absorptive action on the quartz-mica 
schists into which they were intruded . 

. Mount Apatite.-Pegmatite deposits nrc worked extensively for 
feldspar, and to some extent for minerals vnluo.hle us gems or as 
cabinet specimens, at :Mount Apatite, a low prominence about 6 miles 
west of the city of Auburn n('a.r the road to ~linot, 111Hl nhout. :.! miles 
from Littlefield, the nearest railroud stut ion on the Lewiston hrnm~h 

of the Grand Trunk Hnilway. 
The interest in Mount Apatite as n mineral locnlity mny i>e said 

to date hack to IR68, wh<'n the HeY. Luther Hills <"allt•d attention to 
a. specimen of tourmaline found hy G. C. 1 Iatl'h on his funn. This 
crystal yielded a. fine 2-camt g<'m of light-grN•n l'olor, hut it. wus not 
found in plttce, nnd considernble sear<"hing having fuilt•d to rf'nal 
any further crystals the property remnirwd unworked for some years. 
In ISS:~ X.ll. Perry, of South Paris, found thl' tourmalinl'S in plaee 
near the Hatch farmhouse, un'l in that yPur, from an t>X<'II\·ation 
about 20 by 8 feet and 8 feet deep, took nenrly 1 . .)00 tourmnline 
crystals, ranging from very smnll onf.'s 1 ('f.'ntinwter long to mw IO! 
centimeters long. Thomas F. Lnmb. of Port lund. wus ulso otw of 
the pioneers at this locality, working intcnnittt>ntl~· for thr{'l' or four 
years, part of the time with Loren B. Merrill, of Pnris, now t lw pro­
prietor of the :Mount Mica tourmaline mint~. I le fonnd u con,.;ider­
able number of gem tourmalines und some remnrknbly handsome 
groups of crystals of smoky quartz, hesidcs mw·h ntlunble eahinet­
spedmen material. 

63096°-Bull. 4-tr-11--4 
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After the expiration of the leases of the persons mentioned, no 
mining of importance was done at Mount Apatite until 1902, when 
the Maine Feldspar Company, now the largest operator at this locality, 
commenced mining feldspar for use in pottery manufacture. Pre­
viously small amounts of quartz had been mined and shipped for 
use in the manufacture of sandpaper, and it is interesting to note 
that at this time the feldspar was considered to be of no n.lue and 
was thrown on the dump piles. Although a few gems and cabinet 
specimens have been found in the course of the feldspar mining and 
by collectors paying short visits to Mount Apatite, regular mining 
for gems was not resumed until 1907, when J. S. Towne commenced 
operations at a new locality (p. 55). 

QUARRIES. 

Maine Feldspar Company f[fULrry and mill.-The largest workings at 
Mount Apatite are those of the Maine Feldspar Company, of Auburn, 
which commenced operations in 1902 and has operated continuously 
to the present time (1909). The property was visited by the writer 
in August, 1906, and again in October, 1907. 

The workings consist of a number of small pits 75 to 150 feet long, 
50 feet in average width, and 10 to 20 feet in dPpth. These are either 
close together or partly connected and are located in a single mass of 
pegmatite which constitutes the summit of the hill. Much of the 
hilltop is bare, but in a few places as much as 6 feet of clayey till must 
be stripped in working. 

The minerals present are those usually found in the granite pegma­
tites of the Atlantic States which are work<>d for feldspar but include 
many others that are characteristic only of the gPm-bearing pegma­
tites. 

Quartz varies from white to dark gray in color and from opaque to 
beautifully transparent. Its commonest occurrenee is in graphic 
intergrowth with feldspar, but it is found also in large pure masses 
and in clusters of beautiful erystals projecting inward from the walls 
of pockets or fallen into the mass of kaolin, eookeite, etc., at their 
bottoms. Many of these groups of t·rystnls are eolorlPss and trans­
parent, but others, notably some found hy Thomas F. Lamb in one 
of the early workings near the Hatch farmhouse, though transparent, 
are smoky. Some of these latter are 20 cf'ntimetf'rs in length and 
many are coated, especially at the tips of the pyramids, with thin 
white opaque quartz, which is plainly of more recent development 
than the main mass of the crystal. A few of the quartz <'rystals of 
the pockets are penetrated by small colored tourmalinf' cryst.als. The 
quartz obtained in the course of the present mining for fp}dspar is 
white and very pure and is of excellent quality for any of the many 
purposes for which crystalline quartz is now used. It is saved in 
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stoek piles, where it is allowed to accumulate until a sufficient amount 
is obtained to make its shipment worth while. Tho profit is very 
small in handling quartz so far from the principal markets in the 
Middle Atlantie States. At the time of the writer's visit, in 1906, 
about 300 tons of it was lying in stoek piles. 

The feldspar is mostly buff to cream colored with loeal bluish­
gray spots and streaks due to minute inclusions. Microscopic study 
shows it to consist of the potash vo.rieti<'s, orthodase and microdine, 
minut<'ly (perthitieally) intefgrown with small amounts of the soda 
feldspar, albite. In certain narrow and irregular bnnds in the pegma­
tite, albite of a 1lirty olive-grPen eolor in irregu.lnrly boundl'd erystttls 
up to 2 inchl's in lPngth is almost the only fl'ldspnr pr<'st•nt. nnd is 
a..--sodated with quartz and muscovite. As is usual in nil fPldspar 
quarries, most of tlw matPrial markt~t<~1l under the <'OllllllPrcial 
name "ff:>ldspar '' is a graphic intergrowth of f<'hlspar and quartz, 
though whatewr pure feldspar may he found is mixt>cl with this. 
In thoSE' portions of the pPgmatite ~which bear pockets, tlw white­
bladed variety of albite known as develandite is wry abundant in 
radiating aggregates of thin plates. The standard or X o. 2 gmd~ 
obtained at this quarry consists prindpally of graphie grnnitl' with a 
subordinate amount of pure feldspar .. Some No. I grade Iwnrly free 
from quartz is also obtained; an analysis of n sttmple of this, made in 
the laboratory of the FnitE>d Statl's Geologienl Sur\'Py, is giVI·n hi' low. 

A11alyais of So. I grou11dfdtlspur from .lullll rn . .Ill'. 

Silica (Si02)... .......... . . . .. ... ... . .......... . . . . . . . . . . . . . . . fi.i. 7:! 

Alumina (AI20,l ............... . . . ..... . .... . .... . . . ........ . . . " I '1. :!X 
?tfagne~ia (Yg<)) ............... . .. . . . . .. . . . . . . . _ ... _. _ \'onP. 
Lime (C'aO) ...... __ ... ___ . _ . . __ .. . . . ........ . . . _. . . . ... ... .,., 
Pottl.~h (K20) . . . ... . ............ . . . . .... . . . . . . Ill. :.!li 
Soda (~a.lOl. .... ,... .. . . . . . . .. . . . . .. . . . . . . . . . .. . . ·1. OS 

Water (H/))..... .... . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . IS 

i(KI. ().-, 

Thn mim•rnl <·om position of this san• piP. a,.; •·al('ulatt•d fmm the 
analysis, is us follows: 

Jfineral composition of ;\"o . I ground ) i "'·'!"" jru"' .I 11IJIIrn • .lh. 

Quartz ... . ........ . ......... . . .. .. . . ... . . . ..... . 
Orthoclase and microclinc .... . ... . . . . . .. ... .. .. . .. . . .. . . 
Albite ...... . .............. . ... .... . . . . . .. . . . . .. . .. . ..... . .. . 
\\'ater ..... . ...... . . . ..... . . . . .. . .. . .. . . . ..... . . . . ... .. . ... . . . 
Other constituents ........... . ..... .. .. . ... . . . . .. . . . . ....... . 

., •)•) 

fill. (if) 

. IS 
1.0:! 

I! WI. 0 I 

Muscovite is moderately abundant, but almost nmw of it is in d«'tlr 
transparent plates. Most of it is of the A vuriet.v (sPc p. I :~!l l tl!H I s1 IIlli' 

of the bladE-like books are as much as a foot. inlPngth. It i:-; eommon 

• ~ tntc. Gltroa and any TIO. and P10• tbat may be present. 
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in graphic intergrowths with quartz. As described below, some small 
clear muscovite prisms are surrounded by a border of lepidolite. Mr. 
Lamb has also found some fine curved crystals of muscovite. 

Biotite is abundant only locally and can in most areas be readily 
avoided in mining the feldspar. It forms typical lath-shaped crystals. 

Lepidolite is not very 'abundant, but some occurs especially asso­
ciated with clevelandite and muscovite near pockets. It is present 
in granular aggregates of small plates and prisms (in many places 
intergrown with some quartz) and also in larger plates. Its occur­
rence 8.s narrow borders surrounding muscovite and in crystallo­
graphically parallel growth with it has been fully described and 
figured by Clarke,a who gives analyses of both of the muscovite and 
the lepidolite border. 

Garnets of small size occur sparsely in all parts of the pegmatite. 
They are most abundant in the more quartzose and micaceous parts 
and are not present in injurious amounts in the more highly feld­
spathic portions. 

Black tourmaline is pre.<>ent in all those portions of the pegmatite 
which carry colored tourmalines but is only locally abundant and is 
not partieulttdy bothersome in feldspar mining. Most of the colored 
tourmalines which have been obtained have come, not from the 
fel<l!ipar workings, but from 'small pits ncar the Hatch farmhouse, 
worked nt an earlier date solely for their gems and mineral specimens. 
Those found in 1SR3 by K. H. Perry ranged from 1 centimeter to 
10! centimeters long, and differ from the majority of the Maine 
tourmalines in being mostly of lighter color. They were found 
colorless, light pink, lilac, light blue, light puce colored, bluish pink, 
and light green, some single crystals showing nearly all these colors. 
Gems from some of the paler crystals are s1tid to have del•pened very 
much in color after cutting. Tlw majority of these crystals, of which 
nearly 1,500 were obtained, WPre more or kss flnwed. Some of the 
tourmali1ws founrllnt<'t' hy ~fr. Lnmh were cut into gems of emerald­
green eolor. 

Crystals of light bluish-green beryl also occur rather abundantly, 
embedded in the solid pcgmntit<'. One ll('xagonnl lwryl found about 
1Sfl8 is reported by J. S. Towne to have been 4 feet in diameter and 
20 feet in length, but the majority do not exeeetl 1 foot in lPngth and 
a few inclws in dinmetl'r. 1\<•ar the gigantic beryl mentioned 
oceurred severnl poekets benring the firwst crystals of herderite ever 
found on .Mount Apatite; the form and composition of these have been 
described by Penfiei<L b 

Apatite occurs oecasionally in crystals of fine luster and trans­
parency, the colors being light pink, purple, light blue, und blue 

•Clarke. F . w.,Thelepi<loliii'SO!Maine: Bull. tr. :!. ,;,'01. Survey ~0. 42, 1'-~7. pp.I.>-Ji. 
b l'enfield, S. L., Herderiw !rom Auburn , Me. : Am. Jour. &-i., 3d ser., vol. 4i, 1~11~. p. 336. 
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green. The crystals occur singly or in l,_rrotlps and vary in size from 
1 mm. to 15 mm. long and from 1 to 20 nun. wide. 

Other minerals reported a from Mount Apatite are allanite, amblyg­
onite, autunite, cassiterite, columbite, cookeite, damourite, gummite, 
magnetite, molybdenite, triplite, and zircon. 

Neither the exact form nor the area of the pegmatite body could 
be determined, but it occupies practically the whole top of Mount 
Apatite, and it is probable that further stripping of the soil in the 
neighborhood of the present workings will disclose considemhle 
amounts of commercially valuable feldspar and possibly portions 
valuable enough to be worked for their gem minerals. The prcsf'nce 
in the P<'<~matite of one of the northern pits of n 2-foot. bnncl of 
epidotizt.•d altered quartzite which is m~arly fltlt. lying und is r·<•gn.nlt•d 
a.c; a remnant of tlw sediments into whi<'h the pegmatit.e W1ts intrudNI, 
and the presenee in other pits of this quarry and in the IIPighhoring 
quarri('S of nearly flnt-lying hands particularly ridt in small garnets, 
both indiente that the genernl attitude of the whoh• pegmatite muss 
is rather flat lying. 

On the floor of one of the pits is exposed an instruetive cross scdion 
of a dike of pegmatite cutting the main pegmatite lllttss. This dike 
is a foot in width and cuts gmphic gmnitt.~ whose usulll Yaritttions of 
texture are wholly unaffected, although the two rocks show <-rystul­
lographic continuity along the immediate eontuct. The dikt~ ut its 
borders is mainly feldspar, the s1~pamh• mort~ or less blude-shaped 
crystu.lc; being disposed at right angles to the walls. Tlw <"t>nter of 
the dike is an irregular band of light.-~ray quartz. Tlw dike WtlS 

probably intruded soon after the partial or eompll'te solidifil'ation of 
the main mass of pegmatite undt>r <"onditions fa ,·orin~ morP segrega­
tion of the quartz and feldspar than usually took pia''"· Only one 
other dike of similar ·charneter was ohs1•n·ed by thP writt>t' in the 
course of two months' fil'ld study. Tlwir rarit.'· argues for the 
essential contemporaneity of most of the pegmatitP intrusions. 

Pockets are of rather rare and irn•gular O<'I'UJTPJH·c and an• fouiill 
only in the coarser portions of the th•posit. Yt>ry fpw WPI'P ohspn·ed 
by the writer. Most of them are snid to hP UJl(IPr 1 foot in diam<'t<'r, 
but one about 4 by 6 by 5 feet in siz<' is ,.:aid to hun hPPn found. 
Clear crystalline quartz is the (•ommoJwst mineral found in tht• pock­
ets, though some tourmalinPs und bt•ryls of ~em qualit.'· and ny~tals 
of herderite occur. Here, as nt other localities. tilt' dPnlanditP Yariety 
of albite is common near the pockets. 

Several dikes of typical fine-grained diuhn . ..,P, whose mirwrnls under 
the microscope show only slight nltemtion, eut tlw JWgmutitt•. Ono 
observed was 20 feet in width and anotht•r () fpet in width. 

• ltUIUI, 0. F., On Ule tounlull1Dell1Dd associated tnlueral:! ol Auburn, Me.: Aw. Jour. &1., 3<1 ser., 
"'·~.UN, pp ..... 
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The topographic situation of this deposit on the crest of the hill 
favol'S the ready disposition of the waste from the quarries and also 
provides a down-hill haul most of the way from the quarry to the 
mill. The excavating is accomplished by steam drilling and blasting, 
the material then being broken up with sledges and picked over by 
hand. It is hauled 2 miles by teams to the mill at Littlefield station. 
The usual force consists of a foreman and 10 laborers. 

The feldspar quarried at Mount Apatite is ground at a mill located 
at the side of the Grand Trunk Railway at Littlefield station. The 
ground spar is loaded directly into cars at the mill and shipped 
in bulk mainly to potters at Trenton, N.J., and East Liverpool, 
Ohio. The equipment consists of one chaser mill, in which each 
stone weighs about 3; tons, and a ball mill, which is larger than 
that used at most feldspar mills, grinding 3 tons at a load; the 
capacity of the plant is about 15 tons in twenty-four hours. Eight 
men and a foreman are employed. The power is supplied by a 75-
horsepower Westinghouse motor, the current coming from a power 
plant on Androscoggin River. 

Turner feldspar quarries.-Three small pits on the southern part of 
the summit of ::\fount Apatite have been worked intermittently during 
the past ten years by E. Y. Turner, of Auburn, the product being 
ground principally at the mill of the Maine Feldspar Company. The 
quarries were idle at the time of the writer's visits in 1906 and 1907, 
but hatl been worked more or less at other times during these yeal'S. 
The total amount of materiltl which has been taken out is small. 

The westemmost pit is a nearly circular opening 25 feet in diameter 
and about 10 feet in maximum depth. .Most of the rock is crowded 
·with blades of biotite and is therefore commercially valueless, though 
a small amount of feldspar free from iron-hearing minerals is exposed 
on the floor of the pit.. Some hlaek tourmnline occurs, and rosette­
shape!} graphic int<'rgmwt hs of quartz and muscovite are common. 

The easternmost pit is about 75 feet long by 30 feet wide and 10 
feet in iuaximum depth. At this pit two distinet hands, rich in 
small, dark-red, opaque garnets, run through the pegmatite; they 
arc from I to 6· feet npart and dip ahout 15° :K,V. Another zone 
about. 1 foot thick lyin~ just above the g-arn<'tiferous zone is pa.rticu­
lal'ly rich in blaek tuurmnline, and above this is a 4-foot zone which 
shows an unusual profusion of museovite and biotite erystals. The 
5 feet of pegmatite below the gnrnetiferous bands contains much 
feldspar of good commereial quality, iron-bearing minerals being 
rare. :Kone of the upper layers at this quarry will yiehl feldspar 
suitable for pottery purposes, and the expense of removing the upper 
layers would probnbly render it unprofitable to work the layer of 
better quality at the bottom of the pit. 
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A third small pit, 40 by 40 feet and 8 feet in average depth, just 
north of the one described, shows some feldspar of commercial grade, 
as does also a small prospect pit on the southeastern slope of the hill. 
In the unopened natural exposures near these quarries practically 
all the rock is too fine grained or too rich in muscovite or iron-bearing 
minerals to be valuable for pottery purposes. As far, therefore, as 
can be judged from the present exposures these quarries show little 
prospect of yielding much feldspar of pottery grade. The material 
may ultimately prove of value for poultry grit, fertilizer, or other 
uses where iron-bearing minerals are not detrimental. 

The pegmatite of these quarries, though of poorer quality com­
mercially than that at the quarries of the Maine Feldspar Company, 
appears to form a part of the same large pegmatite mass. The 
excavating has been in part by hand drilling and blasting and in part 
by steam drilling. The equipment includes a small derrick. 

TOOJne feldspar and gem quarry.-In April, 1907, a quarry was 
opened by J. S. Towne, of Brunswick, Me., on the Pulsifer farm about 
one-half mile northwest of the Maine Feldspar Company's quarries 
on Mount Apatite. This quarry is operated by the Maine Feldspar 
Company for feldspar, the gems found being handled by Mr. Towne. 

The workings were visited by the writer in October, 1907, at which 
time they consisted of three very small pits all on the same half acre. 
All are in pegmatite but only two expose the pockety or gem-bearing 
zone. The third pit is higher on the hill slope, and has not yet got 
down to the pocket-bearing layer; ip. the lower pits it has penetrated 
it for 4 feet but has not yet reached its base. The gem-bearing layer, 
though grading gradually into the other pegmatite, is distinguish­
able from it not only by the pre8ence of pockets but by being some­
what coarser than other portions of the pegmatite. It is characterized 
by the presence of clevelandite, lepidolite, and green tourmaline 
embedded in the solid pegmatite, the usual "indicators" of prox­
imity to gem tourmalines. The pocket-bearing layer a.ppears to dip 
about 10° E. The bordering schists are not exposed in the vicinity 
of this quarry. 

The feldspar obtained from these pits is similar to that mined at 
the Maine Feldspar Company's quarry, and of e.,qual value. Black 
tourmaline is abundant near many of the pockets, as is also green tour­
maline in semitransparent crystals up to one-eighth inch in diameter, 
penetrating or interleaved with muscovite. As at most localities 
where gem tourmalines are found, biotite is almost entirely absent. 
Garnets are not abundant in the pocket-bearing layer, though fairly 
abundant in the bordering phases of the pegmatite. Lepidolite 
oeeura both in granular aggregates of small scales and prisms and in 
large curved crystals with rounded botryoidal surfaces one-half inch 
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to 1! inches across; many of its curved crystals are interlaminated 
with the bladelike crystals of snow-white clevelandite or are partly 
embedded in light-gray, more or less transparent quartz. Amblygo­
nite occurs in the solid pegmatite in irregular masses, some· of them 
6 to 8 inches across. Some small crystals of columbite, cassiterite, 
and rhodochrosite occur, but their crystal faces are usually only 
imperfectly developed. One crystal of zinc spinel of perfect form, 
five-eighths inch in diameter, was found embedded in the feldspar. 
At the time of the writer's Yisit only two gem-bearing pockets had 
been found. One of these bore dark grass-green tourmalines and the 
other light-green tourmalines tipped with opaque pink. The largest 
of the dark-green tourmalines was about three-fourths inch in 
diameter and 1 t inches long but was badly flawed. A number of 
other pockets bore only crystals of transparent quartz. Some fine 
specimens of herderite have also been found at this locality. This 
mineral occurs in short prisms, few of them over one-fourth inch long, 
commonly as an incrustation on the quartz crystals of the pockets. 
One short stout CI'ystal attached to muscovite was as large as the 
end of one's thumb. This morle of occurrence is similar to that 
observed at Stoneham, where it was first discovered, and there can 
be little doubt that it was formed through gaseous or aqueous 
deposition after the solidification of the main pegmatite mass. 

The feldspar obtainf'd at this locality is hauled 2 miles for grinding 
to the mill of the Maine Feldspar Company. The gem tourmalines 
are cut and sold, principally in Maine, by Mr. Towne. 

lrade and Pulsifa gem quarries.--A p<>gmatite mass located on 
the farm of P. P. Pulsifer, within IOO yards of the Towne quarry, 
was op<>ned up in I 001 und wus worked intermitt('ntly until 1904 
for its gems und other rare minPrnls. 

The quurry was YisitNI by the writ<•r in August, I !lOll. The original 
pit, opened by )Jr. Pulsifer in 1 !101, is about. 25 by 25 feet and 8 feet 
deep; it connN·t:'; with nnoth<>r pit nbout 75 by :w fe('t, with a maxi­
mum dPpth of 8 fpet. The minernl rights at this second pit were 
acquired from :\Ir. Pulsif<>r hy tlw ::\!nine Tourmaline Company, and 
were ,.,.·orkt>d in the summers of I 004 nn<l 190.'>.a The two pits con­
stitut(' virtuully a ~ingle quurry. 

The roek ut this locnlity is prnetienlly bure, so that little or no 
stripping is rwc<•ssnry in working th<• d<>posit. The pegmatite is 
similar in general ehnmcter to most of t.lw gpm-lwnring pegmatites 
of the State. The mnin mnss of the roek is n grnphie intergrowth 
of quartz with orthoclnse nnd mieroelirw, showing nhrupt variations 
in coarseness. The deposit. as a whole Sl'I'IllS - to he rather flat 
lying, as is shown hy the ]H'<'sl'uce nPnr its has<' of n nenrly horizontal 

"Wade, W. lt., 'l'he l,'eUJ·bearlog vegwuUtes of western Muioc: Eug. uud Miu. Jour .• vol. frt, lDOQ, 
pp. 112i-1129. 
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garnetiferous layer, with more or less wavy upper surface, which 
could be traced continuously for over 50 feet. The gametiferous 
band itself is nowhere over 1 t inches wide and is a rather finely gran­
ular ccystallization of quartz, feldspar, and garnet, the crystals of 
garnet constituting about half of the band, but few of them exceed­
ing one-fourth inch in diameter. In places the main garnet layer is 
paralleled below at a distance of 1 to 2 inches by another similar 
band less rich in garnets. Outside these bands garnet occurs in the 
pegmatite in graphic intergrowth with quartz and in small irregular 
masses between the other min.erals. The pegmatite shows very 
different characters below and above these garnetiferous layers. 
The rock just above is much coarser, does not show graphic texture, 
and does show albite, in part massive and in part of the clevelandite 
variety, 88 its dominant feldspar, though it contains also some ortho­
clase in graphic intergrowth with quartz. Muscovite in brush-shaped 
and rosette-shaped intergrowths with quartz is also more abundant 
above than below the garnet layer, and black tourmaline is common in 
places in graphic intergrowth with quartz. The pegmatite just below 
the garnetiferous band is a rather fine-grained graphic intergrowth 
of quartz and orthoclase showing a more or less radial structure 
trending about at right angles to the garnetiferous layer. 

Only small portions of the feldspar are of commercial grade for 
pottery purposes, both muscovite and biotite being quite abundant. 

Quartz is mainly present in intergrowth with other minerals or 
88 crystals developed on the walls of the pockets. .Most of it is white 
or light gray, but some small amounts of rose quartz are found. 

The muscovite commonly occurs with quartz in brush-shaped 
or rosette-shaped intergrowths averaging 4 to 5 inches in diameter 
and disposed with utter irregularity throughout the pegmatite mass. 
Some of these grade at their outer borders into spearhead-shaped 
bundles · of muscovite penetrating the neighboring quartz masses, 
the latter being apparently continuous with the quartz of the fine 
muscovite intergrowths. No plate mica occurs, and the only possible 
utilization of the mineral is 88 scrap mica. 

Biotite is abundant, though much less so than the muscovite. It 
occurs in small lath-shaped crystals, oriented in every direction in the 
pegmatite mass. A few are a foot long and 2 inches wide, but the 
majority do not average more than 2 inches long and 1 inch in width. 
A central" stalk" of biotite with smaller lath-shaped crystals radiating 
from it is not uncommon. 

Lepidolite is abundant near the pockets in irregular aggregates of 
small plates or prisms one-sixteenth to one-eighth of an inch across, 
and in larger more or less curved crystals. In many places it forms 
narrow borders about hexagonal muscovite plates, the two varieties 
of mica being crystallographically continuous. .Mr. Wade reports one 
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diamond-shaped book of muscovite a foot across with a border zone 
of lepidolite 4 inches wide. As in the other Maine quarries in which 
gem tourmalines occur, the presence of the lithium mica is considered 
a favorable indication of the near presence of gem-bearing pockets. 

Black tourmaline, as already stated, occurs in the pocket-bearing 
zone of the pegmatite above the garnetiferous layers. It is never 
found in the pockets, where all the tourmalines are colored either 
pink, blue green, or occasionally emerald green. Most pockets con­
tain tourmalines of only a single color, but in some both pink and 
green varieties are found, and, indeed, the two colors fre<1_uently occur 
in the same crystal. Colored tourmalines, most of them partly or 
wholly opaque, also occur in the solid pegmatite near the pockets in 
association with lepidolite, develandite, and quartz, and some of these 
crystals are curved through angles as great as 60° or even 90°. Green 
tourmalines also occur intergrown parallel to the plates in the musco­
vite books. 

The hydromica cookeite occurs principally in the pockets with 
quartz as a coating on lepidolite, quartz, feldspar, and tourmaline. 

The tourmalines, lepidolite, and cleveiandite are beyond doubt 
crystnllizations from the original pegmatite magma. The cookeite, 
purple apatite crystals, and ct•rtain opaque white outl'r coatings of 
quartz on the clearer crystals of gray quartz, are bl'lievl'd to be later 
crystallizations from gnSl'ous or aqueous solutions. 

All of tlw pockets thus far encountered in this pegmatite have 
been in the portion lying above the garnetiferous bands. The portion 
below it seems to he wholly devoid of pockets and hence of gem 
minerals. :K o poekets w«:>re exposNl at the time of the writer's visit, 
but thosp whi<'h have been eneountt•rt>d nre said to range from a few 
inches to s«:>wrtil fePt in dianwter. Though oceurring apparently 
only within a rwnrly flat-lying pocket-bearing zOnP their horizontal 
distribution seems to be totnlly irn·gular. Their walls usually con­
sist mainly of cl«:>wlanditt>, h~pidolite, and quartz, hut have- in most 
cases been much wt•athcretl and shattered by frost. 

The early exeavutions at tht> originnl Pulsifer pit disclosed a number 
of pockPts containing beautiful nnd very perfl'ct crystals of purple 
apatitt•. The form of these crystals and tlwir mode of occurrence 
have be('ll described by \Yolff and Puluche ;a most of them are now 
in the mineralogical museum of Ilurvurd College. The largest 
pocket yielded owr 2 pounds of loose crystuls and a dozen large 
groups of crystals in the matrix. ~lost of them occurred on or 
embedded in layers of the opaque white quartz which coat many of 
the crystals of transparent quartz in the pockets. 

The distribution of the cavities is exceedingly irregular, and no 
prediction can be made as to the success which will attend further 

o Woltl, J. E., and Palache, c., .Apatite from Minot (should be .Auburn], Me.: Proo. Am • .Acad. Artl 
IDd Sci., vol. 37, No. 18, 1902, p. Iilli. 
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mmmg. The relations shown in the present pit seem to indicate 
that the trend of the garnetiferous layer above described may be 
taken as an indicator of the trend of the pocket-bearing portion 
lying just above it. Further excavation in this zone is fairly certain 
to disclose gem-bearing pockets, but excavation below the garnet­
bearing layer has not been fruitful. Great care should be used in 
drilling and blasting, for injudicious placing of the drill holes and 
heavy blasting with dynamite are likely to shatter valuable material. 

The pegmatite at this locality is cut by a dike, 2! feet wide, of 
fine-grained altered diabase. 

The precise value of the gems and museum specimens taken from 
this locality can not be determined, but so far as known to the 
writer, no gems of over 6 or 8 carats have been obtained. :Mr. 
Pulsifer estimates the value of the materials taken from the pit 
operated by him at about S2 ,000. 

1111NOT. 

In the southeastern part ctf the town of Minot, near the Auburn 
line, some pegmatite which appears to be of commercial grade occurt1 
on the farm of Edward Hackett, where masses of practically pure 
feldspar, 2! to 3 feet across, are associated with masses of pure quartz 
of similar dimensions. Almost no biotite, garnet, or black tourmaline 
was seen. The pegmatite seems to underlie a mass of finely pegmatitic 
granite. There is no doubt of its commercial quality, but as the 
present outcrops cover an area only about 100 feet or so square, it 
is uncertain whether the quantity would warrant mining. The 
locality is, however, worth prospecting. 

POLAND. 

A quarry located just across Androscoggin River from Mount 
Apatite, about 3 miles from Littlefield station, on the Lewiston 
branch of the Grand Trunk Railway, in tho town of Poland, is 
operated for feldspar and occasional gem minerals by A. R. Berry, 
R. D. No. 7, Auburn, Maine. 

The quarry was opened in 1900 and has been worked intermittently 
on a small scale ever since. It was visited by the writer in August, 
1906. The openings, which are very irregular and cover an area 
of about 2 acres, are shallow open pits, none of them more than 18 
or 20 feet in maximum depth. 

The general character of the pegmatite is similar to that at the 
Maine Feldspar Company's quarries at Mount Apatite. The rock 
is mainly a graphic intergrowth of quartz with buff-colored microcline 
and some orthoclase. Some albite in irregular crystals a few indws 
across is encountered. 

Muscovite occurs, as at the Wade and Pulsifer quarries, in brush­
like and rosette--like intergrowths with quartz. No plate mica 
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occurs, and no attempt has been made to market the material as 
scrap mica. 

Biotite is locally very abundant, occurring as irregululy disposed 
blades or bundle-like masses in which thin layers of .·feldspar or 
quartz occur between the blades. Such biotitic bundles occur in 
association with the coarser phases of the pegmatite, -and render 
valueless for pottery purposes much feldspar which could otherwise 
be used. 

The lithium mica, lepidolite, occurs in the pockets and near them 
in the usual forms, similar to those described from the Wade and 
Pulsifer quarries. (See pp. 57-58.) 

Black tourmalit~e is abundant in certain parts of the pegmatite, 
usually in intergrowth with quartz, one mass of intergrown quartz 
and black tourmaline being 10 to 12 inches across. One black 
tourmaline crystal observed was 5 by 12 inches in size. In the pockets 
no black tourmaline is found, but some emerald-green, blue-green, 
and pink transparent varieties occur, usually embedded in a mass of 
kaolin, cookeite, etc., at the bottoms of the pockets. The largest 
colored tourmaline obtained at this quarry was a pale-green .crystal 
about I! inches in diameter. Only an inch of the base was found 
and it was too much flawed to cut any gems. Many of the smaller, 
colored tourmalines are hollow and can be strung like beads. 0 Slender 
flattened prisms of opaque to transparent green tourmaline occur, 
penetrating and interleaved with muscovite plates. 

A few fine crystals of purple apatite similar to those found at the 
Wade and Pulsifer quarries have been obtained from some pockets. 
In some of the finer-grained portions of the pegmatite the writer 
observed numerous small vugs, rarely more than a cubic centimeter 
or two in volume. Th('se were generally surrounded by albite in 
small hladelike crystals. Attached to or embedded in the albite at 
their base or along their flanks, but otherwise free, occur hexagonal 
prisms, from one-sixteenth to one-fourth inch in diameter, of pale 
greenish blue to pale lavender apatite. These plainl,v were among 
the last of the pegmatite constituents to crystallize, being in part con­
temporaneous with the albite and in part later. Blue-gray apatite 
in flat, bladelike prisms one-fourth to one-half inch across also 
occurs. Beryl and amblygonite occur as constituents of the solid 
pegmatite, as in most of the pegmatites bearing gem tourmaline. 
Herderite in crystals up to one-half inch in length is found in some 
pockets. 

The distribution of pockets at this quarry is very irregular, and the 
writer saw no structures which indicated even in a general y;ay 
the attitude of the deposit. There is unquestionably a considerable 

oln the summer ol 1910, since the above account was wrltU!n, se,·eral pockets containing fine gem 
tourmalines were discovered by Kr. F. S. Havey In the western part or the quarry near a dlabate dlb. 
Mr. Havey wu workln& the quarr)' ror reldlpar lor the MaiDa Ftlclapar Compt.Df. 



CUMBERLAND COUNTY. 61 

amount of. commercial feldspar of pottery grade still available at the 
locality. 

