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SOME ASPECTS OF THE CALCIFEROUS AMPHIBOLES,
OXYHORNBLENDE, KAERSUTITE AND

BARKEVIKITE
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ABSTRACT

The brown calci{erous amphiboles oxyhornblende, kaersutite and barkevikite have been

examined briefly in terms of their chemistry, optical properties and mode of occurrence.

The titaniferous amphibole kaersutite, generally considered to be a variety of oxyhorn-

blende, often has low Fe:Oa/FeO ratios and is therefore distinct from the latter mineral.

Kaersutite and barkevikite compositions are dominated respectively by the end-member

series pargasite-ferropargasite.

Optical properties of brown amphiboles assigned to the three species show considerable

overlap. Birefringences greater than 0.04O chatacterize true oxyhornblendes.

Kaersutite and barkevikite are the brown calciferous amphiboles typically encountered

in undersaturated alkaline rocks, barkevikite possessing higher Fer+/Mg ratios than kaer-

sutite, and Mg(2 atoms. Kaersutite occurs most commonly in analcite-bearing rocks of

wide compositional range, and in nepheline-bearing basic rocks. on the other hand, bar-

kevikite is more characteristic of the nepheline-syenites, and is an iron-enriched amphibole

developed as a consequence of relatively less hydrous conditions resulting in increased

Fe2+/Mg ratios in the magma.

IurnooucrroN

Questions of nomenclature of oxyhornblende* kaersutite and barkev-

ikite reflect one of the many problems arising from extensive ionic sub-

stitution in the calcium-sodium amphibole group. Apart from the prob-

lem of identification by optics, actual measurements of optical proper-

ties of the three minerals in question are rendered more difficult by their

strong brown or reddish-brown absorption colours' And, as emphasized

by Boyd (1955), the ways in which the composition of a particular

amphibole reflects the chemical and physical environment in rvhich it

formed, as yet are not clearly understood.

Amphiboles referred to oxyhornblende, kaersutite and barkevikite

havc been described from a wide range of igneous rocks. Generally these

minerals have been most frequently recognized iL alkaline undersatu-

rated types, particularly kaersutite and barkevikite. One feature of their

chemistry, namely frequent enrichment in TiOz, recalls a similar feature

of clinopyroxenes of alkali olivine-basalt magma (Wilkinson, 1956,

Table 2). In these minerals, TiOz contents oI 2-4 per cent are not un-

common.
Basaltic hornblende, oxyhornblende (Winchell, 1932, p. 473) and

+ Throughout this paper the term oxyhornblende is used in preference to the synony-

mous terms basaltic hornblende and lamprobolite.
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Iamprobolite (Rogers, 1940) are synonymous terms to cover the dark

brown amphibole with high ferric iron content, high indices of refraction

and rather strong to extreme birefringence. A small extinction angle also

has been cited as a diagnostic optical property. Both Winchell and

Rogers have pointed out the unsatisfactory usage of the term basaltic

hornblende to cover an amphibole with these properties, as this mineral

is by no means confined to basalts.
The term kaersutite was proposed by Lorenzen (1884) for a highly

titaniferous amphibole occurring in feldspathic veins and dikes cutting

the picrite at Kaersut, Greenland. Lorenzen's original material was sub-

seqrrently re-examined by Washington and Wright (1908). The term

kaersutite has carried various connotations, e.g. a highly titaniferous oxy-

hornblende (Washington and Wright, 1908, p' 2I0; Benson, 1940' p.

