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THE FRACTIONATION EFFECT OF KAERSUTITE
IN BASALTIC MAGMAS
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Université de Montréal

AmsTRACT

A banded alkali gabbro intrusion with layers alternately rich and poor in kaersutite
is to be found at Brossard, Montreal. This differentiated series has yielded fractionation
patterns in which P, Mn, Cu, Zn, Rb, Sr, Y, Th are strongly concentrated in the
residual magma, and Cr, Ni, and Mg in the phenocryst phase. K shows no correlation
with Rb and the ratio K/Rb ranges from about 380 in the probable parental rock to
1230 in the crystal concentrate. The remaining elements, Co, Al, Si, K, Ti, Fe2*, Ca
are distributed approximately equally between phenocryst and liquid.

INTRODUCTION

Recent work on suites of lavas from oceanic islands carried out in this
laboratory has confirmed that the range of composition of primary basaltic
magmas is relatively limited. Fractionation of low pressure, high tempera-
ture mineral phases under near-surface conditions frequently greatly
extends the compositional variation of the primary basalts or basanites.

Under conditions of apparently only slightly differing Pu,o, or P (total)
rather similar magmas may have a spinel, olivine, plagioclase or clino-
pyroxene as the primary phase appearing on the liquidus producing
quite dissimilar fractionation trends. Nevertheless, study of the trace
element fractionation patterns of olivine, clinopyroxene and plagioclase
yields patterns so distinctive that it is possible to suggest a given magma
is the residual product of, for example, olivine fractionation even though
no olivine cumulate rocks are present.

Following on previous studies which showed some of the trace element
patterns and distribution coefficients developed during fractionation subject
to plagioclase control (Gunn & Watkins 1969), olivine control (Gunn
1971), ankaramitic (Op + Cpx) control (Gunn et al. 1970), and in
partial melt series (Gunn & Mooser 1971), the present paper deals with
the effects of fractionation by kaersutitic hornblende.
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GEOLOGICAL, BACKGROUND

The Monteregian Province (Adams 1903) consists of a series of 14
principal alkaline intrusive (probably subvolcanic) complexes of Early
Cretaceous age distributed linearly across southern Quebec. Each of the
main centres is a complex of roughly elliptical intrusions, often concen-
trically arranged, with the main rock-types ranging from an olivine-
kaersutite-pyroxenite (montrealite) to nepheline gabbro, yamaskite, lam-
prophyre, monzonite, syenite, nordmarkite, pulaskite, etc.

East of the Mount Royal complex at Brossard, excavation for the
St. Lawrence seaway has exposed a body of banded kaersutite-bearing
rock, possibly a buried extension of Mt. Royal, possibly a separate stock.
It is at least a mile across and is similar in composition to the camptonite
dikes of Mt. Royal. However, it should be noted that these are not true
camptonites (which are accumulative in texture), but are rather olivine-
free nepheline basalts which, crystallising under the conditions of high
P, o common to all Monteregian magmas, have crystallised an amphibole
as the primary ferromagnesian phase. Philpotts (1970) has presented
geophysical evidence for the existence of a similar buried stock of Monte-
regian rock in the Port of Montreal some miles to the east.

PeTROGRAPHY

The rock is banded in layers up to 8 in. across. Samples are available
only from excavated blocks due to flooding of the seaway, but banding
in the Monteregian intrusions is commonly (but not always) vertical or
nearly so. The layering is of an unusual type in that it consists of a
wide range in proportion of coarse (1 cm) kaersutite phenocrysts and
microcrystalline groundmass. Many hundreds of tons of excavated blocks
all show continuous alternating rhythmic banding of this type, the “base”
of bands having as high as 60% phenocrysts decreasing to as little as
5%, at the “top”.

The phenocrysts are euhedral with X = pale yellow ; Y = light brown ;
Z = reddish brown ; ZAc = 12°; 2Va = 60° (uncorrected).

Multiple electron probe analysis of grains show them to be highly
homogeneous with the exception of a little iron enrichment at the extreme
crystal margins (table 1), Rare grains of serpentinised olivine and diopsidic
augite are the only other macroscopic phases. The groundmass is micro-
crystalline, often of the appearance of devitrified glass, but includes
plentiful titanomagnetite, ragged kaersutite and clinopyroxene, rare red
biotite, possible feldspar, and nepheline. The mafic nature of the ground-
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mass is similar to that of nephelinites and limburgites associated with
alkaline oceanic islands.

Some of the rock blocks contain plentiful lem ocelli of zeolite. Powder
diffraction patterns have confirmed the presence of analcime and dolomite.