The feldspar is excavated by hand drilling and blasting, and after 
hand sorting is hauled by wagons 3 miles to Littlefield station; where 
it is sold to the Maine Feldspar Company and ground at that com­
pany's mill. Gem tourmalines and minerals of value as cabinet 
specimens are not encountered so frequently that it is profitable to 
work the deposit for them alone. In 1906 the quarry force con­
sisted of three men. The gems and other valuable minerals obtained -
are marketed irregularly through local collectors, and no estimate 
of their value is obtainable. The feldspar output is a few hundred 
tons a year. 

ctJKBEB.LAND COUNTY. 

BRUNSWICK. 

The relations between the granite and pegmatite in the town of 
Brunswick. is well shown at the Woodside quarry, about 2! miles 
southeast .of Hillside station. This is an old quarry, where granite 
for flag~ and underpinning has been obtained. The sheeting of 
the granite here is very perfect and nearly horizontal. 

On the south wall of this quarry much pegmatite is associated with 
the granite. Many of the pegmatite masses of lenticular or ex­
tremely irregular form grade into the granite in the most gradual and 
complete manner and are characterized by identical minerals. They 
differ from the granite only in texture, and there can be no question 
that the two rocks solidified practically contemporaneously from the 
same magma. Other pegmatite dikes, however, distinctly cut the 
granite with sharp contacts. The entire mineralogic similarity of 
this second type to the pegmatite which grades into the granite leads 
to the belief that the two types are genetically connected and that the 
intrusion of the pegmatite masses that show sharp boundaries fol­
lowed quickly on the solidification of the granite which they cut. 

Very similar relations were observed at the Grant quarry, about 
1! miles east of Hillside and 3 miles west of Bnmswick. This quarry 
has been described by Da.le.a 

The relations between the pegmatite and foliated rocks, which are 
probably of igneous origin, is well exhibited in Brunswick village at a 
quarry for road materials near the Lewiston branch of the :Maine 
Central Railroad. The folia in the rocks are in many places very 
straight and regular for considerable distances. Much of the rock 
is a light-gray schist which has the mineral composition of a horn­
blende granite. 

The slide of this rock examined shows an interlocking granular 
texture in which most of the grains range from 0.15 to 1:1.60 milli-

• Dele, T. N., Tbe cnmltes or Maine: Bull. ll . 8 . Geol. Survey No. 313, 1907, p. 76. 

n 
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meter. It is composed of about two-fifths quartz, two-fifths feld­
spar, and one-fifth hornblende, with subordinate titanite and biotite. 
Some of the hornblende crystals are 1.2 millimeters in length. Their 
tendency to parallel elongation and to greater abundance in some 
layers than in others gives the rock its schistose character. Biotite 
is also most abundant in the layers that are most hornblendic. The 
feldspar is principally orthoclase with a little microcline and plagio­
clase near andesine. Many of the quartz grains show strain shadows, 
but there is no other evidence of dynamic action. 

Alternating with this rock are bands of very dark gray to nearly 
black hornblende-biotite schist with lustrous cleavage faces. An 
intermetlin.te phase is a dark-gray hornhlende schist with a few narrow 
quartz bands up to about one-eighth inch across. 

Under the microscope this rock is seen to consist of quartz, plagio­
clnse, and hornblende. The plagioclase is andesine and is about 
equal to hornblende in abundance. Quartz is slightly less abundant 
than either. Titanite is subordinate. Occasional narrow bands are 
more conrsely crystnlline and are largely quartz, with some feldspar. 
Their grains interlock intimately with those of the finer portions of 
the rock. The schistosity, as in the more acidic hands, is due to the 
concentration of hornblende along certain planes and of quartz along 
certain others and to parallel elongation of many of the hornblende 
erystals. 

If these schists repr<'sPnt original sediments their recrystallization 
has been so complete as to obliterate all traces of such an origin. 
The abundance of feldspar, on the other hand , espedally in the more 
basic bands, renders it mueh more probable that they are primary 
or flow sehists. 

The }wgmat ite in some easPs is in sharp cont uct with the gneiss, and 
the contacts may paraJIPI or eut across the foliation. In other cases 
the pegmatite sPems to gmde into the gneiss with such completeness 
as to indicate either that portions of the gneiss were not yet com­
pletely solidified when the pegmatite was intruded or that the peg­
matite produced locally very complete recrystallization in the schist. 
The pegmatite is a typicul biotite pPgmatite showing much graphic 
granite and a few crystals of pure feldspar 4 or .'5 inehes across. 

WESTBROOK. 

A quartz deposit which wns worked to a small extent many years 
a(J'o is located about 1 mile northwest of the village of Cumberland 
"' Mills. The quartz forms part of n pcgmntite dike intruding mica 

schist and granodiorite. The width of the dike varies from 2 to 
10 feet, nnd its trend is nearly north and south. Most of the mass 
1s typicaf granite-pegmntite of moderate coarseness, but with this 
IS a..<:Sociated a body of nearly pure white quartz, which in places 
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seems intrusive in the pegmatite, though elsewhere passing gradually 
into it. The quartz quarried was taken to Portland and there ground 
for use in pottery and filters. 

HANCOCK COUNTY. 

Pegmatite is present only in rl.'latively minor amounts in associution 
\\·ith the granites of Hancock County. The occurren<'e of molybdenite 
with pe{..rmatite at Catherine Hill, near Tunk Pond, has bE!~n described 
by Enunons.a 

LINCOLN COUNTY. 

El>ll ECO~lB. 

The r()(.•ks of the town of Edgecomb nn• mninl,v <pturtz-mica ~whists 
of sedimentary origin which have been intrud<'d by p<'gmnt it<', grnnite, 
and minor nmounts of gmnite gneis..o.;. Tlw pcgmutites have been 
exploited for feld:.:pnr at one locality neur the center of the town. 

EdgecQmb fdd.spar qu{lrry.-A feldspnr quarry, long sinC'e nhan­
doned, is situated 2~ milt'S south of the village of X ewcast le nnd 
about one-half mile south of the road extending from Xorth Edge­
comb to Briar Cove, on Damnri..;cotta River. It is within thE1 Booth­
bay quadrangle of the United States Oeologi('ltl Surwy. 

The locality was vi'iited by the writer in August., 1 !10(). The 
excavations consist of two open pits, one 1!10 f<'f't long und .'iO feet 
·wide, filll.'d ·with water at the time of the writ <'t·'s visit; the other 
50 feet long, 2.5 feet wide, and 1.5 fet•t deep. Tlw soil onrhurdPn is 
slight. The pegmntite resembles in its mitwral eharu<'lt'r that quar­
ried at Topsham, in Sugudahoc County. hut contains IPss feldspn r of 
comml.'rcial grade. 

The quartz is not uhundunt <.'nough to hf' of •·omnH•n·ial import a nee. 
The lurge;t musst'.s observed ure lwt\H'<'n tht' two pit,.; an1l an• ;{feet 
across. The color varies from white to dark gray. 

The feldspar is buff to cmam-<"olor<>d orthoelase and microdine, 
O<'curring principally in grnphic intergrowth with quartz .. \t the 
northwest end of the larger pit some In:tsst•,.; of 1warl~· pme fdds}Htr 
are 3 fe-et across, but such size is quite <'X<'<•pt ionn l. 

Biotite in the usual lnth-shnp<'d <"rystnls, in pla•·ps attaining a 
length of 3 feet, L'l very ttbundttnt and i,.; the most injurious of the 
mineral constituents, black tourmnline Ul•ing wholly nbst•Ht :-:o far 
as observed. 

Pink opaque garnets occur loco.lly but nre not. nlmndant. )[nny of 
them are inclosed by muscovite. 

As far as could be obsen·ed, very little feltlspnr of a quulity suit n hie 
for the pottery trade remains at thi'l lo<"nlity, the prevnll•nce of 

• EIIIIIICIDS, W . H., OnldepcllltaoUiallleaud the Milan mine, Xcw llwnpslllre: Bull. l'. ,.;, li<'<>L :>urwy 
.Mo. a:z, 1110, p. G. 
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biotite rendering most of the material worthle&s for that purpose. 
The water in the larger pit of course prevented its thorough exami­
nation. An examination of the vicinity yielded no information as 
to the trend or extent of the deposit, and showed no other masses of 
commercially valuable feldspar. Xo gem minerals have been 
reported, and there are no indications, such as the occurrence of 
pockets, lepidolite, black tourmaline, etc., that any are likely to be 
found. Under present commercial conditions, the deposit may be 
regarded as worked out. It may in the future be of value if Borne 
commercially practical method of separating the mica can be devised, 
or it may be used for purposes where the presence of black mica 
(biotite) i~:~ not detrimental, such as for fertilizing, poultry grit, ready 
roofing, etc. 

Geologic relations.-About half a mile north of the Edgecomb 
feldspar quarry, on the north side of the road, the predominant 
rock is a medium-grained granite of slightly varying texture, which 
along certain bands and in some irregular patches is pegmatitic. 
The constituents of the granite are identical with those of the peg­
matite and there can be no question that the two rocks solidified 
from the same parent magma at about the same time. Muscovite 
is almost entirely absent from this granite, as it is from the pegmatite 
of the above-described feldspar quarry, biotite being the dominant 
mica. 'Vest of these gmnite outcrops extensive ledges of pegmatite 
intrude quartz-mica schists in a very irregular manner, at many places 
cutting sharply across tlu•ir foliation. 

Typical structural relations betweNl the pegmatite and the schists 
are well shown. along the north shore of the narrow gurnet known 
as the Oven ~Iouth. Here the schists are traversed by numerous 
small pegmatite intrusions, most of which are parallel to the schist 
folia or cut tlu•m ut low nnglPs only. 

The smaller pegmntitP intrusions t'ommonly- ussume the form of 
a series of c·onneding lt•nticles or show periodic swellings along 
their lengths. The schists nre dnrk gray tn purplish and show quartz, 
biotite, and hornblende ns their dominant constitut'nts, with mus­
covite and gnrnct as a<'cessories. Feldspar was not observed and if 
present at all is very m<>ugPr in umount. The schists are almost 
certainly of sediment nry origin. 

BOOTH B.\ Y HARBOR. 

Character and relation8 of tlte pegmat-ite.-The rocks of the town of 
Boothbay Harbor are largdy quartz-mica schists which are intruded 
and in many places intimately injected hy granite and pegmatite. 
Two occurrences of the very unusuul rock prowersose were also 
observed. Very excellent awl instructive exposures occur along the 
irregular shore line of this region, and although none of the peg-
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matites have proved commercially valuable their geolo~ relations 
at a riumber of points are of much scienti£.c interest. 

Excellent exposures on the first point west of Boothbay Harbor 
village show the intrusive pegmatite and the intruded quartz-biotite 
schists locally very much contorted, much as if the two had been 
stirred up together with a gigantic spoon. In most places, however, 
the schist is of fairly uniform trend over considerable areas. Other 
exposures just west of these show a number of schist fragments 
inclosed by the pegmatite. The fragments are subangular, but at 
their extremities tail out somewhat into the pegmatite. The frag­
ments as a whole appear therefore to have maintained their rigidity 
but to have yielded somewhat about their borders to the deforming 
action of the intrusive pegmatite. 

On the shore of McKoWn Point about one-fourth mile south of 
the United States fish hatcheries. pegmatite and granite are intrusive 
into quartz-mica schists. The contact between the. schist and the 
igneous rocks is sharp, neither rock showing any notable changes in 
grain or texture as the contact is approached. The transition from 
pegmatite to granite is also abrupt, although crystallographic con­
tinuity is preserved. It is impossible to say which is the intruded 
and which the intrusive rock, and their association is extremely 
irregular. The granite shows distinct flow lines parallel in a general 
way to the schist walls and particularly well developed next the 
pegmatite. The latter also shows a tendency toward the develop­
ment of faint flow lines next the granite, these being defined by a 
concentration of biotite plates along certain planes. 

The granite gneiss is dark buff to gray and shows a rather faint 
foliation due to the aggregation of the biotite along certain planes 
or lenses few of which are continuous for more than one-half or 
three-fourths of an inch. The interspaces are largely quartz and 
feldspar. Under the microscope the mineral constituents in order 
of abundance are seen to be quartz >orthoclase and microcline >or 
-oligoClase >biotite> muscovite. Orthoclase is greatly in excess 
of microeline and occurs in larger grains. The average size of grain 
is about 1 millimeter, though a few feldspars are 2 millimeters across. 
The rock is very fresh, though some of the feldspars show a slight 
clouding with decomposition products. No parallel structure is 
observable under the microscope. There is complete interlocking of 
the grains, which show no important amount of fracturing, no 
crushed borders, nor any other evidence of dynamic action. The 
foliation appears to be an original feature developed by flowage 
before complete solidification. 

The pegmatite associated with the gneiss shows light-gray quartz 
and gray to buff feldspars in nearly equal amounts, with biotite the 
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dominant mica, as in the gneissic granite. The texture is wholly 
irregular and typically pegmatitic because of the great range in size 
exhibited by crystal grains of the same mineral species. Quartz 
is the most abundant mineral with microcline >oligoclase> biotite 
>or=orthoclase >muscovite. The rock differs from the associated 
gneissic granite mainly in its texture and in the fact that microcline 
dominates over orthoclase instead of bearing the reverse relation to it. 

The close association of the granite and pegmatite and the fact 
that the same minerals are present in the same order of abundance 
in both rocks is highly suggestive of a genetic connection between the 
two. 

At a point on the east shore of Boothbay Harbor the fine-grained 
pegmatite was observed to be traversed by a vein of white quartz 
2 to 3 inches in width. The borders of this vein are not sharp; 
feldspar crystals of the bordering pegmatite project into it, and in 
some instances their inner borders (next the quartz) show well­
developed crystal faces. Isolated crystals of feldspar up to 3 inches 
in length also occur, apparently wholly surrounded by the quartz of 
the v<>in. The feldspathic character of this vein and the absence of 
a sharp or straight boundary between it and the pegmatite indicate 
that it was not deposited as a fissure filling along a fracture plane trav­
ersing solid pegmatite, but rather that it was genetically a part of the 
pegmatite magma and was formed before the complete solidification 
of its host. Apparently it represents an end product of the pegmatite 
crystallization. The sheetlike form of the vein indicates presumably 
that the pegmatite was sufficiently rigid to pE-rmit the formation of 
a rift of some sort along which the more quartzose magma could 
penetrate, but that coarsely intE-rlocking crystallization between 
vein and wall was still possible. Similar rPlation~hips have been 
obsE-rved by the writer on a largE-r scale in some of the feldspar quar­
ries of Connecticut. (See Pl. XVI, B, p. 18.) They are of impor­
tance as showing without much qu<>stion that many at least of the 
quartz veins associated with the pPgmatiks may be n•garded as an 
end product of the crystallization of the p<>gmutitr mngma. 

Southward along the east shore of Boothbay Harbor to Spruce 
Point abundant dikes of pE-gmatite are found trnvPrsing the sc-hists; 
they vary from one-fourth to one-half an ineh to 10 f<'et or evPn 50 
feet across. Nearly all of the dikes and particularly the smaller 
ones assume the form of a suecession of conneeting lt:>ns<>s, indicating 
a very uneven penetration of the pegmatite mugmn bPtwet:>n the 
schist folia. The schists usually exhibit a thickPning of thPir laminre 
opposite the "nodes" of these irregularly bulging dikPs, in dint ting a 
crystallographic rearrangement of the schist eonstitueuts as an 
accompaniment of the pegmatite intrusion. 
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It is significant that numerous dikes of granite also exposed along 
this shore never exhibit such irregular swelling and thinning, but are 
nearly parallel-walled even where intruded parallel to the foliation 
of the bordering schists. 

On the point due north of Cabbage Island the rocks are almost 
entirely granite and pegmatite associated in a very irregular manner. 
The pegmatite forms dikes of varying width and irregular boundaries 
in the granite and also forms narrow stringers and wholly irregular 
patches. In general the change from one rock to the other is rather 
abrupt, although characterized by complete crystallographic conti­
nuity. In the places where the association is most intimate and 
irregular it is difficult to see how the granite could have been wholly 
solidified at the time of the pegmatite crystallization. 

The granite is gray to pinkish, with a faint local foliation. The 
average size of grains is about one-half to three-fourths of a millimeter. 
The texture is typically granitic with quartz> orthoclase and micro­
cline >oligoclase> biotite >muscovite. The quartz shows undulatory 
extinctions. Some of the smaller quartz crystals are inclosed by 
orthoclase or oligoclase and show rounded outlines. Some of the 
quartz also crystallized earlier than or contemporaneously with the 
biotite crystallization. The bulk of the quartz, characterized by 
more irregular outlines and larger grains, is a later crystallization 
than the biotite and appears to be about contemporaneous with the 
feldspars. Among the feldspars orthoclase is present ,in greater 
abundance and larger grains than microcline. Oligoclase is almost 
equal to the potash feldspar in• abundance. Many of the feldspar 
crystals inclose small crystals of muscovite, which are apparently 
original. Some micrographic intergrowths of feldspar and quartz 
occur. 

The pegmatite is characterized by the same minerals as the granite. 
Quartz is the dominant constituent, with orthoclase and microcline 
second and oligoclase third. Biotite dominates over muscovite, but 
is less abundant than in the granite. The quartz exhibits little or 
no undulatory extinction. Some of the grains exhibit crystnl out­
lines on certain sides, but the outlines of others are very irregular. 
The feldspars exhibit only slight decomposition. 

It is notable that both rocks carry the same minerals in the same 
order of abundance. 

In general the pegmatite characteristic of the Boothbay Harbor 
region shows considerable uniformity in mineralogical make-up. 
Characteristically it shows irregular crystals of orthoclase-microcline, 
ranging in diameter up to 6 inches, surrounded by a less coarsely 
crystalline association of potash feldspar, white to gray or amber­
colored quartz in masses sometimes several inches across, small 
amounts of nearlv white plagioclase, and varying proportions of 
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muscovite and biotite in crystals seldom over an inch across, usually 
more or less aggregated in bunches. Red garnets are present in 
varying but small numbers and are rarely over one-fourth inch in 
diameter. Small amounts of a white sugary matrix are not uncom­
mon and consist largely of a. fine graphic intergrowth of quartz and 
feldspar. 

Schist a8BociaJd. toith pegrootitu.-A specimen of schist collected 
·along the shore near the United States fish hatcheries on McKown 
Point illustrates the indeterminate character of some of the foliates 
associated with the pegmatite. The rock is dark-gray, millimeter 
grained, with a fairly perfect foliation due mainly to parallel orienta­
tion of the mineral grains but accentuated by quartz lam.inm 1 to 2 
millimeters across. 

Under the microscope the texture is seen to be interlocking 
granular, the constituents being quartz > hornblende > labradorite, 
with biotite, titanite, calcite, and apatite subordinate. Mineral­
ogically the rock is therefore a quartz-rich diorite. Many of the 
quartzes extinguish abruptly, though some show slight undulatory 
extinction. The green hornblende grains are very irregular, but 
show a tendency towards elongation in a parallel direction. This 
elong11.te character, together with the tendency toward aggregation 
of the quartz grains along certain lines, produces the foliated struc­
ture. Titunite is very abundant in irregular grains and also in · 
grains showing elongnte rhombic outlines. The hornblende shows 
no alteration whatever. The feldspar is in part perfectly fresh but 
some of the grains show saussuritization. 

Calcite, which is present in moderate amounts, is in contact with 
quartz, titanite, or unaltered feldspar or hornblende, the contacts 
being tts sluu-p as between any others of the rock constituents. Its 
abundance is scarcely explainable by the very slight alteration 
charaderist.ic of most of the rock, and it is necessary to assume 
either thut it completely replaced certain grains or portions of grains 
of other mineruls, without any of the mottling and irregular pene­
tration usually characteristic of such replacement, or else to assume 
that it crystallized at the same period as the quartz, feldspar, horn­
blende, etc., with which it is in contact. Such an association could 
readily be explained as the result of contact or regional metamorphism 
of a slightly calcareous arkose. The texture and mineral composi­
tion and even the presence of calcite is not, however, incompatible 
with an igneous rather than a metamorphic-sedimentary origin .. 

We are accustomed to reason by analogy from the phenomenon 
of calcining observed when carbonates are heated under ordinary 
surface conditions to the postulate that carbonate...,, if they existed 
in igneous rocks, would undergo the same changes, and thence to 
conclude that earbona.tes can not exist as such in igneous rocks. 
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The reasoning is obviously weak, because in the one case the con­
ditions are those of low pressure and ready escape of gases, whereas 
in the case of a magma cooling to form a granular rock of moderate 
coarseness they are probably those of relatively high pressure and 
much greater ability to retain components which under surface 
conditions would be freed in a gaseous form. The microscopic 
evidence of the original character of the carbonate in this case is 
regarded as suggestive rather than conclusive, but there appears to 
be no a priori reason why it should not be original. 

The schist described lies between two intrusions of pegmatite, 
one 5 to 6 feet wide and the other 4 to 5 feet. The field and micro­
scopic evidence is insufficient to determine whether it is igneous or 
metamorphic-sedimentary in origin, and because of the abundance of 

· plagioclase it is doubtful whether a chemical analysis would furnish 
conclusive evidence. 

Schists of the Boothbay Harbor region which she believE'S to be 
of metamorphic-sedimentary origin have been described and analyses 
given by Dr. Ida H. Ogilvie.0 

Syenite porplvyry.-In 1906 the writer described" a rock of peculiar 
appearance and unusual composition from the town of Appleton in 
Knox County. The rock is a porphyry showing blue-gray pheno­
crysts of potash feldspar up to 1! inches in length in a dark-green 
groundmass composed mainly of biotite and hornblende with minor 
amounts of titanite, apatite, quartz, magnetite, and albite. Chemi­
cally it is unusual because of the great dominance of potash over 
soda in a rock so fernie and so high in lime. 

Rocks which in the field are indistinguishable from prowersose 
from the Appleton locality and which on chemical analysis fall in 
very closely related divisions of the quantitative system of rock 
classification, from several localities in the Boothbay Harbor region, 
have been described by Dr. Ida H. Ogilvie.• 

A number of Dr. Ogilvie's localities were visited by the writer 
before he became familiar with her published . descriptions. A 
locality not specifically mentioned by her is the shore of Linekin 
Bay, southeast of Mount Pisgah. At this locality and on Spruce 
Point the syenite is intruded by dikes of pegmatite and of fine­
grained granite. Many central portions of the syenite intrusions 
show little or no foliation and a. very heterogeneous orientntion of 
the phenocrysts, but in the narrower· masses or near the borders 
of the larger Dl&S8eS foliation is well developed, and is found to be 
due to crushing and shearing movements, probably accompanying 

• Ocllvte, I. H., A eontrtbutloD to the poiCJtO' of sout.bern Maille: Ann. New York Arod. Sci., vol. 17, 
pt. 2, 1107, pp. 62&-627. 

• B..UU, E . 8., Some unusualrocla from llaloo: Jour. Geology, vol. 14, 1901\. JlJl . 1i3-l!(). 
•OcUYie, I. H., A eontrtbutloD to tbe poloc' of southern llalne: Ann. New York Acad. ~l.. vol. 17. 

pt. 2, 1107, pp. 611&-641. 
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dynamic metamorphism. On Spruce Point many of the feldspar 
phenocrysts are nearly black on account of the abundance of minute 
inclusions. 

OXli'ORD COUNTY. 

ALBANY. 

The rocks of most of the town of Albany are quartz-mica schists 
of probable sedimentary origin which have been intensely injected by 
pegmatite and intruded by dikes of fine-grained granite. In all 
observed places where the granite and pegmatite were associated, the 
former was the older rock. Along the road running nearly parallel to 
Crooked River, near the center of the town, diorite or quartz diabase 
is of abundant occurrence and is intruded by dikes of fine diabase, 
fine-grained granite containing few dark-colored minerals, and peg­
matite. In the northwestern part of the town a gray granite gneiss 
forms the country rock over large areas. 

French Mountain beryl locality.-In the eastern part of the town 
of Albany a pegmatite mass very rich in quartz has yielded some 
beryls of fine gem quality. The locality is in the woods in a sag 
between two knobs of the hill crest and is difficult to discover without 
a guide. Only a few blasts have been made in the ledge. Much of 
the quartz is very dear and some is of a fine rose tint. The locality 
is of interest to the mineral collector but is not of commercial 
importance. 

Bennett mica prospect.-A small mass of pegmatite which has been 
prospected for mica by ·w. S. Robinson is situated in the western part 
of the town of Albany on the farm of F. H. Bennett, about 5 miles west 
of Hunt Corners. The pegmatite dike has an exposed thickness of 10 
feet and is intrusive in granite gneiss similar to that occurring farther 
west. The pegmntite is a coarse association of quartz, muscovite, 
orthoclase, and bla(·k tourmaline. The muscovite occurs in graphic 
in~ergrowth with quartz and also in "books " up to 6 inches across, 
though mostly under 3 inches.. Xearly all is of the wedge variety 
and shows twinning. Feldspar is too intimately mi.xed with black 
tourn1aline to be of any value. Neither the quantity nor the quality 
of the materials here seem to warrant further development. 

Pingree mica prospect.-Another pegmatite mass, situated on the 
farm of C. P. Pingree, in the extreme western part of the town of 
Albany, was worked to a slight extent for mica in 1878- 79, and was 
opened again in 1900 by W. S. RobiJL.<>on ; no shipments, however, 
except of samples, have ever been made. The ledge has yielded some 
beryls of gem quality. In the absence of the owner of this property 
the writer was unable to visit it. Bethel, the nearest station, is about 
8 miles distant on the Grand Trunk Railway. 
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ANDOVER. 

F. G. Hillman, of New Bedford, Mass., has reported his discovery in 
pegmatite in Andover of lilac-colored spodumene, or kunzite, as well 
as of some with a. greenish color. A cleavage specimen sent to the 
Survey measured about 12 by 10 by 3! millimeters and had a very 
pretty clear pink color. It was not entirely without cleavage cracks, 
however. The greenish material was a pale aquamarine, nearly 
clear, though rather badly fractured. This spodumene was obtained 
near the surface, and excavating to a greater depth has disclosed no 
material of gem quality. 

BUCKFIELD. 

The rocks of the town of Buckfield are largely quartz-mica. schists 
which have been injected by pegmatite. The pegma.tites have not 
been extensively worked in any part of the town but have at a few 
places yielded golden beryl, aquamarine, and cresium beryl. A fine 
twinned crystal of chrysoberyl from this town in the museum of the 
Sheffield Scientific School of Yale University is 2 inches long and one­
half inch thick. This same collection also contains very perfect 
diamond-shaped crystals of muscovite from Buckfield. 

GREENWOOD. 

So far as known the rocks of the southern part of the town of 
Greenwood are schists which have been intruded by granite and 
pegmatite. In the northern part of the town granite is believed to 
become more abundant. 

A small abandoned mine which has yielded many mteresting 
mineral specimens and some gem tourmalines is situated about 
three-fourths of a. mile east of Hicks Pond in the southern part of the 
town. The pit, which is 15 feet in width and about 25 feet long, 
is located on the western slope of a steep forested hillside, near its 
summit. It was visited by the writer in September, 1906. 

The rock is a coarse pegmatite made up largely of quartz, musco­
vite, albite of the olevela.ndite variety, and some orthoclase-microcline. 
The feldspar does not occur in commercial amounts. Some of the 
muscovite books are 14 inches across the plates and a foot in thick­
ness, but all except a few show twinning and wedge structure, which 
render them useless as a source of plate mica. In places mica con­
stitutes half of the rock. Black tourmaline is present but is not 
abundant. 

Pockets are numerous, most of those observed being under 1 foot in 
diameter. One gigantic one was 7 feet wide and 10 feet long, with 
a depth of at least 4 feet, the floor being buried under a considerable 
thickness of detritus; numerous small lobes add irregularity to its 
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form. Wherever the walls of this pocket have not "shelled off" by 
the action of frost, etc., they are covered with a coating of minute 
crystals of quartz. In some places the minerals which have been 
coated in this way have subsequently decayed, leaving only their 
quartz oovering. AB these quartz crystals are transparent and 
usually show hexagonal forms they probably crystallized below 
575° C., presumably as a deposition from meteoric waters. Where 
this secondary quartz has been deposited on original quartz crystals 
it has grown in perfect crystal continuity with them but is distin­
guished by being opaque white rather than transparent. It is inter­
esting to note that this groWth of secondary quartz has been most 
rapid at the apices of the quartz· crystals, the coating here being 
much thicker than on the sides of the crystals. -

The precise form and extent of the peg~atite deposit could not be 
ascertained, but it appears to be irregular. The coarse pegmatite is 
traceable for about 2.5 feet north of the present pit, beyond which it 
is concealed by soil. The southern wall of the pit is composed of 
schists, which strike N. 50° W. and dip nearly vertical. 

The locality has yielded a. considerable number of tourmalines of 
gem quality, but very few have been marketed, much of the material 
being still in the hands of George Noyes, of Fryeburg, who developed 
the property. Other minerals occurring here are apatite in small, 
opaque, olive-green crystals (present in great abundance in some of 
the fine-grained parts of the pegmatite), opaque, pale lilac-colored 
spodumene, cassiterite, beryl, herderite," zircon, and phenacite. 

The locality, though affording many interesting mineral specimens, 
can not be regarded as of much commercial importance. 

HEBRON. 

The rocks of the town of Hebron are principally quartz-mica 
schists, extensively intruded and injected by pegmatite, which shows 
great variations in coarseness. The coarser phases have proved of 
economic importance for feldspar at Number Four Hill in the western 
part of the town and on the Hibbs farm north of Hebron village, and 
gem tourmalines and various mineral specimens have been obtained at 
Mount Rubellite, about 2 miles northeast of Hebron village. 

Hibbs feldspar and mica mine.-.A small feldspar and mica mine was 
opened in 1906, about 1t miles north of Hebron village near the 
Buckfield road. It is located on the farm of Alton Hibbs and was 
operated during 1906 by J. A. Gerry, of Mechanic Falls, and W. Scott 
Robinson. It was abandoned in 1907. The property was visited 
by the writer in August, 1906, after considerable stripping and pros­
pecting had been done. The ledge was exposed for a distance of 300 
to 350 feet along the southwest side of a small creek valley, the 

al>elloribed by 8. L. PBDlleld, Am. lour. Bel., 3d ser., vol. 47, 1894, p. 337. 
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average width of outcrop being about 30 feet, though increasing to 
50 feet at at least one point; only shallow excavations had been 
made. The exposures show numerous masses of pure orthoclase­
microcline feldspar 2 to 3 feet across, associated with much graphic 
granite. The spar is mottled buff to blue-gray. Small amounts 
of the soda feldspar, albite, are found. The principal iron-bearing 
impurity is black tourmaline, so aggregated that it can be readily 
separated in the mining. It was estimated that feldspar of commer­
cial grade for pottery purposes formed about 60 per cent of the rock 
mined. Biotite is present in the usual lath-shaped crystals up to 
1 foot wide and 3 feet lo:ri.g but is not at all abundant. 

Muscovite is found in most parts of the pegmatite in small books 
up to 2 to 3 inches across; but it occurs in abundance and in larger 
plates only at the southwestern border of the mass, where in a zone 
averaging 3 to 4 feet in width the mica. books average 5 inches in 
diameter and one reaches 30 inches; this specimen, however, was 
imperfect. It is estimated that in this zone muscovite constitutes 
on the average at least 10 per cent and sometimes 20 per cent of the 
rock. Of this it was 
estimated that fully II E. 
60 per cent could be 
trimmed into plates, 
the remainder being 
usable only as scrap 
mica.. Wedge struc­
ture and ruling are Flovaa &.-Relations or pegmatite and wall rock at Hibbs reldspar and 

mica mine, Hebron. 
the common de-
fects. Plates as large as 5 by 6 inches could be trimmed from a. few 
of the mica books. 

Exposures are not numerous enough to reveal the full form or 
extent of the pegmatite mass. On its southwest side it is bounded 
by quartz-mica schists, which trend from N. 30° W. to N. 50° W., 
averaging about N. 45° W., and apparently dip about 45° NE. The 
northeast border of the deposit is wholly obscured by drift. The 
mica-rich band which follows the .southwest margin of the pegmatite 
mass can be traced for 300 to 350 feet-nearly the whole distance 
through which the pegmatite mass itself is exposed. The apparent 
relations of the pegmatite and schist are shown in figure 6. 

From the exposures at the time of the writer's visit this property 
was regarded as a promising one for both feldspar and mica mining. 
It seems probable that further stripping will show that the deposit 
extends northwest and southeast of the present exposures, and since 
it seems to be steeply inclined there is no reason why it should not 
perRist in good quality to considerable depth. The dev<'lopment 
work was suspended for reasons wholly aside from the quality of the 
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deposit. All output must be hauled by teams 3 miles to Hebron 
station, on the Rangeley division of the Maine Central Railroad. 

Mount RubeUite.-A hill known as Mount Rubellite, situated about 
2 miles northeast of Hebron village, was formerly worked to a slight 
extent for its gems and rarer minerals by Augustus Hamlin, of Bangor, 
and Loren B. Merrill, of Paris. The writer's visit was made in 
August, 1906. 