285 ;Winche l l ,  1951 ,  p .437 ;  Ke r r ,  1959 ,  p .330 ) ;a ra re  va r i e t yo f  ba rke -

vikite (Yagi, 1953, p. 783) and a brown hornblende with abundance of

TiOr (Aoki, 1959, p. 278).
Barkevikite (Brcigger, 1890) has been variously defined in relation to

other amphiboles, e.g. as a member of the oxyhornblendes (Kunitz,

1930, p. 214; Sundius, 1946, p.30) or the soda amphiboles (Winchell,

1951,  p.  440) .
Attention has been frequently directed to experiments (e.g. K6at et

al., 1927; Barnes, 1930) whereby green hornblende on heat treatment

changes to a mineral having the appearance and optical properties of

oxyhornblende. In this transformation, the principal chemical change is

oxidation of the ferrous iron and loss of hydrogen. Barnes showed that

the principal optical changes associated with heating green hornblende

in air at about 800o C. are: increase in the indices of refraction, bire-

fringence and dispersion; decrease in the extinction angle and change in

2V to 65o; change in colour and pleochroism from greens to bron'ns'

CuBursrnv AND CLASSrlrcATroN

In recent years the classification of the calciferous amphiboles has

been discussed by Hall imond (1943), Winchell (1945), Sundius (1946)'

Boyd (1959) and Smith (1959). In general, four principal magnesian

end-members (plus their ferriferous analogues) have been recognized
(Table 1), namely tremolite (-ferrotremolite or actinolite*), edenite

x The terminology of these two ferriferous end-members varies with different authors.

In this paper the term ferropargasite is preferred for the pure ferriferous end-member

equivalent of pargasite, inasmuch as the term hastingsite for many years has referred to

Fe-rich amphiboles with small amounts of MgO, or else to various calciferous amphiboles

with variable FeO/MgO ratios (Billings, 1928). The term ferrotremolite is preferred for the

Fe-analogue of tremolite.
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(-ferroedenite), tschermakite (-ferrotschermakite) and pargasite (-ferro-
pargasite or hastingsite*). The most significant end-member series in
the present discussion is the pargasite-ferropargasite series, the Mg end-
member pargasite NaCa2MgaAlvrAl2rv SioOrz(OH)r being derived from
tremolite Ca2Mg5Si3Orr(OH), by the double substitution AlAl for MgSi
and NaAl for Si.

Boyd (1959, p. 382) has shown graphically that the two most impor-
tant end-member series of the ealciferous amphiboles (including the more

Tenr,r 1. Exp-Mnupnns or Cer-crrnnous AMprrsor.rs

tremolite CazMgaSisOz(OH)z
ferrotremolite I
;;,j;;ri;; 

--- 
| 

ca,Fe6si8o2' (oH)'

pargasite Na Ca2Mg4AIuAhrvSi6Orr(OH),
ferroRarsasite) 

Na ca:Fen2*Al\ rAhrvsioon(oH)e
nasungsrre )

edenite Na Ca2Mg5AIrvSiTOz:(OH)z
ferroedenite Na Ca:Fes2+AFvSiTOrr(OH)e

tschermakite CarMgBAl2vrAhrvSi60r, (OH),
f errotschermakite Ca2Fel+Al2vrAl2lvSi6osz (OH) 2

famil iar green igneous hornblendes) are Ca2FMbSi8()zz(OH)r and
(Na, K)CarFX{4(Alvr, U.a+;AlzrvSi6O22(OH)2, where FM:Fe2+*Mg.
The amphiboles considered by Boyd had Ca:1.8-2.I and low contents
of  T i  (<0.20) .

Tables 2-4 list analyses of amphiboles assigned by various lvorkers to
oxyhornblende, kaersutite and barkevikite respectively. In Table 5,
these amphiboles have been recalculated on a basis oI 24 (O, OH, F).
Much of this latter data has been taken from Hall imond (1943, Table 1).
An uncertainty in these calculations is the determination of H2O+, and
non-determination of F, particularly in older analyses. Only analyses
showing reasonably close agreement with the general calcium-sodium
amphibole formula Wr-s (XY)sZtOzz(OH)z* have been listed. Many
analyses were rejected because of significant departures of the W (where
greater than 3.2) and XY (greater than 5.4) groups.

