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ABSIRACT

At Hunicane Mountain, Carroll County, New Hampshire, bodies of granitic pegmatite in riebeckite granite contain large
(up to 10 cm long and 2 cm across) primary crystals of Li-bearing fluor-arfvedsonite in miarottic cavities, grading to euhedral
Li and F-poor arfuedsonite. Fine-grained, fibrous, light blue-gray riebeckite occurs as a late-stage hy{rothermal filling
in the miarolitic cavities. The early, Li-rich, fluor-arfvedsonite has: a 9.836(5), b 17.997Q), c 5.316(4) A, p 103.735(4)',
V914.20(6)N;Z=2,D^*.3.34gtcrr: ,D"d".3.353g/cm3; biaxial(-),2V**. M(l) ' ,2v"dc.46:c^1.681(2),P1.692(2),
y I.694(2), inclined dispersion, r>v;X A c -!7",Y =b,Z Aa+T"iXdarkblue, Ilavender gay,Zpale yellowish brown;
X > Y > Z: X is opaque at 0.03 mm thickness. A structural formul4 on the basis of 24 (O,OH,F) atoms is:
(Nao.aolq.25)Naz(fe334Fe?issMn0 :&"o.vzLio.qil\.07)(Si7.71Ah.n)Ozz(Fr.:+OHo.e). Arfuedsonite within the miarolitic cavities
contains less Li and F than that of the earlier generation, and the still later riebeckite contains only 0.09 ,xt,Vo Li2O and 0 .3 wt.To
F. The Fe3+'Fe2+ ratio of the early Li-bearing fluor-arfuedsonite and that of the euhedral arfuedsonite crystals within miarolitic
cavities is 0.58. The late, fibrous, cavity-filling riebeckite has an Fe3+:Fe2+ ratio of 0.99. The total iron content of the three
amphiboles increases with continued crystallization. These amphiboles are products of peralkaline pegmatites locally derived
ftom peralkaline granite.

Keyvvords: amphibole, arfuedsonite, riebeckite, granitic pegmatite, Hurricane Mountain, New Hampshire.

Sorwrarns

Nous d6crivons les propri6t6s de gros cristaux (usqu'tr 10 cm en longueur et 2 cm en largeur) de fluor-arfuedsonite i teneur
6lev6e en Li, zon6s vers une arfuedsonite appauwie en Li et F dans une miarole, provenant d'une sdgrdgation pegmatitique dans
un granite i riebeckite au mont Hurricane, comtd de Carroll, au New Hampshire. Une riebeckite fibreuse, d granulomdtrie fine,
de couleur bleu grisitre pdle, remplit tardivement les cavit6s miarolitiques. La fluor-arfuedsonite lithique prdcoce a les
p r o p r i 6 t 6 s s u i v a n t e s : a 9 . 8 3 6 ( 5 ) , b 1 7 . 9 9 7 ( 7 ) , c 5 . 3 1 , 6 ( 4 ) A , 8 1 0 3 . 7 3 5 ( 4 ) " , V 9 1 4 . 2 0 ( 6 ) 4 3 . 2 = 2 , D * . 3 . 3 4 g l c n f ,
Dcds.3.353 g/cm3; biaxe C),2V*.44(l)',2vcdo.46'; o 1.681(2), P 1.692(2), | 1.694(2), dispersion inclinle, r > v; X A c -:lo,
Y=b,ZAa+-7" ;Xb leu fonc6, fg r is lavande,Zbrun jaundt repd le ;X>Y>Z;Xestopaque iune6pa isseurde0.03mm.
Sa formule structurale, calcul6e sur une base de 24(O,OH,D, esr (Na0.86K0.2s)Nar(Fe3:4Fe?is5Mnn.,nZnn.jl.i6.aeTie.67)
(Si7.7lAl0.0?)O22G134OH0.6t. L'arfuedsonite situde dans les cavit6s miarolitiques contient moins de Li et de F que I'arfuedsonite
pr6coce, et la riebeckite, plus tardive encore, ne contient que 0.09Vo deLi2O etl3%o F (poids). k rapport de Fe3* a Fe2* de la
fluor-arfvedsonite prdcoce et de I'arfvedsonite idiomorphe des cavitis miarolitiques est le mAme, 0.58. Par contre, ce rapport est
0.99 dans la riebeckite fibreuse tardive. l,a teneur en fer a augment6 d mesure que la cristallisation progressait. Cette suite
d'amphiboles est le produit de cristallisation d'une pegmatite hyperalcaline de d6rivation locale de son encaissant, un granite
hyperalcalin.