The small opening exposes a fa.ce of rock about 5 feet high and 35 
feet long on a southwestward sloping hillside. The pegmatite re­
sembles in a general way that at Mount Mica (p. 86), but has 
yielded few pockets, Mr. Merrill reporting the occurrence of only 
tlUee or four, one of which was about 3 feet wide, 6 feet long, and 18 
inches deep. Buff-colored orthoclase-microcline feldspar is in many 
pla.ces so penetrated by black tourmaline, the principal iron-bearing 
impurity, as to be useless for pottery purposes, but a few pure masses 
5 feet across indicate that the locality may be worth working. At 
one pla.ce books of mica, some of them 5 to 6 inches across, but 
mostly smaller, show on the surface of the unopened ledge above the 
pit, but they do not seem to form a definite vein. Probably some of 
this mica could be marketed in connection with the feldspar, but the 
indications do not warrant development for the mica alone. 

Colored tourmalines have been found at tlus locality, but for the 
most part in the solid pegmatite rather than in pockets, so that their 
excavation without shattering was not practicable. As may be in­
ferred from the name given to the locality, the pink or rubellite 
variety was of common occurrence. 

Other minerals from this locality are ambylgonite, apatite in small 
opaque green cry!-ltals, ar!'lPnopyrite, beryl, cassiterite inclosed in 
clevelandite, childrenite, cookeitc, damourite (nn alteration product 
of tourmaline), halloysite, herderite,a lepidolite, b pollucite c (embed­
ded in the "sand" at the bottom of two pockets), and vesuvianite. 

The trend or extent of the coarse pegmatite could not be de­
termined. 

It is possible t~1at it would pay ~o work this locality for its feldspar, 
mica, and occastonal gems, but 1t would probably be unprofitable 
to work it for any one of these alone. The haul to Hebron station 
on the Rangeley branch of the Maine Central Railroad, is about a 
miles. 

Streaked .Mountain.-Streaked Mountain, in the extreme north-
west comer of the town of Hebron, shows in a ~triking way the large 
size which some of the masses of coarse pC'gmattte may ussume. The 

a Wells, H. L., and Penfield, 8. L., Am. Jour. Sd., 3d ser., ' ·ol. 4~ . pp. 114-111i, 1892, also 3d ""r., \ "Ol. 47, 
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crest of this mountain trends in a. northwest-southeast direction and 
wa.s examined for over half a. mile of its length. The width of out­
crop examined from southwest to northeast across the trend of the 
ridge wa.s also about half a. mile. The whole area. traversed and the 
remainder of the mountain so far as it could be seen wa.s underlain 
almost exclusively by coarse pegmatite, the mountain being essentially 
a "boss" of this material. Near the highest part a. few patches of 
schist a. few square yards in surface are entirely surrounded by 
pegmatite. Another schist mass was 40 to 50 feet wide and 100 feet 
long. It was bordered on three sides by pegmatite, its fourth contact 
being obscured by vegetation. These masses appear to be entirely 
unconnected with any large schist areas. 

The pegmatite is of the usual type, being an association, often 
in graphic intergrowth, of quartz, orthoclase-microcline, muscovite, 
black tourmaline, and subordinate amounts of biotite. In a. few 
places, a.s on the highest part of the mountain, it is coarse enough to 
yield feldspar of suitable quality for pottery purposes, some masses 
of pure pota.Sh feldspar being 2 to 3 feet across and rather coarse 
graphic granite being abundant. Its inaccessible location would, 
however, render its working impracticable under present conditions. 
Certain portions of this pegmatite consist almost wholly of graphic 
granite, intersected by blades of muscovite, but these areas grade into 
others characterized by a. granular-pegmatitic texture and containing 
the same minerals, but also much black tourmaline and some garnet. 

It is difficult to conceive of a mass of this size and general uni­
formity crystallizing under anything like vein conditions. With 
high gaseous content and hence high mobility it would be natural 
to expect more differentiation both in texture and composition. 
Although the composition of the pegmatite magma was probably 
slightly different from the normal granite magma, it seems probable 
that the rigidity of the mass was not greatly less than that which 
would characterize a granite boss of similar dimensions. 

Mills feld8par rruarry.-A small abandoned feldspar quarry, situ­
ated on Number Four Hill, near the Paris-Hebron line, was visited by 
the writer in August, 1906. The quarry was worked by the Mount 
Marie Mining Company in 1901 but was soon abandoned. 

The principal pit is about 75 feet long by 30 feet wide and 10 feet 
in maximum depth. · A second pit close by is about 30 by 30 feet and 
10 feet deep. 

The bulk of the feldspar belongs to the potash varieties, orthoclase, 
and microcline, though some albite of the clevelandite variety occurs 
in the coarser-grained portions. In the northwestern part of the 
larger pit some masses of pure spar are 3 to 4 feet across. The bare 
ledge to the north of the smaller pit for a length of 40 or 50 feet and 
a width of about 30 feet shows feldspar jn crystals 2 to 4 feet across 
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but containing numerous small crystals of black tourmaline. In the 
larger pit there is a small amount of feldspar of commercial grade at 
its northwest end, but in the smaller pit and in the unopened ledge 
near the pits black tourmaline is so intimately and abundantly 
associ~ with· the feldspar as to render most of the latter valueless 
for pottt.ery purposes under present commercial conditions. The 
coarsest and most highly feldspathic portion of the deposit as exposed 
in the larger pit contains some clevelandite and granular lepidolite 
and a few colored tourmalines of pink and green tints, which are 
translucent to opaque. A few small pockets occur and several less 
than a foot in diameter were exposed at the time of the writer's visit. 
In some of the pockets a few transparent tourmalines of gem quality 
were found during the mining operations. South of the workings 
the ledge shows very little feldspar of pottery grade and within 200 
feet there begins to be some admixture of schist with the pegmatite. 

Muscovite has been saved during the mining, but most of it is what 
is known as wedge mica and would be valueless except as a source of 
ground mica. Biotite or black mica is very rare, black tourmaline 
being the principal iron-bearing impurity. 

The trend and exact limits of this deposit could not be determined, 
but there is every indication that the supply of feldspar suitable for 
use in the pottery trade is very small, most of the material showing 
too great an abundance of black tourmaline. An examination of the 
whole coast of the hill south of the pits showed no spar or other 
minerals of commercial grade. Even if the mica and tourmalines 
were marketed as accessories it is probable the deposit could not be 
made to pay. 

No mining machinery was installed at this locality. The feldspar 
was hauled 5 miles, mostly down grade, to South Paris, on the Grand 
Trunk Railway. Only a few tons of it was shipped, and much spar 
now lies in stock piles at the quarry. 

NEWRY. 

The rocks of Newry were studied only in the extreme northeast 
comer of the town at a quarry formerly operated for gem tourmalines. 

The Dunton tourmaline mine is situated near the summit of a 
considerable hill that rises back of the farm of Joshua Abbott, 
about 1 to 1! miles west of the wagon road between North Rumford 
and South Andover. It was operated in the summers of 1903 and 
1904 by H. C. Dunton, of Rumford Falls. 

The pegmatite mass appears to be sill-like in form, with an average 
thickness of about 20 feet and a dip of about 40° SE. The wall rock 
has been intensely altered, but whether this is largely due to contact 
metamorphism by the pegmatite is uncertain. It is o. light-green 
rock, exceedingly tough, and is composed largely of muscovite, actin-
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olite, and quartz, with a little acidic plagioclase. The mineral grains 
interlock with no trace of schistose structure. 

The higher slopes of the mountain between the mine and the wagon 
road show •much pegmatite, but the lower slopes near the road are 
principally a quartz,...mica schist, which is shown by locally recog­
nizable bedding planes to be of sedimentary origin. 

The pegmatite mass is of exceedingly coarse texture, and the 
principal minerals are quartz, orthoclase-microcline, muscovite, 
bladed albite (clevelandite), spodumene, lepidolite, and tourmaline, 
with beryl, columbite, and autunite as minor constituents. 

The quartz and orthoclase-microcline are commonly in graphic 
intergrowth, as are also quartz and muscovite. Orthoclase is the 
dominant feldspar in most parts of the pegmatite mass. The musco­
vite is not of com-
·mercial quality, de-
1ects of twinning, 
1tiedge structure, and 
A structure being 
common. Many 
muscovite plates 
inclose crystals of 
transparent green = 
tourmaline, some of 
those observed be-
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FIGURE 7.-Fiuldal mvltles In spodumcno from Newry. 

mass of pegmatite constitutes the gem-bearing zone and is character­
ized by a different mineral association. Quartz, orthoclase-micro­
cline, and muscovite occur, but cle.velandite is locally more abundant 
than potash feldspar; some of its bladelike crystals are 10 to 12 
inc.hes in length. With it is closely associated lepidolite, usually in 
small aggregates, but occasionally in large masses; one mass measured 
6 by 2 by 3 feet but inclosed some clevelandite and pink tourmaline. 
The lepidolite, as at most of the gem localities, forms granular aggre­
gates of minute plates and prisms. Spodumene occurs in fiat crystals, 
some of which are 2! feet in length; it is opaque and mostly white, 
though pale pink tints are sometimes found. Elongate fluid inclu­
sions, nearly all of which are elongate parallel to the principal cleav­
age and contain vacuoles, are abundant in this spodumene; their 
size and shape are shown in figure 7. 
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Most of the tourmaline is an opaque dark blue-green, though some 
is nearly black. Association of this variety with the clevelandite 
is particularly common. Other tourmalines of lighter color are also 
abundant, particularly varieties characterized by pink centers sur­
rounded by borders of light grass green. Some of these crystals are 
transparent in part and have yielded gem material, but they arc 
inclosed in the solid pegmatite and are difficult to remove without 
shattering. Some of the pink and green tourm~lines are of large 
size, one being reported as 4 to 5 inches across and about 2 feet long; 
the larger ones, however, are not of gem transparency. So far as 
known no pockets have been encountered. 

Beryl was not seen in place, but a small loose crystal, though 
flawed, was perfectly transparent and almost deep enough in color 
to be classed as emerald. Autunite occurs in crystals, few of them 
over one-sixteenth of an inch across, embedded in or lying between 
plates of clevelandite. Most of it has wholly decomposed, leaving a 
small cavity and a canary-yellow stain in the surrounding feldspar. 

The locality was abandoned because the tourmalines could not for 
the most part be removt:'d from the ledge without being shattered so 
much as to destroy their gem value. If further excavation should 
reveal the presenct:' of pockets in this pt:'gmatite, some of these would 
almost ct:'rtainly contain gem tourmalines which could be excavated 
by cart>ful mining. In view of the fact that no pockets have yet been 
found it seems rather doubtful if further excavation will reveal any. 

NOltWAY. 

The rocks of the town of Norway are largely quartz-mica schists 
intimatPly injected by pPgmatite. No commercially important peg­
matite deposits are kno\\'11 to oecur, but some localitiPs are of interest 
to the mineral eollector. 

At Tubbs Ledge, 2 milrs northwest of Norway village, a pegmatite 
mass which has been blastt>d at several localities in a pasture shows 
orthoclase, white quartz, rose quartz, <'IPvPlandite, black and green 
tourmalines, and lepidolite, tlw latter a granular aggrPgate of unusu­
ally small plates. The prPsPnce of lepidolitE', colorPd tourmalines, 
and clevelandite shows that the locality is a favorable one for further 
prospecting for gem tourmalines. 

In the northeast cornt'r of tlw town near Cobble Hill and near the 
road corners due southwest of West Paris a pt>gmatite ledge opPned by 
George Howe, of Norway, has yiPlded small but perfect crystals of 
chrysoberyl, zinc spinel, and zircon. The pegmatite containing these 
minerals shows distinct cvillencp in a somewhat schi.,tose structure 
and slickensided takosc surfaces of some movement since solidifica­
tion. The chrysohNyl is clearly an original constituent, but the 
minute zircons one-sixteenth to one-eighth inch in length lie upon 
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the talcose slickensided surfaces and were probably formed during 
the shearing process. 

Two dikes, cutting pegmatite of moderate coarseness in a roadside 
exposure in the eastern part of Norway, are instructive. One dike, 
ranging from 6 inches to 3 feet in width, is a coarse aggregate of quartz 
(some rose colored), feldspar, muscovite, and black tourmaline; it is not 
separated from the wall rock by sharp boundaries. The other dike 
is similar in texture and mineral composition, but has quite sharply 
defined walls, next to which the texture is less coarse. At one end, 
however, this dike grades imperceptibly into the same pegmatite wall 
rock which it elsewhere intrudes sharply. These are plainly examples 
of contempora.neous pegmatite dikes. 

PARIS. 

The writer's observations extend over only those portions of the 
town of Paris lying between South Paris and Paris and from there 
northeastward to the Buckfield line. The rocks are quartz-mica. 
schists intruded by pegmatite, quartz veins, and occasional small 
trap dikes.: The schists reveal their original sedimentary character 
in the preservation here and there, as at the Crocker Hill mine near 
Paris Hill, of distinct bedding planes due to an alternation of highly 
quartzose layers with others that are more argillaceous. In a few 
localities small beds of crystalline limestone occur in the schists. 

The collection of the Sheffield Scientific School of Yale University 
contains some fine diamond-shaped crystals of muscovite from the 
northern pa.rt of the town of Paris. 

The only locality in the town where the pegmatites have proved of 
economic importance is Mount Mica, near Paris Hill. 

BILL NOBTB OF CROCKER HILL. 

Certain rela.tions observed on the next large hill north of Crocker 
Hill, about 2; miles from Paris ~illage, bear on the origin of the peg­
matite and their physical characters at the time they were intruded. 

Nearly the whole hilltop is bare, and fully three-quarters of the 
rock is a quartz-orthoclase-museovite-black tourmaline pegmatite, 
which has been broken into at one place in a. search for beryl of gem 
quality. At this opening the feldspar is sufficiently free from black 
tourmaline and occurs in large enough crystals to be of commercial 
grade for pottery purposes, but its total quant~ty is very small, most 
of the pegmatite of the hill being too quartzose and too intima.tely 
shot through with black tourmaline to be of commercial value under 
present conditions. The rock associated with the pegmatite is a 
schist or gneiss similar to that at Mount Mica, but more intensely 
injected by quartz and feldspar and more highly garnetiferous. It 
almost certainly represents a schist of sedimentary origin stJ.hsequently 

~ -
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injected by pegmatitic material. Garnets are very abundant in this 
gneiss and some are 1 i inches in diameter. There are also some 
knots or lenticles made up entirely of quartz and garnet in irregular 
association. Most of these are under 1 foot in greatest dimension, 
but one observed was 8 feet long and 1! feet in greatest width. 
A band 2 to 3 feet in width in the gneiss and traceable for about 25 
feet is fully three-quarters garnets up to I i inches in diameter, the 
interspaces being occupied by quartz and some feldspar. In all 
probability this profusion of garnets is a contact-metamorphic effect 
of the pegmatite intrusion. The prevailing strike of the gneiss is 
about N. 45° W. 

The boundaries of the larger masses of pegmatite may parallel the 
banding of the gneiss or break directly across it. Considerable dif­
ferences exist in the trend of the gneiss, even in outcrops only 20 feet 
apart; this is not due to gradual curving of the folia, the chang~ 
being abrupt and due to bodily displacements of blocks of the schist 
during the intrusion of the pegmatite. The absence of any' great 
amount of softening of the schist consequent on the intrusion of the 
pegmatite is also well illustrated by Plate X, A, in which is shown 
a pegmatite mass 2 to 3 feet across and a number of smaller masses, 
all intrusive in the gneiss. The gneiss folia do not in general con­
form to the outline of the pegmatite mass, a.S they would if any con­
siderable amount of softening of the schist had occurred, and only in 
a zone an inch or two wide along the contact of the gneiss and.pegma.-· 
tite do they show distortion. Any considerable softening, therefore, 
seems to have been confined to a zone 1 to 2 inches wide. The bend­
ing of the gneiss folia in a manner such as is shown in the figure also 
indicates that the pegmatite when intruded behaved to a certain 
extent like a solid body, and was capable of exerting differential 
thrust on its inclosing walls of gneiss. In a body behaving essen­
tially like a liquid, pressure would become equalized in all directions, 
and it is difficult to see how such bending could have been produced. 

The pegmatite of the hill is cut by a number of quartz veins or 
dikes mostly under 6 inches wide and mostly subparallel in trend. 
Most of them parallel the rather poorly defined system of joints in 
the pegmatite. Some of the quartz veins possess sharp boundaries; 
others are rather vaguely delimited from the bordering pegmatite. 
Quartz veins of the latter type are particularly likely to contain 
some feldspar (orthoclase-microcline, some of the crystals 3 inches 
across) and some muscovite and black tourmaline. Black tourma­
line is also found frequently in veins which otherwise are composed 
wholly of quartz; in some of the narrower veins it may be even more 
abundant than the quartz. The two often show interpenetration. 
At one place the relations shown in figure 3 (p. 19) were observed 

. 
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within a space 3 or 4 feet square. The pegmatite is in sharp contact 
with the gneiss, into which it sends off a tapering apophysis. The 
latter for a short distance from the main pegmatite m~W~S is true 
pegmatite, but beyond this becomes rapidly more quartzose. Most 
of this branch vein consists wholly of quartz. 

The inferences to be drawn from the relations described may be 
summarized as follows: 

(1) The relations shown in Plate X, A, and the fact that the 
changes in trend of the schists are abrupt and due to displacement 
of schist blocks en masse indicate that the pegmatite intrusions pro­
duced no extensive softening of the schists. Such softening, when 
present at all, was confined to a zone an inch or two wide immedi­
ately adjacent to the pegmatite. (2) The bending of gneiss folia 
next the pegmatite (see Pl. X, A) suggests that the dike, even before 
its border portions had entirely solidified, behave~ essentially as a 
rigid body capable of transmitting differential thrust and not as a. 
liquid. 

The relations shown in figure 3, the fact that feldspar, muscovite, 
and black tourmaline occ~r in many of the quartz veins, and the 
fact that these veins are in some places not sharply differentiated 
from the inclosing pegmatite, indicate that at least many of the 
quartz veins are to be regarded as end crystallizations from the 
pegmatite magma. 

JfOUNT liiCA. 

History.-Mount Mica, a. small hill situated about 1! miles east 
of the village of Paris at an elevation of approximately 900 feet, is 
one of the most famous mineral localities in the United States, and 
is known to mineralogists all over the world because of the size and 
beauty of its tourmaline crystals. 

The discovery of its mineral wealth dates back to the year 1820,0 

when two students, Elijah S. Hamlin and Ezekiel Holmes, the former 
a resident o( the town of Paris, becoming interested in the study of 
mineralogy, spent much time in searching for minerals in the exposed 
If\dges and the mountains around the village. In returning from 
one of their expeditions in the autumn of 1820, Hamlin's eye was 
caught by a gleam of green from an object caught in the roots of a 
tree upturned by the wind. The object proved to be a fragment of 
a transparent green crystal lying loose upon the earth which was 
still attached to the roots of the tree. This was the first colored 
tourmaline taken from the locality which afterwards yielded them 
so prolifically, but its character was not recognized until somewhat 
---------------------------------------

•llamlln, A. C., The history of Mount Mica, Bangor, Me., 1895. 
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later, when the same students sent similar crystals for identification 
to Professor Silliman, of Yale. 

The winter's snows setting in the night after the discovery pre­
vented further exploration until the following spring, ·when the two 
students searched the bare ledge and the overlying soil and were 
rewarded with thirty or more crystals of tourmaline of remarkable 
beauty and transparency, with which were associated masses of pur­
plish red to pink lepidolite and splendid crystal groups of white and 
of smoky quartz. 

Subeequent examination indicated that the ledge was perforated with cavities in 
which the tourmalines and other minerals bad been deposited and that the crystals 
that bad been gathered by the students bad been set free from their cavities by the 
disintegration of the surface of the ledge. Parts of the ledge were fairly honeycombed 
with small cavities and soft spots where the decomposing feldspar was crumbling 
away. In these cavities and decayed places other tourmalinet~ wer( obtained by 
breaking away the edges of the cavities or removing the decomposed material.a 

· The finding of the first of the large pockets is described by Mr. 
Hamlin b as follows: 

Two years after the discovery (1822), the two younger brothers of the discoverer, 
Cyrus and Hannibal Hamlin, although scarcely in their teen11, ref!Olved to make a 
more complete exploration of the ledge. Having borrowed I!Ome hlasting tools in 
the village, they proceeded to the hill and managed in a rough way to drill !16veral 
holes in the ledge and blast them out. These operations, though of trivial magni­
tude, were attended with unlooked-for results, for the explosions threw out, to the 
astonishment of tb._; boys, large quantities of bright-colored lepidolite, broad sheets 
of mka, and ·masses of quartz crystals of a variety of hues. The last blast exposed a 
decayed place in the ledge, which yielded readily to the thrusts of a sharpened stick 
or the point of the iron drills. As the surface was removed, great numbers of minute 
tourmalines were discovered in the decompo!!OO fddspar and lepidolite. The rock 
bl"Came softor and 80fter as the boys proceeded in their work of excavation, and soon 
they reached a large cavity of two or more bushel~< capacity. This hollow place, or 
rotten place, appeared to be filled with a substance resembling AAnd, loosely packed. 
Amongst this sand or disin!Rgrated rock, cry~tals of tourmaline of extraordinary size 
and beauty were found scatterEd here and there in the soft matrix. Scratching away 
with renewed energy, the boys soon empti€d the pocket of its contents, and found 
that they had obtained more than twenty crystal~ of variou8 form8 and hues. One of 
these was a magnificent tourmaline of a rich green color and a remarkable transpar­
ency. It was more than 2! inches in length by nearly 2 inches in diameter, and both 
of its terminations were finely formed and perfect. 

Several others post!e!ll!ro extraordinary beauty, and wme of them were quite 3 
inches in length and an inch in diameter. The colors of tlwf'e tourmalines were quite 
varied, but were chiefly red and green. * * * The exaf't number of tho cry11tals 
obtained by tho boys is not known, but when <'ollected tn~ether with the fragments 
of oth('rs they filled a b~ket of nearly two quart... <'apadty. BeHides the tourmalines, 
tht' quantity of lepidolite, mica, and other choice minerals thrown out. by the blasts 
or found in the sides of the cavity was so great that the boye were obligPd to seelr for 
an ox team to transport them home. 

From 1822 until 1864 the locality was visited by many mineralo­
gists, ~eologists, and mineral collectors, who excavnted to some extent 

a Op. cit., p. )0. ~ Op. cit., pp. 11-12. 
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GENERAL VIEW OF THE TOURMALINE QUARRY AT MOUNT MICA IN NOVEMBER, 1908. LOOKING WEST. 

Th~ upper layers of rod. in the middle &'round are the »chi$1 c:appini· In the foreground is the &igantic pocket shown in Plate XII I. The rock •t the rieht is waate, piled in the 
worked·out portions of the pit. 
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and secured a number of valuable and beautiful tourmalines, though 
no systematic working was attempted. Observations were made 
by Professor Shepard, of Amherst College, between 1825 and 1830.0 

In 1864 Samuel R. Carter, of Paris, commenced work in front of 
the pit made by former explorers and started a cut in the ledge 40 
or 50 feet to the west, intending to strike the mineral belt at a depth 
greater than had before been reached, but after removing many tons 
of rock and finding no sign of the deposit he stopped work. Shortly 
after the close of the civil war A. C. Hamlin, the discoverer of the 
deposit, made a few test blasts and discovered a small pocket showing 
green tourmalines touched at the base with pink. In 1871 he renewed 
his work and after some excavation disclosed a pocket containing 
one of the finest crystals of white tourmaline (achroite) that has 
ever been found. This was 4! inches in length and I! inches in 
diameter, white at the top, but changing to a smoky hue toward the 
base, and tipped at both ends with green. It is now in the miner­
alogical museum of Harvard College. About 1873 Mount Mica was 
worked for muscovite by a party of explorers and the contents of 
several fine pockets which they opened were scattered or destroyed. 
About 1880, in order to continue the work for gem minerals, 
Dr. Hamlin formed the Mount Mica Company and continued to 
operate intermittently and with varying degrees of success until 
about 1886, when work was suspended owing to the belief that the 
deposit did not extend farther to the east. In 1890 Loren B. 
:Merrill, who had been engaged to some extent in gem mining at 
~lount Apatite, and L. Kimball Stone, both of Paris, purchased the 
rights to operate the property and have worked it successfully to 
the present time. 

}fount Mica was visited by the writer in August, 1906, and again 
in October, 1907, and November, 1908. In 1908 the pit was about 
150 feet long from northea..c;t to southwest and. from 50 to 100 feet 
wide. The maximum depth was about 20 feet. W. H. Emmons, 
who visited the mine in July, 1910, reports that the pit was then 300 
feet long and 35 feet in maximum depth. These dimensions do not 
mark the total area which has been worked over, for most of the 
quarry waste has been piled in the abandoned workings. Plate XI 
g\ves a general view of the quarry. 

Gem-bearing z~.-As at most of the }fnine quarries where peg­
matite deposits are worked the relations between the pegmatite and 
the wall rock and between pegmatite of various degrees of coarseness 
are very irregular. The general position of the g('m-bearing zone and 
its relation to the bordering schists is, howev('r, rn.ther clear. Figure 
S represents a section through the mine from northwest to south<>ust, 

o8bepard, C. U., Mineralogical Journey In the northern parts of New England: Am.Iour. Set., 1st ser., 
Vol. 18, 1830, pp. ~. 
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the portions excavated previous to 1908 being inclosed in a dotted 
line: AB shown in this diagram, the Mount Mica pegmatite mass dips 
gently 20° to 30° SE., being intruded in general parallel to the trend 
of quartz-mica schists, which at the quarry strike N. 50° to 60~ E. and 
dip 20° to 30° SE. The significance of certain schist fragments 
inclosed in the pegmatite is discussed on page 135. 

The schists are unquestionably of sedimentary origin but are 
locally so much injected by narrow sheetlike offshoots from the larger 
pegmatite masses that they resemble igneous gneisses. The contact 
of the pegmatite on the schist is generally very sharp and there is no 
indication of any absorption of the schist, though the abundance of 
garnets near the contact indicates some contact metamorphism. 

The whole pegmatite mass is not productive (see fig. 8), the gem 
and pocket bearing portion constituting a zone ranging from a few 
inches to 6 or 7 feet in thickness lying immediately below the schist 
capping. The productive layer originally outcropped at the surface, 
a relation to which was due its discovery and the ease with which it 
was worked in the early days. At present the southeastern wall of 

~'l<>t:RE M.-llia~ram >howlng ~eolo~:lc strm·ture at Mount Mica tourmaline mine, Paris. 

the quurry is cupped by about 10 to lS feet of schist which must be 
strippcd off lwfore tlw pocket-hearing zone is reached. According 
to prPsPnt intlications irwreu."ingly great thiPknPsscs of schist must be 
remowd ns the workin~rs are extended to the southeast, though the 
pPgmatite muy show irrPgulnrities the natur~ of which can not be 
predicted. If the work is Pxtended far to the southeast tunneling 
may be found to be che·apPr than stripping. Tlwre is very little 
qupstion, howevPr, that further latPrnl excavation to the southwest 
and nortlwast of the pm:;ent workings, in prolongation of the original 
line of outerop of the pocket-benring zone, would disclose a continua­
tion of the productive layPr. Prospecting at len.st along t.hPse lines 
should be undertaken bPfore the PXcavations are curried to any great 
depths in a southcnst dirPction along the dip of the dPposit. 

The gPm-bcnring zone is not very sharply differpntint('(l from the 
pegmatite below it, but is in genernl somewhat coarsPr and is sepa­
rated from the underlying unproductive pt>gmatite by a narrow 
layer very rich in small garnets. This layer is similar to the garnet­
iferous bands observed at the Wade and Pulsifer quarry in Auburn, 
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The po5it i<>n of each pocke1 it marked by a ~&ti ck wi1h a white card attached. (From a nea:atiwe in the polleHion of Mr. T. F. lamp, of Portland. ) 
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and it was clearly recognized by A. C. Hamlin as marking the line 
between the productive and unproductive rock. Out of the 80 
pockets known to him previous to 1895, not one was found below this 
garnetiferous layer, nor have later excavations revealed any. The 
pocket-bearing zone is further differentiated from the rest of the peg­
matite by the abundance of clevelandite, lepidolite, and some other 
minerals not found elsewhere. 

Pockets.-An idea of the abundance of pockets may be gained from 
Plate XII, a reproduction of an old photograph showing the workings 
at a time when the pocket-bearing zone could be reached by very 
shallow excavation. In this picture the position of each pocket is 
shown by a. small stick with a white card attached. The abundance 
of pockets differs greatly in different parts of the mineral zone, as 
does also their richness in tourmalines, so that certain portions of the 
productive zone have proved much more valuable than others. Most 
of the pockets are more or less spherical in outline, but some are very 
irregular, many consisting of several connected cavitie~. Few of 
them are angular in form. One that may be regarded as of average 
shape, though somewhat above the average in size, is shown in 
Plate IX, B, and is 3 feet in diameter. In size they vary from those 
having a capacity of only about a pint to one which was 20 feet long, 
12 feet wide, and 7 feet high and contained three connecting chambers. 
This largest known pocket is shown in Plate XIII. One pocket 6 feet 
below the surface of the ledge, found in 1868, was scarcely larger than 
the hand and contained nothing but one transparent tourmaline 
crystal 3 inches long and 1 inch in diameter.a The total number of 
pockets found up to October, 1907, was estimated at 430, of which 350 
have been found by Merrill & Stone, the present operators. Only a 
small proportion, however, yielded any gem material; out of 60 
opened by Merrill & Stone in one autumn, only five or six yi<>lded 
anything of value, and out of the entire 350 opened by th<>m only 
about 50 were worth much. 

According to Dr. Hamlin,b "The cavities generally were roofed 
with albite, whilst the sides were composed of limpid or smoky quartz 
mixed with lepidolite, crystals of tin (cassiterite), spodumene, a.m­
blygonite, and other rare minerals." 

Few pockets were observable at the time of the writer's visit, but 
Hamlin's description is probably essentially correct, although albite 
wa.~ not observed to be any more abundant above the pockets than 
below them or at their sides. 

The action of frost and percolating water has in most placPs pro­
duced much disintegration in the walls of the cavities, and thPir floors 
are generally formed of a sandy or clayey mass consisting of partly 
decomposed fragments of clevelandite and lepidolite associated in 

• BamliD, A. C., The hlatory of Mount Mica, p. 63 and Pl. XV. b Idem, p. 49. 
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greater or less abundance with kaolin and the hydromica cookeite. 
In this mass of decomposed material the tourmalines are embedded. 
There can be no doubt that they were once attached to the walls of 
the cavities, but they have been loosened from their original position, 
many being fractured in the process, and now lie in every conceivable 
position in the material forming the floor of the cavity. Many of the 
groups of quartz crystals which adorned the walls have been loosened 
in a similar way, some of them now lying embedded in the materials 
of the floor with the apices of the crystals downward just as they fell 
from the roof of the cavity. In some of the cavities the amount of 
kaolinic material is very large, about a ton of the pink kaolin mont­
morillonite having been taken from the large one shown in Plate 
IX, B. 

Mineral8.-The bulk of the pegmatite found at this quarry is in 
general similar to that at other pegmatite workings in Maine but 
differs from these in the relative scarcity of graphic intergrowths of 
quartz and potash feldspar. The principal constituent minerals are 
quartz, orthoclase and microcline, muscovite, biotite, and black tour­
maline, and their a..~sociation seems to be wholly irregular. Even in 
the pocket-bearing layer these are the principal minerals, though here 
the clevela.ndite variety of albite, lepidolite, and colored tourmalines 
are also found. 

Quartz is prest>nt in the solid pegmatite, principally in small irreg­
ular opaque masst>s which are white to slightly smoky in color. 
Rarely it is graphically intt>rgrown with feldspar. In the pockets it 
occurs as groups of very perfectly developE-d transparent colorless 
crystals. \Vhere thes<• have become detached from the walls they 
may lie embed<led in kaolin and cookeite in the bottom of the 
pocket.-.. 

The principal feldspar is buff-colored orthoclase and microcline, 
occurring mainly in small, irn•guJar masses int~·rgrown with the other 
common pegmatit~ mirwrnls. A very few mass<•s of pure feldspar as 
much as 2~ feet aeross wPre observe<!. The dump is now (1910) being 
picked over hy the ~Iaine .Feldspar Company, of Auburn, to obtain 
spar for pottery purposes, but befor<' this the feldspar was not 
utilized in any wa.v. In the poekf>t-bearing zone pure white albite 
of the clevelandit<' variety is abundnnt, nssoeiatRd particularly with 
lepidolite, muscovit<', and quartz. 

Muscovite occurs in gmphie intergrowth with quartz and also in 
books, many of whieh are 5 to 6 in<"hes across. One seen on the 
waste pile was 12 by 14 inehes in siz<', and anotlwr was 1 foot long 
and 7 to 8 inches wide. A few of t.lw books inclose long, slender 
crystals of opaque gr<•en tourmaline, th<' largPst observed being 
4 inches long and one-fourth in<'h in diam<'t<'r. The fin<'st musco­
vite crystal from this loeality known to the writer is in the public 
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This oocket measures 20 by 12 by 7 feet and contains three connecting cham ben. Mr. Metrill at the right. 
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library at Paris and is a clear, perfect piece of roughly hexagonal 
outline, measuring about 8 by 2; inches. Good specimens of plumose 
mica, produced by close-spaced ruling, are also to be found in the 
coll~ctions at Paris. Where not too intimately mixed with other 
minerals, the mica is saved in the qua.n-ying process and has brought 
$25 per ton as taken from the quarry. At another time 12; cents per 
pound was offered for the thumb-trimmed product. The largest 
perfect plates of cut mica obtained from this material would prob­
ably not exceed 3 by 4 inches in size. Much is defective owing to 
wedg~ structure and ruling and is valuable only as scrap mica. 

