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Reported occurrences of andalusite in pegmatite are reviewed and two new occurrences
are described in which andalusite, corundum, microcline, and quartz are found in giant

intergrowths, in metamorphic terrains. The geological setting is discussed and suggestions
are ofiered as to the genesis of the occurrences. Thermal metamorphism of aluminous sedi-

n:x!:nlrT"ramorphic 
difierentiation are thought to account for the features of the two

Iwrnorucrron

Two pegmatite dikes, locally rich in andalusite, have been found in
Riverside County, California. One dike containing giant crystals of
andalusite is in Coahuila Mountain, an elongate foothill ridge of granitic
peaks sub-parallel to the San Jacinto Mountains. The second locality
is in an isolated hill standing above the Hemet Plain, near Winchester,
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582 ROBERT W. WEBB

California. The mineralogy, occurrence, and relations of the andalusite-
bearing dikes to adjacent pegmatites are discussed.

Pegmatitic andalusite has been described from few localities, but it
must be commoner than reports indicate, at least in some districts. The
occurrences here discussed increase to five the known occurrences of
andalusite in the pegmatites of this petrologic province;1 two more, pre-
sumably from pegmatites, have been mentioned.2 A few other occur-
rences have been reported.3

Coenura MounrnrN AnBa

Srorcn or rHE RBcrowel GBorocy

Coahuila Mountain parallels the larger San Jacinto Mountains along
their west base. It is separated from the San Jacinto by a major fault
zone, containing, according to Fraser,a two major faults, the San Jacinto
and Bautista. The oldest rocks in the block are a metasedimentary
banded gneiss, mica schist, and marble. Hornblende gabbros with many
porphyritic facies have invaded these rocks, and form small stock-like
bodies in Coahuila Mountain, and batholithic masses to the southeast.s
Later, granitic magmas extensively enveloped and transgressed the
metamorphic and gabbroic rocks, and produced batholithic units that
vary in composition from granite to quartz diorite. These are presumed
to be of Jurassic age. These formational units and the geology of the
entire San Jacinto quadrangle are described in Fraser's report.

r Reported in a pegmatite from magnesite quarry near Winchester, 3 miles from Win-

chester locality herein described (Murdoch, Joseph, Andalusite in pegmatite: Am. Mineral.,
21, 68-69 (1936); from a newly prospected pegmatite in T. 1 1 S., R. 3 W , Sec. 9, San Luis

Rey quadrangle, near Vista, San Diego County, identified by the writer; and from the

Jurupa Mountains, Riverside County, found by Mr. Melvin Swinney of Pomona College
(personal communication from Professor A. O. Woodford of Pomona College).

2 Kunz, George F., Gems, Jewelers' Materials, and Ornamental Stones of California:

CaIiJ. Slate Min. Bur.,8u11.37,99 (1905); it may be that the andalusite reported from

Coahuila is from the same locality as the occurrence here described, but since Kunz gives

no description or exact location, this cannot be verified. Dr. W. T. Schaller informed the

writer,by letter (March 14, 1941) that he had found pink andalusite in the Pala View Claim
at Pala, California.

3 Hess, Frank L., The natural history of the pegmatites: Eng. Min. Jour. Pr., L28r 289
(1925); Macdonald, G. A., and Merriam, Richard, Andalusite in pegmatite from Fresno

County, California: Am. Mineral.,23, 588-594 (1938). Several localities are listed in Hills,

E. S., Andalusite and sillimanite in uncontaminated igneous rocks: Geol. Mag.,75, 300
(1938).

a Fraser, Donald M., Geology of San Jacinto quadrangle south of San Gorgonio Pass:

CaliJ. Bur. Mines, State Mineralogist Report, 27, 518-519 (1931).
5 Miller, F. S., Petrology of the San Marcos gabbro, southern California: Bull. Geol.

S oc. Am., 48, 1399 (1937).
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GBor,ocrcar Rnr,q,rroNs or rr{E Pncuarrrps

General, Statement

Two groups of pegmatites occur in the Coahuila area. They are be-

lieved to be genetically separate because of differences in spacial, struc-

tural, and mineralogical relations.

