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SIGNIFICANCE OF RIEBECKITE AND FERROHASTINGSITE
IN MICROPERTHITE GRANITES

Peur, C. Lvous, Boston Uniuers'ity, College ol Basic Studies, Boston,
Massachusetts 02215

Arsrnecn

Riebeckite and ferrohastingsite occur separately in closely related hypersolvus
granites of eastern Massachusetts. Mineralogical, chemical, and phase equilibria
data suggest that, the Quincy riebeckite granite and the Peabody ferrohastingsite
granite crystallized at similar temperatures, most, likely 6b0-750"C. The chemical
composition of the parent magma and oxygen fugacity played important rolbs in
determining the composition of the amphibole. Parent composition favored a
calcium-iron-aluminum amphibole, ferrohastingsite, NaCazFer+rFd+AlzSiOzs(OH):,
in the Peabody, and a soda-iron amphibole, riebeckite, NazFeF+sFd+zSi8O22(OH)2,
in the Quincy. Higher oxygen fugacities favored the ferric-rich amphibole, in the
Quincy; lower oxygen fugacities favored the ferric-poor arrphibole, ferrohastingsite,
in the Peabody. Mineral relations in the Quincy suggest, an increase in oxygen
fugacity with decrease in temperature. Two new chemical analyses, one of the
Quincy granite riebeckite and one of the Peabody granite ferrohastingsite, are
reported.

INrnooucrrox

Riebeckite (or arfvedsonite) and ferrohastingsite are found in one-
feldspar granites of Nigeria, New Hampshire, and eastern Massa-
chusetts. The riebeckite and ferrohastingsite granites typically occur
in separate plutons. In New Harnpshire and Massachusetts, a small
amount of riebeckite granite is assoeiated with ferrohastingsite granite
in the same pluton.

The Quincy and Peabody granites of eastern Massachusetts will be
used to address the problem of the spatial independence of riebeckite
and ferrohastingsite. New chemical data are presented for the Quincy
riebeckite and the Peabody ferrohastingsite. This paper will attempt
to explain the field relations of these amphiboles in light of their
chemistry, mineralogiial and whole-rock chemical data, and phase
equilibria studies.

The spatial relations of the alkali granite plutons of eastern Massa-
chusetts are shown in Figure 1. The Quincyl and Rattlesnake Hill
are riebeckite granites, and the Peabody and Cape Ann are ferrohast-
ingsite granites.

'Investigators should clearly state whether they are referring to the Quincy,
Peabody, or Cape Ann granites, because using Quincy granite for a.ll three has
caused confusion in the literature (see Toulmin. 1964).
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Frc. 1. Location of the granite plutons.

Mrxnner,ocrcAr, DATA

Modal data for the Quincy and Peabody granites are summarized
in Table 1. Pyrochlore in the Peabody and fluorite in the Quincy sug-
gest that mineralizers were present during the crystallization of the
magmas. The similar younger granites of Nigeria (Borley, 1963) con-
tain, in addition, cryolite and topaz, again indicating the presence of
mineralizers, particularly fluorine. The alkali amphiboles of Nigeria
(Borley, 1963) and of Massachusetts and Rhode Island (Lyons, un-
published data) also contain considerable amounts of fluorine sub-
stituting for OH. The absence of aegirine and aenigmatite from the
Peabody and fayalite from the Quincy are noteworthy. Fayalite has
not been reported from the Peabody, although it does occur in the
closely-related Cape Ann granite and is common to the ferrohasting-
site granites of New Hampshire and Nigeria.

The Peabody and Quincy granites have counterparts in New Hamp-
shire and Nigeria; all three areas have ferrohastingsite and riebeckite
(or arfvedsonite) granites with strikingly similar mineralogical com-
positions. Tbpically one granite is a riebeckite- or arfvedsonite-
aegirine granite and the other is a ferrohastingsite-fayalite granite.

1405

cRANtrEt

M A S S .