In the three amphiboles, Si is close to 6 atoms, associated with two AI
atoms in four-fold co-ordination. Ca is generally 1.8-2.0. In five cases
there is insufficient aluminium to satisfy the AIrv requirements in the

* 1ry: (Na, K, Ca), X: (Mg, Fe2+, Mn), Y: (Alvr, Fea+, Ti), Z: (Si, AIw).
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T,lrr-r 4. CrsMrcal ANer,vsrs eNl Oprrcer, Pnopenrrns on B.a.nxnvtrrtE

SiOz
Tio:
AhOa
FezOs
FeO
MnO
Mso
CaO
NazO
KrO
HzO+
Total
d

{3
^v

7-d
2Yo

? n c
Pleochroism
x
Y
Z
Absorption

3 8 . 4 1
| . 2 6

1 6 . 3 9
J . / . )

2 1  . 7 5
0 .  1 5
2 . 5 4

10.52
2 . 9 5
1 9 5
0 . 2 4

99.91

brown
dark brown
dark brown
X < Y < Z

3 6 . 1 2
4 . 8 2

12.46
9 6 0

10.43
0 . 2 8
9 . 0 9

r2 .01
2 . 5 8
t . 4 l
1 . 0 2

99.82
1 . 6 8 7

1 .708
0 .021

10

dark brown

40.88
0 . 2 2

1 1 . 0 4
7 . 5 6

1 7  . 4 1
1 . 3 2
5 . 9 2

10 46
3 . 7 5
0 7 8
1 . 1 6

100.50
1 . 6 9 1

1 . 7 0 7
0 016

t6

dark brown

41.12
0.45

1 1  . o 2
6 . 5 4

r 7 . 7 3
1 . 0 3
6 . 1 4

10 42
3 . 6 5
o . 9 4
1  . 4 5

100.49
r .687

1 . 7 0 1
0 . 0 1 4

greenish brown

37 .86
r 2 5

12 .06
11.47
16.23
o .82
4 .03

t1 .43
2 .98
0 . 7 2
t 2 3

100 08
1 .694

1 .710
0  .015

20

1. From sodalite-syenite, Square Butte, Montana (Lindgren and Melville, 1892, p.

292).
2. From essexite, Fuerteventura, Canary Isles (Kunitz, 1930, p 245).
3 From nepheline'syenite, Skuttersundskjar (Kunitz, 1930, p. 245).
4. From nepheline-syenite, Stavarnsjo, Norway (Kunitz, 1930, p 245).

' 5. From foyaite, S. Vincente, C. Verde (Kunitz, 1930, p. 245).

Z group, and Ti, apparently replacing Si, has been added to bring this
group up to 8.00, as required by the amphibole formula. A comparable
procedure has been found necessary in certain titaniferous clinopyrox-
enes.

Several analvses of kaersutite (Table 3, Analyses 1-4) are significant
from the point of vierv of nomenclature inasmuch as they reveal Iow
FezOs contents relative to FeO. The mineral from the type area is in-
cluded here. This feature of kaersutite chemistry immediately sets it
apart from the widely accepted concept of an oxyhornblende. In terms of
end members, recalculated analyses of kaersutites with low degrees
of oxidation indicate a composition close to that of a titaniferous
pargasite with part of the Mg replaced by Fs2+.. As an approxima-
tion, the composition of the type kaersutite can be written as
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(Na, K, Ca)z-a(Mge, p.z+) Ti AlzrY SieOzs(OH). In kaersutite the amount
of Ti in the Y group is generally between 0.6 and 1. In all cases Mg is
greater than 2. Despite variable degrees of oxidation, Fe2+ is generally

greater than Fe3+,
The analysis of barkevikite cited by Brbgger (1890, p. 412) was incom-

plete. It is characterised by relatively high lime anil soda (CaO 10.24;

Na2O 6.08 per cent), making it difficult to place in either the calciferous

or alkali amphiboles (Miyashiro, 1957, Table 1). Another analysis of

barkevikite from the same area (Table 4, Analysis 3) presents no ab-

normalities in its composition. Compared with kaersutite, barkevikite is

characterised by lower contents of Ti and a higher degree of replacement
of Mg by Fe2+ in the X group, so that Fez+ is generally greater than Mg.