Chemical methods

Whole rock analyses were made at about 2 in. intervals across a
single rhythmic unit with compositions ranging from less than 5% kaer-
sutite to more than 609 (Table 2). Mineral separates estimated at 97%
purity were made by repeated passes through a magnetic separator. Further
hand-picking under a binocular microscope removed grains with included
foreign material but did not appreciably improve results. (Table 1).

Major and trace element determinations were made by x-ray fluores-
cence with the exception of sodium (done by atomic absorption) and
P (colorimetry). The precision of replicate determinations varies from
+ 03% SiO,, to + .002% MnO, = 5 ppm Cr, + 2.0 ppm Th, Pb, and
+ 0.8 ppm Rb. All matrix corrections, correlation coeflicients and data
plotting are accomplished by computer.

Resvrts
Amphiboles are “carpet bag” minerals in that, for the major com-

ponents the weight concentration of the oxides is little different from the

TasLE 1. MicroProBE ANALYSIS OF KAERSUTITE, BROssaRD SEAWAY

SiO, 416 (41.4-41.7)
ALO, 13.6 (13.4-14.0)
TiO, 38 ( 3.7- 40)
FeO 9.2 ( 85-10.3)
MgO 155 (15.2-16.0)
Ca0 115 (10.6-12.5)
Na,0O 28 ( 25- 8.1)
KoO 19 ( 16-22)
MnO 0.1
P,05 0.0

100.0

Average of 20 random points in phenocryst kaersutite, Maximum range encountered
is given with the high FeQO, low MgQO points being located on extreme crystal margins.
These margins show no significant differences when compared with groundmass kaer-
sutite,

Total iron is given as FeQ.
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rock in which they occur, that is, the distribution coefficients are close
to unity. Amphiboles from undersaturated or oversaturated magmas are
usually themselves under or oversaturated, and the norms of the Brossard
kaersutites show a marked degree of undersaturation.

Kaersutites analysed from yamaskite, gabbro and essexite at Mt.
Yamaska, another of the Monteregian Hills, are considerably less mag-
nesian and rather richer in TiO, compared with the Brossard amphibole
(Gandhi 1970) ; while those of Mt. Shefford are similar in most com-
ponents but have only half the K,O (Frisch 1970). Xenolithic kaersutites
from the Canary Is. are again rather less magnesian and of lower KO
content, (Borley et al. 1971) as are kaersutites of Japan (Aoki 1970).

The matrix of the Brossard rocks is similar in composition to the aphyric
“camptonite” dikes of the Mt. Royal complex. This coupled with the lack

Fe,0, + FeO

Na,0 + K,O MgO

BROSSARD KAERSUTITE SERIES

Fic. 1. EM.A. diagram of Brossard series, Note the characteristic slope of the points
which project towards the MgQO-alkalies axis,
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of zoning in the crystals shown by microprobe scans and the small magni-
tude of the difference in composition of both phenocryst and groundmass
kaersutite shown by the same method, suggests that a rock with less than
10% phenocryst kaersutite represents the parental liquid. From this we
can make some estimates of the distribution coefficients for a range of
elements,
The elements analysed can be grouped into :
(a) Active elements, which enter the phenocryst phase in greater pro-
portion than that in the liquid, i.e. those with distribution coeffi-
cients k> > 1;

(b) Passive clements with distribution coefficients k ~ 1 ;

(c) Residual elements markedly discriminated against by the pheno-
cryst phase, with k < < 1.

The high Na and K contents of the kaersutite yield a distinctive F.M.A.
diagram (Fig. 1).

The distribution coefficients for a number of elements are given in
Table 3. The higher values, e.g. for Cr and Ni are subject to some un-
certainty due to uncertainty as to the exact composition of the initial
liquid.

The series described here have characteristics which may enable
kaersutite control to be recognized even in residual magmas :

(a) the marked enrichment of Rb relative to K in the residual liquids

distinguishes the series from other series controlled by olivine +

Tasre 3. Distrisution Coerricients (KaersumiTE/LiQUuin) For THE BRrossArp SERies.
Significant distribution coefficients for olivine for the 1959 Kilauea Iki series have been
added in parentheses.