Q U I N C Y
G R A N I T E

- - '  -T- ' - ' - ' - l  RATTLESNA

iirt"^D,ul i..r e nanrre

=

l ' l r l r l

o t 0 2 0 3 0
M I L E S



1406 PAUL C. LYONS

labL 1

ATD CMMICAL DAII

X@AL DATA CI{EMICAL DATI

lrcrthitr*

Qu{tt

trbrrobrstlng!ltc

Rirbcckitc

l'.Blrfu.

DE(,rcrc

Blotlt.

lregrctit

HcDtltc

fhcnitc

Su].phLd!s

Ztrc6

SphoE

.[Usitr

Ca1cltG

Apatit

Auiglatit

13taoplyUlt6

Eluorit

lFochhe

Ily31lt.

S*Lcite

!ruod8
6t.z sig

qriacyr
62.7

29.o 25.o zr% .2o .2o (.2o) .2o .w

o.0 6.lr ^\% Lt.57 l-t.l? 12.09 11.61 12.98

5. i  t r  rcr \  2.25 t .?I  z.9L 2.2g .81

1.8 0.o .Fto .93 J,.26 1.55 1.25 2.85

Tr .2 lfgo .0] .0L .08 .O5 .02

.1 .J lho tr .O5 t! .oZ .o8

.2 .7 Cao .l+b .L9 .31 .Ll I.O)r

tr o.0 Ns?o 1.21 lL03 lJ.6 lr.lo L.19

tr tr K2o \.62 L.58 U.53 b.5L t 6.

tr tr rto* .I9 .3b .lr1 .3L .2O

tr .2 II2 O- .OL .1O O.o .OIr !.d.

tr tr lzg tr tr in tr n.d.

o.o tr Tiq .n e2 J8 Jo .Jlt

tr 0.0 rotaT 99.76 99.87 t@.95 1OO.1B too.13

tr

1 2  1 A

.2lt

.10

f  l n

13.08

< 2

2.81

.11

.09

1.09

< i n

.20

3 .99

5.ar

.o8 .o8

NF .V ts

.to oJ|

99.56 99.e8

tr

0.o

?

o.o

tr

F- "1 
12 anrlylcri Dind conrtltunts ao apprdinatc (Iftrren, 19ll; Iyoror upub.).

;:i ": 3 T'""*r_*nor 
constitucnts cc apqcinatc (Touluin, 1951r; ryons, upub.)./lt!s of 3 airalyscr f|l&cn, l9U).

'rba of 2 enelyaaa (Tdlrjr, 1951r).
*CoroLsts of deocl.ir ad rlbttci iacludcr mircr aEout8 of s3pcatc albitc.sln placct, prrtly katophorit .

The ferrohastingsite granites of the Northwest Adirondacks (Budding-
ton, 1948) contain similar minerals to the comparable granites of New
Hampshire (Billings, 1956) such as microperthite, minor plagioclase,
quartz, biotite, and apatite. The New Hampshire ferrohastingsite
granites have, in addition, traces of fayalite.
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.,.Reer!rrnMrsrnY
The chemical compg6itions of the Quincy and Peabody granites are

given in Table 1. Tle Quincy is higher in silica and soda, but lower
in alumina, potash, and lime than is the Peabody. There is no signifi-
cant difference between the total iron contents of the two granites;
the major difference is in the oxidation state of the iron: the Quincy
is ferric-rich and the Peabody is feric-poor. Obviously, the oxidation
state of the iron partly conditioned the nature of the amphibole which
crystallized from the magmas. This will be discussed later in the
paper.

The ferric-rich nature of the Quincy is consistent with its mineral-
ogy, riebeckite and aegirine. The three chemical analyses of the Quincy
granite consistently show ferric ion dominant over ferrous ion. The
ferric/ferrous ion ratio of the riebeckiie in the Quincy pegmatite (War-
ren and Palache, 1911) is nearly identical to that of the riebeckite of
the Quincy granite proper, which suggests that similar oxygen fugaci-
ties prevailed during their crystallization.