Pegmotites oJ Group I

The first group, less prominent and less extensive than those of group

II, is associated with the metamorphic series, chiefly in gneissic rocks.

Many of these pegmatites are lenticular, augen-Iike masses' parallel to

the gneissic banding. They change abruptly in thickness along the strike

of the gneissic zonesl many terminate in a few dozen feet, reappear, and

continue on the same strike. All those observed conform with the struc-

ture of the metamorphic rocks and to a regional strike of N. 45o-55o W',
and regional dip of 45o-55o S. They range from a few inches to eight

feet in width, and in the few exposed vertical sections show little per-

sistence downward. The andalusite-bearing pegmatite is one in this

group.

Pegmatites of Group II

The pegmatites of the second group cut rocks as young as the granitic

intrusive with which they are associated in origin. lVlany dikes are found

in the granodiorite, some in the gabbro, and some transgress the regional

structure of the metamorphic series. The pegmatites of this group have

greater linear persistence, often continuing unbroken along their strikes

for a half mile or more. Dikes range from six inches to twenty-five feet

in thickness, and are more constant in thickness along the strike than

those of group I. Some of these pegmatites may be traced directly into

the parent granitic body. This granitic massif is one of the widespread
granitic intrusives of southern California,G with which pegmatites are

associated in many other California areas.T

MrNpnarocY oF THE PBcuartrns

Group I

General Mineralogy. In the comparatively few pegmatites in the

metamorphic series, the normal quartz-microcline association is every-

6 Reed, R. D.,Geology oJ Coli,Jornia,96(1933).
7 Schaller, W. T., The genesis of lithium pegmatites: Am. Jour. Scr:., (5) lDr 269-279

(1925); Rogers, A. F., Mineralsfrom the pegmatite veins of Rincon, San Diego Co', Cal':

School' Mines Quart,32,398-404 (1911); Schaller, W. T., Dumortierite: Am' Jour' Sci'

( 4 ) , 19 ,211 -22a (1905 ) ;  ( I .S .Geo t .Swa . ,Bu l l . 262 ,96 -102  (1905 ) ;ando the rs .
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where present together with schorlite, biotite, and muscovite. Other
minerals are rare, except that large pink and white andalusite crystals
abound in one large pegmatite in sec. 29, T. 6 S., R. 2 E. (San Jacinto
Quadrangle).8 Shattered masses of translucent white, iron-stained qtartz
enclose large microcline and schorlite crystals, and giant bundles of pink
and white andalusite. These grow in clusters in the qttartz. Muscovite
plates occur on faces of the andalusite and tourmaline, and as small
books elsewhere in the dike. A little corundum occurs in the andalusite.

Frc. 2. Giant andalusite crystal in shattered quartz matrix. Note the similarity between
this and the tourmaline form: there is no evidence. however. that andalusite is pseudomor-

phous after tourmaline. From Coahuila Mountain.

Andalusite. The andalusite occurs predominantly in local, wide zones
in the pegmatite, as bundles of prismatic crystals in parallel and sub-
parallel intergrowths. The bundles commonly range from two to five
inches in thickness, and from six to fifteen inches in length. These excep-
tionally large groups are pink or brownish-pink, or shades thereof.
Andalusite also occurs sparsely as rosettes and smalL radiating masses
of white crystals in pockets in the dike, and along faces and contacts
with microcline. In many places the two habits are closely associated.

8 Briefly described by Funk, B. Gordon, The sillimanite minerals: A summary: The
M iner alo gist, 8, 13 1 ( 1940).
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The andalusite of the first type shows pronounced color variation.
In prismatic section, and commonly in the same individual, X varies
from pale flesh-pink to colorless, and raiell' to deep brownish-pink. The
color changes are gradational in most specimens, but some crystals show
sharp lines of demarcation between two sections with strong pleochroic
contrasts.e Color zones are elongated parallel to c, but in some cases
they transgress the elongation. Some basal sections show a pale flesh-
pink to colorless pleochroism for I/ and Z.kon oxide stains were noted
in the areas of pink pleochroism, but were absent in the colorless areas.
fn a recent paper,l0 the pleochroic variation in X was shown to be partly,
if not entirely, due to variation in ferric iron content, present as an im-
purity in the andalusite.

