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Ansrnecr

The chemical characteristics of amphiboles in
metasomatio alkaline gneisses of several lithological
varieties have been $udied utilizing fifteen new
amphibole analyses All can be classed as lrasting-
sites, magnesian hastingsites, and sub-silicic.magne-
siaa hastinpites, and have Si contents ranging from
5.11 to 6.11 atoms in rhe half-unit cell. These fall
amongst the most silica-poor amphiboles record. ed
in bake's (1968) compilation. Progressive changes
in composition relate directly to intensity of nephe-
linization in tle individual rock layers and provide
a useful index to this phenomenon evetr in tle ab-
sence of nopheline. A pre-metasomatic tscherma-
kitio hornblende to pargasitic hornblende compos!
tion is indicated for most of ttre amphiboles.

RfsrrM€

Irs caractdristiques chimiquos d'amphiboles dans
des gneiss m&asomatiques alkalines de plusieurs
vari6t6s litlologiques ont 6t6 6tudi6es i l'aide de
quinzo nouvelles analyses amphiboliques. Elles
peuvent toutos 6tre class6es comme hastingsites,
hastingsites magn6siennes et hastingsite$ magn€-
sietrnes sous-siliciques et elles contiennent du Si
variant de 5.27 i 6.11 atomes dans une demi-maille
6l6mentaire. Oelles-ci se retrouvent patmi les am-
phiboles les plus pauvres en silice enregistr6es dans
la compilation de Irake (1968). Des changements
progressifs dans la composition sont reli6s directe-
ment I I'intensit6 de la n6ph6linisatlon dam les
couches rocheuses individuelles et fournisseut ainsi
un index utile i ce ph6nomlne m8me en labsence
do n6ph6line. De ltornblende tscherrrakitlque pr6-
m6tasomatique i l'hornblende pargasitique, la com-
position est indiqu6e pour la plupart des amphi-
boles.

Clraduit par le journal)

INrnopucrtox

Tho classification of calciferous and subcal-
ciferous amphiboles has occupied mingmtsgists
for many years @illings 1928; Hallimond 1943:
Winchell 1945; Sund,ius 1946; Wilkinson 1961;
Phillips 1963; Leake 1968). A number of gen-
eral formulae have been ptoposed to repre-
sent the structural composition of the group,
of whiph the one proposed by Ernst (1968) viz.
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WwXIY&A.(OH,F), will be used in ttis pa-
per. fn this formula W=Na!,K; X=Ca,
Natto),, Mn; I - Mg, Fez+, Fe3+, Ald, Ti, Cr,
Li, Zn; Z : Si, Alt.

Anongst the iSsues which have arisen are
the extent to which Af" may substitute for Si in
the Z positions and the reason why the W+X-
group may appeal to total more than 3.0O.
Phillips (1963), for example, has suggested that
in a satisfactory amphibole analysis Si must
occupy not less than 5.94 of the 8.00 Z-sites in
the half-sell and the sum of the ZgX-group
must not be more than 3.03. Leake (1968), on
tho other hand, has shown that numerous mod-
ern amphibole analyses, some of which he con-
siden to be of "superior quality'', exceed Phil-
lips' limitations. kake accepts that Si may
range down to 5.27 and that Ca * Na * K
may sometimes oxceed the limitations of Z*
X-group occupancy.

Amphiboles from the alkaline gneisses of the
Wolfe Nepheline Belt, Lyndoch Township, Ren-
frew County, Ontario have been studied as
part of a wider investigation of the metasomatic
origin of these rocks. The fifteen analyses dis-
cussed in this account were previously published
in Leake's catalogue, though not described
until now. Their compositions are relevant to
the above problems and also provide other in-
sights into the origin of the rocks in which they
occur.