The higher silica content of the Quincy is reflected by more qtartz
in its mode. The higher alumina and potash contents of the Peabody are
shown by a greater modal amount of perthite and a more aluminous
amphibole. The amphibole compositions (Table 2) indicate the dif-
ferences in lime and sodal the Peabody has a calcium amphibole and the
Quincy has a soda amphibole. The marked distinction in the ferric and
ferrous iron contents is clearly revealed by the amphiboles; the Quincy
has riebeckite, Na2Fe2*rFet*rSirOrr(OH)r; the Peabody has ferrohast-
ingsite, NaCarFe' *nFea *AlrSi6Or, (OH) r.

AMpHrsoLp Cnniursrny
A summary of the chemical compositions of the two amphiboles is

given in Table 2. The chemical composition of the Peabody amphibole
is very similar to the compositions of the ferrohastingsites of Northern
Nigeria (Borley and Frost, 1963) and the hastingsites of the Adiron-
dack hornblende granites (Buddington and Leonard, 1953).

The atomic proportions of the various constituents in the two amphi-
boles are shown in columns (7) and (8) of Table 2. The formula of the
Peabody ferrohastingsite is: Na6."sK6.raCa1.76, Fe'*r.urMgo.a7Mns.13
Lis.s3, Fe8*.."eTio.23A-10.06, Alr.5ssi6.41, (OH)o.elFo.ra. The data for the

Quincy amphibole indicates an arfvedsonitic riebeckite, or, if you prefer,
a riebeckitic arfvedsonite. The formula is: Nar.eeKr.rrCao.or, Fe'*r.ru
Mgo.orMno.ro, Fet*r.url , io.rnTio.o., Alo.4nTio. lESi".nr, (OI[)r.rrFo.ur.

In contrasting the chemical compositions of the amphiboles of the
Quincy and Peabody granites, note that the major differences indicated
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in the whole-rock chemical compositions are reflected in the amphibole
compositions;that is, the Quincy riebeckite is higher in Si and Na but
lower in Al and Ca than the Peabody amphibole. It appears that the
composition of the amphibole was partly controlled by the chemical
composition of the parent granite magma.

Sresrr,nv Rnr,euoNs

The separate occuffence of riebeckite (or arfvedsonite) and ferro-
hastingsite in granites of Nigeria, New Hampshire, and eastern Massa-
chusetts suggests either that riebeckite (or arfvedsonite) and ferrohast-
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ingsite do not occur together in equilibrium or that they have a very
limited field where both coexist in equilibrium. Toulmin (1964).has
found traces of riebeckite(?) associated with the ferrohastingsite of
the Peabody and Cape Ann granites. These traces are closely asso-
ciated with pyroxene and, probably, are secondary crystallizations.
Huang (1958) reported riebeckite from a peculiar riebeckite-aegirine
melagranite from the Wichita Mountains, Oklahoma. The riebeckite
occurs with "hornblende" which has a B too low to be consistent with
ferrohastingsite. Ernst (1968) suggests that these two amphiboles
represent an equilibrium association.

Ernst (1962) has investigated the phase relations of synthetic soda-
iron amphiboles. Riebeckite is stable to about 500'C under oxidizing
conditions defined by the hematite-magnetite buffer. The solid solution
riebeckite-arfvedsonite is stable to temperatures of about 700'C, with
oxygen fugacities defined by the wiistite-iron buffer. Below about 900
bars fluid pressure with oxygen fugacities defined by the wiistite-iron
buffer, the assemblage quartz-aenigmatite-aegirine is stable between
650-750'C, except for fluid pressures below about 200 bars where the
temperature siability range is 600-800'C. At temperatures below
650"C to 675oC, this assemblage is unstable relative to quartz *
riebeckite-arfvedsonite. At fluid pressures of 700-900 bars, there is a
field for fayalite * quartz * aegirine separating these two fields. The
fayalite-bearing field also separates the same two fields at higher
oxygen fugacities (magnetite-wiistite buffer). The absence of fayalite
in the Quincy granite therefore suggests either fluid pressures below
700 bars or oxygen fugacities lower than those defined by the mag-
netite-wiistite buffer, or, most likely, both.