Other Minerals. Large muscovite flakes coat the faces of individual
prisms in the andalusite bundles; they also occur inside the crystals
where some flakes are oriented parallel to the c axis, but mostly normal
to it. Muscovite also occupies fracture and cleavage planes in the anda-
lusite, commonly with its cleavage parallel to the planes of fracture or
cleavage of the andalusite. This relation was noted in the andalusite
from Fresno County.lr

Where muscovite is abundant, nests of muscovite enclosed by anda-
lusite contain small anhedral to subhedral grains of corundum. Most of
these show the intense blue color of sapphire, some are colorless, and
some are pleochroic with e various shades of blue and c.r colorless. Musco-
vite nests filled with granules of corundum are apparently common in
andalusite deposits.l2 A few grains of corundum are in direct contact
with the andalusite.

The andalusite shows prominent alteration rims of sericite from t to

f inch thick. The sericite is compact, fine grained, and commonly sur-
rounds muscovite flakes. Such sericitic rims are prominent on andalusite
from most areas.l3 An exception is the occurrence at Winchester (see
below).

Microcline perthite is abundant. It occurs in imperfect crystals ranging
from a few inches in prism dimension to 1 X 1 X 3 feet. The larger crystals
are the commoner. They show the prism zones well developed, with some
terminations. fn many places the microcline is shattered.

Large schorl-tourmaline crystals interfinger all other minerals. Many
are single crystals, with well developed terminations. The crystals vary

e Macdonald and Merriam, op. cit.,p.589.
10 Macdonald and Merriam, op. cit., p. 592.
11 lb id. ,p.589.
12 Kerr, PauI F., Andalusite and related minerals at White Mountain, California: Econ.

Geol 27,625 (1932); Macdonald and Merriam, op. cit., p. 589.
13 Kerr, op. cit.,p.635; Macdonald and Merriam, op. cit.,p.589.
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from an inch to five inches in diameter, and from six to sixteen inches

in length. Microscopically they show no unusual features' Many are

bent and fractured.

Group II

General Mineralogy. Pegmatite dikes of the second group are numer-

ous. Most of them lie within the granodiorite and contain fairly simple

and common pegmatitic minerals: microcline, qtartz, schorlite, hes-

sonite, muscovite, and biotite, in the usual giant texture relations'

Graphic granite is rare. Rose quartz occurs in exceptionally well-colored,

large, translucent masses, with some smoky quarlz, hard jet-black

schorlite crystals (up to three feet long), and occasional beryl. Some

microcline has been produced commercially from a particularly wide

dike in  Sec.22,  T.  7 S. ,  R.  2 E.
Cream-white microcline perthite is the most abundant mineral; albite

is rare except in perthitic intergrowths. The microcline is subhedral and

forms large aggregates, many of which show uniform cleavage trends

over areas two or three feet square.
Two varieties of quartz are common: normal milk-white to colorless,

and rose quartz. Masses of rose qtartz 25 to 50 feet in two dimensions

are common. Fracturing is slight, in contrast with much California rose

qlJartz, and unbroken masses are obtainable.
The jet-black schorlite is massive and abundant in all dikes. crystals

from ten to forty inches long, in subparallel bundles, occur in white

quartz and microcline in a very large dike in Sec. 30, T. 6 S., R. 2 E'

Muscovite, biotite, or both, occur in all of the dikes, with muscovite

predominant. Most of the tourmaline-rich dikes lack biotite. Beryl, in

small yellowish-green crystals, was found in one dike. Biotite is com-

monly arranged along cleavages and fractures in the quartz and micro-

cline, the biotite plates often arranged normal to the dike walls and

marginal thereto.

EvronNcn loR Two GnNnnerrows oF PEGMATTTES rN tun Coauutll

AnB,q.