OccunnsNcn

The alkaline rocks of the Wolfe Belt con-
prise a goup of banded gneisses of unusually
sodic composition characterized by the oc-
cturence of nepheline and malic minerals wit}
abnormally high Na contents. The stratigraphy,
petrography, m.ineral paragenesis, s8uctures
and textures of the rocks have been described
previously (Appleyard 1967, 1969). The rocke
may be divided into two maln units, (1) a
lower unit of leucocratic feldspathic gneisses,
generally nepheline.bearing, up to 350 fet
tiick and more than 4 miles in length in which
are intercalated horizons of amphibolite, crys-
talline limestone and quartzite, and (2) an
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upper unit of calc-silicate gneisses, 230 feet
thick, with enclosed layers of metamorphic
pyroxenite and "iron-formationoo. The whole
sequenco is charactsrized by regular litholo-
gical layering which has been interpreted
(Appleyard 1967, 1969) as being of supra-
crustal origin. The rocks were nephelinized
(Gummer & Burr 7943, L946; Baragar 1953;
Tilley 1958; Gittins 1961) during the Grenville
orog€ny. The evidence for the timing of this
event relative to other events during this oro-
geny is stated in Appleyard '(L969).

Amphiboles were analyzed from the leuco-
cratic feldspathic alkaline gneiss, amphibolite,
calc-silicate and "iron-formation" lithologies.
In several places series of specimens were
collected along tle strike of individual layers
in order that a uniform initial composition of
tle specimens might be assumed and the me-
tasomatic effects thereby determined. Am, phi-
boles from such suites show progressive com-
positional changes reflecting the variable in-
tensity of nephelinization which can be used
to indicate their pre-metasomatic composition.

Arter-vrrc,lr, Msrgops

Ths rocks from which the amphiboles were
separated c-onsist of medium-grained gneisses
crystallized under upper-amphibolite facies
conditions. The amphiboles are unaltered and
usually free of inclusions. In some specimens
of the calc-silicate gneisses, amphibole occurs
as rims and patches around clinopyroxene as
well as in separate grains. Special care was
taken with such specimens to avoid mixed
grains in the concentrate. The concentrates
were prepared in two stages, (1) an initial
concentration in an isodynamic magnetic
separator, followed by (2) repeated centrifug-
ing in Clerici solution. This procedure allowed
consentrates to be prepared which are believed
to contain less than 2 per cent impurities on
the basis of optical examination. The impur-
ities observed were principally clinopyroxene
in mixed grains. Three to five grams of con-
centrate of each sample were prepared so
that the standard amounts required by the
analytical methods did not have to be reduced.

Standard gravimetric analytical methods
were used for SiOr, A1rOr, CaO, MgO and
IIzO. TiOb MnO and PaOe lrere determined
colourimetrically and NazO and KzO by flame
emission photometry. Fe was reduced by pass-
ing the solution through an Ag redtrction col-
umn followed by titration with ceric sulphate
to determine Febd. FeO was determined on
a separate sample by the ammonium vanadate'

ferrous ammonium sulphate method. F was
determined volumetrically by tifation with
standard thorium nitrate solution. Amphibole
proved to be refractory to the normal diges'
+ls1 leshnique, i.e. boiling perchloric acid, so
Willard's method (1933, p. 9) of preliminary
digestion of the sample rpas used. This yielded
consistent results for F on duplicate deter-
minations, but the acsuracy of the technique
was not checked against natural mineral
standards.

The trase-element determinations were
carried out by R. Allen, Department of Min'
eralogy and Petrology, University of Cam-
bridge, using the optical spectrograph'ic tech-
nique essentially as described in Nockolds &
Allen (1953).
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Frc. 1. Classification of tbe Wolfe Belt amphiboles
follorring kake's (1968) system of nomencla-
ture. Sym.bols are: open circles - amphiboles
from leucocratic alkaline gneisses, X - from
nephelinized amphibolite, triangles - from calc-
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CouposmoN AND CIAssIrIcArroN

The fifteen amphiboles analyznd in this
shrdy are listed in Table l. The half-cell con-
tents are given on the basis of 24(O,OH,D ra-
tler than 23(O) because of Borg's (1967) crJ'-
tisism of tle latter procedure. Irake's termino-
logy has been adopted for the samples. The
basic terminology is displayed in Figne 1
and tle following additional prefixes are used
uftere applicable:

subcalcic: Ca less than 1.50
sodic: Na 1.@ and above

alu.mino: A1'r 1.00 and above
titaniferous: Ti O.25 and above

potassic: K 0.50 and above
subsilicic: Si less than 5.75

The amphiboles from the leucocratic alkaline
gneisses classify as hastingsites; the original
"hastingsite" described by Adams & Harrington
(1896) was obtained from similar rocks in Dun-
gannon Township and plots close to the Wolfe
Belt hastingsites (Si = 5.75, mg : 0.07). The
calc-silicate gneisses are characterized by mag-
nesian hastingsites, including two that are sub-
silicis. The nost extreme case of subsilisic
character is found in the magnesian hastingsite
of the so-called "iron-formation". The most
siliceous amphibole amongst those analyzed oe-
curred in the amphibolite unit.