(Traduit par la R6daction)

Mots-cl6s: amphibole, arfvedsonite, riebeckite, pegmatite granitique, mont Hurricane, New Hampshire.
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INTRoDUciloN

Bodies of miarolitic granitic pegmatite (Creasy &
Eby 1993) occur at Hunicane Mountain, 3 km
northeast of North Conwayo Carroll County, New
Hampshire, within an arcuate rib-shaped mass of
riebeckite granite (Iable 1) that is enclosed by the
Conway Granite of the Early Jurassic (-180 Ma)
White Mountain plutonic-volcanic series. These bodies
of pegmatite, perhaps better termed "pegmatitic
segregations" because of their small size, typically
range from 1 to 20 cm thick and from 0.1 to 2 m long.
They have been extensively prospected @g. 1) for
euhedral crystals of quartz (generally smoky), feldspar,
amphibole and astrophyllite. Partial chemical analysis
(by VTK) of large (>7 cm long) prisms of alkali
amphibole and the geological environment (1.e.,
alkaline igneous rocks) suggested that significant
amounts of Li might be present in the amphibole. The
importance of Li as a component in igneous alkali
amphiboles has been emphasized by Hawthome et al.
(1993, 1996). J[s imFortance of Fe3+/Ire2+ determina-
tions also was noted to be significant if amphibole
compositions are to be used to derive information on
redox conditions of crystallization. Primary, tapering,
black, prismatic crystals of amphibole occur in
feldspar-quartz pegmatite adjacent to sporadic
miarolitic cavities, and project into the miarolitic
cavities. A total of three different amphiboles were
characterized: 1) basal portion of the primary, tapering
amphibole crystals (1e., portion not within an open
miarolitic cavity1, 2) euhedral terminations of the
primary, tapering amphibole crystals (portion
projecting into an open miarolitic cavity), and 3) late-
stage fine-grained, blue-gray riebeckite coating and

TABLE 1. BULK @MP(}SNION' OF FOI'R SAMPLES OF
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interstitial crystals to primary minerals within
miarolitic cavities.

ExprnnarNrar

Chemical analytical methods used included:
wavelength-dispersion spectrometry (WDS) elecuon-
microprobe (JEOL 8900) analysis (EMPA) for the
early Li-bearing fluor-arfuedsonite, X-ray fluorescence
(XRF) analysis (PW 1606 instrument, using
Li-tetraborate fusion disks) for all three amphiboles
(Taggart et al. L987), and laser-ablation - inductively
coupled plasma - mass spectrometry (LA-ICP-MS)
analysis (VG Plasmaquad tr+ instrument equipped
with a Spectron Inc. Nd:YAG laser) for all three
amphiboles. Unit-cell data were determined usino
X-ray powder-diffraction methods.

Analytical conditions for the EPMA analyses were:
15 kV and 20 nA beam current, 2O-second count times

74.1 n.L 752 745
t23 12.1 11.4 12-0
3.43 4.11 3.6 3J3

4.02, 4.@ 4,V2 <0.@
0.44 0g 0J5 035
435 4i8 42r 4
4.S 4n 436 4fi
0.19 02r 0.1r 0.D
00.7 0.o7 0.06 0.08
0,06 0.09 0.06 0.(b

-.0.@ -{.@ -{.09 -0.06

9,96 9935 9932 99,47

H u r r i c o n e
M o u n t o i n  R o o d

FIc. 1. Location map of
granitic pegmatite occur-
rence at Hurricane
Mountain, Carroll County,
New HamFshire. N

T o  N o r t h  C o n w o y

N o e  H o m p s h i  r a



Li- AND F.BEARING ALKALI AMPHIBOLE 1013

on peak positions, and lO-second count times on back-
ground positions. On the basis of counting statistics,
the accuracy of the major element determinations is
+lVo. and that of tle minor elements is +37o. Both
natural and synthetic standards 'were used (minslalg
and oxides).

For the LA-ICP-MS analyses, the Nd:YAG laser
was operated at the primary wavelength (1064 nm). A
single mineral grain was glued onto a white poly-
propylene surface and placed into an enclosed
sample-cell. The power and frequency of laser firings
were adjusted to ablate material from the surface of the
mineral grain at a controlled rate. A fypical protocol
used 350 mJoules per laser shot at 5 Hz in the fixed-
switch mode. The power was increased in 50-mJoule
increments to ablate more material until an adequate
mass spectrometric signal was obtained. If the coupling
efficiency between sample and laser energy was low,
the process was repeated under Q-switched conditions.
The instrument was calibrated from a glass standard
containing all of the elements of interest, using laser
conditions that were similar to those used for the
mineral grain.