Biotite is not abundant, but it occurs in a few places in its usual 
fo~ of long, narrow, and very thin crystals, the largest seen being 10 
inches long and one-half inch wide. 

L.>pidolite or lithium mica is of common occurrence in the pocket­
bearing portions of the pegmatite. The largest mass found, though 
impure, is reported as weighing 10 tons, and it is not difficult to obtain. 
fairly purE' masses 8 or 10 inches across. The mineral occurs mostly 
in the granular forms, though some curved and globular crys­
tals have been found. The eolor varies from lavender to peach­
blossom pink. The granular varieties commonly show some admix­
ture of quartz, muscovite, and clevelandite and not uncommonly 
contain interbedded crystals of opaque pink and more rarely green 
tourmaline; some specimens which have been sawed into small blocks 
and polished make handsome paperweights. Lepidolite from this 
locality has been described by Clarke, who also gives analys~s.4 

Black tourmaline or schorl, which is the most abundant iron­
bearing mineral present at the quarry, occurs in prismatic crystals, 
mostly compound, many of which arc a foot in length and 4 to 5 
inches in diameter. A few having a length of 2! feet were seen by 
the writer, and one 4 feet in length is described by Hamlin. A few 
large compound prisms of black tourmaline separate at their ends 
into a brushlike aggregate of small prisms, the interspaces being filled 
with quartz and an aggregate of minute muscovite scales. The hlack 
tourmalines occur in the solid pegmatite, pem~trating it in all direc­
tions; except for a few small crystals, they have never been found in 
pockets. Some colored tourmalinl's O<'cur in the solid p<'gmatit{' n(•ar 
the pockets, associated usually with dewlanditf', muscovitf', l<'pi,Io-

.lite, and quartz; a. few of these are curved through (•onsidernhle 
angles. :Most of these colored crystals are opaque, though n few 
small, delicate, transparE'nt ones are interleaved with muscovite. 
Fine specimens of these latter are found in the Carter collection in 
the public library at Paris; other specimens are much largE>r, Romo 
containing interlt'!aved tourmalines 3 or 4 inches in length and 
one-fourth inch or so in thickness. In a few instances tourmalines 

eCIIIrb, Y. W.,LepidoUteof lla.lne: Bull. U.S. Geol. Survey No. 42,1887, p.l3. 
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cross each other with mutual penetration about at right angles, but 
most commonly several crystals diverge· from single points, forming 
fan-shaped aggregates extending through 60°, 90°, or even 100°. 

None of the above-described tourmalines are of gem value. 
Amblygonite is the only other mineral occurring at all abUn.dantly 

in the pegmatite. It is found only as a constituent of the solid 
pegmatite in irregular masses often 4 to 8 inches across. One m888 
is estimated to have weighed nearly 800 pounds. The mineral usually 
occurs near the pockets and is regarded as an indicator of their 
proximity. 

Spodumene occurs in opaque gray flat crystals, usually associated 
with lepidolite. C'ne crystal measured 2 feet long, 7 inches wide, 
and 2 inches thick. Portions of a fE'w of the crystals are a trans­
parent pale blue or pink. Aecording to Mr. Merrill, an abundance 
of beryl or spodumene about a pocket genera.lJy signifies that the 
latter contains few if any tourmalines. A white spodumene crystal 
in the Hamlin collection at Paris is 7 inches long and 4 inches thick 
and is split by a wedge-shaped mass of granular lepidolite tapering 
from 1 inch to one-half inch in thiekness. 

Apatite occurs in the solid pE'gmatite in irregular opaque green 
masses, some few of which weigh a couple of pounds. A smeJl' 
deep-blue bipyramitlal crystal one-fourth inch in length with crystal 
faces develop<•d in remarkable perfection has been descn'bed and 
fiJ.,TUred by Prof. E. S. Dana.4 

Ca."'"iteritP oeeurs rarely, usunlly associated with develandite near 
the poekPts. Some crystnls are found embedded in the sandlike 
matNials at tht- bottom of the pock(•ts. 

Columhite is rnrt- nnd usually m·curs in irre~~lar· bladelike crystals. 
AI'H<'llOpyrite \Vas obs<•n·pd in win like mass(•s, mostly one-eighth to 

one-Court h ineh in width and 2 or 3 indws in l(•ngth, flanked by 
irr<>gular bordPrs of quartz, whieh in turn um irrt>gularly bordered 
by orthoelnse unci mierodinP. The nrsenopyritn tlwrefor(l virtually 
forms tlw ePntrnl portion of f'mnll cont1~mporuneous quartz veins or 
lenses in thP pPgmatitc. 

Triphyllite oeeurs mostly in nggregatPs, many of which weigh 
from 10 to :.?0 pounds nnd a fnv us mueh as 50 pounds. 

Z.in·ons ot'I'UI' mostly nssoeintPJ with triphyllitL·, f1•w crystals being 
OVI'I' onP-t>ighth iJl(·h in diumPtPr. 

Kaolin oe<"urs in eonsitkmble amounts in the hottoms of some of 
tlw ptwhts ns n dP<·omposit ion Jli'Oihll't of fddspur. In the giant 
poek<'t :-:hown in Plutl' XIV on•r u ton of t lw pink kaolin montmoril­
lonite was uggn•gutt·d at ont• I'Bd of the pockd. 

Otlwr mirH•nds found ut. ~lount l\Iieu are nutunitP, brookite, chil­
drt•nitl•, dnmourit<•, hulloysilt>. lollingite. petulit1•, pyr·ite, sphalerite, 

a Am. Jour. Sci., ;-s~ l M?r., vol. 27, lh.~. p. -ISO, 
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yttrocerite, and zircon. Cookeite from Mount Mica has been 
described in detail by Penfield.11 

OemB.-The gem tourmalines of this locality show remarkable 
variety in form, size, and color. Those of value occur without 
exception in the pockets, usually but not invariably detached from 
their original position on the walls and lying at the bottom in a ' 
sandlike matrix of kaolin and cookeite. Most of them range in color 
from olive green through emerald green to blue green; some are nearly 
colorless, some show beautiful pink tints, and the central portions 
of some are a deep ruby red when viewed along the main crystal 
axis; a few are the color of amber and of port wine; and some are a 
purplish red. Many show a zonal distribution of colors. A polished 
cross section of a crystal about three-fourths of an inch in diame­
ter, preserved in the Cambridge Museum of NaturJL} History, shows 
a blue-green center about one-half inch across, surrounded by a 
transparent pink border one-eighth inch wide, outside of which is a 
pale transparent . olive-green border about one-sixteenth inch wide. 
Crystals with pink centers and olive-green borders are not uncommon. 
One shade commonly predominates in a pocket, but some pockets 
contain gems of different colors. Some single crystals shade from 
white at one termination to emerald green, then to light green and 
pink, and finally to colorless at the other termination. Green crystals 
tipped with pink are especially common. Generally these transitions 
of color are very gr&dual, but in some specimens the colors are not 
mingled in the least, and the crystals, though crystallographically con­
tinuous throughout, seem to be composed of several distinct sections. 

In some pockets the tourmalines when first disclosed lie in apparent 
perfection of form and color in their clayey matrix, but crumble 
away as soon as touched. In others certain portions only of the 
crystals crumble away, leaving a smooth nodule of perfectly fresh 
tourmaline, usually beautifully transparent and in form resembling 
somewhat the nodules produced by the etching of quartz crystals 
with hydrofluoric acid. Some of the finest gems have been cut from 
such nodules. Some hollow crystals of tourmaline are found, com­
monly of small diameter, but including some as much as an inch in 
length; they were probably produced through disintegration of the 
core of the crystal. Some tourmalines have not only suffered dis­
integration, but have been partly or entirely removed, leaving only 
their impressions in the kaolin which formed the matrix. 

In size the colored tourmaline crystals differ greatly, ranging from 
those of needle-like dimensions to the large ones described below. 
Many of the largest are compound. , 

Anything like a complete descriptive list, even of the larger and 
finer tourmalines found at Mount Mica, is impracticable in this report, 
but a few of the most remarkable will be briefly described. 

•r.aAeld, 8. F., On cookeUe from Parts and Hebron, Me.: Am.1our. Bel., 3d ~~er., vol. 4.5, pp. 393--396. 
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The largest tourmaline ever found at Mount Mica came from the 
pocket shown in Plate IX, B, and is itself figured in Plate XIV. It 
is now in the Paris library, to which it has been loaned by Edward 
Hamlin, of Boston. It is 15! inches long, 7 inches in maximum 
breadth, weighs 31! pounds, and is valued at not less than $400. 
AB shown in the plate, the base is fractured so that the crystal is now 
in three segments. The crystal is transparent to translucent grass 
green at the tip, where, too, the prism faces are best developed. The 
middle and lower flanks of the terminal segment are made up of a 
mass of small colorless to pale-pink or brownish prisms between one­
eighth and one-fourth inch in diameter, many of them set at all sorts 
of angles to the main axis of the compound crystal. A small crystal 
of white quartz about 2 inches long is attached to the side of this 
segment. The basal segments, which are about 4 inches across, show 
an alternation of small translucent to opaque pink and green prisms, 
the colors grading into one another parallel to the prism axes and 
also across them. 

The same pocket contained another compound tourmaline crystal, 
somewhat similar to that just described in its general form and very 
similar in coloring, but smaller. Its length is about 10 inches, its 
maximum width 3! inches, and its weight 6! pounds. It is now in 
the possession of Mr. Merrill. 

Besides these two compound crystals the pocket yielded two simple 
crystals, one of which is shown in Plate XV in natural size. The 
upper segment of this is in Mr. Merrill's possession, the lower having 
been cut into gems. The companion crystal, which was slightly 
smaller, is the property of the Hamlin estate. Both crystals are 
green in the upper part and pink and red at the base. They are 
transparent to translueent, and the segment which is in Mr. Merrill's 
possession may contain some gem material in its upper portion. 
The same pocket also yielded many small crystals of green and red, 
which furnished about 75 carats of cut gems, mostly red and pink, 
but some green. Three nodules of colorless tourmaline were also 
found, one of which would cut an 8-Carat stone. Some of these were 
remarkably limpid and brilliant when cut. In all, there were about 
75 pounds of tourmalitte crystnls in this pocket. The two largest 
tourmaline groups and most of the others lay loose in the disinte­
grated clevelandite and cookeite in the bottom of the pocket. No 
kaolin was present. Lepidolite occurred around the walls and 
across the bottom. Many quartz crystals lay loose in the bottom of 
the pocket, the upper ones having the apices of the crystals downward, 
showing that they had fallen from the roof. 

A large tourmaline, consisting of a bundle of pris1ns diverging 
slightly toward the apex of the ct·ystal, is now in the Cambridge 
Museum of Natural Hist?ry. It is 7 inches long, 3! inches wide near 
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From tne &ame poclcet at the e iant tourmaline thown in Plate XIV. 
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the apex, and 2! inches wide at the base. .Most of the crystal is a 
deep grass green, but at the base the outer green layers have shelled 
off, revealing a cone of deep pink, which, however, does not appear 
to penetrate far. The base, a nearly straight surface inclined about 
70° to the main prism axis, appears to be a fracture surface and is 
conchoidal. It is partly coated with cookeite, as are the lower flanks 
of the prism, showing that the crystal had become detached from its 
original position on the wall of the pocket before the oookeite was 
deposited. The summit terminations are not crystal faces, but are 
fracture planes standing nearly at right angles to the main axis. The 
sides are closely and beautifully striated. The crystal is transpar­
ent to translucent and does not appear to contain any gem material. 
This tourmaline was the largest found in the giant pocket shown in 
Plate XITI. It lay loose in th,e bottom in a mass of kaolin and of 
cookeite sand. A few other smaller tourmalines were found, but 
none were of gem quality, and in proportion to its great size the 
pocket was remarkably unproductive. The pocket contained large 
amounts of massive and crystal quartz plugged full of small opaque 
tourmaline crystals. In one end there was about a ton of the pink 
kaolin montmorillonite .. 

The largest transparent crystal of green tourmaline found at Mount 
Mica was discovered by Samuel R. Carter in 1886 and is now in the 
Cambridge Museum of Natural History. It is 10 inches in length, 
21 inches in diameter, and weighs 41 ounces. Both terminations 
have been preserved, but they are not at all perfect.a Although 
broken into four pieces, the parts have been easily joined by cement. 
Its middle portion would probably yield some fine gems. This 
crystal came from an unusually large pocket 4 feet in diameter, along 
whose sides and at whose bottom, embedded in a sand of decom­
posed cookeite, lepidolite, etc., were found fragments of certainly 
50 well-defined tourmaline crystals. 

The most remarkable crystal of white tourmaline or achroite 
found at this locality is also in the Cambridge .Museum of Natural 
History. It was obtained in 1869 from a large pocket which yielded 
several other crystals of smaller size. This crystal is transpal'ent, 
but when viewed in light transmitted at right angles to its axis appears 
smoky toward the base; when viewed along the axis its hue is 
crimson. Both ends are tipped with green, but its terminal faces are 
not preserved. Its length is about 4 inches and its width 1 t inches. 

The finest crystal of blue tourmaline or indicolite found at Mount 
Mica is in the Hamlin cabinet. It is transparent throughout its 
entire shaft, although broken into five parts. Both terminations are 

. preserved. The color, when viewed at right angl<'s to the prism 
. ---- - - - ---- - ------- - --

•Bamlln, A. C., The history ol Mount Mica, Pl. XXX &ad pp. 39-40. 
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length, is a beautiful sapphire blue, changing at the top into a deli­
cate green. It is about 4 inches long and one-half inch in diameter. 
It is, illustrated in color in "The history of Mount Mica," Plate XXVI. 

A remarkable curved crystal of gray to green tourmaline, trans­
parent to translucent in places, was found in 1891, and is now in the 
Carter collection in the public library at Paris. It is about 5 inches 
long and three-fourths to 1 inch in diameter, and is curved through 
an angle of about 20°. 

The largest flawless gem ever cut from tourmaline from Mount 
Mica weighs 69t carats and is now in the Tiffany collection. It was 
part of a crystal found in November, 1893, and was sold by Merrill 
& Stone for $1,000. The crystal from which it came is described 
and figured in "The history of Mount Mica," page 71 and Plate 
XLIII. It yielded a number of othel' fine gems, one of which, a 
pink one, weighed 18 carats. 

What is probably the largest flawless piece of transparent tourma­
line known is in the possession of L. B. Merrill, its finder, the present 
operator of the Mount Mica mine. In its uncut condition it weighs 
411 carats. It formed the tip of a crystal 8 inches long and 1 inch 
in diameter, much of which was greatly disintegrated. 

Beryl occurs principally in the solid pegmatite, though occasionally 
found in the pockets. The varieties found in the solid pegmatite are 
mainly pale blue-green and opaque or translucent. Certain small 
portions of the crystals may be transparent, and from these some 
small aquamarines of good quality have been cut. One beryl 6 
inches across, observed by the writer, incloS('d both muscovite and 
black tourmaline. The beryl found in the pockets is mostly color­
less to pale pink cresium beryl; it cuts into gems which in artificial 
light have almost the beauty of diamonds. It is apt to occur in 
short, button-shaped prisms, many with both terminations complete. 
Two fine specimens of cresium beryl are in the Hamlin collection at 
the Paris public library. One is about 6 inches in diameter and 1 
inch high and has three sides of the hexagonal prism perfect. The 
other is about 6 inches high, shows a good busnl plane, four prism 
faces quite perfect for most of their length, and two pyramid faces. 
These crystals o.re only in small part transpnrl'nt and nre much flawed 
and iron stained along fracturl's. 

Production and method of mining.-It is impossible accurntely to 
estimate the amount o.nd vnlue of material for g<•ms and museum 
specimens which Mount Mica has yieldl'd, but Hamlin in his history 
of Mount Mica estimated that up to 180.5 the lo<"ality had yielded 
more than 100 tourmaline crystnls which would be considered 
unusually fine specimens of the mineral, bPsidPs many thousand 
smaller crystals. The total value of tll(' gems nnd cabinE>t spe<:imens 
which have been taken from the locality up to the present day 
probably exceeds $50,000. 
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The mine is worked by Merrill & Stone, the drilling being done by 
hand and the blasting with black powder, so as to run as little risk 
as possible of shattering valuable gem material. A derrick oper~ted 
by a horse windlass is used in transferring the waste rock to the 
dump. At present it is necessary to remove a considerable thick­
ness of schist overlying the pocket-bearing layer. It is probable 
that the thickness of the cover rock increases southward, and that 
in the near future tunneling will be found the most economical method 
of working. 

PERU. 

The pegmatites of Peru were studied at only one locality, an old 
mica prospect on the farm of J. P. York near the central part of the 
town. The mine is located near the summit of the southwest slope 
of a steep hill and was worked only in the summer of 1902. 

The whole pegmatite mass is hardly over 150 feet wide on the 
level of the principal openings and appears to have the form of an 
irregular lens elongate in a general east-west direction. The bo:rder­
ing rock is a granite gneiss locally very rich in biotite. The openings 
are below the crest ·of the hill, and as the pegmatite mass is traced 
eastward toward the summit it is found to be associated with larger 
and larger amounts of granite gneiss. The lowermost exposures on 
the hill slope also show much granite gneiss associated with the peg­
matite; the latter therefore appears to pinch out rather rapidly both 
above and below, and consequently to be of rather small extent. 
The trend of the granite gneiss where it borders the pegmatite on the 
north is about N. 70° E.; its folia dip steeply to the northwest. 

The pegmatite varies greatly in coarseness from point to point. 
Its dominant components are orthoclase-microcline, quartz, mus­
covite, and biotite. A few feldspar crystals are 3 feet across, but for 
the most part this mineral is so intimately mixed with biotite as to be 
commercially valueless. Locally the biotite forms blades 4 to 5 feet 
long and 2 to 3 inches wide. Some crystals show muscovite surround­
ing biotite in parallel growth. No muscovite books more than 3 to 4 
inches across were seen either in the solid pegmatite or in the dump 
piles of the mine, and specimens preserved at a neighboring farm­
house and said to be as good as any of the mica obtained would none 
of them cui pieces of clear mica measuring more than 2 by 3 inches. 
There is no distinct vein particularly rich in muscovite and the prop­
erty can not be regarded as a commercial proposition for mica 
mining. 

RUMFORD. 

The town of Rumford is occupied by quartz-mica schists, intruded 
and in some places intimately injected by granite and pegmatite. 
The relations at a number of localities throw light on the genesis of 
the rock concerned. 
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Vicinity of Rumford Falls.-The exposurt>s examined W('re on the 
east shore of Androscoggin River at the falls, a mile or so above 
Rumford Falls village. The schifl!.s are dark gray to purplish on 
the fresh surfaces and purplish to rusty brown on the weathered 
surfaces. They are gametiferous quartz..mica schists and strike N. 
30° to 40° W., with dips of 20° to 30° NE. The schists are intruded 
by sills and dikes of fine-grained gray granite, by pegmatite, and by 
small quartz veins. 

An instructive contact between the schist and pegmatite is shown 
in Plate X, B, and has already been described on pages 34. 

Another intrusive mass in the schists is of irregular sill-like form, 
and consists partly of biotite granite and partly of pegmatite. It is 
interesting because of gradual and complete gradation between 
granite and pegmatite. The biotite granite is gray in color with an 
average size of grain of not over 1 millimeter. The pegmatite in 
addition to quartz and feldspar shows muscovite, but very little 
biotite. 

A number of small dikes of fine-grained granite intrude the schists 
at this locality, both parallel to and transverse to the trend of the 
latter. · All of these are characterized by sharp parallel walls and 
are in great contrast to the pegmatite dikes which traverse the same 
schists but are characterized by wavy and irregular forms, the two 
sides of the dike or sill in few places being parallel. The intrusion 
of the schist by the fine-grained granite in the railroad cut opposite 
the falls is so intimate that a dike network results. 

Microseopic comparisons were made between the medium-grained 
granite of this locality and tlw pegmatite of an irregular dike cutting 
the granite. The dike is ('Xpost•d for 20 ft>et and is 1 foot wide at its 
base, but broadens upward within 2 feet to a width of 4 feet, thence 
narrowing again within a. ft>w f(•et to a. width of 1 foot. There is 
complete crystallographic continuity bl'tw('en the two rocks at their 
contact, but the transition from one to the otht>r is usually complete 
in a space of one-fourth to one-half inch. The minerals character­
istic of the two rocks are idPnti(·ul. 

The granite shows considPmhle and irregular vuriutions in color, 
due to differences in tlw ahundnnee of biotitP. Ft>w of its mineral 
grains exceed one-<'ighth inch, an!l their a.v('rugc size is about one­
sixteenth. Its dominant. minerals arc quartz, ortho<'las<• and micro­
cline, oligoclase ( t'xtinction angl<>s up to 13°; r<>fraet.iYe ind(•x about 
equal to balsam), and biotit('. GnrnPt. anJ muscoYite are subordinate 
accessories. Oligoclase appears to bP only slightly less abundant 
than the potash feldspars. Small quart.zt's of rounded cross st'etion 
and a few with hexagonal outlinPs (some with corners roundP<l) are 
inclosed by orthoclase, microcline, or other quartz. A few small biotite 
laths are wholly inclosed by oligoclase, and a few rounded crystals 
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of oligoclase are inclosed by orthoclase. These relations point to the. 
existence in the magma of small crystals of quartz, biotite, and 
oligoclase not long before the bulk of the rock crystallized. A few 
small areas show an intergrowth, more or less graphic in pattern, 
of quartz with oligoclase or microcline. 

The minerals of the pegmatite are identical with those of the 
granite, but form much larger crystals and exhibit markedly greater 
diversity in the size of the mineral grains. Microcline is the dominant 
feldspar, and much of it is perthitically intergrown with plagioclase, 
which appears to be albite-oligoclase in composition. The same 
plagioclase also forms separate crystal grains, usually much smaller 
than those of microcline. Biotite is abundant and has altered some­
what to chlorite. In a few places quartz is micrographically inter­
grown \\-ith the plagioclase. Many small quartzes of rounded ou~ 
line or showing hexagonal forms with rounded comers are inclosed 
by the microcline. Muscovite is rare. 

The mineralogical similarity of these two rocks even as regards 
the composition of the plagioclase, and the presence in both of small 
quartzes of an earlier crystallization inclosed by later feldspar, taken 
in connection with their close field association, suggest their deriva­
tion from the same magmatic source. 

Black Mcruntain mica mine.-A mine which has been operated for 
scrap mica by Oliver Gildersleeve, of Gildersleeve, Conn., is located 
on Black Mountain in the northern part of the town of Rumford. 
The two quarry pits are hillside excavations about two-thirds of the 
way up the mountain on its western slope and are about three­
fourths of a mile from the road between North Rumford and Rox­
bury Notch. The upper pit is about 200 feet long, 50 feet wide, 
and 25 feet in greatest depth. Another just below it on the slope is 
about 100 feet wide, 100 feet long, and 35 feet in maximum depth. 

The rock at these pits is an exceedingly coarse pegmatite which 
is intrusive in an irregular manner in metamorphosed sediments 
trending N. 30° to 40° W. and dipping 70° to 80° XE. The latter 
are slightly contorted but reveal their sedimentary origin through 
an alternation of quartzitic and more shaly beds. 

The pegmatite here shows some charactt'rs which differentiate it 
from any of the other d£'posits studied, though in general its char­
acters approach more closely to the pegmatite of the gem-tourmaline 
localities than to that of the other mica proRpects in the State. 
Potash feldspar is almost entirely absent, the dominant feldspar 
being albite of the bladed clcvelandite variety. Muscovite is the 
mineral next in abundance, constituting about 30 to 40 per cent of 
the whole deposit. L.>cally , however, it forms three-fourths of the 
pegmatite mass. The larg£'st crystal of mica seen by the writer was 
li feet wide and 3 feet long, but blade-shaped or spearhead-shaped 
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crystals, 1 to 2 feet long, are very common. Some masses weighing 
half a ton are almost purely mica. All of the mica shows one or 
more of the defects known as twinning, wedge structure, and ruling. 
None of it will yield any plate mica. Several of the mica books ob­
served were 1 foot thick (at right angles to the cleavage). Near the 
walls of the pegmatite mass the mica books tend to orient themselves 
with their long axes perpendicular to the contact, though only within 
6 inches or so of the wall is there any noticeable decrease in the coarse­
ness of the pegmatite. The quartz of this pegmatite is mostly opaque 
but is pure white. Spodumene is unusually abundant in long fiat 
crystals, some of them 2; feet long and 3 to 4 inches thick. The 
color is light gray to white. Some of the spodumene is intimately 
intergrown with quartz. 

A remarkable feature of this deposit is the presence in the peg­
matite of irregular masses of medium-grained granite, which in some 
parts consists of muscovite, quartz, and plagioclase, and along cer­
tain bands or irregular bunches is one-third to one-half bright pink 
tourmaline, producing a stone of considerable beauty. Under the 
microscope the principal minerals are seen to be quartz, muscovite, 
pink tourmaline, and basic oligoclase (extinction angles up to 17°; 
refractive index near balsam). In the thin section only very faint 
pleochroism is seen in the tourmaline. Tourmaline constitutes the 
largest crystals in the rock and shows a tendency toward the devel­
opment of radiate bundles, one-eighth to one-fourth inch across, 
made up of small prisms. The average size of grain, exclusive of the 
tourmaline crystals, is from 0.3 to 0.6 millimeter. This granite is 
plainly a crystallization from the pegmatite magma and, like the 
pegmatite, numbers quartz, muscovite, and pink tourmaline among 
its chief constituents. Many large spodumene crystals are embedded 
in this tourmaline granitR. Its quantity and uniformity are not 
sufficient to give it any commercial importance. 

In the pegmatite, greenish-black tourmaline occurs in crystals 
averaging one-half ineh to I! inches in diamet<>r and 4 to 8 inches in· 
length. They are commonly associawd with quartz or clevelandite 
and only rarely are in contaet with muscovite, being rare in the more 
micaceous parts of the pegmatite. Pink to gray opaque tourmaline 
also occurs, generally surrounded by quartz. One aggregate exposed 
in a loose quartz fragment is 7 inches long. It is a brush-shaped 
aggregate of tourmaline crystals and enlarges from a diameter of 
about 2; inches at the base t.o about 4 inches at the top, the cross 
section being nearly circular. 

Most of the schist exposed near this mine is somewhat weathered. 
Noticeable contact metamorphism; though confined 'to the immediate 
vicinity of the pegmatite, has been more severe than along most of 
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the pegmatite contacts studied. It has resulted in the abundant 
development of prisms of cinnamon-brown tourmaline from one­
fourth to one-half inch long and one-sixteenth to one-eighth inch in 
diameter in certain of the more muscovitic layers. More biotitic 
portions present a mottled appearance, due to the occurrence of the 
biotite in irregular aggregates one-eighth to one-fourth inch in 
diamE'ter. Under the microscope this mottlE'd rock is seen to con­
sist of brown biotite, light-greE'n hornblende, quartz, labradorite, 
titanite, magnetite, and apatite, the latter in small hexagonal prisms 
fillt>d with a cloud of very minute inclusions. The tendency to ag­
gregation of the biotite, hornblende, titanite, and magnetite gives 

. the mottled appearance, tl1e white intervening areas being largely 
quartz and labradorite. The mineral grains of this rock are inter­
locking and the texture granular and indistinguishable from that 
of an igneous rock. Field relations show, however, that the rock 
is a phase of the sedimentary schist wall rock which has undergone 
complete recrystallization. 

It is notable that neither of the metamorphosed phases of the 
wall rock described above contains any minerals. except the common 
ones, quartz and muscovite, that are characteristic of the neigh­
boring pegmatite. The tourmaline of the schist is brown and wholly 
dissimilar from any founcl in this or any other pegmatite of the 
State. Additions, if any, received by the wall rock from the peg­
matite during the complete recrystallization of the former were ionic 
in their character, the minerals characteristic of the pegmatite, with 
the possible exception of quartz, not being added as such to the 
intruded rock. 

The quarry W88 opened in about 1901 by Oliver Gildersleeve and 
has been worked for four seasons. About 250 tons of mica is 
reported to have been mined in 1905. The quarry was idle through­
out 1906, in which year the writer visited it, and so far as is known has 
not reopene~ since. Steam drills were employed and sheds built 
for hand picking the mica, which was packed in 100-pound bags and 
hauled by team 7 miles to Frye, on the Rangeley division of the 
Maine Central Railroad. From Frye it was shipped to a grinding 
mill at Gildersleeve, Conn. About 1,000 tons in all are reported to 
have been shipped. The quantity of scrap mica still available at 
this quarry is large, but there is no plate mica, nor is it probable that 
further excavation will disclose any. It is doubtful if at present the 
property can be profitably exploited for scrap mica in view of the 
fact that the refuse cuttings from plate mica properties appear able 
to meet entirely the present demand for scrap mica. 

13096°-Bull. 445--11-7 
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STANDISH. 

The rocks of Standish were studied only in the western part of the 
town, in the Spence Hills, which lie about 5 miles north-northeast 
of Paris village. The rocks are schists of the same metamorphic­
sedimentary type observed in the town of Paris, and are rather flat 
lying. Ai1 in Paris, they are intruded by granite and pegmatite, but 
these rocks are much less abundant than at most places in Paris, and 
large masses of the schist are wholly free from granitic material of 
any kind. 

The collection of the Sheffield Scientific School of Yale University 
contains several fine crystals of columbite from the pegmatites of 
this town. 

STONEHAM. 

GEOLOGY. 

The rocks of the town of Stoneham o.re almost exclusively gneisses 
intruded by pegmatite and granite, the igneous rocks being on the 
whole more abundant than in most of the towns to the east. 

Excellent exposures on the south shore of Keewaydin Lake (Lower 
Stone Pond), near the village of East Stoneham, show rather fine­
grained pegmatite intruding a. purplish-gray gneiss, indistinguishable 
in the field from certain gneisses exposed at the Auburn reservoir 
site on Goff Hill. This rock is a quartz-feldspar-muscovite-biotite 
schist whose origin can not be definitely stated. It closely resembles 
many phases of the sedimentary schists which have been intensely 
injected by pegmatite and may be of similar origin. Both schist 
and pegmatite are intruded at "Striped ledge," on this lake, by a 
remarkable dike network of fine-grained diabase. (See Pl. XVI, A.) 

Granite found a few milP.s west of Keewaydin Lake, in the bed of 
a creek flowing into Upper Kezar Lake, is a millimeter-grained, light­
gray rock, in which a faint gneissic habit is recognizable, due to the 
occurrence of biotite in slightly greater abundance along certain 
vaguely defined bands tlum along others. The microscope shows its 
minerals to be quartz, albite, biotite (partly altered to chlorite), and 
a. little muscovite. The rock differs from most of the granites of 
Maine in being a. soda granite, potash feldspar being apparently 
wholly absent. The microscopic texture is typically granitic. 

OEM LOCALITIES . 

Pegmatites have not been systematically worked at any place in 
this town but have yielded to prospectors and mineral collectors a. 
large number of beryls, some of which are among the finest of their 
kind, and also fine specimens of topaz, amethyst, beryllonite, and 
other minerals. Some of the finest of these specimens have been 
obtained from localities which can not now be identified. 
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.A. NETWORK OF DIABASE DIKES CUTTING PEGMATITE AND ASSOCIATED GNEISS AT 
KEEWAYDIN LAKE, IN STONEHAM. 

B. QUARTZ DIKE CUTTING PEGMATITE AT HOWE QUARRY, SOUTH GLASTONBURY, CONN. 

Showi"l' li&'ht-colored feldspar cryatals w ith we ll -developed crystaf faces projectine into the quartz of the 
dike. The quartz appears dark in the photograph. 
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Sugar Hill.-Two fine aquamarines, found near Sugar Hill, in the 
western part of Stoneham, are described as follows by Kunz: a 

The writer obtained at Stoneham, Oxford County, Me., two beryls, exceptional for 
the United Statee. These were found in 1881, several miles apart and several miles 
from the topaz region, by farmers who were traversing pastures in the township. 
The first was found in two pieces, as if it had been roughly used, and broken, and 
discarded as worthless, or else broken in taking from the rock and then rejected, its 
value not being known. This crystal measured 4f inches (120 millimeters) long and 
2..(11 inches (54 millimeters) wide, and was originally about 5 inches (130 millimeters) 
long and 3 inches (75 millimeters) wide. The color was rich sea green viewed in 
the direction of the longer axis of the prism, and sea blue of a very deep tint through 
the side of the crystal. In color and material this is the finest specimen that has 
been found at any North American locality, and the crystals, unbroken, would equal 
the finest foreign crystals known. It furnished the finest aquamarine ever found in 
the United Statee, measuring If inches (35 millimeters) by lf inches (35 millimeters) 
by three-fourths. inch (20 millimeters). It was cut as a brilliant and weighs 133f 
carats. The color is bluish green, and, with the exception of a few hair-like internal 
striations, is perfect. In addition to this remarkable gem, the same crystal furnished 
over 300 carats of fine stones. 

The· other crystal is doubly terminated, being 1! inches {41 millimeters) long and 
f inch (15 millimeters) in diameter. Half of it is trans])IU'ent, with a faint green 
color; the remainder is of a milky green and only translucent. . 

The large 133-cara.t gem cut from the first of these two crystals is 
now in the possession of the Field Museum of Natural History at 
Chicago. 