The occurrence of W*X-group cell contents
greater than 3.00 and Y-group cell contents
greater than 5.00 are often considered to be
due to analytical error. Phillips (1963) sug-
gested that the sum of the ZfX-group must
1ie between 1.98 and 3,03 and the sum of the
Y-group between 4.95 and 5.05 but Leake
(1968) broadened these limia to 1.75-3.05 for
the W*X-ryoup and 4.75-5.25 for the Y-group.
The most likely sources of error are discussed
by Leake (1968).

If one distributes Ca, Na and K into the
WIX-group and Ald, Ti, Fe8+, Fe'+, Mn and
Mg into the Y-group, then the analyses in
this study bave lA*X-group cell contents be-
tween 2.99 and 3.15 and Y-group cell contents
between 4.84 and 5.14. The Y-group total
must contain the cumulative error of deter-
minations of both l-group and Z-grotp
elements since the Z-grow is arbitrarily
fixed at 8.00 atoms. Ilowevel, many of the
errors within this group normally compensate
one anotler in the total, so only when a sub-
stantial proportion of the errors are positive or
negative will the Y-group total be abnormally
high or low, respectively. One would expect that
analyses by different techniques would have
different patterns of errors, but this is not

apparent from compilations of data. A further
scrutiny of these relationships seems in order.

The major consistent errors affecting X- and
f-group totals are probably those in the OII' F
and Cl group. Due to the requirements of the
cell-content calculations, analyses with less than
2.00 atoms of OII, F and Cl, ufiether by real or
by by analytical deviations, will yield cell contents
with high ll*X and' Y-group totals. The error
will be distributed proporti,onally between the
groups in the ratio: error in W+X/ error in Y
- 2-3/13. These errors will b€ positively cor-
relaGd. The W*X- and Y-group totals of the
Wolfe amphibole analyses are plotted in Fig-
we 2. Line A-B gives the theoretical limit to
the field of amphibole analyses whose only
errors lie in their volatile determinations. The
Wolfe analysqs fall predominantly outside this
field. The points are scattered but there ap-
peaxs to be a tendency for high Z+X-goup
totals to be associated with low Y-group totals.
ff so, an effect having a negative correlatiou
between the W*X- and Y-gpups may be supel-
imposed on the sum of the effects of the vola-
tile error and the real analytical and concen-
trate errors. Pbillips (1963) suggested that in-
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v€rsely-correlated errors in these gxoups may
result from compensating errors in Ca and Mg
determinations by gravimetric analysis due to
the sinilar chemical behaviour of these ele-
ments. On the other hand, Binns (1965) and
Leake (1968) suggested that Ca may enter sites
normally occupied by l-group elements. Argu-
ments such as these have led some to augment
low Y-group totals up to the ideal 5.O0 atoms
with Ca from the llttlX-group.

Further ambiguity arises when the distribu-
tion of Na is considered. Na is accommodated
within the amphibole structure in two different
sites, the smaller 6-8-fo1d soordinated Ma sites
at the margins of adjacent, opposite-facing (Si,
Al)Oa chains, and larger 10-12-fold coordinated
./. site situated between the back-to-back dou-
ble chains. The actual distribution of Na be-
tween these two sites is unknown. Since the I
site may be unoccupied, the procedure has been
adopted to fill the Ma, site with 2.0O atoms be-
fore allocating the remainder to the A site.
Thus, in the present account the Ma site is

considered to contain (a) all the Ca present in
excess of that amount required to achieve full
occupancy of Z-sites, (b) divalent ions, pos-
sibly Fe+' and/or Mn, representing any excess
in the Y-group, and (c) sufficient Na to fill
the X-group to its capacity of 2.00 atoms. The.
Il-groap, comprising atoms in the L site, con-
tains all tle K present plus the excess Na left
after the X-group is allocated.