In the barkevikite analyses, there is a tendency for the W group to

closely approach its maximum value of 3.
ft is clear that kaersutite and barkevikite compositions are respec-

tively dominated in their compositions by the pargasite-ferropargasite
end-members, in which may be particularly noted the replacement of
Alvr by both Ti and Fe3+.

Billings (1928) proposed the following classification of the has-
tingsite group based on the ratio FeO/MgO (molecular proportions):
FeO/MgO) 2, ferrohastingsite; FeO/MgO( 2>0.5, femaghastingsite;
FeO/MgO(0.5, magnesiohastingsite. A classification in this manner
possesses l imitations when, for an\z reason, oxidation of the iron has taken
place. The brown titaniferous (4-7 per cent TiOz) amphibole from the
Mount Royal essexites (Bancroft and Howard, 1923, p. 20), referred to
magnesiohastingsite and femaghastingsite by Bil l ings (op. cit.), would be
regarded as kaersutites by many workers. Sundius (1946, p. 22) has
pointed out the similarity of such Mg-rich amphiboles to pargasite.

It is proposed that the chemical distinction between kaersutite and
barkevikite be based on the number of Mg atoms in the formula, titanif-
erous amphiboles with Mg)2 atoms being kaersutites. On this classifica-
tion the amphibole (Mg:2.1) from the Fuerteventura essexite (Table 4,
Analysis 2) would be referred to kaersutite. Barkevikite is analogous in
its fundamental chemistry to the TiOz-poor green or blue-green hastings-
ites occurring in both acid and over- and undersaturated intermediate
rocks.

The term kaersutite has carried with it the implication of a high con-
tent of TiOz, Eenerally greater than 5 per cent. This is perhaps unfortu-
nate, as analogous brown amphiboles with 3-5 per cent TiOr are Prob-
ably not uncommon, particularly in basic alkaline rocks (for example, see
Mason, 1958, p. 251). The TiOz content of a particular brown amphibole
is sensitive to the magma chemistry at the time of its formation. Viewed
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in this l ight, there appears to be no reason why brown amphiboles con-
forming in their essential chemistry to kaersutite but possessing slightly
lower TiOz contents, should not be covered also by this term. In the
writer's opinion, kaersutite should not be regarded as a rare mineral,
and it is anticipated that the brown or reddish brown amphibole in
intrusive basic alkaline rocks will be of the kaersutite type.

Of those brown amphiboles referred to oxyhornblende, only two (Table
2, Analyses 9 and 10) possess the chemistry and optical properties con-
sistent with oxyhornblende. Of the other amphiboles listed, those types
with low birefringences and moderate TiOr contents are more akin to
kaersutites with moderate degrees of oxidation. Two amphiboles (Anal-
yses 3 and 5) occur in rocks where there is little possibility of the oxy-
hornblende reaction having occurred (cf. Hall imond, 1943, p. 70). It may
be noted that a graphical representation of selected oxyhornblende
compositions (Winchell, 1945, p. 45) indicated a tendency for many
compositions to plot closest to a Na Car (UIg, ps:+')a (Al, Fe31'), SioOz,
(OH), end-member.

Oprrc,c.L PnoponrrBs

The optical properties of analyzed amphiboles referred to oxyhorn-
blende or kaersutite (Tables 2 and 3) suggest that the high birefringences
(0.05-0.09) measured on brown amphiboles produced in laboratory heat-
ing experiments are not frequently attained in natural material. fn par-
ticular, the frequency with which the optical properties (particularly
7-a-0.068) of the Linosa amphibole (Table 3, Analysis 12) have been
quoted, would indicate that such properties have been considered typical
of kaersutite. Chemically, the Linosa mineral is atypical when compared
with other kaersutites, notably because of its relatively high FezO37'FeO
ratio, a feature which prompted Washington to assign it to a distinct
species, l inosite. It is however akin in its optics and chemistry to an
oxyhornblende.

