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ABSTRACT

Prismatine, the boron-rich member of the kornerupine group, has recently been identified in the Reading Prong in New
Jersey from granulite-facies gneisses consisfing of the assemblage orthoclase mesoperthite + calcic oligoclase + prismatine +
biotite + rutile t almandine I sillimanite t graphite + ilmenite. The prismatine crystals, as much as 6 cm long, are typically
altered to muscovite-rich mixtures. The prismatine probably crystallized during isochemical metamorphism of originally boron-
bearing clay-rich sediments. The conditions of peak metamorphism were 67*a740"C and between 6.2 and 8 kbar. No evidence
remains of the boron-bearing mineral precursor of prismatine, but it is reasonable to assume that tourmaline may have been
present at lower grades. A possible mechanism for forming prismatine is the reaction: 1.55 Ti-rich biotite + 1.0 tourmaline +
1.22 almandine + 5.23 sillimanite -+ 3.0'prismatine + 2,55 (orthoclase + albite) + 0.46 rutile + 0,39 B2O? + 2.05 H2O.

Keywords: prismatine, komerupine, boron, granulite-facies metamorphism, Reading Prong, New Jersey.

SoMrrrens

la prismatine, membre borifbre du goupe de la kornerupine, a rdcerment 6t6 identifi6e dans le socle de Reading Prong,
dans 1'6tat du New Jersey, dans des gneiss 6quilibr6s au facibs gxanutte, qui contiennent l'assemblage orthoclase m6so-
perthitique+oligoclasecalcique+prismatine+biotite+rutiletalmandinisillimanitetgraphitetilmenite. l,escristauxde
prismatine, qui atteignent 6 cm en longueur, sont typiquement alt6r6s i un assemblage polycristallin riche en muscovite.
la prismatine aurait cristallisd au couts d'un 6pisode de m6tamorphisme isqchimique de sddiments originellement borifbres et
argileux. lrs conditious du paroxysme m6tamorphique 6taient entre 670" etT AoC et entre 6.2 et 8 kbar. tr n'y a plus de preuv€
d'un min6ral borifdre pr6curseur de la prismatine, mais il semble raisonnable de proposer la pr6sence de tourmaline aux plus
faibles degr6s de m6tamorphisme. Ia r6action suivante pourrait expliquer la formation de la prismatine: 1.55 biotite titanilEre
+ 1.0 tourmaline + 1.22 almandin + 5.23 sillimanite -+ 3.0 prismatine + 2.55 (orthoclase + albite) + 0.46 rutile + 0.39 B2O3 +
2.05 H2O.

(Traduit par la R6daction)

Mots-cl6s: prismatine, komerupine, bore, facibs granulite, m6tamorphisme, Reading Prong, New Jersey.

[\rIRoDUciloN

The kornerupine group consists of rare ferro-
magnesian aluminosilicate minerals with variable
boron content. These minerals are characterized by the
approximate chemical formula (!,Mg,Fe2+,Na)
(Mg,Fe2+)3(A1,Mg,Fe3+)6(Si,Al,B )5(O, OH,F) 22.
Occurrences of komerupine-group minemls have now
been recognized from approximately seventy localities
worldwide. In a review of the nomenclature of the
kornerupine grouB, Grew et al. (1996) revalidated
the name prismatine for boron-rich kornerupine
[B > 0.5 atoms per formula unit of 22(O,OH,D],
applied the name lamerupine inthe strict sense only to
kornerupine wi& B < 0.5 atoms per formula unit,
restricted the term boron-free kornerupine to
komerupine analyzed for B and found not to contain it,

and applied the term kornerupine in the broad sense as
a group name to a kornerupine-sffucture mineral with
unspecified boron content.