Total water was determined by heating about
40 mg of sample with 300 mg of lead chromate, lead
oxide. and calcium carbonate flux at 900-950oC. The
evolved water was quantified by using a Mitsubishi
CA-{5 coulometric Karl Fischer titrator fiackson et al.
1987).

The empirical formula for the late, fibrous riebeckite
was calculated on the basis of 7 total cations. This
basis was used because of excess water (adsorbed)
Q4.5L wt.Vo) is present.

Rrsulrs aNr DrscusstoN

Within the pegmatite, the basal parts of the prismatic
crystals are Li-bearing fluor-arfvedsonite closely
approaching the compositional boundary with fluor-
feno-leakeite (Hawthorne et al. 1996). The composi-
tion grades along the length of the crystals, from base
to termination, into Li- and F-poor arfvedsonite, of
similar composition to that from the miarolitic cavities.
A minor amount of 7n (0.2 wt.Vo ZnO) is present in
the early amphibole, typical for alkali amphibole
from alkaline igneous rocks. Younger, secondary,
hydrothermal, fibrous, ligbGblue masses of Li-free and
F-poor riebeckite partly fill some of the miarolitic
cavities, forming casts over quartz and feldspar. The
riebeckite contains trace to minor amounts of elements
not present in the primary fluor-arfredsonite crystals
(Table 2); these are elements characteristically found in
the final differentiates of granitic pegmatite systems
and in secondary minerals derived or altering from the
final differentiates. The total iron content of the tbree
amphiboles (pre-miarolitic cavity, miarolitic-cavity,
and late hydrothermal) increases from early to late,
again emphaslzing the Fe-enrichment trend that is

TABLE 2 CTIEMICAL @MPOSrIlo}J OF FLUOR-FERRO-LBATEIII

AND AMPSIBOIIS FROM ALTAUNE GRANIIIC PH}MATITES'

I{URRICANE IifOIJNIAJN, CARROLL OOIJNTY, NEW EAMPSSIRE

SiO3 rvtTa
Alzo3
F@
F%o:
Mp
CrO
Na"O
qo
Toa
Pror
!,tqo
zfi
LLO
S!O?
7,rOz
Erq
E€O
N4oo
Ir2o (6raD

Totd
o t u F
To@l

Fo3?Fb2r

OJ
21.8
142
0.03
0.1
7,4
1.45
03

4.01
09
0.1
034
0.05
0,€

4.0r
0.(p
0.06
LA
t.8

tmi2
oJ6

993r'.

U$

D

489
OJ

L82
20.0
0.1
0.m
5At

0.85

0.1
0.f,
0.09
06

0.01
0.06
o.gt
4Sr
03

t00J
0.13

l@.17

0.99

51.12 504
1.13 0.4
887 m.V

t6T3 r'.0
,-@ 4.03
o.Lr 0.m
92 93
1.19 lJ
0,68 055

4.01
451 0.E
0J7 02
0J9 03

0.92
o.(ts

4.01
0.01
001

o.@(€lq) 0,62
?-s.l 2"E

r@.6t 10123
r21 1.16

9.44 100.04

Nobs:' wwgeof tmddr@foldG, 198d20.2'Fspe.th8ly. SnaAIzo!'tolalh@(B

IqOJ, Mgo, C8O, Na?o, K.O, TiOr P?O' d D'EO d€ertrsd bv X-ny-a!@

spedr@et'y @ 0,4-g smftls AElysb: Dqdd Sim d SEvs MF (USGS). FO ad F

detmd by t'rrario od ssl@tFi6 elrotrcd& reA€.thEly. Amtyris CS, Pqp lnd Jg

Orry. StrOrztq,Z!O,BA,D€O,I4O,RbrO,Cs:O, @dNb2or deffiHbyLA-l@-

MS. ADdyst Ilr€dslck E ll!fib. RbrO d Cs?O e boh 0,01 el% 6 ls. Ofr{ ftr

olef,€d w@ w&t by LA-le-Ms 8d tud lo be Is 6@ 0.01 wL%. qo (tohl)