In summary, the occurrence of quartz, aegirine, and aenigmatite,
and absence of fayalite in the Quincy granite suggests temperatures
of 650-750'C, fluid pressures below 700 bars, and oxygen fugacities
lower than those defined by the magnetite-wiistite buffer. The as-
sociation of riebeckite and magnetite in the Quincy (Warren, 1913)
suggests a change to higher oxygen fugacities as crystallization con-
tinued at lower temperatures.

Ernst (1968) suggested that the temperature of crystallization of
riebeckite in the pegmatite phase of the Quincy granite was 500 i
50'C. In the Quincy granite proper, the association of riebeckite with
alkali feldspars, which probably crystallized above the solvus (660"C)
in the system Ab-Or-HzO (Tuitle and Bowen, 1958), indicates a tem-
perature of riebeckite crystallization perhaps as high as 700oC. The
pegmatite riebeckite (Warren and Palache, 1911) has significantly
lower concentrations of Ca, Al, and F when compared with the Quincy
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riebeckite of the main body. Ernst (personal communication, 1971)
suggests that the high concentrations of these constituents in the
Quincy riebeckite would probably stabilize this amphibole to near-
solidus ma gmatic temperatures.

Phase relations of hastingsite minerals have not been determined
(Ernst, 1968). However, Ernst (1968) suggests that the P-?relations of
the ferrohastingsites are probably similar to ferropargasite, but with a
more extensive f 6,-T stability ra,nge. The ferrohastingsite of the Beverly
syenite, which is associated with the Peabody granite, has inclusions of
euhedral microperthite crystals (Toulmin, 1964), suggesting crystalliza-
tion of the amphibole above 660oC. Tuttle and Bowen (1958) have
shown that the Peabody ferrohastingsite (presumably their Quincy
granite riebeckite) is unstable in the presence of excess water at a
temperature of 625oC. This amphibole may be stable to higher tem-
peratures at lower water fugacities, as suggested by the above mineral
relations for the Beverly syenite.

The soda/potash ratios of the microcline microperthites of the
Quincy and Peabody granites are nearly identical (Lyons and Wolfe,
1971). These ratios and their similar feldspar Ca content (chemical
data of Toulmin, 1964; optical work of Warren, 1913) indicate a close
temperature correspondence between the two granites. The feldspars
indicate crystalization above 660'C.

Dnvnr,oplrpNr or OxrprzrNc CoNnrrroxs

The factors that led to a development of more oxidizing conditions
in the Quincy magma, as compared to the Peabody magma, are a mat-
ter of speculation. However, a clue is given in the iron contents of the
granite porphyries associated with the Quincy granite in the Blue
Hills area.

Warren (1913) showed that the normal granite porphyry has a dif-
ferent Fe3./Fe2* ratio as compared to the porphyries near rhyolite
contacts. This is shown below:

NormaI
Granite Contact Contact

Porphyry Porphyry Porphyry

wt. percent Fe3*
wt. percent Fe'*

Total Fes*, Fe2*

T . I 7
1  .63

1  . 5 3
1  . 3 3

1 .87
1 .  1 8

3 .052 . 8 0  2 . 8 6

Note that the total iron contents in the three rocks are similar.
However, in the normal granite porphyry Fe'* is dominant, whbreas in
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CoNcr,usroms
The chemistry of their alkali feldspars and the amphibole phase

cquilibria data suggest that the euincy and peabody magmas crystal-
lized at similar temperatures, probably between 65G-7b0"c. Both
amphiboles, riebeckite and ferrohastingsite, apparently crystallized at
magmatic or near-magmatic temperatures.

The chemical compositions of the peabody and euincy amphibores
were controlled by at least two variables: composition of the parent
magma and oxygen fugacity. Composition favored a calcium_iron_

oxygen fugacity with decrease in temperature. Buma and others (lgzl)
have explained the Eu depletion in the euincy feldspar, as compared
to the Peabody feldspar, as the result of higher oxidizing conditions
in the Quincy, which prevented the acceptance of Eus* into the feld-
spar structure. Their conclusion about oxygen fugacity agrees with
that of the writer, which is based on amphibole and rock chemical
compositions.
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