Through the results of chemical analyses (e.g.,Gtew
et al. 1990) and crystallographic studies (e.8., Moore &
/raki 1979, Klaska & Grew 1991), the cation
proportions in minerals of the kornerupine group are
now fairly well understood, but the proportions of
anion constituents remain to be worked out. The phase
relationships of boron-free kornerupine have been
investigated systematically (e.g., Seifert L975),
whereas experimental studies of boron-bearing
members of the kornerupine goup have been limited to
syntheses (Werding & Schreyer 1978). Natural
assemblages and Schreinemakers analysis have also
been used to infer phase relaiionships (e.9., Windley
et al. L984" Grew 1988, Lonker 1988).
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In this paper, I describe a distinctive occurrence of
komerupine-group minerals, predominantly prisma-
tine, in which the pelitic host-rock is characterized by
the absence of reaction textures, the presence of a very
high alkali content, an abundance of mesoperthite, and
a lack of quartz. This occwrence, situated within the
Reading Prong, a terrane of Middle Proterozoic
gneisses and igneous rocks that is exposed from
the New York - Connecticut border across south-
eastern New York and northem New Jersev into
eastern Pennsylvania @ig. l), adds to tle growing
number of localities of kornerupine-group minerals
reported from the Grenville hovince and its southerly
extensions (Lonker 1988, Farrar & Babcock 1993.
Ackermand et al. 1994, Boggs et al. 1994). Mineral
chemistry, bulk-rock composition, and well-delineaied
stratigraphy permit consftuction of a model for the
forrnation of prismatine in the Reading Prong locality.

Although boron-bearing minerals such as susserite,
fluoborite, wawayandaite, and waxwickite have been
described from the Franklin Marble along the north-
western flank of the Reading hong (at Amity, N.Y.
and Franklin and Ogdensburg, N.J.: Moore 1994) and
tounnaline has been encountered sporadically in pelitic
gneisses (Jatre & Jaffe 1973), the development of
prismatine shows that boron enrichment within the
Reading hong is more widespread than previously
recognized, and suggests that boron-bearing minerals
may have been overlooked.

TTIE CANADIAN MINERAIOGIST

Frc. 1. Geological setting ofthe Reading Prong. Localities referred to in text as follows:
A: Amity, New York; BV: Berkshire Valley, New Jersey; F: Franltin, New Jersey;
GP: Lower Paleozoic Green Pond Mountain outlier; MM: Mase Mountain;
O: Ogdensburg, New Jersey. Figure 2 is a more detailed geological map of the area
around MM and shows the location of prismatine-bearing samples.

GEoLocIcAL Sr"rrnc

The New Jersey locality of prismatine is situated
within the Dover 7 ll2' quadrangle, about 1 .5 km north
of Berkshire Valley at the southwestern tip of Mase
Mountain, approximately 770 m north of Taylor Road
along a powerline that parallels New Jersey Rouie 15
(Fig. 2). The locality occurs within the northeast-
trending Mase Mountain block, situated just northwest
of the Lower Paleozoic Green Pond Mountain outlier
(Young 1971). The block consists of a thick sequence
of homblende-granulite-facies gneisses that have been
deformed about northeast-plungiry axes into over-
turned tight to isoclinal folds and innuded by late
tectonic fayalite-bearing hedenbergite quartz syenite
(Young 1972, Yowrg & Cuthbertson 1994). The
gneisses probably originated from various pelites,
graywackes, mafic lava flows, and volcaniclastic
rocks. The sequence was injected by a sill of
gabbroic anorthosite tlat was metamorphosed to
biotite-plagioclase gneiss (Young & Icenhower
1989).

The prismatine-bearing rocks occur in the hings
of a major northeast-plunging synform within a
43O-m-thick unit composed predominantly of thinly
layered graphitie sillimanite - gamet - biotite - quartz -
feldspar and biotite- or hornblende-bearing pyroxene-
feldspar gneisses. The prismatine crystals are present
in several layers within an area approximately



5 m x 5 m. The individual layers, typically 1 to 5 cm
thick, consist predominantly of feldspar and biotite.
Prismatine forms elongate translucent pale yellow-
green crystals that weather dull gray to reddish brown
and weather out in higher relief than the rock matrix.
The crystals, subparallel to the foliation and mineral
lineation, are commonly 1 to 2 cm in length, but a few
are as long as 6 cm. Well-formed prism faces are
readily visible, but the crystal terminations are obscure.