The majority ol analyzed kaersutites have (t-") in the range 0.030-
0.032. Variation in the FerOa/FeO ratios apparently has l itt le effect on
the birefringence. However a kaersutite with the abnormally high bire-
f r ingence of  0.083 (2V":79-80;  T iO2 7.55,  FezO3 7.1t ,  FeO 5.05 per
cent) has recently been described by Aoki (1959, p. 279). This amphibole
occurs as phenocrysts in a scoria. Other kaersutites Irom the same area
with comparable TiOz contents but slightly lower degrees of oxidation
possess distinctly lower birefringences (Table 3, Analyses 6 and 11).

Irrespective of the contents of TiOg or total iron, or degree of oxida-
tion of the iron, a large number of kaersutites have 2Y":8O-1 2".

On the assumption that kaersutite is a titaniferous variety of oxyhorn-
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blende, many workers appear to have taken an upper Iimit of 5 per cent

TiOz for oxyhornblende. Despite FezOg/FeO ratios close to or greater

than unity, rnany amphiboles designated as oxyhornblende have (l-o)
:0.019-0.026 (Ta"bIe 2), particularly those described by Kunitz (1930).

These values do not differ markedly from the birefringence of many
green hornblendes. Comparison of oxyhornblendes and kaersutites with

comparable degrees of oxidation but difiering TiOz contents indicates

that the birefringence increases slightly with increasing TiOz.
Not a great deal of optical data on barkevikite is available (Table 4).

The birelringence is comparable with many of the oxyhornblendes listed

in Table 2. With a higher content of (FeO*FezOa) and often containing
moderate amounts of TiOz, barkevikite might be expected to possess

higher refractive indices than kaersutite. There is need for much more

data, which may reveal a distinction from kaersutite based on 2V" (cf.

Benson,  19-10,  p.  289) .
It is clear from the data listed in Tables 2-4that identification of any

particular amphibole under discussion cannot be confidently accom-
plished solely on the over-generalized optical data assigned to these
minerals by various workers, since amphiboles referred to these species
possess similar ranges of refractive indices, extinction angles and ab-

sorption colors. Much more data is necessary in order to define any

significance in 2V. The difficulties of optical identification are particu-

larly accentuated by the variation and possible interplay of titania, and
degree of iron enrichment and oxidation. The use of low extinction angles
as a guide to the degree of oxidation is misleading inasmuch as several
kaersutites with low FezOa/FeO ratios have 7:c values less than 10

degrees. It may also be questioned whether the size of 2Y. is indicative
of the degree of oxidation, inasmuch as certain oxyhornblendes with high
(y-o)  have 2V"-$Qo.

Engel (1959, p.974) has recently emphasized the lack of obvious cor-
relations of optics and composition of hornblende, particularly in rela-
tion to optical properties/composition diagrams. This point is again
emphasized, and here attention may be particularly directed to the
limitations of optical properties/composition diagrams showing rela-

tionships betlveen various amphibole end-members which themselves are
titania-free.

The experimental work of Barnes (1930) demonstrated that the in-

crease in the birefringence depends on the iron content of the amphibole,
Fe-free or Fe-poor amphiboles showing l itt le or no increase in (7-a) on
heating. Such amphiboles however would be expected to be rare in the
normal range of igneous rock compositions. In the formation of an
oxyhornblende with comparatively high birefringence, the 7 index fre-
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quently increases at a greater rate than either the a or B indices. In view
of several natural amphiboles with high degrees of oxidation failing to
show strong birefringence, it would seem desirable to investigate care-
fully the products of controlled heating experiments to determine: (i)
Whether difiering Fe2O3/FeO ratios affect the birefringence. (ii) The
nature of the structural changes involved in the production of increased
birefringence at known temperatures under controlled oxidizing condi-
tions.