A B C
Active Elements Passive Elements Residual Elements
Cr =560 Co 1.1 3.0) Sr 0.5
Ni =340 (10.0) Al 1.08 Mn 05 (1.0)
Mg= 18 (45) Si 1.0 Zn 0.43 ( 95)
K 1.0 Y 043
Ti 0.95 Fes+ 0.36
Fes+ 0.94 Rb 0.3
Ca 0.90 Cu 0.16
P 0.80
Ga 0.65
MFest 07 (L.1) Th, < .1
Na 0.6

Ba 0.6
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BROSSARD KAERSUTITE SERIES

Fic. 2. Distribution of Cr, Ni, MgO, FeO, Y, Zn, TiO; MnO wvs. MgO for the
Brossard Series. Points on the extreme right are of pure kaersutite, Co (not shown) is
present in almost constant amount at 63 = 5 ppm.
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spinel or Ol + Cpx + Sp fractionation. The constant K content
(distribution coeflicient & = 1.0) contrasts strongly with plagioclase-
controlled series where k may be lower than 0.1 (Gunn & Watkins
1970).

(b) the slope of the Cr vs. Mg distribution is only half that of alkali
basalts subject to ankaramitic (Ol + Cpx -+ Sp) control as seen
in the Crozet Is. (Gunn et al. 1970) and in the Cape Verde and
Azores Is. (unpublished data) and in oceanite series. Thus at an
MgO content of 15% we have a Mg/Cr of 250 compared with 170
for typical ankaramitic series (Gunn et al. 1970) and 113 for olivine
controlled series (Guan 1971). Similarly the Mg/Ni = 470 com-
pared with 210 and 160 at the same MgO content. The Ni content
is however somewhat lower throughout than many other series

(c) the large number of distribution coefficients with values near unity,
e.g. for Al, Si, Ti, Ca, as well as K, are all specific.
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@90—~cMnO -0O—0-0-0
15.0
@_A_AL—A————A‘A~M’A
S oo
XX ©
© ES o 4n a el
L?_’ S E h (u] DWD-E:E
W22 9 P
. PR
oo -
O = -~
§ = Cco /// -7
ﬁ d 6.0 o8 //
& (APt -
// ///
-~ . g
3.0 W~
-
-
-
P
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PERCENT MgO
1959, KILAUEA IKI SERIES

Fre. 3. Distribution of ferromagnesian elements in an olivine controlled series
(1959 Kilauea Iki lavas), mean slopss of Cr and Ni added from separate diagram ;
data from Gunn (1971). Compare with figure 2,
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(d) Manganese and ferrous iron show unusually strong relative fraction-
ation with FeO/MnO ranging from 31 to 77. Gallium is also
somewhat enriched in the residual liquid relative to Al as in Zn
relative to Fe, Ferric iron is also strongly residual unlike Fe®*.

Philpotts & Schnetzler (1970) found kaersutite/matrix distribution
coefficients of 0.43 for Rb, 0.55 for Sr and 0.42 for Ba for a Mount Royal
camptonite, This rock had a K/Rb of 325 in the matrix and 1060 in the
kaersutite, while the Brossard rock had K/Rb of about 380 in the probable
parental rock and 1230 in the amphibole. Such high K/Rb ratios appear
typical of all hornblendes (Hart & Aldrich 1967 ; Griffin et al. 1967). Of
33 amphiboles listed by the former writers from a wide range of rock

20 1 [ L L 1 1 L 1 1

% or p.p.m.

% MgO
BROSSARD KAERSUTITE SERIES

Fie. 4. Distribution of Ga, Al,Os, Cu, Sr, Ba, Rb, Na,0, Ko0, Th, P;O5 with
MgO in the Brossard series. Note curvature of trends of K and Rb suggesting some loss
of these elements from the system.
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types, only 7 have K/Rb less than 500 and these amphiboles are mainly
from granites and pegmatites.

SuMMARY

The residual liquid of an alkali-basalt magma fractionated by kaersutite
removal would be somewhat impoverished in Cr, Ni and Mg, and would
be enriched in Th, Rb, P, Cu and to a lesser degree, in Zn, Y, Mn, Sr,
Ba, Na, ZFe?** and Ga. Certain hornblende pegmatites occurring within
the ultrabasic kaersutite-bearing olivine pyroxinites of Mount Royal have
the appropriate compositions.

The Rb, Sr, P, etc. enrichment is of interest when considering the
genesis of syenites and trachytes, but kaersutite crystallisation must be
accompanied by pyroxene to accomplish the necessary iron, magnesium
and calcium removal. In the alkali-gabbro suites of Mt. Royal and of
Tahiti (McBirney & Aoki 1970), trachytes and syenite occur in close asso-
ciation with ultramafic masses, plainly accumulative in origin, of just such
pyroxene-kaersutite rocks. Removal of typical pyroxene-kaersutite “Mont-

realite” from an alkali gabbro magma yields a monzonite-syenite residual
series (Woussen 1970).
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