PE-IROGRAPHY

In thin section, prismatine occurs as very elongate
euhedral to subhedral crystals that occur in layers
composed of the assemblage orthoclase mesoperthite

1257

(LV7\Vo) + calcic oligoclase (3-48Vo) + prismatine
(6-20Vo) + titaniferous biottte (l-LgEo) + rutile (up to
17o) t almandine t sillimanite I graphite t ilrnenite.
Although quartz-rich layers are interlayered witb
prismatine-bearing layers, quartz has not been
observed in contact with prismatine. The prismatine
displays first-order gray to pale yellow interference
colors and indistinct pale tan pleochroism. Larger
crystals of prismatine contain small inclusions of rutile,
biotite, sillimanite, ilnenite, and perthite. Almost all
grains of prismatine are altered to a muscovite-rich
fringe. No other products of alteration have been
recognized. Characteristic textures are shown in
Figure 3.

Coarse biotite displays orange-red pleochroism.

KORNERUPINE-GROT]P MINERALS, READING PRONG, N.J.

FIo. 2. l,ocal geological setting of prismatine occurrence. hismatine-bearing outcrops are
marked by X along power line. Symbols: hg homblende granite, hqs hedenbergite
quartz syenite (see Young 1972, Yowg & Cuthbertson 1,994), pg assorted
paragneisses, bp biotite-plagioclase gneiss (meta-anorthosite sill) (see Young &
Icenhower 1989), hp hornblende-plagioclase gneiss, Qal Quaternary alluvium.
Berkshire Valley is located at the intersection of N.J. Route 15 a:rd Berkshire Valley
Road. Mase Mountain forms a northeasterly trending ridge that termimtes in the
vicinity of the thickened portion of hqs and the synform along the power line.
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Ftc. 3. Textural relationships ofprismatine-bearing rocks. A. Sample T2. Biotite, prismatine (prn), and antiperthitic oligoclase.
Note muscovite-rich alteration fringe (ms) around prismatinq as well as prominent transverse fractures in prismatine prism.
B. Sample T4A. Prismatine prisms (pm) sunounded by antiperthitic oligoclase (pl). C. Sample T3. Ahnandine (alrn), biotite
@t), sillimanile (s), and oligoclase with abundant cross-sections of prismatine (prn). The small dark euhedra are rutile, and
the irregular elongate black mineral above the scale bar is graphite. p. SamFle Tl. Cluster of cross sections of prismatine
prisms Oigh relie0 surrounded by perthite grains. Small black grains are rutile.

Almandine is locally present as elongate amoeboid
masses containing small inclusions of rutile, biotite,
ilmenite, and sillimanite. Feldspar, invariably the most
abundant mineral in the prismatine-bearing layers,
consists chiefly of orthoclase mesoperthite or calcic
oligoclase that is commonly antiperthitic. The range of
textures suggests varying degrees of exsolution and
recrystallization of an originally ternary feldspar.
Rutile occurs as tiny euhedral to subhedral crystals
dispersed throughout the prismatine-bearing layers.
The muscovite-rich alteration that fringes the
prismatine crystals has anomalous yellowish inter-
ference colors and resembles the "kryptotileo' alleration
reported from Waldheim, Germany (Sauer 1886, tlhlig
1910, Schreyer et al. 1975).