Fine crystals of golden beryl have been obtained at Edgecomb 
Mountain in Stoneham. 

On the south flank of Sugar Hill a ledge of coarse pegmatite has 
yielded a number of fine transparent beryls. The pegmatite mass 
here appears to be rather flat lying and, as exposed in a near-by 
vertical face, is at least 15 feet in thickness; it can be followed for 
100 feet or so along the hillside. The buff-colored potash feldspar 
of this ledge forms large enough crystals and is sufficiently free from 
iron-bearing minerals to be of commercial grade for pottery purposes, 
but its distance from the railroad would render its exploitation 
unprofitable at the present time. 

Crystals of beryllonite, a phosphate of beryllium and sodium, have 
been found in western Stoneham on the farm of Eldin McAllister, on 
the south side of Sugar Hill, a few rods below the beryl locality just 
described. When visited by the writer, in September, 1906, the only 
opening consisted of a small pit dug in the talus and glacial drift 
near the foot of the hill. The soil in which the beryllonite crystals 
were found contains also fragments of quartz, feldspar, and mica, and 
a few of apatite, beryl, cassiterite, columbite, and triplite. Some of 
the beryllonite crystals themselves are attached to apatite and some 
retain what appear to be the impressions of muscovite crystals. 
There can be little doubt therefore that the beryllonite occurred 

• KUD&, a. Jl' ., 0111118 and precious stones, pp. 92-Ga.. 
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as a constituent of a pegmatite ma..qg, and it probably occurred in 
pockets. The minerals were probably dislodged, by the action of 
glacial ice, from a decomposed pegmatite ledge somewhere on the 
flanks of Sugar Hill and were subsequently deposited in their present 
position at the base of the hill. Prospecting on the hill northwest 
of the beryllonite locality may eventually disclose the source. 

The locality was first worked by E. D. Andrews, of Albany, who, 
in searching for smoky quartz, found an unknown mineral, which was 
later identified by E. S. Dana in 1888 as a new species and called 
beryllonite. Its mineral characters have been fully described by 
Dana and Wells. 0 

Ilarndon HiU.-A well.,known topaz-locality is located on the sum­
mit of Ha.rndon Hill, in the southwestern corner of the town of Stone­
ham, within one-fourth mile of the Stow line. It was opened in the 
early eighties by Nathan H. Perry, of South Paris, and worked inter­
mittently for a number of years, but at the time of the "\\Tit~r's visit 
in September, 1906, had been practically idle for ov~r ten years. 
The workings consist of several openings close together, a few feet 
across and 2 or 3 feet in depth, in the coarse pegmatite which caps 
the hill at this point. 

The locality has been visited by George F. Kunz, of New York, 
and its minerals described by him. b He describes the character and 
mode of occurrence of the topaz as follows: 

Thi11 locality is the first in New England that has furnished good, clear, and dis­
tinct crystals of topaz, and thus far it has produced the best crystals found in the 
United States. Of the~~e crystals, nearly all the fioet<t were found in one pocket in 
develandite (lamellar albite) at its junction with a vein of margarodite (hydromica) 
and one wa.• entirely surrounded by clevelandite. The finest cry~tals vary in size 
from 10 millimeters to the large8t., which me8.!4ures tran~versely 60 by 65 millimeters 
and vertically 56 millimeters. They are transparent in part~, and contain cavities 
of fluids, the nature of which has not yet been d('termined. A few email perfect 
gems have been cut from the fragments of a large crystal that WM broken. 

The finc~t cry8ta18 are colorle~s or faintly tinted with green or blue. Someopaque 
crystals arc as much aR 300 millimctert~ acr01<.• the largest part and W<'igh from 10 to 20 
kilograms each. They are not perfect in form, the faces are TQugh, and generally they 
were broken before they were taken from the rock. The color in the~c rough crystals 
is more decided than in the finer one!! and is a light ~hade of either gret•n, yellow. or 
blue. The specific gravity of the tran~parent material i~ 3.54, and the hardness the 
same as that of the yellow topaz from Ouro Preto (formerly Villa Rica), llrazil. 

The properties of this topuz have been further discussed by Pen­
field and Minor; • its chemical composition hns been studied nnd its 
alteration to damouritc hilS been described by Clarke and Diller. d 

No topaz wns visible nt the time of the writf'r's visit. 
GDana, E. S., and Wells, H. L., Am. Jour. Sci., 3d ser., vol. 37, 1889, pp. 23-32. 
bKunz, G. F., Topaz and 8S-'!0Cia~ minerals at Stoneham, Me.: Am. Jour. Sl'l., 3d s.·r., \'ol. 27, 18&1, 

pp. 212-216. 
• Penfteld, S. I., and Minor, J. C., Jr., On tbe chemical composition 1U1<l rclaL<·d physic:al proJ~·rll<s of 

topu: Am.Iour. Scl., 3d ser., vol. 47, 1894, p. 390. 
ciCiarke, F. W., aod Diller, J. 8., Topaz from Stoneham, Me.: Am. Jour. Sci., 3d sN., \"ul. 29, 1885, 

pp. 37&-38l. 
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Other constituents of the pegmirti!,{8.~ .this locality are the follow­
ing, the descriptions being partly those'cl.~unz: 

1. Apatite oeeurs in the cavities as sriui.l'f~bly-termina.ted crys­
tals and in the solid pegmatite as opaqu~ y"{~i-eQ.us-green masses 
weighing up to 2 pounds. • · _.·~ ··_.· ·. 

2. Beryl occurs in large colorless to pale-green cfj-&ta~ -embedded 
in the solid pegmatite. Most of them are opaque to tra~uc~!.t with 
small colorless transparent portions. Kunz reports that on~ . bl)nd 
unusually rich in beryl was traeed for nearly 40 feet. Some Of t8~ 
crystals in this band were about a yard long and over a foot across. • ·: -

3. Clevelandite in white plates is very abundant, as in most of the 
gem-bearing pegmatites. It occurs in particular abundance and per­
fection of crystal form on the walls of the pockets. 

4. Columbite is usually associated with clevelandite, lying either 
on crystals of the latter in cavities or else between the plates of it. 
Ita crystals vary in length from 1 to 10 millimeters and are not very 
perfect. One pocket afforded over 40 pounds of pure material, and 
one mass which seemed to have belonged to a single crystal group 
weighed over 17 pounds. 

5. Fluorite fills small cavities in the clevelandite. The masses are 
rarely over 10 millimeters across and the color is very deep purple. 
A number of very minute octahedra resembling blue topaz have been 
found. 

6. The pink kaolin montmorillonite occurs, according to Kunz, in 
masses that range in color from a very delicate pink to tints closely 
approximating red, filling the cavities and interstices in the cleve­
landite. It also occurs in botryoidal masses resembling rhodochro­
site, on crystals of clevelandite. 

7. Triplite is scattered irregularly through the solid pegmatite in 
masses usually under 2 pounds in weight, though one mass broken 
out in the blasting furnished over 100 pounds of rather pure material. 

8. Herderite, in short prisms from 1 millimeter to 1 centimeter long, 
occurs in the topaz-bearing pockets and has been described by Hid­
den and Mackintosh 4 and further discussed by Dana b and Penfield. c 

9. Bertrandite oeeurs in the pockets with herqerite and topaz. It 
has been described by Penfield.d 

10. A single occurrence of hamlinite has been noted at this locality. 
The mineral formed minute rhombohedral crystals attached to herd­
erite, margarodite, muscovite, and feldspar, and associated with her-

•Hidden, W. E., On tbe probable occurrence of herdertte lo l4alne: Am. Jour. Sci., 3d ser., vol. 'Zl, 188', 
p. 73. Hidden, W. E., and Mocldntoob, J.D., On herdertte, a glucloum calcium phosphate and fluoride 
from Oxlord County, Me.: Idem, pp.13.'>-138. 

• Dana, E. 8., On the crystalllne fonn of the supposed berdertte from Stoneham, Me.: Idem, pp. 
2'»-232. 

• Penfield, 8. L., On tbe crystalllzatlon of berdertte: Am. Jour. Bel., 3d ser., vol. 47, 1894, pp. 333-336. 
d Penfield, 8. L., Crywtall1zed bertrandlte from Stoneham, .Me., and .Mount Aotero, Colorado: Am. 

Jour. Bel., 3d ser., vol. 37, 11!89, pp. 213-215; Note ooncerolog bertrandlte crystals from Oxford County, 
Me.: Idem, -ltb ser., vol. -1. 18117, p. 316. 
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trandite. It was named in,ht>~.o~~f A. C. Hamlin, of Bangor, who for 
many years developed t.be."famous tourmaline mine at Mount :Mica. 
The mineral has beeD·d~d by Hidden and Penfield.4 

Other miner~ ;~~· this locality are autunite, biotite, gehlenite, 
garnet, muscgvi~;.'q'uartz, triphylite, and zircon. . . . . . 

. · .. . . . . 
STOW • .·. ·. .· 

.m(i,icb of the town of Stow, so far as seen by the writer, are all 
••. ~"'tic; they include pegmatite, normal granite, and granite gneiss . 

• •• ··:\: Amethystine quartz has been obtained on Deer Hill near the Xew 
· ·~. • Hampshire line. When visited by the writer in September, 1906, the 

only openings observed were a number of shallow pits dug in the soil 
on the southeastern slope of the hill. The amethyst crystals occur 
loose in this soil or attached to loose fragments of feldspar. The 
small pieces found by the writer were all of a very pale lavender tint 
and in most of them the color was very unevenly distributed. The 
amethyst was probably derived from pockets in the pegmatite, .but 
so far as known the ledge has not been opened. The whole summit 
of the hill is composed of pegmatite of the type usual in western Maine. 
Certain portions are coarse enough and sufficiently free from iron­
bearing minerals to be of commercial grade for pottery purposes, but 
their quantity is small. 

The characters of the rocks are well shown in the bed of Great 
River near the road bridge just southwest of Deer Hill, where the 
principal rock is a rather fine-grained biotite-muscovite granite, in 
part massive, .but mostly of gneissic texture. This is crossed by an 
irregular band of muscovite-biotite pegmatite, which ranges from 6 
inches to 2 feet in width; it is without sharp walls and grades imper­
ceptibly into the granite gneiss. The mineralogic similarity and the 
gradation from one rock into the other indicate a common magmatic 
source. The pegmatite appears to have been intruded before the 
complete solidification of the granite. 

From Deer Hill southward to Stow village the rocks are pegmatite 
and fine-grained granite. From Stow village to Lovell village the 
bed rock near the roads is obscured by extt•nsive glacial outwash 
deposits of sand. 

WATERFORD. 

The rocks of Waterford, so far as seen by the \\-Titer, are largely 
granites and associated pegmatite, though some schist of probable 
sedimentary origin is found in the eastern part of the town. The 
pegmatite at two localities has in the past been worked for miea. 

a Hidden, W. E., and Pen1leld, S. L., On hamllnlte, a new rhomhoht'dral mineral from I he herderlte 
locality at Stoneho.m, Me.: Am. Jour. Sci., 3d St'r., vol. 39. !8110, pp. 5ll-5J:I. l'enfiehl, S. L., On the 
chemical composition or harnllnlte and Its occurrence with bertrandite at Oxford Counly, Me.: Am. Jour. 
Scl., 4th ser., vol. 4, 18W, pp. 31~16. 



OXFORD COUNTY. 103 

SO'Idh Waterford mica prospect.-An old mica mine located in the 
southwestern part of the town near the Sweden line was visited by 
the writer in September, 1906. It consists of a single pit about 40 
feet long, 15 feet wide, and 15 feet in depth, located on an e88tem 
hillside. The predominant rock at this locality is a gray muscovite­
biotite granite varying somewhat in texture but mostly fine grained. 
It differs in shade from point to point, owing mainly to variations in 
the amount of biotite it contains. 

Under the microscope the texture is seen to be typically granitic 
and nearly equigranular. The rock is very fresh and consists in 
order of abundance of quartz, microcline, biotite, plagioclase feld­
spar, and muscovite. The plagioclase appears to have the compo­
sition of oligoclase (refractive index > microcline and > = < Canada 
balsam; extinction angles low). Much of the quartz shows rounded 
outlines and is inclosed by microcline. This quartz appears to rep­
resent the earliest crystallization, even the biotite plates conform­
ing to its rounded outlines. Microcline and other quartz are plainly 
later crystallizations. . 

Locally aggregations of biotite in the granite form flat lenticles, 
many of irregular form and variously oriented. Biotitic aggregations 
are also present in the finer portions of the pegmatite. 

The pegmatite penetrates the granite in an exceedingly irregular 
manner, locally with the most gradual transition. The pegmatite 
shows great variation in coarseness, the coarsest portions containing 
crystals of orthoclase 1! to 2 feet across. Its mineral constituents 
appear to be identical with those of the granite, though present 
perhaps in somewhat different proportions. The dominant feldspar 
is microcline (with some orthoclase); oligoclase is present in subordi­
nate amounts (refractive index > microcline and about = balsam; 
extinction angles up to 12° and 13°). 

In texture and mineral compositio:n the granite of this quarry is very 
similar to that at Rumford Falls (pp. 94-95). Both granite m88Ses 
are of . relatively small extent and exhibit within short distances 
differences in composition more marked than is characteristic of 
the normal granites of the large granite areas oj the State. In the 
granite of Waterford the tendency toward segregation is further 
shown by the presence of the biotite nodules already mentioned. In 
both localities granite is so similar in mineral composition to the 
8880Ciated pegmatite and the gradation from one rock to the other is 
in many places so gradual and irregular that it seems necessary to con­
clude that granite and pegmatite crystallized fron the same magmatic 
source at nearly the same time. Some of the pegmatite shows 
meg88COpic evidence, in the presence of thin irregular skms of musco­
vite and other secondary foliated minerals along certain planes 
through the rock, of very slight internal movements subsequent to 
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its solidification. Microscopically the effects of these movements 
are recognizable in local granulation within certain quartz and feld­
spar individuals and marked strain in others. 

The coarsest portions of the pegmatite have been worked for mica. 
A few of the muscovite books are as much as 1 foot across, but the 
majority are under 4 inches. The larger plates are only in part clear, 
being injured by ruling a.nd twinning. The writer saw no plates that 
would cut clear pieces larger than 2 by 3 inches, and even such as 
would were rare. Most of the material could be utilized only for 
scrap mica. The property hardly appears to merit further develop­
ment. 

Beech HiU mica mine.-Another mica mine, located a few miles 
north of the first, on the farm of George L. Kimball, on Beech Hill, 
represents the most serious attempt at mica mining that has been 
made in the State. The mica occurs as a constituent of a sill-like 
mass of coarse pegmatite, which dips to the east at about 30°. Its 
thickness is at least 12 feet, the base not being exposed. Commer­
cial mica is confined to a zone about 5 feet thick in the lowest part 
of the pegmatite layer as now exposed. Within this 5-foot zone 
muscovite is estimated to form from 10 to 20 per cent of the material 
of the pegmatite. 

Some of the masses of pure orthoclase feldspar associated with the 
mica are 5 feet across, but the total quantity present is not sufficient 
to make it of commercial importance. Intergrowths of quartz and 
muscovite are common. 

The pegmatite contain!> no biotite and no black tourmaline. The 
associawd rock is a granite gnt'iss, and both gneiss and pegmatite are 
intruded by a dike of diabase. 

Some of the muscovite books are 1 foot across, but most of them 
are under 5 inches. The larger plntes are invariably cut up by 
ruling plant's into a number of smaller piecPs. :Much of the mica is 
worthless for anything but scrap because of the prevalence of ruling, 
wedge structure, and twinning. Most of the thumb-trimmed mate­
rial seen by the writer wus in pieces 2 or 3 by 3 inches in size. The 
mine was not being.workcd nt the time of the wriU>r's visit in Sep­
tember, 1906, and although severn} tons of mica ltty in the trimming 
sheds, the bt'st of the output wns reported to hnve been sold. It 
was therefore impossible to mnke a wholly fnir <'stimate of the aver­
age value of the mica mined, but the qunlity of the mntc:rinl is supe­
rior to that from any other known locality in Maine and appears to 
warrant further developmt'nt. 

The property wa.<> opt'ned in 1900 and was also work<'d in 1902 by 
the Beech Hill Mining Compttny, who subscquE>ntly sold the prop­
erty to New York persons. About a ton of thumb-trimmt'd mica 
was marketed at prices rnnging from 8 <'Pnts to Sl a pound, and 
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about 10 tons of scrap mica was sold. The remainder of the mate­
rial quarried was still in the mine buildings at the time of the writer's 
visit. The equipment includes a. steam drill and boiler and a. shed 
where the trimming was done. 

SAGADAHOC COUMTY. 

GEORGETOWN. 

The rocks of Georgetown are mostly sedimentary schists and 
intruded masses of pegmatite, normal granite, and flow gneiss. The 
only pegmatite deposit now worked is on the east side of Kennebec 
River, near its mouth, where feldspar is quarried by Golding's Sons 
Company, of Trenton, N.J. 

Ge.orgeto'!Un Genter.-The relations between the pegmatite and schists 
on Bay Point Peninsula. (see below) are repeated in good exposures 
at the four comers west of Georgetown Center. Here a mass of peg­
matite 10 feet in maximum width intrudes the schists irregularly, 
sending off into them an apophysis 1 foot in width at its base, but 
tapering out within 6 feet. This branch shows the same irregular 
pegmatitic texture as the larger dike but becomes finer grained as 
it tapers. The bordering schist contains numerous quartz string­
ers, some of which are distinctly traceable into the pegmatite and 
near the latter carry a few mica plates. 

On the hill east of the gumet at Georgetown Center a number of 
prospect pits for feldspar were opened by J. S. Berry. Black tour­
maline and biotite are so abundant in most of the pegmatite as to 
render it useless for pottery purposes. 

Hinckleys Landing.-On the shore, about one-half mile south of 
Hinckleys Landing, a pegmatite mass in the schist gives off a branch 
dike 3 to 6 inches wide, which very near where it leaves the parent 
mass becomes fine grained and typically granitic in texture. 

Golding' a feldspar quarry.-One of the most productive feldspar 
quarries in Maine, and one that has been worked intermittently for 
over thirty years, is located near the east shore of Todds Bay near 
the mouth of Kennebec River and is now owned and operated by 
Golding's Sons Company, of Trenton, ~- J. It may be reached by 
a. drive of J 1 miles from Woolwich or by steamer from Bath to Bay 
Point Landing, which is only about 1 i miles from the quarry. The 
Bath quadrangle of the United States Geological Surv(ly includes 
this area. The property was visited by the writer in July, 1906, and 
again in. November, 1908. 

The excavations cover an area of about 3 acres and consist of three 
open pits. The southernmost pit, which is the oldest and largest, 
had been abandoned for many years at the time of the writer's visit 



106 PEGMATITES AND ASSOCIATED BOCKS OF MAINE. 

in 1906, but in 1908 the quarry waste which had been dumped in it 
was being removed and new excavating had revealed considerable 
amounts of excellent feldspar. It is significant that much of the 
waste material dumped into this pit in the early mining is of good 
commercial grade according to present standards and is being saved. 
In the early days graphic granite was mostly discarded and only 
practically pure feldspar utilized. This pit is now about 100 feet in 
depth. The northernmost pit, from which large amounts of spar 
have recently been taken, is 200 feet long in a direction N. 25° E., 
40 to 75 feet wide, and 20 to 30 feet deep. 

In this quarry the commercially valuable rock is mainly a coarse 
graphic intergrowth of feldspar and quartz, which is estimated to 
comprise about one-half the total material excavated, the other half 
being waste which is highly quartzose or contains muscovite or iron­
bearing minerals. (See Plate XVIII). 

The quartz of this quarry is mostly gray and semiopaque, and in 
many places has a granular appearance. In a few places it is slightly 
pinkish in hue. llasses of pure quartz are usually small, the largest 
observed by the writer being a mass 6 feet across in the northern­
most pit. It is not utilized commercially. 

Most of the feldspar is orthoclase or microcline with small amounts 
of albite. The following analysis by the Pittsburg testing laboratory 
of the lJnited States Geological Survey is of the best grade of buff­
colored feldspar: 

Ar«llysfs of fddspar from Golding's Som ('ompany quarry. 

Silica (Si02) . ..... .. . .... . ... . .. ... . . . .. . . . . . . ........... . ... 65. 2S 
Alumina (Al~03) .... ... .................... . 1 . .. .. .. . ........ 20. 09 
Iron oxide (Fe20..)......... . ................ . ............ ... . . . 71 
Lime (CaO) ................................................... None. 
Mngne~ia (1\IgO) ............................................... None. 
Potash ( K20).. .. .. .. .. .. . .. . .. .. .. .. . .. .. . . . .. . . .. .. .. .. .. .. II. 60 
Soda (X~O).............. . . . . . . . . .. .......................... 2. 00 
L088 on ignition........................ . . . .................... . 36 

99.99 

Very few large masses of pure feldspar are exposed in the present 
quarry openings, but it is said that in the past single blasts have 
loosened 100 tons of almost pure material. In the southern pit a 
number of masst>s of pure feldspar several feet across were ('Xposed 
in 1908, but most of the rm·k here and practically all exposed in the 
middle and northern pits is an int<•rgrowth of quartz and feldspar. 
Most of this intergrowth, however, is of excellent quality for pottery 
uses, since injurious min('rals such as muscovite and black tourmaline 
are usually confined to ct'rtain portions of the mass and can be rl'adily 
separated from the rest of the rock in mining. Although the graphic 
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form of quartz and feldspar intergrowth is the most common, very 
perfect dendritic penetrations of feldspar by quartz are also present. 

Muscovite is not present in sufficient amounts to be of any com­
mercial importance. All the larger books are of the wedge variety. 
Graphic intergrowths of quartz and muscovite are also found locally, 
as are rounded aggregates made up almost entirely of small mus­
covite crystals and similar to those observed at the G. D. Willes 
quarry in Topsham. 

Biotite is almost entirely absent, but in its stead occurs black tour­
maline. The latter is locally very abundant in prismatic crystals, 
some of which are 2t to 3 inches in diameter and a foot or more in 
length. The tourmaline is not evenly distributed through the 
pegmatite but is confined almost entirely to certain irregular zones 
which may be avoided or discarded in the quarrying process. It is 
more abundantly associated with the quartz than with the feldspar. 

Gamet occurs in deep flesh-colored crystals, usually small and 
associated with quartz and muscovite. Some light-green opaque 
beryl is found, one mass penetrating quartz being 14 inches long and 
4 inches in diameter. 

The contact of the pegmatite with other rocks is not exposed in any 
of the quarry openings, but is fairly well shown a few rods northeast 
of the quarry near the highest part of the same hill, where the border­
ing rocks are schists which strike slightly east of north and dip nearly 
vertical. The contact nearly parallels the trend of the schists and 
the pegmatite is plainly ,i.J).trusive, locally cutting across the foliation 
of the schists and sending off bro.ad apophyses. into them. A note­
worthy feature of this contact is the complete absence of any change 
in texture or coarseness in the pegmatite as the schist is approached. 
A coarse aggregate of black tourmaline crystals, some of which are 
1i inches in diameter, occurs within 2 feet of the contact; and graphic 
granite of the same coarseness as in the central parts of the pegmatite 
mass occurs along its border. The schist is a. quartz-biotite rock, in 
many places highly garnetiferous and containing abundant stringers 
of white to brownish quartz, which, at this point at least, have no 
traceable connection with the associated pegmatite and are no 
larger nor more numerous near the contact than some distance a. way. 
The schist folia in many places show numerous minor contortions. 

The present excavations cover almost the whole area of outcrop 
of the pegmatite body. Future work will probably eonsist largely 
in deepening the present pit, but there is reason to expeet that the 
deposit will continue of good quality and of about the same dimen­
sions to a considerable depth. A number of other dikes of pegma­
tite of similar size and shape occur in the vicinity and some of them 
have been worked to a slight extent. None of these, so far as seen, 
show any large amounts of feldspar of commercial grade. 
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The rock is excavated by steam drilling and dynamite blasting and 
in the largest pit is hoisted by derrick and hoisting engine. It is 
broken up and sorted by hand and hauled by wagon one-fourth mile 
to the shore, where it is transferred to small sailing barges, which 
convey it either to vessels for shipment to Trenton by water or up 
Kennebec River 10 miles to Bath for shipment by rail. About fifteen 
men are usually employed in this quarry. 

S11Ulll Point jeuupar quarry.-A small feldspar quarry, now aban­
doned and partly filled with water, is located one-half mile east of 
the Golding quarry, near the head of Sa.ga.dahoc Bay and east of the 
highway. It is a. single pit about 75 feet long, 35 feet wide, and 
probably 30 to 40 feet in depth, though only 25 feet of wall shows 
above the water level. The rock is similar in nearly ever respect to 
that quarried at the Golding quarry, but the area of the deposit 
seems to be very small, schist occurring within a hundred feet or so 
north, west, and south of the pit. 

Schist-pegmatite contacts on Bay Point Peninsula.-The contacts 
between the pegmatites and the schists are well exposed at a num­
ber of points along the shores of Bay Point Peninsula.. A few rods 
north of the steamboat landing at Bay Point the pegmatite cuts 
directly across the schist folia, sending off quartz stringers into the 
schist. The pegmatite shows no noticeable change in texture or 
composition to a point within about 10 inches of the contact, but 
from there on tends to become finer grained and less feldspathic, the 
rock close to the contact being an aggregate of quartz and muscovite. 
Muscovite also occurs in some of the quartz stringers near their 
point of departure from the main pegmatite mass. The schist near 
the pegmatite is rich in dark-brown tourmaline crystals, some of 
which are one-half inch long and one-eighth inch in diameter; they 
are probably the results of contact metamorphism. 

Although the quartz stringers described above are traceable into 
the pegmatite, in many other places the pegmatite cuts distinctly 
across both the folia. and quartz stringers of the schist. In such 
places, although the quartz stringers may not be offshoots of the 
pegmatite mass immediately associated with them, the absence of 
genetic connection with other pegmatite of the vicinity is not proved. 
Such a. connection is rendered probable by the presenee of some feld­
spar in a number of the larger quartz lenses. K ear the north end of 
Bay Point Peninsula. one quartz lens bearing some feldspar is ll 
feet in greatest width and 3 to 4 feet in length. 

The conversion of certain of the Rehists into injection gneisses 
through their penetration by pegmatite and quartz stringers pro­
ceeding from a larger pegmatite mass is wt-ll shown in Plate IV, B, 
reproduced from a photograph taken along the wugon road near the 
center of Bay Point Peninsula. The large pegmatite mass shown in 
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this picture is quite quartzose, with masses of pure quartz 4 to 5 
feet across. . The feldspar is in small crystals intergrown with quartz 
and mica and does not occur in large crystals comparable to the 
quartz masses. The quartz stringers of the schist are traceable in 
many instances with perfect continuity into the quartz of the schist, 
and a number of the quartz stringers contain muscovite crystals. 
Within 1; feet of the main pegmatite mass the schist becomes darker 
colored through the abundant development in it of dark-brown 
tourmaline. 

On the east shore of Kennebec Point, about half a mile northeast 
of the extreme southern tip, schists are intruded by pegmatitic 
granite similar in mineral composition to the coarse pegmatite at the 
Golding quarry, its principal constituents being quartz, potash feld­
spar, muscovite, and black tourmaline. The average size of grain 
in this granite is not over one-fourth inch, although some of the f~ld­
spars are 3 inches long. None of the black tourmaline crystals are 
over one-fourth inch and they average only about one-eighth inch 
in width. It is significant that the minerals, especially the black 
tourmaline, show a noticeable amount of parallel orientation in cer­
tain parts of the ledge, indicating a certain amount of flowing move­
ment during crystallization. The rock becomes finer grained within 
8 or 10 inches of the schist contact. This rock gives every indica­
tion of being intermediate in its character between normal granite 
and the typical coarse pegmatite of this region. 

TOPSHAM. 

The rocks of the town of Topsham are quartz-mica schists which 
have been intruded by pegmatite, by flow gneisses of granitic com­
position, and to some extent by granite. Exposures showing the 
characters and relationships of these rocks are plentiful and excellent. 

Distribution ofthe quarries.-The pegmatites of the town are now 
worked for feldspar at several points and were once worked at a 
number of others now abandoned. The quarries all lie within a belt 
about a mile in width, extending from Mount Ararat, near Topsham 
village, in a northeasterly direction nearly to the Topsham-Bowdoin­
ham line. Within this belt are eight quarries, only three of which 
are now active, and a number of prospect pits. It is significant that 
the line of distribution of these quarries corresponds closely with the 
trend of the metamorphosed sedimentary schists . into which the 
pegmatites were intruded. Because of the soil covering it is im pos­
sible to determine the exact limits of the coarse pegmatite bodies 
exposed at each of these eight quarries, but it is evident from a study 
of the rocks between the various _quarries that the pegmatite bodies 
which are worked are not all of them parts of a single pegmatite 
mass but are more or less detached intrusions in a region where the 
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rocks are mainly schists. Within the belt, however, the pegmatitic 
intrusions are more numerous and are some of them of coarser tex­
ture than in the surrounding country. If we may use the form of 
the smaller and finer-grained pegmatite masses as an index to that 
of the larger and coarser ones (which are commercially valuable), 
the latter are probably, for the most part, somewhat elongate in a 
direction slightly east of north, parallel to the general trend of the 
inclosing schists and gneisses. 

Products of the quarriea.-Feldspar is the only mineral of much 
commercial importance at any of these quarries. Quartz of excel­
lent quality is present in considerable amounts and is often saved in 
the quarrying process, though at present finding but slight market. 
At some of the quarries tourmalines and aquamarines of gem quality 
are now and then obtained. A description of the quarries in the 
order of their distribution from southwest to northeast is given below. 

Mount Ararat feldspar quarries.-A quarry from which feldspar 
and quartz have been obtained is situated on the east slope of Mount 
Ararat, about 1 mile north of Topsham village. The deeper part of 
the excavation is about 40 feet long from east to west, 10 feet wide, 
and 12 feet in maximum depth. A shallow excavation adjacent to 
the northwest part of the deeper pit covers an area of about 20 by 30 
feet. The quarry has not been operated for several years. 

The lower pit exposes considerable amounts of clean, white, gray, 
and nearly black semiopaque quartz but shows few masses of pure 
feldspar more than 3 or 4 inche-S in diameter. Though feldspar was 
the principal mineral sought, the quartz was saved in the quarrying 
process and tons of it are now piled near the pit. The feldspar is 
cream colored to nearly white and is shown by microscopic. examina­
tion to be principally microcline, with occasional very small amounts 
of the white soda feldspar, albite. In the upper and shallower 
portion of the quarry the amount of pure quartz is less and the amount 
of pure feldspar is greater than in the lower portion. Some of the 
masses of pure feldspar there are 3 to 4 feet across. They grade into 
a coarse graphic intergrowth of quartz and feldspar and the latter 
into extremely fine graphic granite. Only the pure feldspar and the 
coarse graphic granite were used commercially. Of the iron-bearing 
minerals which would injure the quality of the feldspar for pottery 
purposes, black tourmaline is almost entirely absent and black mica 
(biotite) is rare. Garnet is rather an abundant constituent, but is 
associated mainly with the muscovite and with the finer-grained 
portions of the pegmatite, and only rarely with the more feldspathic 
parts that are commercially available. Magnetite occurs rarely in 
small irregular octahedra. 

Muscovite or white mica is also an abundant constituent of the 
pegmatite as exposed in the upper pit. It is pale green to nearly 
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colorless and occurs in books, some of which are 8 to 10 inches in 
diameter. The great bulk of the muscovite is of the wedge variety 
and shows twinning; it could be utilized commercially only as scrap 
mica. A small amount is plate mica and splits readily into sheets, 
which when trimmed may measure 4 by 5 inches, though mostly 
smaller. Most of this plate mica incloses between its lamelle thin 
branching crystals of magnetite. A few small masses of columbite, 
generally exhibiting very imperfect crystal forms, are found in the 
quartz-feldspar masses. 

The wall rock of schist or gneiss is nowhere exposed at this quarry, 
and the soil covering makes it impossible to trace the exact limits of 
the deposit. If one may judge from neighbor~g masses of pegma­
tite whose boundaries are exposed, this mass is probably more or less 
irregular in outline and somewhat elongate in a direction parallel to 
the trend of the neighboring schists-that is, somewhat east of north. 
The deposit does not appear to be very extensive, but the quality is 
good, and there seems to be warrant for further development work on 
a small scale. 

A second small feldspar quarry, on the northern slope of Mount 
Ararat, consists of a single hillside pit about 150 feet long, 30 feet 
in average width, and 20 feet in greatest depth. It was last worked 
in 1905. The rock is a wholly irregular association of quartz, feldspar, 
muscovite, biotite, and garnet, with smaller amounts of rarer minerals. 
The quartz is prevailingly dark gray in color and semiopaque, but in 
some places is white and in a few nearly black. A number of the 
pure quartz masses are 3 to 4 feet across; one, flat lying and exposed 
at the base of one of the quarry walls, is 5 feet in maximum width 
and 25 feet in length, with very irregular boundaries. 