The two groups of pegmatites of the Coahuila area differ sufficiently

to suggest.that they may be genetically separate. This suggestion is

based on the following evidence:
Space relations: (1) The dikes of the first group are confined to the

metamorphic terrainl those of the second occur in all the rocks of the

area and are especially numerous in the granitic formations. (2) The

dikes of the first group conform with the regional structure of the

gneissesl thsse of the second, though not observed to cut the first set,
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have strikes parallel, but dip nearly normal to the dip of the first group
(see Fig. 1). (3) The habits of the dikes of the two groups differ notably;
those of group I are interrupted, lenticular, and shortl those of group II
are tabular and persistent.

Internal structural relations and mineralogical contrasts: (1) Lack of
oriented minerals in dikes of group I, compared to marginal orientation
in group II, e.g., biotite. (2) Concentration of less usual minerals, e.g.,
andalusite, schorlite, in thickened zones of I, with uniform distribution
of tourmaline in II.

WrNcupsrnn Anna

SrBrcn ol rrrE Rncroxer Goorocv

Winchester is situated on the southern edge of the Perris plain.
MonadnockJike hills, composed of metamorphic rocks, assigned by
Dudleyla to the Triassic, rise above the plain. These have been invaded
by batholithic rocks varying in composition from gabbro through quartz
monzonite, emplaced in order of increasing silicity. The geology of the
region is discussed by Dudley.l5 In the hill in which the pegmatite in
question occurs, schistose rocks are cut by gabbro, each the probable
equivalent of a similar rock in adjacent hil ls. Deep weathering of the
metamorphic series handicaps observations, but granitic gneisses and
chlorite schists are present in the series.

Gnor-ocrcnr RBrerroNs or. rHE PeclrerrrBs

The andalusite-bearing pegmatite outcrops across the brow of a small
hil l , in T.5 S., R.2 N., Sec. 12 (Elsinore quadrangle). Prospectors have
cross-cut the dike at two places, and a shaft descends about 20 feet down
the dip. Deep weathering obscures the mineral relations. The dike, which
strikes N. 45o W., dipping SW. at 30o, is parallel to the foliation of the
metamorphic series and is from six to seven feet thick, with a few small
subparallel branches. The dike is lenticular along the strike, pinching
irregularly, and dying out completely in about thirty feet. Down the
dip, the dike shows no evidence of thinning as far as it is exposed. The
second generation pegmatites are represented by a single dike six to eight
feet thick, striking N. 10o E. and dipping SW. at 38". This dike cuts
the gabbro, which in turn intrudes the metamorphic rocks. The mineral
composition of this second pegmatite is simple, except for beryl and
small blue tourmaline crystals.

1a Dudley, Paul H., Geology of a portion of the Perris block, southern Caiifornia:
CdiJ. Jour. Mines anil Geol , State Mineralogist's Report, 3f , 487-506 (1935).

15 rbid.
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ANuar-usrrB

The andalusite occurs in a lens two feet thick along the hanging wall

of a simple biotite-quartz-microcline pegmatite. The andalusite lens

pinches out down dip within twenty feet. Within the lens andalusite

occurs in prism bundles up to three inches long, in pods of partially

chloritized biotite. These pods possess no positive orientation in the

marginal lens, but the biotite of the pods forms a distinct coating about

the andalusite. Such biotite "coronas" are commonly I inch thick, with

an onion-skin wrapping of biotite plates.

The biotite pods are, in turn, arranged in lenticular groups within the

larger lens. The axes of the smaller lenses usually lie across the trend of

the larger one. Three or four pods compose these smaller lenses, each in

turn enclosing andalusite prism bundles (Fig. 3).

O I A G R A M M A T I C  S E C T I O N  T H R O U G H  E X P O S E D  P E G M A T I T E

W I N C H E S T E R  A R E A

P € g n o i i l e

G o b b r o

- L E G E N D -

l . { K ! c n , o , i l "  ( ? )  s c h i s l  i n P " g n o r e d

N \ r \ \  s i r h  P e e n o r i r t

Frc. 3

Conunnulr

Corundum occurs disseminated in the andalusite prisms, and in

euhedral crystals up to three inches in length. The corundum'shows

color zoning from sapphire-blue to gray. Though intimately associated
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with the andalusite, the corundum is rarely in parallel orientation with
it. The corundum is confined to the andalusite-bearing areas of the dike.