Covrrosrrrotel Vmrerroll Dr;nrNc
NrpHeLtNlzArroN

The abundance of nepheline, the sodic con-
tent of the rocks, and related paragenetic fea-
tures vary both along and across the strike of
individual layers. These effects were studied by
collecting suites of samples along and across
strike where primary rock compositions are as-
sumed constant. It is recognized that this as-
sumption is less tenable in the case of the suites
collected across strike, but such samples were
collected from apparently homogenous layers.

9 9
N ! i r l q + + :
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Frc. 3. Compositional variation of Wolfe amfhiboles relative to their Na contents. Open circles - speci-
Eetrs -1,2,3, and 4 collected over 780 fe,et (24A m) along strike of leucocratic alkaline gneisses; solid
triangles - specimem 7, 8, and 9 collected over 850 feet Q6O m) along strlke of calc-silicate gneiss,
specimen 10 collecte<l 7200 fer'| (2.2 lffi) along strike to rpest; solid circles - specimens 11 and 12
collected from t\ro similal gals-silicate layers s€parated by an 18-inch (45 cm) layer of leucocratic al-
kaline gneiss; open triangles - specimens tl and 14 collected I ferot (2.M -) ipu.t across strike of
a megascopically homogeneous calc-silicate layer.
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The longest strike length over ryhich samples
were collected is 840 feet, except in the case
of sample 10, which was collected from the
same layer as specim€ns 7, 8 and 9 bluf 7200
feet to the west. Assuming equilibrium and
ideal samplirtg, the amphiboles within each
suite should have had identical compositions
prior to ne,phelinization, the pr€sent variation in
composition being the effect of metasomatism.

As Na is the most characteristic element in-
troduc.ed, the amount of Na in the amphibole
half-unit cell can be ta,ken as an index of the
extent of metasomatism within each of the four
suites of amphiboles (Fig. 3). The patterns of
compositional change are generally consistent
regardless of the parent lithology. In general,
as Na increases, Fe+r, Si and F increase and
Ca, Fe+r, Alt" and Ald decrease. Tl decreases
very slightly and K is practically constant. Some
of the exceptions appear to correspond with
changes in paragenesis, e.g. F decreases in the
hastingsites from tb€ leucocratic alkaline
gneisses as F-rish biotite and fluorite appear in
tho mode. These irregularities, however, are not
thought to detract from the general validity of
the major trends. If one takes the suite of has-
tingsites from the leucocratic alkaline gneisses,
the changes in composition are as follows:

Si-poor in oomparison with most amphiboles,
it is unlikely that their pre-metasomatic ante'
cedents could have been even more Si-poor. It
seems reasonable then that the substitution
Na!d(4)Si't CaAfv has been neither the sole, nor
possibly even the principal, mechanism whereby
the amphiboles acquired their present composi-
tions. This point will be re+xamined in the next
section.

One of the most striking compositional
changes paralleling the increase of Nabd is an
increase in the iron oxidation ratios. This is
illustrated in Figure 4B. The only analyses that
depart significantly from a linear distribution
are the amphibole from the amphibolite m€mber
on the Wolfe Belt, and a l9th-century analysis
from Adams & Hanington (1896). The remain-
der of the analyses define a line with the equa-
tion:

Iron Oxidation Ratio - 5.72 * 21.2 Na
(linear regression equation, varian@ F = 169.7).
On further inspection, this general relationship
seems to be the result of two simultaneous sub-
stitutions, both of which require the conversion
of Fe'+ to Fe+3, viz Nat(a)Fe+e -+ caFe+s and
Mg, Mn) Fe+8 + AldFe+2. Figure 4C indicates
that Fe+s is partly balanced by Na in Me. lf.
this were the only substitution responsible for
Fe+u ln the structure, then the points would be
on tho diagonal. However, they lie consistently
above the line, indicating that an appreciable
amotrnt of Fe+8 enters the amphibole by another
substitution. If Fe+3 + AP is responsible, there
should be a nogative correlation between Ald
and the amount of Fe+e in excess of that re-
quired for NaM(4lFe+3 + CaFe+'. This is con'
firmed in Fieure 4D. Only pait ll'12 does not
conform to this relationship; the pair was col-
lected across the strike of the layered unit and
mav not have been derived from antecedents
witir identical Fe+s contents.