Most of the feldspar is pale pink in color, but certain portions are 
cream colored, and others decidedly red. Microscopic examination 
shows that the feldspar belongs mainly to the potash varieties ortho­
clase and microcline, the former greatly predominating. With these 
are associated small amounts of the soda feldspar, albite, which is fre­
quently intergrown microscopically with the orthoclase or microcline. 
Throughout most of the quarry the masses of pure feldspar are not 
over 4 to 5 inches across, though a few crystals measure 2 to 3 feet. 
The bulk of the material quarried for pottery use is a graphic inter­
growth of feldspar and quartz, most of it coarser than that found at 
the quarry on the eastern slope of Mount Ararat. The quartz thus 
intergrown with the feldspar commonly assumes branching or den­
dritic forms, a characteristic not observed in most of the pegmatite 
deposits. 

Muscovite of the wedge variety occurs sparingly in books up to 6 
inches in greatest diameter. No clear plate mica was observed. 
Of very common occurrence are graphic intergrowths of muscovite 



112 PEGMATITES AND ASSOCIATED ROCKS OF MAINE. 

and quartz, many single crystals of muscovite with roughly hexag­
onal outline grading outward into a fringe of graphically intergrown 
muscovite and quartz. In some places muscovite and feldspar are 
graphically intergrown. The quartz of these muscovite intergrowths 
is in many places continuous with quartz intergrown with feldspar. 

Biotite is much more abundant than at the quany on the eastern 
side of Mount Ararat and dominates over muscovite. It occurs in 
the characteristic lath-shaped crystals, many of which have a length 
of 2 feet, a width of 4 to 5 inches, and a thickness of one-half inch to 
1 inch. The largest biotite trystal observed was 3! feet long, 2! 
feet wide, and 1 to 2 inches thick. These crystals penetrate the peg­
matite mass in every conceivable direction. 

Gamet is rather abundant and is generally dark red and submetal­
lic in appearance. In some places it is intergrown with quartz and 
in others with both quartz and muscovite. One garnet crystal was 
2! inches across. It is most abundant in the finer grained portion 
of the pegmatite and in those portions rich in muscovite and is rare 
in the parts which are used commercially. Magn~tite occurs only 
rarely in imperfect octahedra showing step structure. 

Schists and gneisses are nowhere exposed in this quarry and near-by 
outcrops are not numerous, so that it is impossible to determine the 
form or area of the pegmatite. On the north wall of the quarry a 
small mass of fine-grained granite showing locally a somewhat 
gneissic structure is exposed and is intruded by the pegmatite, the 
latter cutting across the banding of the granite gneiss, though there 
is crystallographic continuity between the two. 

The amount of feldspar of commercial quality now exposed is not 
large, and the abundance of biotite and garnet render much of the 
material valueless for pottery uses. The extent of the deposit can 
not be accurately predicted, but is probably not very great. Further 
development on a small scale could probably be profitably under­
taken and might reveal some good spar not now exposed. The 
deposit is located 2 miles from the Maine Central Railroad station 
at Topsham. The nearest point on the railroad is only three-fourths 
of a mile southeast of this quarry and the one previously described, 
but there is no wagon road available in this direction. 

Fisher's feldspar quarry.-A smn.ll quarry not now worked is situ­
ated 1 t miles west-northwest of C'athance station along the northern 
valley slope of Cathance River. This quarry, which wus formerly 
operated for feldspar by J. A. Fisher, consists of a single pit about 
150 feet long from north to south, 20 feet or so in average width, 
and about 18 feet in maximum depth. It is located on a southern 
hill slope. 

As in most of the other feldspar quarries, there is no regularity 
in the arrangement of the constituent minerals with the single 



SAGADAHOC COUNTY. 118 

exception of muscovite, which occurs principally along certain zones 
which have, however, no definite trend with respect to the general 
outlines of the deposit. 

The quartz is white to gray in color, but no very large masses are 
exposed. 

The feldspar is cream colored and is shown by microscopic exami­
nation to be mainly microcline with some orthoclase. Small amounts 
of the soda feldspar, albite, probably occur as in the other quarries 
in this vicinity, though none was observed by the writer. One mass 
of pure feldspar, 3 to 4 feet wide and 10 feet high, exposed on the 
west wall of the quarry, passes by perfect gradations into a coarse 
graphic intergrowth with quartz and this in turn into a much finer 
graphic intergrowth. As in most of the feldspar quarries, the coarse 
graphic granite forms the bulk of the material mined for pottery 
purposes. The chemical composition of graphic granites from this 
quarry is discussed on pages 40, 124, and their appearance is shown in 
Plate XVIII. . 

The muscovite, so far a.s present exposures show, is all of the wedge 
variety and is mainly confined to certain zones which penetrate the 
pegmatite irregularly (see Pl. IX, A, and p. 26); being localized in 
this manner, it does not seriously interfere with the feldspar mining. 
The muscovite books are nearly all characterized by twinning and 
wedge structure. No plate mioa was observed. Graphic inter­
growths of quartz and muscovite are common. In some parts of 
the pegmatite biotite dominates over muscovite; it is usually most 
abundant in the finer-grained portions. 

An examination by Wright and Larsen of the white quartz of the 
larger quartz areas at this quarry showed that it probably crystal­
lized under low-temperature conditions. Quartz from the coarser 
phases of the graphic granite was also examined and though the 
results were not conclusive they indicated that the quartz may have 
crystallized under high-temperature conditions. Since the areas of 
pure quartz are closely adjacent to those of graphic granite and 
indeed grade into them most irregularly, these results suggest that 
the crystallization temperatures of the pegmatite mass as a whole 
were not far from the inversion point of quartz (about 575° C.); 
however, the imperfect character of the data must be borne in mind. 
This matter is discussed in more detail on pages 36-39. 

Outcrops are not numerous enough in the immediate vicinity to 
determine the extent or form of the pegmatite body. The materit\ls 
exposed in the present excavation seem to indicate that a consid­
erable supply of spar is still available and seem to warrant further 
development. 

William Willes feldspar quarry.-A small quarry situated 1; miles 
northwest of Cathance station and operated by William Willes for the 

63096°-Bull. 441>-11-8 
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Trenton Flint and Spar Company was opened early in 1906. It 
I 

occupies an area of a little more than 1 acre, and its average depth is 
about 10 feet. Natural drainage is possible at present depth, but 
further excavation will necessitate pumping. The rock is a wholly 
irregular association of quartz, feldspar, mica, and rarer minerals. 

The quartz is mainly light gray in color and occurs locally in pure 
masses 5 or 6 feet in diameter. Many even of the larger quartz 
masses exhibit crystal faces along their contact with other minerals. 
Quartz is saved in the quarrying process but finds only a very irreg­
ular market. 

The feldspar is buff colored and is shown by microscopic examina­
tion to be mainly orthoclase and microcline. The soda variety, 
albite, also occurs but forms only a small percentage of the total mass 
of feldspar; a few crystals of albite are 4 to 5 inches across. .As at 
most of the Maine feldspar quarries, the great bulk of the material 
quarried for pottery purposes is a coarse graphic intergrowth of quartz 
with potash feldspar. In the northern part of the quarry a mass of 
pure feldspar 10 feet across is exposed on a glaciated surface. 

Muscovite occurs in grapihc intergrowth with quartz and also in 
books, the latter being mostly wedge mica. Some of these books 
are 10 inches across. The total amount of muscovite present is not 
sufficient to make it worth while to save it in quarrying. 

Biotite is about equally as abundant as muscovite and occurs in 
characteristic lath-shaped crystals; one of these was 4 feet long, 8 
inches wide, and 1 inch thick. Much of the biotite is decomposed to 
what appears to be chlorite colored with hematite. 

Garnet is moderately abundant, usually occurring in compound 
crystals of dark-red color with submetallic luster. 

Beryl is moderately abundant, some hexagonal crystals being 10 
inches in diameter. Some of the smaller crystals are partly trans­
parent and have been sold to mineral collectors. 

Some columbite is found in small imperfectly developed crystals 
but is not sufficiently abundant to be of commercial consequence. 

In one place in the quarry a small amount of hornblendic granite 
gneiss occurs. The p('gmatite cuts across the foliation of the granite 
gneiss and is plainly somewhat the younger. Its exact attitude and 
boundaries could not be determined because of the scarcity of out­
crops in the vicinity, but it is probable that further stripping near the 
present workings will reveal considerable amounts of commercially 
valuable spar. 

At the time of the writer's visit seven laborers were employed in the 
quarry besides the foreman and the superintendent. The rock is 
hauled by two 2-horse teams a distance of 1 i miles to the feldspar 
mill near Cathance station. 



SAGADAHOC COUNTY. 115 

Maine Feldspar Company's quarrg.-A small feldspar quarry a few 
rods southeast of the one just described was opened in 1906 by the 
Maine Feldspar Company, of Auburn, Me. The rock, which is similar 
in every way to that at the William Willes quarry, is hauled by team 
about 1 i miles to Cathance station and from there shipped by rail to 
the Maine Feldspar Company's mill at Littlefield, 3 miles southwest 
of Auburn. 

G. D. lVille.s feldspar quo,rrg.-A feldspar quarry operated for the 
Trenton Flint' and Spar Company by G. D. Willes, of Brunswick, is 
situated about 2 miles northwest of Cathance station and is the 
oldest and by far the largest of the Topsham quarries. Its irregular 
opening covers several acres and the material is excavated from 
several levels, the greatest depth being about 50 feet. 

Although the great bulk of the commercial spar now taken from this 
quarry is a coarse graphic intergrowth of feldspar and quartz, masses 
of pure quartz and of pure feldspar occur which are larger than those 
seen at any other quarry in the State. A single mass of pure white 
quartz in the northern part of the quarry is 50 feet long and is exposed 
for a height of 10 feet. The pegmatite is in general coarser at the 
northern than at the southern end of the quarry. 

The feldspar also occurs here and there in crystals of large size, one 
in the northern part of the quarry measuring 15 feet across. The 
bulk of the feldspar, as shown by microscopic study, belongs to the 
potash varieties orthoclase and mierocline, but some small masses, 
not many of them more than a few inches across, are• of the white soda 
feldspar, albite. , 

On the wall at the extreme southern end of the quarry certain por­
tions of the pegmatite up to a foot or so in width are a micrographic 
granite and exhibit the peculiar structure described on page 123. 

Muscovite is concentrated along certain belts traversing the peg­
matite mass in various directions. Their general form is similar to 
that shown in Plate IX, A. The central portions for a width of a few 
inches consist of an aggregate of heterogeneously dispost>d muscovite 
plates, few of them over one-fourth inch in diameter. From this fint-r­
grained portion spearhead-shaped books of muscovite, some of them 

• a foot in length, showing wedge structure, project in a direction m•arly 
at right angles to the general plane of the mica belt. In the southern 
part of the quarry muscovite occurs aL<~o in nearly equidimensional 
aggregates, in some places 5 feet across, made up of smull, hetero­
geneously arranged plates averaging about one-fourth inch across. 
From their borders these muscovite aggregates send off spearheud­
shaped books of muscovite into the surrounding quartz, feldspar, 
and graphic granite. Some graphic intergrowths of quartz and mus­
covite occur, but they are not abundant. "Cnder present conditions 
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it would probably not pay to save as scrap mica the muscovite. 
obtained in the feldspar mining. No plate mica was observed. 

Biotite is moderately abundant in certain parts of the pegmatite. 
It penetrates the feldspar and quartz in lath-shaped masses, the 
largest of which was 2 yards long by 3 inches wide and one-fourth 
inch thick. 

As in most other feldspar quarries, small garnets are abundnnt 
only in certain portions of the deposit, the coarser graphic granite 
and the pure feldspar being almost entirely free from them, and they 
are not seriously injurious to the commercial value of the deposit. 

Cavities up to 1 foot in diameter and of various form are rather a 
constant feature of the coarser portions of the pegmatite in the north­
em part of the quarry. They may occur within the areas of pure 
quartz or feldspar, on the border betw~en quartz and feldspar masses, 
or more rarely in the coarse graphic granite. Usually they contain 
groups of somewhat smoky semitransparent quartz crystals, some of 
which make handsome cabinet specimens. In a few, transparent 
green tourmalines and aquamarines (beryl) of gem quality have been 
found. 

The schists and gneisses which bord~r the pegmatite are exposed ~t 
the southern end of the quarry, where they show evidence of much 
softening as a result of the pegmatite intrusion. In general th.ey are 
rather flat lying. Probably the pegmatite ma.ss is also in general 
somewhat flat lying, though very irregular. It is probable that the 
workable pegmatite does not extend southward much beyond the 
limits of the present pit, but northward it is knowp to extend into 
property said to be controlled by the Maine Feldspar Company. 
Here it has been worked in the past from a number of small openings 
and very considerable amounts of commercial spar are still available. 

The methods of operation at this quarry are somewhat antiquated 
for a working of this size, the drilling all being done by hand and the 
blnsting by black powder. A tramway carries the wast<l to dump 
piles and the good rock to stock sheds, from which it is loaded into 
wagons and hauled 1 i miles to the mill near Cuthance station (p. 18). 

North Topshamfeldspar g_uarry.-A feldspar quarry in the northern 
part of the town of Topsham, one-half mile west of Cuthunce River 
and 1 mile south of the Topsham-Bowdoinhnm line, was formerly 
opernted by the Trent.on Flint and Spar Company, the rock being 
hauled by team 2 miles to the mill near Cathance station. The 
quarry is located on the western valley slope of the river and is an 
irregular opening extending north nnd south along the hill slope for 
about 200 -feet and extending into the hill for about 40 feet. There 
is a complete absence of any regularity in the arrangements of the 
pegmatite constituents. 

, 
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The qUll.rtz is prevailingly white or light gray, though smoky in 
some places. 

The feldspar is white to cream colored, and is shown by microscopic 
examination .to be mainly orthoclase, with small amounts of albite 
and microcline. The albite in many places forms a fine microscopic 
intergrowth (microperthite) with the orthoclase. Some pure feldspar 
masses measure 4 to 5 feet in diameter, but the bulk of the material 
quarried for pottery purposes was a graphic intergrowth of quartz and 
feldspar. 

Muscovite, mostly pale green in color, is generally graphically 
intergrown with quartz, though a few books of clean mica up to 5 or 
6 inches in diameter occur. These are all, so far as observed, of the 
wedge variety rand the quantity is so small that it would be hardly 
worth while to save them for scrap mica. 

Biotite is not very abundant in any part of the quarry and in s~me 
parts is wholly absent. Where it occurs it forms thin lath-shaped 
crystals averaging about 6 inches long, 1 inch wide, and one-fourth 
inch thick. 

Gamet is absent from much of the pegmati~ but locally is abun­
dant in the finer-grained portions in crystals from one-sixteenth to 
one-fourth inch ii1 diameter. Very rarely a crystal measuring 3 
inches is found, and in these the garnet is usually graphically inter­
grown with quartz. The color ranges from pink to deep red, with sub­
metallic luster. 

The area. and form of this pegmatite body could not be determined 
because of the scarcity of outcrops in the vicinity of the quarry, but 
the occurrence at short distances east and west of small masses of 
pegmatite of commercial grade seems to indicate that the deposit 
may extend considerably beyond the area now exposed. 

The quantity of material in sight and the freedom of most of the 
material from iron-bearing minerals favors further development. 

Mill of the Trenton Flint and Spar Cmnpany.-The feldspar mill of 
the Trenton Flint and Spar Company is located on Catha.nce River 
about one-half mile north of Cathance station. During high water 
it utilizes the water power of this small river, but it is also provided 

i1t with steam power. Its equipment consists of three chaser mills and 
four ball mills of the usual types. The grinding process is that 
described on page 127. The capacity of the mill is about 16 tons in 
twenty-four hours, the ground spar being hauled by wngons for one­
half mile from the mill to Cathance station, on the Maine Central 
Railroad, where it is loaded for shipment. 

Vicinity of Topslwm village.-At a small road-metal quarry on the 
west slope of Mount Ararat the dominant rock type is a hombll'nde 
granite schist of regular and well-marked foliation. It strikes, in the 
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main, about N. 35° E. and dips 50° SE. In both megascopic and 
microscopic appearance it is practically identical with the lighter 
phases of the schist from the road-metal quarry in Brunswick vil­
lage (p. 61). As at that quarry, dominant acidic bands of schist, 
prevailingly pink or gray in tone, alternate with smaller amounts of 
dark-gray bands of quartz diorite and other nearly black bands of 
diorite schist. Under the microscope these schists show no cataclastic 
structures; they owe their foliated structure to parallel elongation of 
the hornblende grains and to some extent also of the grains of biotite 
and quartz. Nothing either in their texture or their composition 
indicates that they are not primary-flow gneisses. 

Both in the lighter and darker phases of the schist, but much more 
abundantly in the lighter, are coarser bands of pegmatitic texture, 
consisting mainly of quartz and feldspar, with some biotite and mag­
netite. Many of these are parallel to the foliation of the schist and 
are of even width and uniform character for several yards. Others, 
especially the larger masses, cut distinctly across the schist folia, the 
contact being sharp and without suggestion of absorption. 

An interesting feature of some of the pegmatite bands which par­
allel the foliation of th.e schists is the presence in them of a slight foli­
ation parallel to that of the inclosing schist. As in the schist, this 
foliation is defined by bands richer than the bordering portions in 
hornblende and biotite. In one place a faint foliation is perceptible 
in the center of a pegmatite mass 1! feet wide that cuts across the 
foliation of the schists. It does not parallel the trend of the dike 
but does parallel the foliation of the inclosing schist and is defined 
by the arrangement of the quartz in elongate and somewhat irregu­
lar bands. As there is no evidence of appreciable absorption of the 
schist by the pegmatite magma, and also no evidence of metamor­
phism subsequent to the intrusion of the pegmatite, such foliation in 
the pegmatite is strongly suggestive of parallel flowing movements 
in the schist and in some of the pegmatite. The field and microscopic 
evidence on the whole favors the conception that the schists are of 
primary or flow-igneous origin, and that some of the pegmatite was 
crystallizing before flowage had entirely ceased in the bordering 
schist, but that other portions of the pegmatite were intruded after 
the schist had completely solidified. The practical identity in min­
eral character between the diffe.rent masses of pegmatite at this quarry 
suggests that the distinctly intrusive portions were only slightly Inter 
crystallizations than their host and that all the pegmatite had the 
same magmatic source. 

One of the largest masses of graphic granite observed was on the 
west slope of the 180-foot hill in the sharp bend of Androscoggin 
River just west of Brunswick. The ledge, which is in plain sight 
from the railroad track, is 150 feet long and averages 25 feet wide. 
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Practically this whole mass is a graphic intergrowth of quartz, with 
white to pale pink orthoclase and microcline. Some of the feldspar 
crystals of this intergrowth are shown by reflections from their cleav­
age faces to be 2! feet across. The coarseness varies rapidly from 
point to point even within the range of a single feldspar individual. 
At the south end of the outcrop the graphic granite grades into peg­
matite of irregular texture, showlng some masses of pure feldspar 
2 to 3 inches across. Both the graphic granite and this irregular­
textured pegmatite inclose scattered biotite laths. 

At the south end of this exposure also there is some associated 
gray gneiss. In one place the pegmatite cuts directly across the 
folia of the gneiss. In other places graphic granite forms knots or 
short lenses up to 6 inches in width between the gneiss folia. The 
mass of graphic granite exposed in tlus ledge is the largest contin­
uous mass observed by the writer in the State. 

ECONOMIC~Y IMPORTANT PEGMATITE MINERALS. 

FBLDSP.AB. 

The feldspars are compounds of alumina and silica with one or 
more of the bases potash, soda, and lime; rarely barium is present. 
They fall into two principal groups, the potash-soda feldspars and 
the lime-soda feldspars, both _of which may be present in the same 
deposit or even intergrown in the same crystal. 

POTASH-SODA FELDSPARS • 
• 

The principal representatives of the potash-soda feldspar group 
are orthoclase and microcline, both of which have the composition 
KAJSisO, or K,O.Al,01.6Si02• These two varieties have also the 
same crystal form and are similar in most of their physical proper­
ties. For commercial purposes they may be regarded as identical, 
for they can not be distinguished from each other with the unaided 
eye and are often associated in the same crystal. The theoretical 
percentage composition of pure orthoclase or microcline is silica 
(SiO,), 64.7 per cent; alumina (Al20 3), 18.4 per cent; and potash 
(K,O), 16.9 per cent. Soda may partly or completely replace potash 
in these feldspars. If it is more abundant than the potash, the feld­
spar is called anorthoclase 

The feldspar of the potash-soda group mined in the United States 
is mostly pale flesh colored to nearly white, though that from Bed­
ford, N.Y., is reddish and that from near Batchellerville, N. Y., is 
pearl gray. The potash spars from Norway and from Bedford, 
Ontario, are reddish in color. The cause of the reddish color is not 
definitely known, but in some feldspars it seems to be due to the 
presence of small quantities of finely divided iron oxide. The per-
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centage of iron oxide is smaller, however, in many pink feldspars 
than in those of lighter color. All the pink spars bum perfectly 
white, and the iron content is too small to be in the least detrimental 
in pottery manufacture. Fresh feldspar is so hard that orily with 
difficulty can it be scratched with a knife blade. 

As found in the quarries, the potash-soda feldspars seldom show 
true crystal faces, but when undecomposed break readily into angu­
lar pieces, bounded in part by smooth cleavage faces. There are 
three directions of cleavage, intersecting at definite angles, which 
are practically identical in orthoclase and microcline and are only 
slightly different in the soda-bearing feldspars of this group. Only 
two of the cleavages are well defined, and these invariably intersect 
approximately at right angles. Both of these principal cleavage 
surfaces show a high luster, comparable to that exhibited by a plate 
of glass, though one cleavage face is a trifle less brilliant than the 
other. The hardness and the two lustrous cleavage planes inter­
secting at right angles are usually sufficient to identify a mineral as 
belonging to the group of potash-soda feldspars. 

Recent experiments have shown that the potash-rich feldspars 
have no definite melting point, as metals have, fol' example. Fusion 
tests made on finely powdered microcline in the geophysical labo­
ratory of the Carnegie Institution a showed that at 1,000° C. traces 
of sintering were evident; at 1,075° the powder had formed a solid 
cake; at 1,150° this cake had softened somewhat; and at 1,300° 
it had become a viscous liquid which could be drawn out into 
glassy threads. In most of the' determinations complete fusion has 
taken place in the dry state at temperatures below Seger cone No.9, 
which fuses at 1,310° C., or 2,390° F. 

The great bulk of the feldspar quarried in the eastern United States 
and in Canada belongs to the class described above, being orthoclase 
or microcline or an intergrowth of the two. In most quarries this is 
associated with minor quantities of soda feldspar-albite or oligoclase­
occurring either in separate crystals or delicately intergrown with 
the potash feldspar, as shown in Plate XYII. The presence of the 
soda spar renders the ground product slightly more fusible. The 
specific gravity of orthoclase and microcline varies from 2.54 to 2.56. • 

LIME-SODA FELDSPARS OR PLAGIOCLASES. 

The lime-soda group of feldspars, the plagioclases, as they are 
called, form a continuous series ranging from pure soda feldspar, 
albite, at one end to pure lime feldspar, anorthite, at the other end. 
The chemical composition of albite is represented by the formula 
Na.A1Sia08 (designated Ab) or Nll:!O.Al30 3.6Si02 , being similar to that 

------- --- - ---- -- --
•Day, A. L., and Allen, E . T ., The lsomorph!Am and them~nl prop<'rtl"" of the !rld•pars: l'uh. 31 CBr· 

llllgle lust. of Wasblogtoo, 1905, pp. 13-7.'i; also Am. Jour. Sct., ~th S('r., vol. 19. I!JU[). pp. !13-142. 
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MICROPHOTOGRAPH OF THIN SECTION OF FELDSPAR FROM QLARRY OF GOLDING'S SONS 
COMPANY, GEORGETOWN, MAINE. MAGNIFIED ABOUT 40 DIAMETERS. 

Showine perthitic intererowth of potash and soda feldapar characteristic of many commercial feldspars. 
The lia-hter portions with stri• crossing at ria-ht angles are potash fe ldspar (microcline). The darker 
portions with atriations in only one direction are soda feldspar (albite). 
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of orthocl&Se, except that soda is present in place of pot&Sh. The 
composition of anorthite is represented by the formula Ca.Al,Si,01 

(designated An) or CaO.Al20 3.2Si02• The intermediate members of 
this feldspar series are mixtures in varying proportions of the two 
molecules Ab and An and have been divided arbitrarily, as shown in 
the following table: 

' 
Li11U-80do. series of fel<#pars. 

Albite ............. Ab1Ano to AbeAn1 I Labradorite •.....•• Ab1An1 to Ab1An. 
Oligoclase .•.••..... AbeAn1 to Ab3An1 Bytownite ........ . . Ab1An3 to Ab1Ane 
Andesine ............ Ab3An1 to Ab1An1 Anorthite .... . ...... Ab1An6·to AboAn1 

The following table shows the percentages of the various oxides 
corresponding to each feldspar variety: 

Percmtage u>eighta of the o:cidea in thefeld8pars in the lime-soda atms. 

810,. AJ,o,. N .. o. I CaO. 

19. 6 11.8 o.o 
22.1 10.0 3.0 
24.0 8. 7 &.3 

Albite, .\b, Ano................................................ 68.1 
AboAn,. . .............................................. 64.9 
AbaAn, ........ :....................................... 62.0 

28.3 5. 7 10.f 
32.6 2.8 15.3 
34. 4 1. 6 17.f 
36.7 .o 20.1 

Ab, An1................................................ 56.6 
Ab, An,. . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49. 3 
Ab, An................................... .. ............ 46.61 

ADorthlte, Abo Ant...................... .. .................... .:!. 2 
---

The field and microscopic studies made by the writer and the few 
analyses available indicate that most of the plagioclase present in 
feldspar deposits worked for pottery purposes belongs to the sodic 
varieties, albite or oligoclase, though the more calcic varieties are 
probably also present in minor amounts in a few localities. In color 
the albite and oligoclase range from pure white to pale green. In 
their commonest forms they show, as do the feldspars of the potash­
soda. group, two principal cleavage faces with brilliant luster, but 
these intersect not at 90°, as in orthoclase and microcline, but at 
about 86°. This difference in angle is not readily recognizable with­
out careful measurements, and in the field albite and other lime-soda 
feldspars are most readily distinguished from the potash-soda feld:. 
spars by the presence in them of faint, perfectly straight striations on 
the most brilliant of the cleavage faces. These are the re..c;;ult of 
repeated twinning of the crystal and are best seen by holding the 
crystal in the sunlight so as to catch the reflection from the principal 
cleavage face. By turning the <'rystal slightly one way or another 
the striations, if present, are readily recognized. 

Pure soda feldspar, or albite (XaA1Si30 8 , designated Ab), like 
pot&Sh feldspar, h&S no definite melting point but, as shown by Day 
and Allen,a melts at temperatur«.>s having a range of 1.50° C. or more, 
certain portions of a crystal persisting solid while other portions nre 

a Day, A. L., and Allen, E. T.,loc.clt. 
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fluid. Melting in a piece of natural albite was observed to begin 
below 1,200° C. and was not complete at 1,250°. Complete fusion 
takes place in albite at a somewhat lower temperature than in ortho­
clase and microcline. Hence in the manufacture of pottery a glaze 
prepared with albite will become fluid and will run at a kiln tempera­
ture at which a. potash-feldspar glaze remains more viscous and 
yields good results. 

The feldspars of this class that contain notable amounts of calcium 
have fairly well defined melting points. These melting points, as 
determined by Day and Allen,11 are given below, with the determina­
tions of their specific gravity: 

Melting temperature and Bpeci.fic gravity of liJM-&odajeldBpar1. 

lleltiDg =~ 
tempera- or crys. 

ture talllne c• C.). form. 

Albite,~~~:::::::::::::::::::::::::::: : :::::: :: ::::::::::::::::::::: : :::: :: :: ::::F ··i;340· 
!1::~~: : :: :: : : : ::: : :: :::::: : :::: ::: :::: ::: : :::::: : : : : :::::::: :: : ::: ::: : : :: : : : U1~ 

Anortblt~ A~t?i:~,:.:_:: :::::::::::::::::::::::::::::::::::::::::: :: :: ::::: :: :::::::: :; t~ 

2. 605 
2.648 
2.660 
2.678 
2.710 
2. 733 
2. 765 

As shown in this table the melting points become progressively 
higher and the mi.I1erals become heavier with increase in the per­
centage of calcium. 

If a melt composed solely of the constituents of pure potash feld­
spar or pure soda feldspar is allowed to cool the result is invariably a 
glass; a crystalline product has not yet been obtained in this way. 
If, however, melts of the lime-rich feldspars are cooled, partial or 
complete crystallization usually takes place. It is this property of 
cooling to a. glass that renders the potash and soda rich feldspars 
serviceable for use in ma.!dng glazes for pottery and enamelware. 
The crystallization that takes place in the lime-rich feldspars under 
similar conditions makes them worthless, or at least much less desir­
able, for these uses. 

The following analyses show the chemical characters of typical 
feldspars that are used commercially. Most of the specimens of 
crude material analyzed were especially selected for their purity and 
are not typical of the material in commercial use. Nos. 5 and 6, 
however, are analyses of specimens of ground " spar" collected by 
the writer personally from the bins at feldspar mi.lls and represent 
ma,terials in actunl commercial usc. 

o Day, A. L., and Allou, K. T., Joe. cit. 
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Analyau offeldlpart. 

Selected specimens ot crude Commercial 
Jeld-· specimens of 
~.-· ground feldspar. 

L ~ L L L ~ 

-----------------1-------------
SWea (810,)... .. ..•. ................ .. ............... 6C 7 6U8 88.23 66.05 76.37 65.87 
Alumina (.AioOa).. . .... . ... .... . .. .. .. .. . ............. 18 4 111.18 18.77 18.00 a 13.87 •lll.lO 
Feme o:..lde ( FeoOa). . • • • . . . . . • . . . . . • . . • • . • . • . • • • • • • . . • • • • • • • • 33 Tnce. . 12 .•..•.••••••••. • 
Ume (CaO) ... . . .. ...... . .............................•.•.••.. Tnce. .31 1.011 .26 .20 
Magnesia()(~(})....... . ......... . .. .... ... . .......... . . . . . . . . . 25 None. Trace. Nooe. None. 
PolaabCtc:tO) ..• . ..•.......... ,....... . ............... 16.11 12 711 12.011 12.13 6.24 12.24 
Soda (N'aoO)......................... . ................ ........ 2. 32 3. 11 2.11 3. 74 2.56 
Water(H.O).. . ............................. . ........ .•...... •••....• ...••..• .•.•..•. .30 .&c 
Loea on Ignition......................... . ............. . . . . . . . . . 48 •• • ••••••••••••••••••••••••••••• 

1-----------
100.0 100 33 100. 51 1111. 30 1111. 78 100. 61 

• Includes traee of Iron and any TIO, and PoOt that may be ~t. 

1. TbeoreUcel com'POIIItlon of pure orthoclaae or mlcrocllne. 
2. Specimen of crude Norwed&n potash feldsJ)u-1 probably with eome lntergrown eoda feldspar (albite). 

UMII at the Royal Porcelain Woru at Charlodennurg, Sweden. 
3. Crude pink orthociae-mlcrocllne feldspar, evidently lntergrown with eome eoda fel~ (albite). 

From feldapar quarry of Rlchardeon & Bona, Bedford, Ontario. .Analyllla by J. B. Cocbrane, Royal Mlll­
tary Collegil, Kfnpton Ontario. 

4. Crude pink pot;;;,b feldBDar; mlerocllne lnterKrown with amall amounts of eoda feldapar (albite). 
From feldsPar quarry of P. Jf. Kfnkles'a Bona, Beilford, Westchester County, N.Y. Analy- made for 
John C. WWda & Co. . 

5. Ground commercial feldspar from Klnkles'aquarry, Bedford, N. Y.; IIC)oceJled No.3 lf"&de; med. lD 
r;lul manufacture but not for pottery. Sample taken by writer from bina at mill of P. li. Klnkles'a Bons. 
Anal}"llla by George Stelaer In laboritory of United States Oeologlcel Survey. 

6. Ground commercial feldspar from quarry of J . B. Richardson & Bona, Bedford, Ontario No. 1 grade. 
Sample taken by writer from bins at mlU of Eureka Flint and Spar Company, Trenton, N. J . .Analy­
sis by a-ge Steiger, In laboratory of United States Geological Survey. 

The approximate mineral composition of the samples of the com­
mercial ground feldspars (Nos. 5 and 6), a.s computed from the 
analyses, is a.s follows: 

Approximau mi71D'al compotilion of feldlpar• No1. 5 and 6, above. 

5. 6. 

------------------------------
~U::~ciDiCiOCi•;;8i.i.-ciiitiociWi"c"K.iisi;o;;::::::::::::::::::::::::::::::::::: ~:~ J:: 
=t~.J~~~~~·-~~~~~~~-~~ .. ~~~-~~-~~!~~~~-·-~~~~~~-~~~~-·~::: :::: ::::::::: 32:~ 22:~ 
Otber conatltuenla...................... . ........ ... ................. .. ................. 1. 63 1. 22 

'---
1111. 72 100.57 

Samples Nos. 5 and 6 may be taken to represent, so far as the 
percentage of quartz is concerned, the two extremes among potash 
"spars" in commercial use. No. 5 is much richer in quartz and in 
soda feldspar than the higher grades from this same quarry and is 
suitable only for use in glass making, for enamel ware, and for like 
uses. No. 6 is the best grade of Canadian spar, which is almost free 
from quartz and brings a.s high a. price a.s any spar on the market. 
The bulk of the No.2 grade or standard spar that is on the market is 
intennediate in its percentage of quartz between samples 5 and 6, 
the percentage in most of it being between 15 and 25 per cent. 
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GRAPHIC GRANITE. 