Increased birefringence (>0.040) chara"cterizes the oxyhornblendes
from Taiwan and Colorado (Table 2, Analyses 9 and 10) and Linosa
(Table 3, Analysis 12). These minerals occur in lavas and have high
FerOr/FeO ratios. Parsons (1930, p. 31) has l isted an amphibole from
Bohemia (T iO,  5.10,  FezOs 6.96,  FeO 2.34 per  cent ;  'y -d:0.042)  whose
chemistry and optics conform to the conventional view of an oxyhorn-
blende. The strongly birefringent amphiboles described by Aoki (1959)
appear to represent distinctive types inasmuch as they show compara-
tivelv l i tt le oxidation. Such amphiboles are worthy of more detailed in-
vestigation.

In terms of available analyses and detailed descriptions, it is seen that
amphiboles conforming both in chemistry and optical properties (par-
ticularly high birefringence) to oxyhornblende, are comparatively un-
common. Pending analysis, it would seem desirable to l imit the term
oxyhornblende to brown calciferous amphiboles with (7-a))0.040 and
occurring in lavas. These amphiboles may frequently show strong evi-
dence of magmatic reaction and resorption.

Other brown or reddish-brown amphiboles (particularly those occur-
ring in undersaturated alkaline rocks) with (t-o) <0.040, may be con-
veniently referred to brown hornblendes, unless chemical data results in
more precise nomenclature. Ilowever, as will be discussed in the occur-
rence of those minerals, the nature of the parent rock may serve to indi-
cate whether kaersutite or barkevikite is present.

OccunnBNcB

Arising from the results of amphibole heating experiments has been
the concept that oxyhornblende (and kaersutite) is not strictly a pri-
mary mineral, but is an alteration product of common green hornblende
(cf .  Hatch,  Wel ls  and Wel ls ,  1949,p.66:  Winchel l ,  1951,  p.439) ,  "prob-
ably due to hot gases at a late magmatic stage" (Rogers, 1940, p.828).
In the San Juan lavas, Larsen et al. (1937, p. 905) considered that "in
considerable part the change from common to basaltic hornblende . . .
takes place after eruption and during the crystallization of the ground-
mass." 'Ihe latter conclusion is substantiated by chemical and optical
data on amphiboles within the one volcanic horizon.
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If the term oxyhornblende is to carry with it genetic implications, it is
clear that this term should not be used indiscriminately to include
brown calciferous amphiboles occurring in intrusive rocks (e.g. many
kaersutites) and which have been demonstrated to contain low to
moderate FezOa contents. Such amphiboles represent normal magmatic
crystall ization products.

In the case of brown amphiboles possessing comparatively high FezOa
contents relative to FeO and occurring in intrusive rocks, it is possible
that in many cases their composition indicates a response to initially
high FezOa/FeO ratios in the parent melts, crystallizing under conditions
of high [P]HzO or high [P]Oz.

Where brown amphiboles with relatively high FeqOs/FeO ratios, but
not possessing abnormal birefringences, are present in lavas, then it is
likely that oxidation attendant on extrusion has contributed to their
chemistry. In lavas where exothermic surface reactions have resulted in
temperatures in excess of 750-800' C., a true oxyhornblende may be
Iocally developed. Those lavas in which a calciferous amphibole is a
common ferromagnesian constituent and where there is evidence that
such temperatures may be attained (fngerson, 1955) are represented by
andesitic and dacitic types.

Under the appropriate physical conditions it is highly likely that any
common calcium-sodium amphibole (including kaersutite and barkevi-
kite) may suffer subsequent conversion to a true oxyhornblende. It may
be noted that although some kaersutites occurring as cognate xenocrysts
in lavas and dyke rocks (Tomita, 1934; Benson, 1940) show varying
degrees of resorption and alteration, nevertheless their degree of oxida-
tion and their birefringence are comparable with similar amphiboles
present in intrusives. It is inferred that in such cases oxidation took
place at only moderate temperatures.