Tho trace-element values possess considerable
scatter and rarely show a linear relationship to
variations in Na. In the hastingsites from the
leucocratic alkaline gneiss Rb, Li and Zr seem
to increase, Sr seems to decrease, and Ga and
Ba are unchanged or too.variable to display a
trend. In the magnesian hastingsites frorn the
calc-silicate gneisses Cr, V and Zr seem to in-
crease, Sr, Ba and Rb seem to decrease, and Li,
Ga Co and Ni are uncertain.

DEnrv^lnoN oF TI{E ArrrPrrrnolns

The gneisses from which these amphiboles
are derived are believed on geological grounds
describ€d previously (Appleyard 1963, 1967,
1969, 1974; Appleyard & Stott 1975) to have

Su,btractions
0.14 Alh
0.13 Al"t
0.46 Fe+s
O.49 Ca
0.04 Ti

These changes can be distributed amonqst
certain idealized substitutions in the amphibole
structure. Thit is a subjective procedure as
actual site occupancies are unknown, but it
appearu that the most important substitutions
may bo NaM(4)Si -t CaAlr" (0.14 atoms), NaM(4)
Fs+8 + CaFe+2 (0.35 atoms), and (Mg, Mn)
Fe+r + AlvrFe+s (O.12 atomg. Other substitu-
tions are required to adjust Ti and the re-
mnindsl of the Mn.

The substitution of Na for Ca in the Me site
proceeds concomitantly with the substitution of
Si for Af'. The required negative correlation
between NaK4) and Af is illus&ated in Figurc
44. All groups of analyses seem to show this
relationship although the group of four amphi-
boles from calc-silicate gneisses plot in a very
irregular fashion. Other simultaneous substitu-
tions affect Naff(4) and possibly also Af' so the
slopes of the tielines will not necessarily be
identical nor conform to a 1 to 1 ratio. This
substitution has the surprising effect of increas-
ing both Na and Si contents of the cells. Since
the Wolfe amphiboles are already extremely

Additions
0.14 Si
0.47 Fe+8
0.04 Mg
,0.12 Mn
0.50 Na



TIIE CANADIAN MINERALOGIST

.9
(u(r
c
.9
(g
E
xo

ct+
o
tL

6 D

\  r t s
\

.o.lq.)\t.^. ^,o

br \  \ \_ 
,o\Lri,

' (

t2

o.1 0.6 0.8 l.o
Alvr in half-unit cell

Frc. 4. Some compositional relationships in the Wolfe amphiboles. (A) relationship between Na ta the
M(4) sits and tetrahedrally coordinated Al. Nau(4) calculated as described in text; (B) relationsbip
between the total Na content of amphiboles from eastertr Ontario alkaline gneisses and their oxidation
ratios. Oxidation Ratio = mol. prop.2FegOgX100/2FezOgfFeO. Wolfe amphibole sym.bols as in
Figurc 1. I-numbers re{er to amphiboles ru Leako's (1968) catalogue; (C) relationshif betweeu Na
in the Mn site and ferric iron showing positive correlation paralleling 1:1 ratio; (D) reladonship
between octahedrally coordinated Al and Fe+8 in excess of that required for the substitution NaM(i)
Fe+s-t CaFe+!.