Much of the quartz and feldspar of certain pegmatite deposits is 
regularly intergrown in the form of graphic granite. (See Pl. XVIII 
and p. 22.) At the majority of feldspar quarries most of the material 
shipped is graphic granite, though whatever pure feldspar occurs is 
usually also included and serves to raise the percentage of feldspar 
in the whole mass. Analyses of four specimens of graphic granite 
are given below. These analyses were made by George Steiger in the 
laboratory of the United States Geological Survey. 

Analyse• of graphic granite. 

I. 2. 3. 4. 

1
--- -- ------

~~~: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: r~:~ nTti • -a: !~ • r~:t 

iJi: : : ::::~_iJ[~ 
a Includes trace or Iron and any TIOs and PsO• that may be p~nt. 

1. Coarse graphic granite from Fisher's feldspar quarry (abandoned), To!J8bam, Me. Trace of P1o .. 
The quartz layers In this Spe<'lmen avt'rage abOut 0.1 Inch and the leldopar layers 0.4 Inch aci'088. The 
feldspar Is cn>am-colored potash feldspar (microcllne), llnely (pertbitically) lntergrown with IIII1Biler 
amount.• of soda feldspar (albite). 

2. Moderately coarse bTllphlc l!fllnlle from Fisher's feldopar quarry (abandoned), Topsham, Me. Grades 
Into :-<o. I. Trace of l'sO.. The quartz layers in this specimen average about 0.05 Inch BCI'088 and the 
feldspar lnvers about 0.151nch across. The felds~ are of the nme chamcter 88 In No. 1. 

3. Finf'-~n•ined ~raphlc granite from Klnkles feldspar quarry, Bedford Westcheot"'r County, N. Y. 
The quartz la,·ers in thi~ speclmen averote about 0.03 Inch aero&'! and the feldspar layers about O.a! Inch 
ac~. The f.>hlspars are pale pink mlcrocllne llnely intergrown with omaller amounts of soda feldspar 
(albite), containin~: a little lime. 

4. Graphic j(runlte from Andrews quarry, Portland, Conn. , vary!~ In coarseness, but all e.tremely llne 
grained. Tbe quartz layers in this Spe<'lmen a\'erote not more than 0.02 or a.n Inch across and the !Piclspnr 
layers not more than 0.05 Inch across. Some small areas of pure feldspar were SIISOCiated with the jtraphic 
granite In thi• Sp<'cimen, so that the slllca percentage shown In the analysis Is lower than It would be for 
graphic granite alone of this fineness. The feldspars are white potash feldspar (mlcrocllne), intergrown 
with smaller amounts of soda feldspar (albite), containing a little lime. 

If allowance is made for the water present and the proportion of 
quartz to feldspars calculated from the above analyses, the results 
are as follows: 

Proportion• of quartz andfeldltpar in graphic granites Nos. 1 to -4- abm•e. 

-------------------l·-1.-__ 2 _ _. ___ a·-1-4-. _ 
Quartz (SIO,).. . . .. .. ... ............. . .... •. . . .. . . . . • . • . . . • . . . . .• . • . . . . 27.13 26. 26 2'.!. !l-4 . 17. 65 
Pot .. ,h r.-Jdspnr (microc!lne) (KAISbOo) ...••••...... . ........... . ..... 54. 42 55.2'2 54.951 51.37 
Soda IPld,par (a! bit<>) with small amounts of lime feldspar In Nos. 3 and 

4 (~a.\ISi .. Oo.l' a .\I,Si10 4) .. ... . . . . . . ...... . .. . .. . ... ..... . ..... .. .. . . 1R45 Ill o2 i 21J.!l'J 30. 05 
Otherconstituents .... . ........ . ........... . ....... .. .................. ~~:~~~~.~ 

NoTE.-~"'- I and 2, reprPSt'nting j!raphir l!ranit~ from FishPr's qnorry In Topsham. M~ .. show prar· 
tirnlly ldt-ntieal proportion~ hetwE"t:'n 1heo 9unru nnd ~h~ ft'ld~par, _ nlthouKh ~o. ~ j-.; lllor~ th~tn twil·f' a.~ 
coa~ a..~ So. t . rn 'So. 3, from n~Hord , s . Y . , ~~~n·lnne fP.)c.Jspar IS more nhund:ulf 1 hatl Ill ~OS. l and '2, 
and the proportion or quartt Is sli~htly leAA. In ~o. 4 some pnrP rPiclspur i• a.~'<><.·iut.·d wic h t 111• gr:c phic 
lnter~:fQwth or relcispar and quartz,l!O that the proportion or quartz in Lbe whole •pecimeu i• lower tb11.nln 
any or the other samples. 
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INTERGROWTHS OF FELDSPAR AND QUARTZ. SHOWING CHARACTERISTIC GRAPHIC 
GRANITE STRUCTURE. NATURAL SIZE. 

A, Graphic cranite from Bedford, N.Y. H, F•ne graphic granite from Top1~am, Maine. C. Coarae 
graphic a:ran•t• from T op&ham, Maine . 
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A graphic intergrowth of potash feldspar and quartz from Elfkarleo, 
Sweden, which was so fine grained that the graphic structure could 
be seen only under the microscope, showed on analysis about 79.2 
per cent of feldspar and 20.8 per cent of quartz. From the analyses 
given above and from numerous others which have been published 
the conclusion seems justified that the proportion of feldspar to quartz 
in graphic granites, though varying somewhat according to the com­
position of the feldspars, is nevertheless fairly constant and is not 
dependent on coarseness of grain. This fact is of practical impor­
tance, for a large proportion of the commercial "spar" produced is 
graphic granite, and it has been the practice at some quarries to 
discard the finer-grained varieties on the supposition that they con­
tained a larger percentage of quartz than the coarser kinds. Such' 
mining practice is unwarranted, the fine graphic granite being as 
desirable as the coarse, though both should be mixed with a certain 
amount of pure feldspar in order to reduce the percentage of quartz 
in the ground product to between 15 and 20 per cent for the standard 
grade, as shown by analyses 3 and 4 of the table above. 

As in most pegmatite bodies there is very little regularity in the 
distribution of the different minerals (see p. 22), a deposit that is of 
excellent quality commercially as regards feldspar may grade within 
a short distance and in a wholly irregular manner into pegmatite that 
is worthless because of its large percentage of quartz or its abundance 
of biotite, black tourmaline, or garnet. 

MINING. 

The methods of mining feldspar are very simple. The excavations 
are nearly all open pits, most of them of rather irregular form, the 
valueless portions of the pegmatite being avoided wherever it is possi­
ble in mining. In a few Pennsylvania quarries where the pegmatite 
masses are rather flat lying and are overlain by a roof of worthless 
rock short tunnels have been driven from the open pits. 

In Maine, Connecticut, and New York the pegmatite is usually 
firm and undecomposed, even in the surface outcrops, and it is neces­
sary to sink drill holes and blast out most of the material. In Penn­
sylvania and Maryland, however, most of the pegmatite is much 
decayed at the surface and can be excavated with picks, shovels, and 
crowbars. In a few of these quarries kaolin produced by the decay 
of the feldspar has been found in the past in sufficient quantities to be 
of commercial importance, though none is now produced. This differ­
ence in the character of the pegmatite deposits in the two regions is due 
to the fact that the PE.>nnsylvania-Maryland region is unglaciawd, 
whereas in the more northerly region glacial ice has planed off most 
of the products of rock decay . 
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In some of the smaller quarries, where the rock is firm, drilling is 
done by hand, but in most of the larger quarries steam drills are used. 
The large masses are then broken with sledges into pieces 6 inche<J or 
less in size. If the material is to be used as poultry grit or for the 
manufacture of roofing materials no sorting is necessary, but mate­
rial used for making pottery is hand-picked at the quarry to remove 
the more micaceous and quartzose parts and the portions carrying 
iron-bearing minerals. In most of the Pennsylvania and Maryland 
quarries where the weathered materials near the surface -can be 
excavated with pick and shovel, screening or even washing may be 
necessary to free the spar from dirt. In some of the larger and deeper 
quarries derricks and drags are used in hoisting the spar to the surface, 
the material being then loaded into wagons and hauled either to the 
railroad for shipment or to the mills for grinding. In some quarries 
the wagons descend into the pit along an inclined roadway. At two 
important quarries wire tramways connect quarry with mill. 

The cost of actual mining at most of the q_uarries producing feld­
spar of pottery grade is reported at from $2 to $2.50 per long ton. 
At certain quarries where pegmatite is quarried for ready roofing, 
poultry grit, etc., where cobbling and hand sorting are unnecessary, 
and where the work is conducted on a large scale, the cost may be as 
low as 50 cents per ton. Hauling by team from mine to mill or 
shipping point in most of the feldspar districts may, under ordinary 
conditions, be estimated at a contract price of 35 to 40 cents per long 
ton per mile. 

COMMERCIAL AVAILABILITY OF DEPOSITS. 

Whether it will pay to work a. given feldspar deposit depends upon a 
number of factors, chief among which are (1) the distance from the 
railroad or navigable water, (2) the freight rates to principal markets, 
(3) the quantity and quality of the material available, (4) the cheap­
ness with which the feldspar can be mined, and (5) the market condi­
tions. Favorable conditions with respect to some of these factors 
may offset unfavorable conditions with respect to others. The 
principal markets for the better grades of feldspar are the great pottery 
centers-Trenton, N.J., and East Liverpool, Ohio-so that the mines .. 
of Connecticut, Pennsylvania, and Maryland have the advantage over 
those in Maine and northern New York of being much closer t.o these 
markets. This superiority in position makes wagon hauls of 6 or 8 
miles from mine to shipping point permissible in the ~fiddle Atlantic 
States, whereas in .Maine or in the Adirondack region only a much 
shorter haul allows a fair degree of profit. Pegmatite sold for 
roofing or poultry grit commands prices so small that hauls of more 
than 1 or 2 miles from mine to shipping point would in most places ba 
prohibitive. The freight rates on feldspar from a number of the 

-
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quarrying district.CJ to Trenton, the principal feldspar milling center, 
are given below: 

Freight rotu per hundredweight on ftldlpar for CJaTlocuh having a minimum weight of 4Q ,000 
poundl, Jlay, 1909. 

Bath, Me., to Trenton, N. J. . ... . . . . . . . . . . . . . . . . . . . .. . . . .. .. .. . $0. 15 · 
Cathance, Me., to Trenton, N.J............... . ...... . ......... .17 
Auburn, Me., to Trenton, N.J........................... . ...... .16 

T_he requirements of the potter's trade demand that in general the 
percentage of free quartz associated with the feldspar used shall not 
exceed 20 per cent in the ground product, and certain potters demand 
a spar which is nearly pure, containing probably less than 5 per cent 
of free quartz. In order to be profitably worked, in most feldspar 
mines between one-fourth and one-half of the total material excavated 
should contain less than 20 per cent of free quartz. Freshness of the 
feldspar is no.t essential. 

A factor of the utmost importance in the mining of pottery spar i~ 
the quantity of iron-bearing minerals (black mica., hornblende, gar­
net, or black tourmaline) which is present and the manner in which 
these minerals are associated with the feldspar. The requirements of 
the pottery trade demand that the spar be nearly free from these 
minerals, which if present produce, upon firing, brown discolorations in 
white wares. In order that a deposit may be profitably worked, 
these minerals, if present in any appreciable quantity, must be so 
segregated in certain portions of the deposit that they can be sepa­
rated from the spar without much more hand sortil!g and cobbing 
than is necessary in the separation of the highly feldspathic material 
from that which is highly quartzose or rich in muscovite. A number 
of pegmatite deposits of coarse grain are rendered worthless for pot­
tery purposes by the abundance of one or more of these iron-bearing 
minerals. The presence here and there of minute flakes of white 
mica (muscovite) is characteristic even of the highest grades of com­
mercial feldspar, and chemically this mineral is not injurious. It is, 
however, exceedingly difficult to pulverize the thin, flexible mica 
plates to a fineness equal to that attained by the feldspar, and it is 
therefore necessary in mining to separate carefully as much of the 
muscovite as possible from the spar. 

Operation on a large scale with the aid of modern machinery 
reduces the mining cost. Favorable topographic position-a situa­
tion, for instance, that will permit the material to be excavated 
from a hillside opening instead of being hoisted from a pit-also 
reduces the cost. 

MILLING. 

The methods used for grinding feldspar for pottery, enamel ware, 
etc., are similar in a general way in all of the Eastern States and 
are very simple. The soda spar quar,ried in southeastern Pennsyl-
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vania is first burned in kilns, which serves to fracture it and thus to 
facilitate grinding. Most feldspar, however, js fed just as it comes 
from the quarry into a chaser mill consisting of two buhrstone wheels, 
3 to 5 feet in diameter and 1 to 1! feet thick, attached to each other 
by .a. horizontal axle, as are the wheels of a cart. The horizontal 
axle is attached at its center to a rotating vertical shaft, which 
causes the buhrstone wheels to travel over a buhrstone bed, the 
feldspar being crushed between the wheels and the bed. In a few 
mills the spar before going to the chaser mills is crushed in a. jaw 
crusher. 

The material a.s it comes from the chasers is screened, the tailings 
being returned to the chaser mills for recrushing, while the fines go 
to tube mills for final grinding. The tube mills consist of steel 
cylinders revolving on a horizontal axis. The cylinders are gener­
ally lined either with hard-wood blocks or with blocks made of 
patural or artificial siliceous brick and are charged with Norway or 
French flint pebbles 2 to 3 inches across. The type of tube mill 
used by most feldspar grinders is 6 to 7 feet long and grinds from 2 
to 3 tons of spar at one charging. Certain millers, however, claim 
to effect a considerable saving in power by the use of larger mills, 
which grind from 4 to 6 tons at one charge. 

Feldspar for pottery purposes is usually ground four to six hours, 
and in that time most of it is reduced to a fineness of less than 200 
mesh. Screen tests made by the writer on four samples of com­
mercial ground pottery spar collected personally from the bins at 
three feldspar mills showed that from 99.3 to 99.8 per eent of the 
material would pass through a 100-mesh screen and from 96.7 to 
98.2 per cent would pass through a 200-mesh screen. A sample of 
No.3 spar, used only in making glass and enamel ware, was notably 
coarser, 94 per cent passing through a 100-mesh screen, and 74 per 
cent through a 200-mesh screen. This grade is ground only for 
two to three hours. Some feldspar prepart~d for use in abrasive 
soaps is ground for ten hours. · 

After grinding, the spar is ready for shipment either in bulk or in 
bags. The red spars from Bedford, N. Y., and Bedford, Ontario, 
have a faint pinkish tint when ground, but the cream-colored and 
white spars grind to a pure white. In a few mills the ground spar 
is allowed to settle slowly in water, so as to separate the finer from 
the coarser material, but this method is now rarely used. 

In mills for grinding feldspar for poultry grit and roofing purposes 
the spar is first crushed in jaw or rotary crushers and then between 
steel rolls. It is then screened over vibrating screens, usually of the 
Newago or Jeffrey type, to the various sizes desired. 
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USES. 

The principal consumers of feldspar are the pottery, enamel-ware, 
enamel-brick, and electrical-ware manufacturers, its most important 
use being as a constituent part of both body and glaze in true porce­
lain, white ware, and vitrified sanitary ware, and as a constituent 
of the slip (underglaze) and glaze in so-called "porcelain" sanitary 
wares and enameled brick. The proportion of feldspar in the body 
of vitrified wares usually falls between 10 and 35 per cent. Its 
melting point being lower than that of the other constituents, it 
serves as a flux to bind the particles of clay and quartz together. 
In glazes the percentage of feldspar usually lies between 30 and 50. 
The trade demands that feldspar for pottery purposes be nearly 
free from iron-bearing minerals (biotite, garnet, hornblende, tourma­
line, etc.), and that it contain little if any muscovite. The require­
ments in regard to the percentage of free quartz vary with different 
potters. A few manufacturers of the finer grades of pottery demand 
less than 5 per cent of free quartz and may even grind the spar 
themselves so as to be sure of its quality, preferring to insure a con­
stant product even at higher cost by themselves mixing the requisite 
quantity of quartz with the spar. Most potters get satisfactory 
results with standard ground spar carrying 15 to 20 per cent of 
free quartz, and in some acceptable spars the percentage runs even 
higher. In the finely ground mixture as it comes from the mills it 
is difficult to separate the quartz from the feldspar by physical 
methods on account of the extreme fineness of the material. Chem­
ical analysis seems to be the readiest means of determining whether 
its percentage is high or low. 

Feldspar is also used in the mauufacture of emery and carbo­
nmdum wheels as a flux to bind the abrading particles together. 

Small quantities of feldspar are used in the manufacture of opalt>s­
cent glass. The feldspar used for this purpose is ranked as No. 3 
by the miners. This generally contains more free quartz and mus­
covite than that used for pottery purposes, and most of it contains 
also fragments of iron-bearing minerals. Most of the spars known 
to the writer which are used for opalescent glass are rich in soda. 
They are not ground so fine as the pottery spars (p. 128). 

Small quantities of carefully selected pure feldspar are used in the 
manufacture of artificial teeth. Some is used in the manufacture of 
scouring soaps and window washes, the fact that feldspar is slightly 
softer than glass rendering these soaps less liable tha.n soaps which 
contain quartz to scratch windows or glassware. Two firms in New 
York State and one in Connecticut crush feldspar for poultry grit 
and for the manufacture of ready roofing. 

63098°--lBull. 445--11----9 
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Much interest has recently been aroused in the use of potash feld­
spar as a fertilizer. Potash is an important plant food, which, in 
fertilizers, has usually been supplied in the form of wood ashes or 
imported from Germany in easily soluble potash salts (sulphate, 
carbonate, or chloride). The Department of Agriculture has recently 
made preliminary experiments to determine the availability of finely 
ground potash feldsp~r as a substitute for the more soluble potash 
salts. The following statement is quoted from the report on these 
tests: 0 

The evidence so far obtained appears to indicate that under certain conditions and 
with certain crops feldspar can be made useful if it is ground sufficiently fine. On 
the other hand, it is highly probable that under other conditions the addition of 
ground feldspar to the land would be a usele88 waste of money. At the present stage 
of the investigation it would be extremely unwise for anyone to attempt t.o use ground 
rock, except on an experimental scale that would not entail great financial 10118. 

If furiher experiment shows that ground feldspar has a wide 
efficiency as a fertilizer, it will undoubtedly lead to the utilization 
of many of the pegmatite deposits which, because of insufficient 
coarseness, too large a percentage of quartz, or too great an abun­
dance of iron-bearing minerals, are not valuable as a source of pottery 
material. Deposits of this kind, favorably situated with respect to 
the railroads, are numerous, especially in the vicinity of -the active 
feldspar quarries. An equally important result will be the utiliza­
tion of much material that is now discarded at feldspar quarries. 

A number of processes have been patented in this country for the 
dissociation of potash feldspar to obtain the more readily soluble 
potash salts, but none of the8e have yet been successfully applied on 
a commercial scale. What is, perhaps, the most promising method 
effects the decomposition through electrolytic methods. b 

GRADES A:-o;D PRICES. 

Most dealers recognize three grades of eommercial feldspar-No. 1, 
No. 2 (sometimes called standard), and l'lo. 3. From quarries in 
granite pegmatite, where most of the spar is of the potash variety, 
these are usually graded as follows: Xo. 1 is carefully selected, free 
from iron-bearing minerals, largely free from muscovite, and con­
tains little or no quartz, usually less than 5 per cent. Analysis 6 of 
the table, on page 123, shows the character of material of this grade, 
the feldspar analyzed having been imported from Canada. No.2 is 

a Cushman, Allerton S. , The use or lo•l<lspnthle nx•ks '" lertl!l.-rs: Bull. Bureau Plant lrul. No. 104 
U.S. D"pt. Agr. ,190i, p . 31. 

• Cushman, A. S., Extructing potash fromlelolspar: .Min. Worlol, June 22, 190i; also llnllcd Stall'S patent, 
No. 712612, October 18, 1904. 
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largely free from iron-bearing minerals and muscovite, but usually 
contains when ground from 15 to 20 per cent of quartz. No.3 is not 
carefully selected and contains a little higher percentages of quartz, 
muscovite, and iron-bearing minerals. Spar from the soda pegmatites 
of southeastern Pennsylvania and adjacent parts of .Maryland, being 
wholly free from quartz, is graded entirely on the basis of its freedom 
from iron-bearing minerals, principally hornblende. No. 1 is care­
fully selected and is practically free from such impurities. No. 2, 
though less carefully selected, is still fairly free from them. No. 3 is 
not carefully selected and carrie& hornblende in quantities large 
enough to render it unfit for use in the manufacture of pottery. It 
is utilized principally in making glass. Crushed pegmatite from 
New York State, used for poultry grit and for coverings for surfaces 
to give them the appearance of granite, and feldspar from Minne­
sota, used mainly for abrasive purposes, are graded according to 
coarseness. 

The prices of feldspar fluctuate with general market conditions 
and local conditions of competition, but in general are about as 
follows: 

Pricu ()/ feld.JXIT f. o. b. milu. 

Cru e • per per short I d I Oround , 

long ton. ton. 

=~~:,or .;:~ru5be<i ~lmiiitie ·;o; mit·,; iOOtini: .pou.lirr 'ririt·:~iC:: :: : !~: ~~: ~. ·sa: OO:i:i: .iO 
8ou~~~~~~ .• .• ... ... .... . ...... . .. ... .. . . .... . ..... . ....... . .... . . . ... l 4.2*- 4./iO 8. 50- 0. 00 

~~~~~~-itaii.i&r<c:: : : : : :: :::: :: ::: ::: : : :::: :: : :: : : : : : ::: ::: : : : :: i ~: ~~ ::::: ~:~= ~: ~ 
Penosylnnla: No.2,oratandard(potashfehlspar) . . . ... . .... .. ... . . . ... .. ... . . 3.i~ 4. 00 i .OO- 9.00 
Mar-yland: No. 2,otstandard (potashf~ldapar) . . . . • .. . ... .... .. .. . . . , ... .. . . .. . ! 3.50- 4.00 . . . ..... . . . . 
Trentoo, N. 1.: I 

No.l , Canadlan. . ....... . .... . .. . .... . ..... .. ................. ... ... ... ..... 5.50 10. 50 
No. 2, or standard . . ....... ... ........ .. . .. ... ................. . . . ... ... .... . i 5. 00- 5. 25 9. 00- 9. 50 

Crude No. 1 feldspar usually brings from 50 cents to $1.50 a ton 
more than No. 2, and crude No. 3 brings about the same amount 
less. Ground No. 1 brings from $2 to $4 a ton more than No. 2. 
With finer grinding, such as is demanded by some scouring-soap 
manufacturers, the prices are proportionally higher. Very pure 
carefully selected potash feldspar, for use in the manufacture of 
artificial teeth, usually sells at from $6 to $8 a barrel of 350 pounrl!'l. 
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PRODUCTION. 

The tables below show the recent production of feldspar m the 
United States. 

Production of ftld•par (excltuiVII of abrtUivefeldlpar) in 1901 and 1908, by Statu, 
in ahort tom. 

Crude. Ground. Total. 

State. 

Q~~tlty. !· Value. I QuanUt~~ 
---------

\' alue. 1 Quantity. Value. 
------ ---I 

1907. I 
Maine....... ... .............. .. . I 
NewYork. . ............. . . . ... . 1 
Conn..-tk-ut . .. ............. .. ... . .. . 
Penosylvanla........ ... .. .. I 
Maryland ... .. .. .... .... . ....... . . . 
Other States ..... . ... . .. . .. . . . . ... . . , 

Maine •...... . .. ~~ ............... . I 
New York ......................... . 1 
Connectk-ut .. ............. .. . .. . . .. . I 
Pennsylvania . ......... . .......... I 
Maryland. . . .. .. .. . . . . .. .. .. . . . .. . . : 
VIrginia and Mlnneoota .. . .. . . 

45 
3.11011 

IO, ti63 
7.367 
7.1011 
1,927 

- ·---
31,0110 

---

HiS 
504 

7. 7i5 
3 , 616 
6.217 

500 
·----

18,840 

suo 
15,1123 
28,433 
28,169 
23,672 
5,607 

101,816 

375 
1,350 

71,753 
13,226 
21.076 

2, 000 

65.7110 

16.428 Sl57,224 16,473 
11,500 40,500 15,4011 
8,3110 51.770 1!1,043 

12. 2fJ6 108,678 Ul,633 
3,895 34,081 11,064 
1, 000 5,000 2,927 

63. 4011 :m,253 84,5411 

13,751 123,034 13,0111 
14,109 51,7118 14,613 
6,425 38.506 14,:11l0 

10,473 00,276 14,089 
3,517 30, 7i.f II, 734 

125 750 685 

48,400 335,138 67,240 

Total produC'Ii(ln of feldapar in 1901 and 1908, in lhort tom. 

!'rude. t:round. Total. 

Produ~tlon or lrldspar <•x~h"h'P of 
nbra.,ivr) In 1\IUH . ... .. ... .. ... . 

Production of abra•lve !el<lspar In 
1908 .... . . .. . .................. ... . 

Total production or lrld•par In I 
Tota•_~~;·iioti.oi i;i<israr.lri ~~~~~~- : 

Sl57,334 
56,325 
110.203 

136, 847 
57, 753 
10,007 

41111.009 

123,4011 
53,148 
66,2511 

IIXI.502 
51.850 

2, 750 

400,1118 

The production of f<'ldspar (exclusive of abrasive feldspar) from 
1903 to 1908 is giwn in the following tab I<': 

Produrlion Qj frld.vpar (rrrl~tsit•c ()f abra8it·efeldspar), 190.1- 1908, in short tons. 

Crud~. (;round. Totnl. 

Y~nr. 

lluantity. \'alne. : Quantity. 

~-~ .. :.: .. ~.:= - --~~ ...... ! -~-~-... -~-2 -~-1-.00ii--, I 
:;::::::: :: :: :: :::::: ::::::::::::... :~: ~:~I ~:~M i 
toot:.. ..... . . .... .. . .... . .... ... . ... · r~·-· ~_r; I 11o~21·.r.s,.t~ 1 
1907 . . ....... ... ............... . . . ... . 
11108.. .. .... .. .... .. .. .. .. .... .... I 18. );.!() I lv. 7~ 

21U59 
'l.S, 775 
20.902 
32,1\!() 
5:1. 41;9 
4~. 400 

Value. j Quantlt)'. 

$20.~.0071 
1Q9.M2 
l f.S. IRI 

:If·~·"""~ I 397.253 
33.S.138 

41.~! 
45. 11<1-
:l.'• .... lH 
7'2. ti:,.i 
!14 .. '>4\f 
67 . 2f0 . 

\ ' nhJP. 

f:!.)fi, 7:0 
~~iii , :l:!'l.) 
t"2ti,IS7 
41'11 . -'>31 
4'1!1 . 1~>9 
400.918 
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QUARTZ. 

GENERAL STATEMENT. 

Quartz, the most abundant of all minerals, occurs in nature in a 
great variety of forms and is utilized commercially in many different 
ways. Sand oonsisting mainly of quartz is used for building, mold­
ing, and in gl888 and pottery manufacture. Tripoli, used for abra­
sive purposes, and sandstone and quartzite, used for building and 
other purposes, are also composed largely of quartz. The present 
discussion, however, deals only with the m88Sive crystalline and 
gem varieties which occur in the pegmatite deposits. 

Chemically pure quartz is an oxide of silicon of the formula SiO,. 
It is too hard to be scratched with a knife and will itself scratch 
gl888. It is generally translucent to transparent and ranges from 
colorless to dark gray, and in the geJr. varieties from amethyst to 
pale pink. It is brittle and without well-defined cleavage, fracturing 
irregularly with lustrous gl88Sy surfaces. Most of the quartz of the 
pegmatites occurs in large pure m&BSes without crystal outline. 
Quartz with crystal form is developed principally in the pockets. 
The form of most of the crystals is that of a six-sided prism ter­
minated by an equal number of faces forming a pyramid. The 
mineral is difficultly fusible and is unaffected by acids under ordi­
nary. conditions. 

MASSIVE CRYSTALLISE QUARTZ. 

0ccutTmU.-M88Sive crystalline quartz is usually white, but some 
is rose-colored or smoky. ' It occurs in veins or dikelike masses, 
unmixed with other minerals, or as a constituent of pegmatite. In 
the latter form it is usually produced as an accessory in the mining 
of feldspar. The States producing m88Sive crystalline (v('in) quartz 
in commercial quantity in 1908 were Connecticut, Maryland, N('w 
York, Pennsylvania, Wisconsin, Tennessee, Montana, Colorado, 
and Arizona. Small quantities were formerly marketed from Maine, 
but these quarriee are so far from the principal markets thPt there 
is very little profit in handling the material. Quartz of excellent 
grade occurs in considerable quantities at nearly all of the ·feldspar·­
quarries of Maine and in a few is saved, though not shipped regularly. 
It is allowed to accumulate in stock piles until a favorable sal(' can 
be made. 

The Connecticut localities at which quartz is mined were described 
in detail in the writer's report on the production of quartz u.nd 
feldspar in 1907.11 The quarries of Westchester County, X. Y., hnve 
also been previously described by the writer.b 

Jlilling.-In the grinding of the massive forms of quartz two general 
processes are used, the wet and the dry. 

•IIIDeral Rescv.lroas U. 8. lor 1907, pt. 2, l'. ~- Oeol. l'urvey, IIIO>i, pp. Mt;-s.~;. 
t Bull. U. 8 . Oeol. Survey No. 316, 1907, pp. 294-aQII. 
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In the wet process the quartz may be crushed just as it comes from 
the quarry, or it may first be highly heated in kilns and then fractured 
by turning upon it a stream of cold water. The first crushing is 
effected by jaw crushers, or if the quartz has previously been burned 
it may be crushed in chaser mills. In a few mills the chasers revolve 
in wet pans and are periodically stopped to allow the crushed quartz 
to be shoveled out. After crushing, it is ground in "wet pans" pro­
vided with a pavement of flat-faced quartz or quartzite blocks over 
which move several large blocks of similar material, the crushed 
quartz being pulverized between these blocks and the pavement. 
The grinding in wet pans usually occupies about twenty-four hours, 
the load ground in a single. pan varying from 1,200 to 1,800 pounds. 
From the wet pans the pastelike mass of quartz and water is drawn 
into settling troughs, the first settlings being in some cases returned to 
the pans for finer grinding. From the settling troughs it is shoveled 
out upon drying floors heated by steam or hot air, or else it is dried 
in small pans which are placed tier on tier on heated racks constructed 
of steam pipes. Finally the dried material is bolted to various degrees 
of fineness and packed in bags for shipment, or it may be shipped 
in bulk. 

In the dry method of treatment the quartz is usually crushed first 
in a jaw crusher and then between crushing rolls. Quartz to be used 
for filters and for abrasive purposes is then screened to various degrees 
of fineness and is packed in bags for shipment. In the manufacture 
of the finer grades for use in pottery, wood fillers, scouring soaps, etc., 
the mo.terio.l after leaving the roll crushers is ground in tube mills, 
either of the continuous or of the intermittent type. It is then 
gmded to various sizes either by bolting or by a pneumatic process 
whereby the quartz powder is carried by a strong air current through 
a series of tubes and receptacles, the distance to which the quartz 
is carried being dependent upon its fineness. There are no quartz 
mills in Maine. Those nearest to that State are in Connecticut. 

Uses.--Quartz is used for a great variety of purposes, the principal 
uses being in the manufacture of wood filler, pottery, paints, and 
scouring soaps. In pottery the quartz serves to diminish shrinkage 
in the body of the ware; it is used also in many glazes. Quartz for 
these purposes should contain in general less than one-half of 1 per 
c.ent of iron oxide. Finely ground quartz is used in paints in various 
proportions up to one-third of the total pigment used. Its chemical 
inertness prevents it from combining with other constituents of the 
paint and increases the resistance of the paint to the weather. Crys­
talline quartz is superior to silica sand for this purpose because the 
ground particles are highly angular and tend to attach themselves 
more firmly to the painted surfaces, thus giving the paint what is 
known as a "tooth" and after some wear affording a. good surfaCE-
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for repainting. This angularity of the grains also renders the ground 
crystalline quartz superior to silica sand in the manufacture of wood 
fillers. In scouring soaps and polishers ground crystalline quartz is 
preferred to silica sand, not only because of its greater angularity, 
but because of its superior whiteness. 

Massive quartz, crushed and graded to various degrees of fineness, 
is extensively used in sandpaper, sand belts, scouring agents, sand 
blasts, etc. The qualities which render it particularly serviceable for 
these purposes are its hardness (No. 7 in the Mohs scale), whie.h is 
slightly greater than that of steel, and its conchoidal fracture, the 
absence of definite cleavage planes causing it to crush to fragments 
with sharp angular edges and comers. For such abrasive purposes 
massive quartz is far superior to sand or crushed sandstone, since 
the grains of the latter are likely to be more or less rounded. Blocks 
of massive quartz and quartzite are used in the chemical industry as 
a filler for acid towers and to some extent as a flux in copper smelting. 
Much ground quartz is used in filters, and some of the most finely 
pulverized grades are used in tooth powders and in place of pumice 
as a cleaner by dentists. 