detdnnDt'@ by Idry L. Jelc@ G$GS). 8aql6: A. Bldsh tls* to bla* fho-ftor

baleno n@ the C@d8PilabdeFl@, Qesta'Nw Md@ (g8v|M 4 4L lryi Bl

Bsfy, U@k lagg !d@ of [rfdm-bcq&g f,@-arfrrcdsdo hpegasli!!; C Bshadrl tbrl

flrG-drcdso@ GFtals b Et@lllo wff€g xr Irer 8le.gr&'d n d@ b'lF1ny

delqidle pstl8lly nrhtg dmltlc wld*

commonly found in alkali pegmatite systems.
The Fe3+:Fe2+ ratio of the early Li-bearing fluor-

arfvedsonite and of the euhedral miarolitic-cavity-
filling crystals is 0.58. Apparently, fittle or no change
in the Fe3+:Fe2+ ratio occurred during crystallization of
the amphibole-bearing pegmatites. The late riebeckite
has an Fe3+:Fe2+ ratio of0.99 and is significantly richer
in Fe than the arfuedsonite.

Optical data (Table 3) for the early Li-bearing
fluor-arfuedsonite are ususual compared to regular
arfvedsonite. The optical orientation is that of
riebeckite rather than arfvedsonite, but the indices
of refraction are in the range repor0ed for arfvedsonite.
The optical properties for fluor-ferro-leakeite
(Hawthorne et dl. L996) are included for comparison.
Using the deterrnined unit-cell volume and the average
index of refraction, a o'superior" Gladstone-Dale
compatibility index of 4.0L27 was calculated. The
calculated density, using the chemical analysis from
Table 2 and the unit-cell volume, is 3.353 g/cm3,
similal 1s the measured density of 3.34(2) glclaf .

Unit-cell parameters (Table 3) and chemical
composition for the early Li-bearing fluor-arfuedsonite
are similar to values for analogous amphiboles from
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the crystallization of the pegmatite and that oxidation
and chemical conditions changed significantly after
final crystallization of the primary minerals in the
miarolitic cavities. The fine-grained riebeckite is a
product of final low-temperature hydrothermal
solutions that were present in the miarolitic cavities.
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TA3LE 3. OPTICAL PROPERTIBS AND UNTI.@L DATA FOR Lt- AND
F-BEARING PLUOR-ARFVEDSOT.IITE FROM IIURRICANB MOUNTAIN,

NEW ITAMPSSnF. AND @UPAUSONWrnr
PLUOR-FERRO-LBAT<ETTq RIBBBCTNts AND ARFVBDSONTTE
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Hawthorne et al. (L993, 1996). The structural
formula, on the basis of 24 (O,OH,F) atoms,
for the early, Li-bearing fluor-arfvedsonite is:
(Nao.soIq.zs):,., rNar(Fe]+roFe?1s5Mn0. 102 n0.0zLi0.4s
Tio.07)r4.705(Si t.nNr.o)n nozz.o:(Fr.:aoHo. a)>r.gt. Li
enters the arfvedsonite structure primarily by means
of the substitution: tmlli + Fe3+ -r ltdzlp4/+ a p;)+
(Hawhorne et aI. 1993, 1994).

Likewise, a structural formula (also on the
basis of 24(O,OH,F) atoms) for the euhedral,
miarolitic-cavity-filling fluor-arfvedsonite is:
(Nas.2sKe.x)2s.56(Na2.6sCq.e)22.s2(Fe?2.\aFe?1,rLi0.21
Mno. t rTio.o,Mgo.orZno.or):+.zt (Si7.54A10.0e)r:t.azO zz.u,
(OH1.e7Fe.s6)2t.n,. The principal differences noted
between the early and late fluor-arfredsonite crystals
are in the amounts of Na. Li and total Fe.

A formula for the late. fibrous riebeckite. calculated
on the basis of seven total cations" is:
(Na,.rrKo.orCao.o1 )21 33(Fe22lal,ie.e6Mgo.orBeOe.e2
Mno.o, ZnOo.o,)22.56(Fej*a2Tio. rFro.ozSno.orMo.ot )>z.so
(si7.85Alo.1oPo.o )n.sao x.z.

The importance of Li in igneous amphiboles is
clearly suppor0ed by the occurrence of Li-bearing
amphibole in alkaline granitic pegmatites at Hurricane
Mountain. Furthermore, it is interesting to note that the
ferrous:feric ratio remained constant throuehout