I
(e
+
'E
oooox
- .10

A05
l*-__

\ -

3

,(6

o.r 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Na in Mr per half -unit cell

,,/
A c

/ " o
/

ch
t '
I
02

l 1 5

o.r o.2 0.3 0.4 0.5 0.6 0.7 0.8

Na in M.l per half -unit cell



SILICA.POOR HASTINGSITIC AMPHIBOLES FROM METASOMATIC ALKALINE GNEISSES 349

comprised several types of metasediments sub-
sgquently affected by an episode of plutonic
sodium metasomatism. The probable parent
lithologies include quartzo-feldspathic para-
gneisses or leptites, non-alkaline calc-silicate
gneisses, amphibolites, and metamorphic py-
roxenites, all of which are common leithin the
samo stratigraphic interval throughout the area.
Evidence from other parts of the Haliburton-
Renfrew Alkaline Gneiss Belt (S. L. Mitchell,
pers. comm.) demonstrates that the parent
gneisses had amphibolite-facies metamorphic
parageneses before the emplacement of thc
igneous alkaline rocks which provided the
source of the metasomatising fluids (Appleyard
1969, 1974). The Wolfe Belt amphiboles thus

6.6

6.4

6.2

6.0

Si

s.8

5.6

5.1

5-2

have evolved compositionally from "notmal"
amphiboles of the antecedent gleisses. The pre-
sent paragenetic assemblage appears to have
equilibrated (Appleyard 1963) during the peak
of metamorphic conditions which occurred
some time subsequent to the emplacement of
the alkaline rocks. The evolution of the amphi-
boles was therefore influenced both by meta-
morphic and metasomatic factors. Ilowever, an
approximation of the net metasomatic effect
can be obtained through a comparison of the
present compositions of the Wolfe amphiboles
with those of amphiboles from similar ante-
cedent lithologies with a similar metamorphic
history.

Figure 5 is a synoptic diagram which attempts

tons in W+X group per half-unit cell
Frc. 5. Synoptic diagram illustrating the possible derivation of Wolfe amphiboles from pre-nepheliniza-

tion antecedents, Terminology according to Leako's (1968) nomenclature. Symbols of Wolfe amphi'
boles as in Figure 1. other symbols: closed circles-amphiboles from other arkaline gneisses in ea$t-
ern Ontario; open triangles-amphiboles from Grenville carbonate-rich metasediments; open sqnar€s
-amphiboles from Grenville quartzo-feldspathic and feldspathic paragneisses and leptites; -crosses-
amphiboles from Grenville amphibolites lncluding para-amphibolites and hornblende-scapolite rocks.
Trends of substitution formulae as follows: I-edenito substitution, NaaAlrv + Si; trpargasite sub'
stitution, Naa2AlbAld -+ R+22Si; flItschermakite substitution AlvrAltv -+ R+2Si; fvrichterite substi'
tution, NaeNaM<ar -+ Ca; V-Wolfe substifution, Nar4({)Si -+ CaAlt".
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to make this comparison by relating the W*X-
group totals to the amount of Si in the Z-group.
These factors were chosen since Na{a and Si-
Alt' involvements both seem to be dominant
features in the substitutional patls. The Wolfe
amphiboles and others fro'm nepheline gneisses
in the Haliburton-Renfrew r{lkeline Gneiss Belt
are characteristically poor in Si (generally less
than 6.0 atoms) and tend to have brgh W+X-
group totals (generally greater than 3.0 atoms).
Amphiboles from Grenvills amFhibolites, in-
cluding some para-amphibolites and calc-sili-
cate gneisses, quartzo-feldspathic gneisses, and
carbonate-rich rocks are plotted for comparison"
The pargasitic hornblendes of the carbonate-
rich rocks, although apparently only requiring
desilication to yield the Wolfe hastingsites, dif-
fer from them in ways not illustrated on this
diagram. Similarty, field relationships demon-
strate without doubt that the nepheline gneisses
were not developed from rocks of this type
(Appleyard L967), so this source is not con-
sidered likely. The geological relationships seem
to dictate that tschermakitic and ferroan par-
gasitic hornblendes constitute the rnost likely
precurson of the Wolfe hastingsites; such com-
positions characterize the amphibolite, calc-
silicate, and quartzo-feldspathic gneisses of the
area.