Within recent years crystalline quartz and also sand has been used 
to some extent in the manufacture of silicon and of alloys of silicon 
with iron (ferrosilicon), copper (silicon copper), and other metals. 
Ferrosilicon is largely produced in the electric furnace by using coke 
to reduce the quartz to the metallic state, and some iron ore or scrap 
iron to alloy with the silicon. The percentage of silicon in these 
alloys varies from about 10 to 80 per cent, according to the uses of 
the product. Ferrosilicon has been employed in the manufacture of 
steel as a deoxidizer and to prevent the formation of blowholes in 
steel ingots. Silicon is also produced in the electric fumace.a It is 
a brittle crystalline body with a dark silver luster. Its specific gravity 
is about 2.4 and its melting point 1,430° C. The commercial product 
contains small percentages of iron, carbon, and aluminum. The 
great affinity of silicon for oxygen renders it useful for the reduction 
of metals such as chromium and tungsten in the electric fumnce. It 
can readily be cast into rods, and because of its high electrical resist­
ance, which is about five times that of carbon, it is used in the manu­
facture of rheostats and electrical heaters. Its resistance to nearly 
all acids, combined with the fact that it can be cast into molds, makes 
it possible also to use it in the manufacture of chemical ware. Silicon 
copper is used as a deoxidizer in making castings of copper and copper 
alloys. 

Quartz may be fused in the electric furnace and molded into tubes, 
crucibles, dishes, and other articles which can be used for certain 

• T-, F. J., Production or sUioou In the electric furnace: Tl'llllll. Am. F.let'tol)o('hem. ~oc., vol. 7, 1905, 
p.lll. 
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purposes in the chemical laboratory instead of porcelain and platinum 
wares. The fused quartz expands only very slightly when heated, 
its coefficient of expansion being about on~twentieth of that of glass, 
and in consequence may be plunged suddenly, red hot, into cold water 
without being cracked. These wares soften only above 1,400° C. 
(2,552° F.). The principal drawback to their use, especially in 
quantitative chemical work, is that the somewhat rough surface makes 
it difficult to wash all the material from the dishes. 

Production.-Statistics showing the production of quartz in the 
United States are given below. 

Production of quartz (excltuive of abranve quartz) in tM UniUd Statu in 1908, by Statu, 
in .OOrt tom. . 

State. 

1908. 

Connecticut and New York ••....... 
Pennsylvania and Maryland ..•..... 
Other States"· .. . . . ................ . 

Crude. Ground. 

Quantity. Value. Quantity. Value. Quantity. Value. 

980 
25 

22, liOO 

23, 605 

1, 750 
Sill 

30,594 

32,443 

9,227 
4.tro 
1,933 

16.nl 

56. 700 10, :1l'T 68, 450 
31 ,670 ~.ISS 31, 7t9 
11, !133 24. -133 48, m 

------------------~----~-- --~--

_too, 203- ·~--3!1-,82S-·I~ 

a Includes Arlsona, Colorado, Montana, Tennessee, and Wboonsln. 

Abrasive quartz was produc~d in 1908 in Connecticut, Maryland, 
Massachusetts, New York, Pennsylvania, and Wisconsin. The total, 
together with the total production of all quartz, is shown in the 
following table: 

Totlll production of quartz in 1908, in Blwrt tom. 

Crude. Ground. Total 
·----

Quantity. ~ 
I 

Quantity ·I Value. Quantity.! ValUP. Value. 

·--- --
ts. a20 I ;1oo. 20.1 Quartz ( exclnsl\·e ol a bras! ve quartz) 23.505 $32.443 3!1,!!25 1138,646 

Abrasive quartz . .... .... . . . .. . .. . . .. 2.973 <& ,87ti 5. 51~ : 4ti. triS 8 ,491 51 ,511 

I ~. ~78 37,3191 20,1\311 l!s2.&1S" ~7.316 190,157 

--

Production of quartz (excltuive of abraBit•e quartz) in til£ Unit~d S tates, 190.1- 1908 , in 
short tom. 

Crude. Ground. Total. 

Year. 1----· - ·-------- ,-----
Quantity. Value. j Quantity. Value. Quantity. Value. 

11103 • • . . .. . •..•• . ••••. ••• ••• ••• •• . ... 
1904 • . . .. . . . .. •. . . .•... • . . • . ..• . . .. . . 
1905 . . .. . ... .. . ... . . . ... .. . . . . . .. . .. . 

i&l:::::: :::::::::::::::::::::::::::j 

40,001 
41.490 
39, 555 
41.314 

5, HI8 
23, 505 

15 .1il7 
10, 7SII 
u .r.oo 
25. 3ll3 
17. 3.i!l 
15. 3~ 

SIIS. 211 
71.700 
i O. 700 

205, 31;1) 
1.';~ , ,1 2 

100 . ~'0.1 

55, 23.1 
52, 270 
51,145, 
(ioti, (;9f 
2'2. 977 
31<, M25 

$150,947 
100 , ;>9() 
1!14, 109 
213.012 
157, 094 
1 3.~ . ti46 
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Price&.-Pure crystalline quartz for· use in the manufacture of 
pottery, abrasive soaps, paints, wood fillers, etc., brings usually from 
about $2 to $3.50 per long ton, crude, f. o. b. quarries, and the ground 
material brings from $6.50 to $10 per short ton f. o. b. mills, the price 
varying with fineness of grinding, distance from markets, etc. The 
purer varieties of quartzite used for similar purposes and for sand­
papers sell, as a rule, at somewhat lower prices, the crude bringing 
from about $1 to $2 per long ton f. o. b. mines, and the ground from $6 
to $8 per short ton f. o. b. mills. T~e finest grades of crystalline 
quartz ground to an impalpable powder and used for tooth powders, 
etc., may bring as high as $20 per ton f. o. b. mills. Imported French 
Hints cost from $3.50 to $4 per long ton f. o. b. Philadelphia, and can 
be delivered in Trenton, N.J., for less than $5 per long ton. 

SMOKY QUARTZ. 

Smoky quartz has somewhat the appearance of smokecl glass, 
though varying from a. faint tint of gray or yellowish brown to nearly 
black. The shade commonly varies considerably from point to point 
in the same crystal. 

Transparent crystals have been found in a number of the pegmatite 
masses of Maine and some are of value as museum specimens and as 
gems. In 1884 a mass weighing over 6 pounds, with clear spaces 
several inches across, was found on Blueberry Hill in the town of 
Stoneham, Oxford County, and a broken crystal that weighed over 
100 pounds and another 4 inches long and 2 inches across, very clear 
in parts, were found near Mount Pleasant in Oxford County. On the 
southwestern slopes of Mount Apatite in Auburn, Androscoggin 
County, a large pocket in coarse pegmatite has yielded considerable 
quantities of fine crystals. Transparent quartz of pale amber-brown 
color has been. observed by the writer at the Berry quarry, a short 
distance south of Mount Apatite in Poland, one mass showing a clear 
portion 3 by 5 inches in size. 

The nature of the coloring matter is not known, but on heating the 
smoky varieties generally become first yellow and finally colorless. 
Some yellow quartz produced in this way is cut as a gem under the 
name of "Spanish topaz" or "citrine," though the true citrine is a 
natural· occurrence of transparent yellow quartz. Crystals or 
irregular masses of transparent smoky quartz found in any of the 
feldspar or gem quarries should be preserved, for they may prove of 
value and interest to the mineral or gem collector. 

ROSE QUARTZ. 

Most of the rose quartz found in Maine is somewhat paler in tint 
than that commonly utilized as a gem stone, though occa.sionaiiy 
some of deeper tint is obtained. The principal supplies of this mate-
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rial at present come from South Dakota and Colorado. In Maine it 
forms irregular masses in the pegmatite and usually grades into white 
quartz; it has not been found in distinct crystals. It occurs in anum­
ber of the smaller pegmatite bodies of Oxford County, notably at 
Tubbs Ledge in Norway, Frenchs Mountain in Albany, and occasion­
ally at Mount l-fica in Paris, but so far as known very little has been 
marketed. In a few places the pale-rose varieties show a milky 
opalescence and are very beautiful when well polished. 

Rose quartz from the Red Rose mine in South Dakota is reported 
to have sold in 1908 at from 3 to 25 cents per pound, according to 
depth of color and number of flaws or seams. Selected material 
brought from $8 to $12 per pound. · 

AMETHYST. 

Amethystine quartz, or amethyst as it is commonly called, is a trans­
parent purple or violet variety of quartz and is one of the semiprecious 
stones. It must not be confused with the oriental amethyst, which is a 
rare purple variety of corundum and is much more precious. Deer 
Hill in the extreme northwestern part of the town of Stow, Oxford 
County, has furnished large numbers of amethyst crystals, but 

- nearly all of them are of a pale tint and of little value as gems. They 
occur in pockets in the coarse pegmatite and also in the soil on the 
southeast slope of the hill, where the pegmatite is associated in a most 
irregular manner with fine-grained granite. Recently George Howe, 
of Norway, Maine, has found some remarkably fine specimens of ame­
thyst on Pleasant Mountain, in the town of Denmark, Oxford County. 
By transmitted daylight these stones are a deep royal purple, but by 
lamplight they are o. rich wine red. 

As in the case of most other Maine gems, the retail prices obtained 
within the State for Maine amethysts are considerably higher than 
those prevailing in the New York market. They range up to $10 a 
carat for well-cut stones of the paler varieties, and from $10 to $18 
a carat for those showing the deep colors. 

liiiiCA. 

TypeB.-Mica is a group name compnsmg a number of mineral 
species, the most important of which, economically, are biotite (brown 
mica), muscovite (white mica), phlogopite (amber mica), and lepi­
dolite (pink or lilac mica). Though biotite is occasionally ground for 
commercial purposes, it is so intimately intergrown with other con­
stituents in the Maine pegmatites as to be unavailable even for such 
treatment. Lepidolite from Mount Mica, usually intergrown with 
some albite feldspar, has been cut into slabs and polished fot· paper 
weights, and has also been used to some extent as a source of lithium 
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MUSCOVITE FROM TOPSHAM, SHOWING WEDGE STRUCTURE . 

.d, Front view. B, Side view. C, End view, Natural t ize. 
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salts; its use, however, is sporadic and it commands no steady market 
price. Phlogopite, which is produced in large quantities in Canada 
and is used for the same purpose as muscovite, is not found in com­
mercial amoQnts in the United States. Muscovite is the only mica 
variety of commercial importance produced in Maine. 

Physicol and chemicol properties.-Muscovite is a hydrous silicate 
of alumina and potash with a little water and usually a little iron. 
The hardness of the mineral is between 2 and 3; that is, mica is gen­
erally soft enough to be scratched with the finger nail. It is prac­
tically infusible at ordinary temperatures. The color is usually a 
silver gray or light yellow, and the mineral is generally transparent. 
It is attacked with difficulty by reagents and in nature successfully 
resists decomposition for long periods. Few minerals are so widely 
distributed. In small flakes it is a common constituent of a great 
variety of rocks, but in large crystals, such as can be used commer­
cially, it is generally confined in Maine, as elsewhere, to pegmatite 
deposits. Its most striking physical characteristic is its highly perfect 
basal cleavage, which causes it to split into tough, flexible sheets whose 
thickness may be less than a thousandth of an inch. The crystals as 
they occur in the pegmatite thus resemble, in a rough way~ thick pads 
of paper or books. The name "books" is, indeed, frequently used 
in the trade as a convenient descriptive term for the mica crystals. 
A few of the books show regular hexagonal borders, but as a rule their . 
outlines are irregular. 

Muscovite may exhibit certain characteristics not mentioned 
above, which may seriously affect its commercial value. These may 
be enumerated as follows: 

By far the commonest defect noted in the muscovite of the Maine 
pegmatite& is what is usually termed A structure. This appears to 
be due to a wedging out of the mica folia in two directions inclined 
to each other at 60°. It is recognized in a mica book by the presence 
of two sets of striations at 60° to each other and parallel to the direc­
tions of the" ruling." In most of the Maine quarries such A structure 
is repeated by twinning with the production of what is commonly 
termed "fish-bone" or "herring-bone" structure (Pl. XIX). Mus­
covite showing A and fish-bone structure is generally used only as 
scrap mica. The material obtained at the Black Mountain mine 
in Rumford was wholly of this type, and material showing these 
characters is found in nearly all the pegmatite deposits which have 
been worked commercially either for feldspar, mica, or gems, and 
even in deposits where good plate mica is also found. 

A second defect frequently met is commonly termed u ruling" 
and consists in the presence of sharp, straight fracturE's parallel to 
the sides of the crystal and thus highly inclined to the plates. Th('sc 
are in fact the secondary or less perfect cleavage directions und 
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they commonly divide a. mica. mass into a. number of long na.rrow 
ribbon-shaped strips. Ma.ny large clear books which otherwise could 
be cut into large pieces of mica are, because of this ruling, rendered 
no more valuable than much smaller books which are free from 
this defect. In some crystals instead of actual cleavage there is a. 
folding or wrinkling of the mica laminm parallel to the secondary 
cleavage directions, which suggests that both wrinkling and actual 
cleavage may be developed in some cases as the result of strains to 
which the mica books have been subjected. In specimens from the 
Hibbs mine in Hebron the secondary cleavage has produced a. mul­
titude of fractures so close together that their intersection with the 
principa.l cleavage planes reduces the mica. to a. mass of fine fibers. 

Plate mica. which might otherwise be of good quality is sometimes 
injured by the presence between the laminm of thin crystals of mag­
netite and other minerals usually showing more or less regular radi­
ating or dendritic forms. Some of the crystals of magnetite occur­
ring in this way are so extremely thin that they are transparent. • 
The presence of these magnetite crystals injures the mica for elec­
trical insulating purposes, as they form a path for the current and 
may lead to a. puncturing of the plate and short-circuiting. Some 
such mica. is, nevertheles~, used to some extent in the electrical 
industries. 

Perfectly colorless mica bears the highest value, though a slight 
tinge of color is for most purposes not regarded as a defect. 

Occurrence.-In some places, as at the Waterford qua.rries and 
Black Mountain mica mine in Rumford, Oxford County, the mus­
covite is more or less evenly distributed throughout the coarser por­
tion of the pPgmatite mass. At Black Mountain it is all of the 
wedge variety, some of the spatulate mica books being 3 feet in 
length and 1! feet in maximum width. In most localities, however, 
though present to some extent in all parts of the pegmatite m8.89, 
muscovite is much more abundant along certain zones. The com:J." 
monest mode of occurrence is illustrated in Plate IX, A, and has 
been described on page 26. More or less rounded aggregates of small 
muscovite plates occurring in certain feldspar quarries have also 
been described (p. ll5). At the Hibbs mica and feldspar mine in 
Hebron, muscovite, mostly of the wedge variety, occurs sparingly 
throughout the whole pegmatite mass, but the plate mica is almost 
wholly confined to a. zone 3 to 4 feet in width along the southwest 
wall of the pegmatite body. It makes up about 10 per cent of this 
zone, the other minerals being feldspar aud quartz. The books are 
variously oriented; some of them have a. width of 30 inches, though 
the average is about 5 inclu~s. 

Mica. is not now being mined in Maine and the efforts to mine it in 
the past have for the most part proved unprofitable because of the 
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tm1all amount or poor q•Jality of the material obtainabl~ as com­
pared with other mica-producing districts. It seems probable that 
a few of the Maine deposits could be worked in a small way with 
profit, but the industry can never be of much magnitude unless 
there is a marked increase in the demand for scrap mica. Localities 
where it has been mined are Albany, Hebron, Peru, Black Mountain 
in Rumford, and Waterford, all in Oxford County. The mines are 
described in the locality descriptions. Deposits of mica. have been 
found in about twenty Sta.tes·of the United States, and have been 
worked profitably in a. number of them. Among the States whef!3 
mica has been actively mined are North Carolina., South Dakota, 
New Hampshire, Colorado, Virginia, Alabama, South Carolina., 
Idaho, and New Mexico. 

Mining and manufacture.-The mica mining at the Hibbs mine 
in Hebron is accessory to the mining of feldspar, both minerals being 
loosened by hand drilling, succeeded by blasting. At the Black 

• Mountain mine in Rumford the material, which was all scrap mica, 
was loosened by steam drilling and blasting and was then picked 
over so as to free it entirely from fragments of quartz or feldspar or 
other minerals. It was then placed in 100-pound bags, hauled to the 
railroad, and shipped to Gildersleeve, Conn., for grinding. 

At the Beach Hill mine in Waterford the mica, after being thor­
oughly cleaned of adhering matter, was split up with a stout knife 
into plates averaging about one-sixteenth of an inch in thickness. 
If these plates showed fractures or creases they were then cut into 
two or more pieces, the knife following the cracks or creases so as to 
eliminate the imperfections and at the same time leave as large per­
fect plates as possible; this process is known as thumb trimming. 
Most of the plate mica. was marketed in this form, though some of 
the output was further trimmed to various standard market sizes. 

Usu.-The following account of the uses of mica is quoted from 
a report by Douglas B. Sterrett: 0 

The principal uee for mica during recent yeare has been and still ie in the manu­
facture of electrical apparatus; formerly its application in stove manufacture con­
sumed the bulk of the production. The glazing industry still co1111umes much of the 
finest grades of aheet mica in the manufacture of windows for coal, gas, and oil stoves, 
gas-lamp chimneys, and in many minor usee, as lamp shades, fronts for fancy boxe~~, 
etc. The use of mica as an insulating material in electrical apparatus and machinery 
ill extellllive. Many fol'ID8 of dynamos, motors, induction apparatue using high voltagt>, 
lllritchboarda, lamp eockets, etc., have sheet mica in their construction. For prac­
tically every purpoee of electrical insulation, with the exception of commutatore of 
dynamos and motore, the domestic mica ie as satisfactory as any other. For illllula­
tion between the copper bare of commutator segments, however, no mica produced in 
the United States ill 1111 satisfactory as the "amber" or phlogopite min<'d in Canada and 
Ceylon. Thill ill due to the fact that the "amber" mica weare down evenly with the 
copper segments, while the ordinary white or muscovite mica, through ite greater hard· 
Dell, doee not wear down eo rapidly and ie left in ridg('ll above thE> c-opper, <"au~ing the 

•xu...J Re1ourc111 V. 8. ror leoB, pt. 2, U. 8. Geoi.Survey, 11109, p. 761. 
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motor to spark. Much of the sheet mica used in electrical apparatus i1! firat made up 
into large sheets of mica board or micauite. In th.i8 form it il! available for use in moat 
of the purpoees for which ordinary sheet mica can be used. It can be bent, rolled, 
cut, punched, etc. Bending il! accomplished during baking, or by heating to soften 
ihe shellac used in the manufacture of the mica board. Insulation for commutator& 
il! generally cut from "amber" mica board. 

Scrap mica, or mica too small to cut into sheets, and the waste from the manufac­
ture of sheet mica are used in large quantities commercially. The greater part ia 
ground for the manufacture of wall papers, lubricants, fancy paints, molded mica for 
electrical insulation, etc. Ground mica applied to wall papers gives them a silvery 
luster. When mixtd with greaae or oils mica forms an excellent lubricant for axles 
$Dd bearings. Mixed with shellac or special compositions, ground mica can be 
molded into desired forms, and il! used in insulators for wires carrying high potential 
currents. Ground mica for use in molded mica for insulation purposes should be free 
of metallic minerals. For lubrication purposes it il! nec611!8.rY that gritty matter be 
eliminated, either after grinding or by using only pure mica for grinding. For wall 
papers and bl'Q('ade paints a ground mica with a high luster il! required. This i.e best 
obtained by using a clean light-colored mica and grinding under water. 

Coarsely ground or bran mica il! used to coat the surface of composition roofing 
material, especially that manuSactured by the Western Elaterite Roofing Company, 
of Denver, Colo. The mica serves the purpose of keeping the material from sticking 
when rolled for shipping or storage. 

In the Western States the dry pl'Q('ess is the common practice in grinding mica, but 
in the mica regions of the Eastern States the greater part of the mica is ground under 
water. In dry-grinding machines the mica il! pulverized by the beating action of 
teeth or b8l8 on cylinders reyolving at a high rate of speed. In wet-grinding machines 
the mica il! beaten and tom under water by teeth or spikes mounted in wheels or cyl­
inders revolving at a comparatively slow rate of speed. The capacity of the dry­
grinding machines or pulverizers il! considerably greater than that of the wet-grinding 
machines. The dust of fine mica scales from the pulverizers il! often a cause of annoy­
ance to workmen around the mills, as it ill very irritating to the throat and lungs when 
breathed. It is claimed that mica ground under water is better than that ground dry. 
Some consumers demand the wet-ground mica, claiming a greater purity and more 
brilliant luster. It is poBBible that the same effect could be obtained by thoroughly 
washing dry-ground mica 'lnd floating the product. 

PRICES AND PRODUCTION. 

The following statements in regard to the price of mica are also 
quoted from Sterrett's report: 

The average price of sheet mica in the United States during 1908, as deduced from 
the total production, was 24.1 cents per pound, DB compared with 33 cents per pound 
in 1907 and with 17.7 cents in 1906. The average prices per pound of sheet mica as 
reported in the production from ~eveml States WE>re as follows: Virginia, 44.2 cents; 
South Carolina, 35.7 cent!'; South Dakota, 33.3 cents; Alabama, 24 cents; North Caro­
lina, 19.1 cents. Thetoe average values vary greatly from year to year, a rf'Bult caused 
in part by variation between the proportion of rough and trimmed sheet mica sold by 
the producers and in part by variation in the size of sheet produced. 

The prices of I!Cveral sizes of selected mica quoted in the price list of a large mica 
company of New York during 1908 were as follows: 

Prices ptT pound of selected sizes of shrct mim at Nrll' York in 1908. 

2 by 2 inches ..................... $0.87 3 by 4 int'hPs . ........ . ........... $3.25 
2 by 3 inches............... .... .. 1. 10 4 hy 6 inche~.. ................... 4. 75 
2 by 5 inchr'"......... . .. . . . . .. .. . 1. 70 6 by 8 inche11.. ....... ... ......... 6. 75 
3 by 3 inchn•..... . .. . . . . . . . . . . . .. 2. 75 
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In most years the importations of mica into the United States are 
largely in excess of the domestic production in value. They come 
mainly from India and Canada. 

TOUR!ItA.LINE. 

Ohemual and physical properties.-Tourmaline is a complex silicate 
of boron and aluminum containing various amounts of either magne­
sium, iron, or the alkali metals. The form of the more perfect crystals 
is commonly that of a three-sided prism, the sides of the prism usually 
being striate.d and channeled (Pl. XV). In many crystals the three­
sided form is somewhat modified by the combination with it of a hex­
agonal prism. The latter is usually subordinate and has the effect of 
merely somewhat rounding the angles of the trianguJar prism. Many 
crystals are terminated by three planes forming a low pyramid, but 
in others the number of terminal planes is very large. The hardness 
(7 to 7 .. 5) is slightly greater than that of quartz. There is no well­
defined cleav:age. 

The mineral exhibits a great variety of colors, ranging from bJack 
through brownish-black and blue-black to blue, green, red, pink, and 
colorless. The red varieties go under the name of rubellite; the blue 
varieties are known as indicolite and the colorless as achroite. A 
crystal may be green at one end and red at the other or in cross 
section may show a blue center, then a zone of rl"d, and then one of 
green. Some of the crystals from Paris, Oxford County, grade from 
white at one tennination to emerald green, then light green, then 
pink, and finally are colorless at the oth('r termination. The color is 
dependent on the chemical composition, the green, blue, pink, and 
colorless varieties generally being rich in lithium and manganese and 

·the dark opaque varieties being particularly rich in iron. The color 
in the transparent varieties varies with the direction in which the 
light penetrates the gem; thus a crystal which, when viewed from 
the side, is a transparent green, may be opaque or yellow-green when 
viewed along the length of the prism. Because of this property of 
dichroism, as it is called, it is usually necessary in cutting gem tour­
malines to make the "tahle" of the stone parallel to the long axis of 
the crystal. Another distinctive quality of the mineral is that it 
becomes electrified when warmed slightly and is then capab]e of 
picking up ashes, small scraps of paper, etc. 

Occurrence.-Tourmaline occurs in small crystals in a great variety 
of rocks and may be either an original crystallization or the result of 
metamorphic processes. Large crystals and those which are of gem 
value occur only in the pegmatite deposits. The black varieties occur 
almost exclusively in the solid pegmatite associated with quartz and 
feldspar and without any regularity in arrangement. The black 
varieties may cont.a.in from 3 to nearly 20 per cent of oxides of irou 
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and must be carefully separated from feldspar which is to be used for 
pottery purposes. The colored varieties occasionally are found also 
in the solid pegmatite, as at the Newry mine (p. 76), but where occur­
ring in this way seldom yield much gem material because of the diffi.: 
culty of removing them unfra.ctured from their matrix. The colored 
tourmalines showing the greatest perfection in crystal form and yield­
ing most of the gem stock, occur in pockets in the coarse pegmatite 
bodies. For a detailed description of their mode of occurrence the 
reader is referred to the description of Mount Mica (pp. 81-93). 

Outside of Maine gem tourmalines are produced in the United 
States in important amounts only in Connecticut and California. 
Abroad they are found in Brazil, in the Ural Mountains, and in Ceylon. 

Mining, prices, etc.-Mount Mica in Paris and Mount Apatite in 
Auburn are the only localities where systematic mining for tourma­
lines is now being carried on, although a few gem tourmalines are 
occasionally found at certain of the feldspar quarries. The quarries 
have been described in the detailed locality descriptions! In general, 
the excavation must proceed with great caution; the drilling must be 
done in a most careful manner, much of it by hand; and heavy charges 
of explosives must be avoided because of the liability of shattering 
valuable gem material. 

Most of the gem tourmalines now mined in Maine, when not pre­
served for museum purposes, are cut within the State by lapidaries 
whose workmanship is said often to equa! that of the best New York 
cutters. The size and general character of the finest gems which 
have been cut is described in the discussion of Mount Mica. The 
great bulk of the cut tourmalint>s marketed are, however, below 3 

. carats in size. Rubellitt>s a.1d stones of a color approaching an emer­
ald green are the most valuable. 

The prices obtained in Maine are higher than those current in New 
York City, because most are sold at retail to residents of the State or to 
summt>r tourists and have an enhanced value as souvenirs. Rubel­
lites and emerald-green varieties bring at ret11.il from $8 to $20 per 
carat. The indicolite and olive-green varieties bring from $6 to $1R 
a carat. 

BERYL. 

CHEMICAL AND PHYSICAL PROPERTIES. 

Under the name beryl are included the opaque beryl found in 
nearly all the pegmatite dikes and the much rarer gem varieties, 
emerald, aquamarine, golden beryl, and cresium beryl. In chemical 
composition beryl is a silicate of beryllium and alumina having the 
general formula of BeaAJ,Si10 18 or 3Be0.Al20 1.6Si02, but with the 
beryllium oxide replaced in some varieties by soda, lithia, or calcium 
.oxide. The mineral has a hardness of 7! to 8; that is, it can not 

a 
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be scratched with a knife. The color varies from emerald green 
through pale green, light blue, and golden yellow to white and pale 
pink. The crystals are generally hexagonal prisms, many of them 
striated vertically, and most of them terminated by a single flat 
plane at right angles to the long axis of the prism. Some pyramidal 
terminations also occur. There is no marked cleavage, only an 
imperfect one parallel to the basal planes. Beryl is fusible only with 
difficulty and is not attacked by acids. · 

OPAQUE BERYL. 

The commoner varieties of beryl are light blue or green in color, 
and are opaque, though portions of some crystals are transparent 
and may even yield gems. Opaque crystals are quite common in 
most of the coarser pegmatite deposits of Maine, where they occur as 
more or less regular prisms embedded in the solid pegmatite. Some 
of these reach remarkable dimensions; one found in the Maine Feld­
spar Company's quarry at Mount Apatite in Auburn was described 
as having a diameter equal to that of a hogshead. One from the 
Noyes gem mine in Greenwood, Oxford County, was so large that a 
man could barely reach around it with his arms. From Acworth, 
N.H., one crystal 61 feet long and another estimated to weigh over 
2i tons were quarried. A peculiar beryl·from Auburn is described 
by Kunz as follows: a 

In the state cabinet in Albany, N.Y., is a curious beryl found by S.C. Hatch at 
Auburn, Maine. It i& of imperfect&tructure and broken diagonally BCI'OIII!I, showing the 
lltructure to advantage. It is St inches (30 centimeters) high, Sf inche& (22 centi­
meters) wide, and hM 50 different layers, 25 of beryl, the remaining 25 of albite, · 
quartz, and muscovite. All the comers of the hexagonal prism are carried out in 
full, giving the beryl an Mteriated appearance and making it a striking and interesting 
specimen. 

The opaque varities of beryl are of little commercial value, though 
prized for museum collections when they show perfect crystal forms. 

EMERALD. 

Transparent beryl of deep-green color is the gem emerald, but it 
must not be confused with the oriental emerald, which is a green 
variety of corundum. Emeralds are of rare occurrence in the peg­
matite deposits of Maine. One crystal of light grass-green color 
embedded in quartz was observed by the writer at the Dunton gem 
quarry in Newry, Oxford County. It W88 a prism half an inch across 
and 1 i inches long but was so badly fractured as to be valueless 
for gems. Parker Cleveland • mentions having seen several emer­
alds from Topsham,' Saga.dahoc County, of a lively green color and 

• KUII.I, o. F .• Gems and preclolllltonea, pp. el..f'L 
• KIDeralou and polotD', 1822. 

63096°-Bull. 446-11-10 
.- .---
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comparable in beauty to the Peruvian emeralds, but none are now in 
the museums and none, so far as the writer knows, have. since been 
found. In the United States emeralds are found in important quan­
tities only in North Carolina. Abroad they are obtained in Colombia, 
the Urals, Austria, and upper Egypt. 

AQUAMARINE. 

The light-blue to sky-blue and light-green transparent varieties of 
beryl known a.s aquamarine are more abundant than any of the other 
gem varieties of beryl found in Maine, and specimens of remarkable 
size and beauty have been obtained. The prismatic crystals lie in 
various positions in the solid pegmatite masses and are more com­
monly associated with quartz than with the other constituents. 
Few of them occur in pockets. Their position in the solid ledge 
renders it difficult to obtain the crystals without more or less frac­
turing. Some few crystals come from quarries which are worked 
primarily for feldspar or for tourmalines, but the principal supply, 
like that of golden beryl, is obtained b.r ~em collectors who work 
small prospects, using hand drills and light blasts of powder. 

Most of the gPm matt>rial has come from Oxford County. Some 
has been obtained from what is known as the Emmons mine in the 
southwestern part of Greenwood, from Frenchs Mountain in Albany, 
Sugar Hill in Stoneham, and Lovell, Bethel, and otht>r towns. A fine 
sea-green aquamarine weighing about 7 carats was tound near Sum­
ner. Recently some good gems hnve bt>en obtained on the Dudley 
farm in Buckfield. 

The price obtained at retail for the cut stones ranges from $4 to 
$15 per carat for pt>rfect stones, depending on the size and color. 
Most of the stones now ohtninetl in Maine are cut and marketed 
within the State. 

GOJ.TlF.N BF.RYJ.. 

Beautiful transparent. ~olden-yellow beryls have been obtained in 
the pegmatites at vnrious points in Oxford County, at Edgecomb 
Mountain in Stoneham, in .\lbany, and recently good gem material 
of a straw yellow has bPen obtainPtl from the west side of Speckled 
Mountain in Peru. Tlwy are mined sporadically by gem collectors, 
mostly from small prospects. The r<>tail prices obtained for flawless 
cut stones of this variety vnry from $10 to S:!5 per carat, depending 
upon the size and color. XPt~rly u.ll thn.t are found are sold to resi­
dents or to visitors, and as natin• ~[nine gems command ahigherprice 
than they would in the general markets. 
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C..ESIU!\1 BERYL. 

A colorless to bluish-white or pinkish-white variety of beryl con­
taining a small percentage (1.66 per cent to 3.6 per cent) of oxide of 
c~eSium was first discovered in Hebron, Oxford County, but has since 
been found to occur at a number of other pegmatite localities in the 
western part of the State, notably at Mount Mica in Paris, at the 
Dudley farm in Buckfield, Oxford County, and at the feldspar quarry 
of Mr. A. R. Berry in Poland, Androscoggin County. Generally it 
occurs in somewhat irregular masses in the solid pegmatite, but in 
some occurrences shows regular crystal forms. 'When cut it makes a 
stone of high brilliancy which as a night stone is considered by some 
to be superior to many diamonds. It is valued chiefly because of its 
resemblance to the diamond. Flawless cut stone:'! of moderate sizes 
sell at retail at present at from $5 to $20 a carat. 

TOPAZ. 

Topaz is a silicate of alumina containing fluorine and having about 
the composition Al12Si80 26Fw It may be colorless, straw yellow, or 
wine yellow, or may show faint tints of gray, green, blue, or red. Its 
hardness is 8, and it is thus capable of scratching quartz. It is also 
much heavier than quartz, having a specific gravity of 3.4 to 3.65. 
The mineral belongs to the orthorhombic system and its crystals are 
usually prismatic in form, with one end terminated by crystal faces. 
It possesses a perfect cleavage at right angles to the prism axis. 
Transparent smoky quartz is frequently called smoky topaz, and the 
so-called Spanish topaz is simply smoky quartz heated until it 
assumes a yellow color. Clear, eolorless quartz is also sometimes 
sold under the name of topaz. 

So far as known to the writer, topaz in any considerable amounts 
has been found in Maine only at Harndon Hill in Stoneham, Oxford 
County. (Seep. 100.) 
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