CotwosmoN oF htIsMATTNE
AND ASSOCIATD MINERA]-S

Table I summarizes the chemical data for the

kornerupine- group minerals and their host rocks.
Table 2 lists representative results of electron-
microprobe analyses of the associated minerals. The
major-element composition of all minerals was
determined by wavelength-dispersion analysis on a
Cameca Camebax electron microprobe at the
Geoanalytical Laboratory of Washington State
University. The analyses were done with a 4-pm fsam
at a voltage of 20 kV and beam current of 11.4 to
11.8 nA. Analyses along short traverses and at
individual spots were obtained for several gains of
prismatine, almandine, biotite, sillimanite, rutile, and
ilmenite from three representative thin sections (I1,
T2, and T3).

ln addition, the B2Or, BeO, Li2O, F, and H2O+
conients of two separates of crushed fragments of
several small crystals of prismatine from different hand
specimens, including tlose from which thin sections
were cut, were analyzed at X-Ray Assay Laboratories.
The major- and trace-element composition of a crushed
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TAILE I. CIBMICAL COMPSITION OF PRISMAIINE KORNBRT'PN4 AND
PRISMATINE-BBARING (n.IEISSBS, READING PRONC, NEW JRSEY

Kr0 P.n-b€cioggryi$

13' s€D..r 1A T2n Tin n$

Microprobe analyses along a traverse of a
prismatine grain in T3 show a slight increase in Al and
decreases in Si, Fe, and Mn from core to rim. Both
prismatine and kornerupine have higher levels of Ti
and much higher H2O contents than most analyzed
samples of prismatine and kornerupine (e.9., Grew
et al. 1990\.

The unzoned biotite is exceptionally Ti-rich (up to
5.8Vo TiO2), and is the most titaniferous biotite yet
reported in association with prismatine or komerupine.
The rim of a large zoned grain of almandine in T3 that
is locally in contact with small biotite flakes (including
gun T3-24 in Table 2) is less magnesian than the
core. The compositional data indicate that almandine
re-equilibrated with biotite upon cooling by
exchanging Mg for Fe. The large crystal of almandine
shows no evidence of Fe-Mg exchange with
prismatine, but is slightly enriched in Ti adjacent to
rutile.

The Fe/(Fe + Mg) values of coexisting ferro-
magnesian minerals exhibit the following ranges:
0.59-{.67 in almandine" 0274.34 in biotite" and
0.21427 in prismatine and kornerupine.
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3-cm single crystal (sample fi) also was determined
by X-ray fluorescence and inductivd coupled plasma
analysis at X-Ray Assay Laboratories. This crystal has
a very low B content and is therefore kornerupine. The
crushed fragments were purified with methylene
iodide and a Frantz magnetic separator. Graphite,
biotite, and rutile were the obvious contaminants.
Although visual estimates suggest that the sep,rates
were about 997o pnre, the high TiO2, K2O, Na2O, and
CaO contents of the komerupine sample (T7) suggest
the presence of abundant small im.purities of rutile,
micA and feldspar.
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CoNomol ts or MglAMoRplilsv

The presence of orthopyroxene and mesoperthite
throughout the Reading hong and of cordierite in
the Hudson Highlands (the New York portion of the
Reading Prong) has been cited as evidence for peak
metamorphic temperatures of 700" to 750"C and
pressures of 3 to 5.5 kbar, l'.e., homblende-granulite-
facies conditions (e.9., Dallneyer &'Dodd 1971,
Young 1971, Jaffe & Jaffe 1973). More recently,
Young & Cuthbertson (1994) showed from fayalite +
ferrosilite + quartz assemblages that magmatic crystal-
lization of hedenbergite quartz syenite (Young 1972)
occurred at a pressure around 6 to 6.5 kbar. This
intrusive body occun within the Mase Mountain block
only a few hundred meters strucfurally below the
prismatine locality. Because the quartz syenite is a late
tectonic sheet injected during the waning stages of
metamorphism and deformation, it is reasonable to
infer tlat the pressure on the prismatine-bearing
rocks during peak metamorphism was at least 6 to
6.5 kbar.