Kaersutite and barkevikite appear to have been recorded dominantly
from undersaturated rocks or those members of a difierentiation series,
in which the principal undersaturated felsic minerals are respectively
analcite and nepheline. The latter amphibole has been most frequently
noted in nepheline-syenites.

Although the parent rocks vary in composition from highly basic to
intermediate, the range of composition of the kaersutites is not very
marked, being mainlv restricted to limited replacement in the X group
of Mg by Fe2+. By contrast, barkevikite reveals a much higher degree
of replacement of Mg by Fez+. This feature, together with a tendency
for enrichment in lVIn with respect to Fe2+ (cf. Goldschmidt, 1954, p.
628), indicates its precipitation at a relatively advanced stage of dif-
ferentiation, the magma at that t ime possessing high Fe'+/Mg ratios.
The TiO2-poor amphibole from the Wausau (Wisconsin) quartz-syenite,
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referred by Weidman (1907, p. 204) to barkevikite, is associated with
fayalite and hedenbergite and is thus a member of an iron-enriched
assemblage.

In undersaturated rocks the development of analcite rather than the
pair albite-nepheline would be facilitated by high water pressures (cf.
Turner and Verhoogen, 1960, p. nQ. Such hydrous magmatic conditions
would not be favorable to any degree of absolute iron enrichment.
Where a calciferous amphibole is precipitated in such an environment,
it would be expected to show limited replacement of Mg by Fe2+ i.e.
kaersutite would be developed. It is frequently stated that the dark
brown amphibole in teschenites is barkevikite, although there appears
to be Iitt le analytical data to substantiate this claim. It is more l ikely
that the amphibole in question is a kaersutite.

fn a nepheline-bearing differentiation series varying in composition
from basic to intermediate types, and carrying a brown calciferous
amphibole, it is anticipated that a kaersutite would be present in the
more basic varieties (e.g. the Mount Royal essexites) and that with pro-
gressive fractionation, the amphibole rvould change in its compostion
towards a barkevikite. Such a trend is analogous to the trend magnesio-
hastingsite-+ferrohastingsite, proposed by Billings (1928, p. 293), and is
similar to the trend in hornblendes from certain calc-alkaline igneous
series, e.g. the amphiboles from the Southern California bathylith
(Larsen and Draisin, 1950, Table III).

The TiOz-rich environment from which kaersutites have crystallized
is illustrated by two examples of co-existing biotites containing 6-8 per
cent TiOz (Table 3, Analyses 3 and 4). Some confirmation of the dif-
fering magmatic conditions under which kaersutite and barkevikite are
precipitated may be furnished by a study with a particular differentia-
tion series of the associated opaque oxides. Unfortunately there appears
to be l itt le analytical data on the associated opaques.

fn rocks rvith barkevikite, earlier relatively anhydrous conditions
would tend to favor the formation early in the differentiation series of
a titano-magnetite composed dominantly of a FeaOa-FezTiOa solid solu-
tion and possessing (FeO*TiOz) l FezOa. In analcite-bearing rocks rn'ith
kaersutite, the opaque oxides would tend to be either a TiOz-poor
magnetite with FezOr)FeO, or else a magnetite of the Fe3O4-FeTiOa
solid solution type. Concentration of TiOr at the stage of kaersutite pre-

cipitation would be facilitated by the early separation of a TiOz-poor
magnetite.

Ultimate clarification of many of the proposals in the present discus-
sion obviously must await more detailed studies on possible chemistry/
optical properties relationships and response by the amphibole chemistry
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to varying conditions of differentiation. In particular, a great deal re-

mains to be done concerning the effects of dominant cations (particu-

larly Ti) on optics; in addition, c-ray diffraction studies represent a

field rvhere considerable information is needed.
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