Onrcrx ol ANoarusrrE AND OrnBn AruurNuu Srr,rcarns

INTnonucrroN

The published accounts of andalusite suggest its origin by three general
processes: (1) alteration of xenoliths; (2) magmatic sources; (3) concen-
tration from wall rocks under high temperature, accompanied by igneous
emanations; or a combination of these processes. The important anda-
lusite deposits in the White Mountains of California have been attributed
to metamorphism of aluminous layers by igneous intrusions,lo as have
the deposits of dumortierite and andalusite at Oreana, Nevada.l7 Xeno-
lithic alteration has been suggested for the origin of several deposits of
aluminum silicate minerals, notably some of the important kyanite and
sillimanite deposits of fndia.18 Magmatic emanations have been invoked
to explain some small deposits of andalusite,le and larger ones of kya-
nite.20 Pyrogenic andalusite has also been described.2l

GnNnsrs rN THE Coenurr,a MouNr,q,tN Dnposrr

Granitic gneisses and biotite-rich schists are typical rocks of the meta-
morphic sequence in which the andalusite pegmatite is developed. Rarer
types are corundum-muscovite and corundum-biotite schists, not present
in the immediate area, but found abundantly on the north flank of the
San Jacinto Mountains at a locality reported by Hazen.22 These types
are widely distributed in the metamorphic terrain.2s The metamorphic
sequence in Coahuila Mountain is probably equivalent to that of the
San Jacinto Range, since xenoliths and pendants of similar type are more
or less continuous northwesterly to the known corundum-bearing areas.
The original sedimentary character of the metamorphic series is attested
by interbedded lenses of marble with relict stratification. Thermal meta-
morphism is suggested by the presence of abundant graphite in the
marble, which is composed largely of grains of calcite one-quarter inch

16 Kerr ,  Paul  F.  ,  op,  c i t . ,p.642.
17 Kerr, P. F., and Jenney, Philip, Dumortierite-andalusite mineralization, Oreana,

Nevada : .Ecoz. Geol., 3O, 287-300 (1935).
1E Dunn, J. A., Andalusite in California and kyanite in North Carolina: Econ. Geol.,

28,695 (1933).
le Macdonaid, G. A., and Merriam, R., op. cit., p.594.
20 Stuckey, Jasper L., Kyanite deposits of North Carolina: Econ. Geo\.,27,670 (1932).
: t  H i l l s ,E .  S . , o f  . c i t . , p . 300 .
22 Hazen, Guy E., Corundum crystals-Californi a: The Minerohogist,g r 8T-82, (1941).
23 Murdoch, J., and Webb, R. W., Notes on some minerals from southern California.

IIL Corundum and associated minerals near Banning, San Jacinto Mountains, California:
Atn. M i.neral., 27, 328-329 (1942).
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across. Orientation of the flake graphite along relict stratification planes,

suggests that the graphite originated from organic matter contained in

the limestone. The development of graphite under these conditions has

generally been consid.ered diagnostic of high temperatures'2a Abundant

lenticular silexite masses (dikes and veins) are found in the metamorphic

terrain. According to Tyrrell,2s andalusite may form from the alteration

of a muscovite-rich rock under thermal metamorphism, when silica is

present, by the equation:

H:KAls(SiOa) s f 5igr-,{lrSiOr *KAlSirOe tHzO

That this may have been the course of development of the Coahuila

andalusite is suggested by the presence of at least two of the necessary

factors for Tyrrell's hypothesis' although original qtattz in the musco-

vite-rich rock may have been the source of silica in the reaction'

Additional evidence in support of generation in place may be deduced

from suggestions regarding the origin of the corundum in the dike' The

corundum grains, occurring as anhedrons in nests of muscovite, may be

interpreted as residual grains from an original corundum-rich rock, the

muscovite now enveloping the corund'um because it developed by al-

teration of the corundum itself. Thus an original highly aluminous sedi-

ment, subjected to thermal metamorphism developing a muscovite-

corundum schist, might by addition of silica, and continued thermal

conditions, produce an andalusite-quartz-corundum rock. If reaction

between these minerals were incomplete, corundum residuals in an-

dalusite should be expected, especially since muscovite might be looked

upon as forming ,,coronas" about corundum, thus isolating the corundum

from further reaction as later chemical changes occurred'