hessures and temperatures also can be estimated
from the assemblages in the prismatine-bearing rocks,
including the biotite-gamet geothermometer and the
garnet - rutile - aluminosilicate - ilrnenite (GRAIL)
geobarometer @ohlen et aI. 1983). Although quartz is
lacking from the rutile-bearing layers, the coexistence
of almandine and rutile was used to establish a
minimum pressure of metamorphism around 6.2 to
6.6 kbar, consistent with pressures calculated from
the fayalite - quaxtz - ferrosilite geobarometer. If the
temperature of metamorphism wrs 700oC, then an
upper pressure limit of 8 kbar is indicated by the
sillimanite-kyanite boundary curve of Holdaway
(1971), because sillimalrile is widespread, and kyanite
has never been reported from the Reading Prong. The
minimum pressure at the time of Fe-Mg exchange
closure may have decreased to about 5.1 kbar.

The Indares & Martignole (1985) empirical garnet-
biotile exchange geothermometer corrects for the high
levels of Ti in granulite-facies biotite. For pressures
between 6 and 6.5 kbar, the calculated temperature
inferred from this geothermometer is about 670"C.
Even at 8 kbar, the calculaled temperature is only
679'C, probably too low for these granulite-facies
rocks. Only the Thompson (1976) and Perchuk &
Lawent'eva (1983) formulations yield temperatures
consistent with those previously estimated for meta-
morphism of the Reading Prong. The geothermometsrs
most applicable to granulite-facies metamorphism
suggest peak metamorphic temperatures between 670'
and74A"C.

The estimated 6.2 to 8 kbar pressure and 67G-740'C
temperature for the New Jersey occurrence of
prismatine are well within the range of conditions that
have typically been inferred for most other localities of
prismatine and komerupine (e.9., Visser 1995).

Onrcnt or PR,ISMATnIE

The most common explanations for the origin of
prismatine and kornerupine are high-grade meta-
somatic introduction of boron into Mg-Al-rich rocks
(e.9., Woodford & Wilson 1976, Lonker 1988) and
essentially isochemical high-grade metamorphism of
initially boron-bearing metasedimentary rocks with or
without attendant partial melting, commonly at low
activities of H2O (e.9., Grew 1982, 1988, Nixon et a/.
1984).

High-grade metasomatism ig unlikely for the New
Jersey locality because there is no obvious extemal
source of boron. The sequence of gneisses in the Mase
Mountain block, in which the prismatine occurs, wns
intruded by late-tectonic hedenbergite quartz syenite,
but the intrusive body is infened to have been fluid-
deficient, and there is no evidence of any metasomatic
activity adjacent to it. Nor is there any evidence for
metasomatism adjacent to tle metamorphosed
gabbroic anorthosite sill 75 m structurally below the
occlurence of prismatine (Young & Icenhower 1989).
Boron mineralization in the Franklin Marble occurs
tens of kilometers away.

Essentially isochemical recrystalUzation of
originally boron-bearing rocks under granulite-facies
conditions is considered to be more likely. The abun-
dance of oligoclase, orthoclase mesoperthite, biotite,
sillimanite, almandine, and prismatine in the
prismatine-bearing rocks points to a highly aluminous
protolith such as clay-rich sediments, a conclusion
confirmed by the chemical composition of the
prismatine-bearing rocks. The chemical composition of
these rocks is similar to that of many modern river
clays and Precambrian shales and mudrocks (Iaylor &
Mclennan 1985). Although the TiO, content is
relatively high for a sedimentary parent Ti is com-
monly enriched in higtrly aluminous sediments (Force
1976, Garcta et al, 7994). The high Na content is
anomalous for a clay, but is not unusual for
occurrences of prismatine and kornerupine in pelitic
rocks. Together with elevated B, F, and Cl contents, the
Na-enrichment could indicate either an evaporitic
component intermixed with the clay or alteration of
clays by volcanogenic fluids.