Sundius (1946) recognized a nurnber of
standard types of substitutions in the hornblende
group, four of which produce effects that can
be portrayed on Figure 5. Using the notation
adopted in this account, these are as follows:
the edenite substitution, NaAAlb + Si (trend I);
tlto pargasite substitution, Naa2Alt"Alil ->
R+'92si (trend ID; the tschermakite substitu-
tion, Alt"Al"t + R+2Si (trend III); and the
richterite substitution, Na!Naid(4) -+ Ca (trend
Iy). A further substitution not recognized by
Sundius, Nau(4)Si + CaAf" (trend V) has been
demonstrated in the Wolfe amphiboles. Since
this substitution does not operate in the deri-
vation of end-member compositions from the
basic tremolite structure, it is not a .,standard
formula" in Sundius: nomenclature. For this
account it will be termed the 'Volfe substitu-
tion".

As noted previously, the Wolfe amphiboles
are believed to represent arrested stages in the
progressive nephelinization of the gneisses, and
by their sequential changes indicate the trends
by which they responded to this process. To
derive the Wolfe amphiboles from the tscher-
makites, tschermakitic hornblendes and parga-
sitic hornblendes of the Grenville gneisses re-
quires desilicating and alkali-enriching substitu-
tiods. During this early stage of metasomatism,

it appears that the edenite and pargasite substi-
tutions, possibly combined with the tscherma-
kite and richterite substitutions, were principally
responsi,ble for the compositional change. The
first two of these involve addition of Na to the
vacant site which would eventually become
filled and these substitutions would cease. In
the later stages, the Wolfe substitution devel-
oped with its Si-enriching trend. Minimum Si-
values are thus to be expected in cells in which
the Z{X-group is close to 3.00 atorns.

Of particular interest is the unusual subsilicic
titaniferous magnesian hastingsite (analysis 15)
from the so-called Wolfe Belt "iron.formation"
(Appleyard 1967). This is au enigmatic banded
unit enriched in titaniferous magnetite (14-2O7o)
and apatite (9-ltVo).It has skarn-like affinities
and in that respect is similar to a rock yielding
a ferro-tschermakite a.mFhibole analyzed by
Gittins (1961). Both these compositions may
have evolved from more Na-poor tschermakites
through the edenite and pargasite substitutions.
Similarly, the sodic magnesian hastingsite of the
nephelinized amphibolite of the Wolfe Belt
(analysis 6) can be derived from the more Si-
rich ferroan pargasitic hornblendes of the nor-
mal amphibolites.

CoNcrusloNs

Tho silica-poor hastingsites and magnesian
hastingsites from the nephelinized supracrustal
rocks of the Wolfe Belt evolved from the nor-
mal tschermakitic hornblendes, pargasitic horn-
blendes, and tschermakites of the Grenville Su-
p€rgxoup. The primary amphiboles seem to have
accepted Na and suffered simultaneous desilica-
tion, initially by the edenite and pargasite sub-
stitutions. When the vacant space (l-site) be-
came filled. additional Na was taken into the
structure by the substitution N&M(4)Si + CaAlt'.
This reversed the desilication trend, resulting in
the negative correlation between NaM(a) and
Al'" displayed by the suites of amphiboles de-
scribed in this study. Such a changing balance
of substitutions would result in minimum Si
contents as the WIX-group total approached
3.00 atoms. The subsilicic magnesian hasting-
sites (analyses 11, 12 and 15) may have evolved
from Na- and Si-poor tschermakites or tscher-
makitic hornblendes.

A final word of caution is warranted. Specu-
lations such as these are extremely susceptible
to error either in the analyses themselves or
in the initial sampling and sample preparation.
They rest also on the validity of the arbitrary
technique of distributing atoms within the
structural formula. Relativelv small errors in



SILICA.POOB. HASTINGSITIC AMPI{IBOLES FROM METASOMATIC ALKALINE GNEISSES 35I

Ca:Mg, Fe*2:Fe+u, and volatile determinations
can have significant effects on the distributions
discussed in this paper. The analyses in this
paper ax€ presumably not perfect in this regard,
but as a goup they betray consistent internal
relationships as well as gxoup similarities with
other amphiboles from similar sour@s, factors
which appear to the author to be more likely
real than accidental. In addition, the major-
element values of the most extreme analysis (no.
15) were checked by a second analyst and con-
firmed. It is unfortunate that the large number
of microprobe analyses of amphiboles from
similar rocks in the area are not adequate for
use in such studies because of their deficiencies
in iron oxidation state and volatile determina-
tion.
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