Associated pneumatolytic processes during and following the anda-

lusite formation are evidenced by intergrowth of schorl-tourmaline

with andalusite, indicating the introduction of boron. Under these cir-

cumstances tourmaline might form by reaction of boron compounds with

corundum and quartz.
corundum, when associated with andalusite, has commonly been con-

sidered a late-forming constituent in most pegmatitic occurrences. In

attempting to ascertain whether corundum formed before or after the

andalusite, it was suggested,26 since tourmaline formed simultaneously

and following the andalusite in this dike, that the presence of boron in

the corundum would suggest corundum formation before tourmaline,

and. therefore before andalusite. Accordingly a spectrographic analysis

2a Clarke, F. W., Data of Geochemistry tt. S. Geol. Surtt., Butl'77O,330 (1924)'

25 Tyrrell, G. W ., Principles of Petrology,294 (1926) -
26 Personal communication from Professor G. E. Goodspeed of the university of wash-

ington.

591
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of carefully sorted corundum granules was obtained, with the following
results:

Elements Estimated, euanti,ty
A1... . .  pr incipal Consti tuent
s i . .  . r _ r% l
Fe . . . .  .1% f  f romanda lus i te
r i  . . . .  . r %  I
B . . . . .  .  . o t %  )
Mg....  .Ol/6 l tromtourmaline
c a . . . .  .  . o o r % l
Cu. . . .000r_.0\ryo

Analysis by Applied Research Laboratories, Glendale, California. Quantities estimated
to the closest power of ten.

The analysis is not considered conclusive, but the question may be
raised as to where the boron in the corundum originated, unless it were
introduced into the corundum when the tourmaline formed. The pres-
ence of boron in the corundum may be suggestive of the genetic sequence
(1) corundum, (2) andalusite, (3) tourmaline.

Late hydrothermal activity is shown by the sericitic rims about all
the andalusite crystals.

The general features of (1) lenticularity, (2) unusual mineral associa-
tion, and (3) limited distribution of pegmatite are ress common features
of magmatic pegmatites than of other types. The similar composition of
the wall rocks of the pegmatite, both against the dike and in the meta-
morphic body as a whole, indicates no addition of material from the peg-
matite into the wall rocks. Magmatic processes thus seem even more re-
mote as the contributing factors in the origin of the coahuila pegmatite.
Again, the hypothesis of xenolithic alteration may be discarded because
the pegmatite is part of a large metamorphic mass of similar composition,
which is in itself a huge xenolith, and should on the xenolithic hypothesis
be itself partially transformed. The presence of the characteristics just
enumerated in themselves suggest generation of andalusite in place by
metamorphic differentiation.

GnNnsrs rN THE WrNcrrpsrnn Dpposn

chlorite schists compose the small areas of metasediments included
in gabbro intrusives, cut by simple pegmatites, in the winchester occur-
rence. The fact that the andalusite is confined to the margin of a single
dike, in a large lentil containing pods which simulate xenolithic blebs,
separated by biotite-rich gneissic zones, suggests the applicability of the
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xenolithic hypothesis for the Winchester occurrence. An original argil-

laceous xenolith under high temperature can be expected to proceed

toward the production of andalusite, with simultaneous development of

corundum (if the alumina content is high in the inclusion)' The rims of

chloritic biotite enclosing andalusite prisms may have resulted from the

recrystallization of the chlorite of the xenolith since andalusite contains

insuficient iron (and no magnesium) to satisfy the biotite forming

thereon.

Sunuaxv on GnNnsrs

Two andalusite pegmatites are ascribed to the thermal metamor-

phism of original aluminous sedimentsl one by thermal metamorphic dif-

ferentiation in a series of metasediments, producing a pegmatite lens in

highly metamorphosed rocks; the other by hydrothermal rnetamorphism

of regionally metamorphosed sediments, included as xenoliths in a simple

pegmatite.
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