The bulk chemical composition of the prismatine-
bearing rocks also closely resembles, except for their
elevated alkali contents, that of many of the stratified
tourmalinites that occur in the Broken Hill Group,
Austalia. Slack er al. (1993) suggested that the
tourmalinites formed by selective hydrothermal
replacement of originally aluminous, clay-rich beds
and that the boron was derived by leaching of nearby
non-marine evaporites.

Considerable boron can be accommodated in the
structure of clay and mica minsf,als (Harder 1959,
Eugster & Wright 1960). However, Leeman & Sisson
(1994) have shown that boron becomes severely
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depleted in schists and gneisses during the course of
prograde metamorphism because of its release from
layer silicates during dehydration reactions. Hence,
typical granulites contain only 1-15 ppm B. It is
probable, therefore, that rocks with high boron conlent
(400-2800 ppm) preserved their original boron in a
more stable form such as tourmaline. Although
tourmaline is very uncomnioir in the Reading hong,
Jaffe & Jaffe (1973) did report trace amounts in pelitic
gneissos that contain sillimanite, cordieriie, almandine,
and biotite. Tourmaline may have been an original
constituent of a clay-rich sediment, or it may have
formed by later hydrothermal replacement of such a
sedimenl but it could also have form. ed during low-
grade regional metamorphism of originally boron-rich
clays and micas. More to the point, there is no textural
evidence of the development of prismatine at the
expense of other boron-bearing minerals like
tourmalineo grandidierite, or dumortierite. Both
prismatine and almandine do, however, commonly
contain small inclusions of biotite, feldspar, and rutile.
The prismatine crystals probably developed parallel to
the foliation near conditions of peak metamorphism.

The very close association of prismatine and rutile
in these layers, coupled with the exfreme paucity of
rutile elsewhere in the Reading Prong, suggest that
both minerals formed as a result of the same reaction.
The presence of high-Ti biotite suggests that rutile
formed from partial desffuction of the biotite. The
absence of quartz indicates either that the prismatine-
producing reaction produced no quaru or that any
excess silica produced went into a melt phase. London
et al. (1994), however, showed experimentally that
granulites containing boron-rich phases probably did
not experience a melting episode on grounds that the
melt rvould have dissolved the available boron
minerals like tourmaline and left a boron-depleted
restite.

I therefore suggest that both prismatine and rutile
were produced in a tourmaline-consuming reaction,
and that quartz was not a product. A possible reaction
might be: 1.55 titaniferous biotite + I.22 almandine +
5.23 sillimanite + 1.0 tourmaline + 3.0 prismatine
+ 2.55 (orthoclase + albite) + 0.46 rutile + 0.39 BrO, +
2.05 H2O.In calculating the reaction, the effects of Mn
and F were ignored Mg and Fe were combine4 and
tle following mineral compositions were used:
abnandine (Fe,Mg)2.esAlr.GSi2.esO12, titaniferous
biotite (Ko.rrNq.se)(Mg,Fe)2.a2Ti6eAlr.33Si2.75O r0
(OH)2, and prismatine QVIg,Fe)3.a3Al6.rsSi:.azBo.z+O,
(OH). Ideal formulae were used for sillimanite,
tourmaline, orthoclase, albite, and rutile.

This reaction requires that the protolith contained an
amount of tourmaline almost half the amount of
prismatine produced. Besause some of the rocks
contain 2AVo pismatrne, the protolith could have
contained as much as llVo tourmaline.

The scant experimental data suggest considerably

higher temperatures for many tourmaline-consrtming
reactions than were achieved in the Reading hong
rocks, and there are no experimental data on the
temperatures at which a biotite + almandine +
sillimanite + tourmaline reaction might ocbur. Until
much more experimental work is done on tourmaline
and prismatine and their reaction* wiltr qthsl minerals,
any hypothesis about the genesis of the New Jersey
prismatine will necessarily remain speculative.
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