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The rocks in which the analyzed minerals occur are' with one exception,

all lavas and may be divided into three groups' These are (Table 1):

a) Lavas which contain microphenocrysts of sphene'

bj Lurrur, except for a monticellite peridotite, which contain micro-
' 

phenocrysts of perovskite. Perovskite is found with various com-

binations of augite, olivine, phlogopite, melilite, nepheline' kal-

sil i te and leucite (Table 1).

c) Lavas which contain both sphene and perovskite' These are etindites

(Tilley, 1953) which contain titanaugite zoned towards acmite'

iitu.to*ugn"tite, nepheline, interstitial leucite and early crystalliza-

tion perovskite with sphene in the groundmass'

All the mineral analyses were made with an ARL electronprobe using

mineral standards ani computer techniques which by now must be

standard.

r Present address: Department of Geology, university of Puerto Rico, Mayaguez,

Puerto Rico 00708.
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Telr,r 1. Mrl'nnal AssnMer,aGns or SprrsNu nl.to pnnovsrrto VorcaNrcs

r 2 3 4 5 6 7 8 9 1 0 r 1 t 2

Magnetite
Ilmenite
Spinel
Sphene
Perovskite

Olivine
Monticellite
Pyroxene

Biotite
Phlogopite
Hornblende

Nepheiine
Kalsilite
Leucite
Sanidine
Plagioclase
Melilite

X
X

X
X

X
X
X

X X
X

X X
X
X X

X

X
X
X

X
X

X
X

Key to specimen localities

1. Nephelinite, Lemagrut volcano, Tanz,ania (479-Z)"
2. Nephelinite, Shombole volcano (N. end of Lake lfatron), Kenya (479-+1"
3. Porphyritic trachytic pitchstone, Murat, Cantal, France (3911)'
4. Trachyte, Tristan da Cunha (Carmichael, 1965) (439)"
5. Monticellite peridotite, Haystack Butte, Montana, U. S. A. (767-226)
6. Melilitite, Dwinberg, near Wartenberg, Czechoslovakia (g+3)"
7. Melilite-nephelinite, inner wall of upper crater, Nyiragongo, Congo (20424)"
8. Ugandite, Katwe volcanic field, Uganda (U-50)
9. Mafurite, Katwe volcanic field, Uganda (U-56)

10. Nephelinite, Mt. Etinde, W. Africa (Tilley, 1953) (61156)b
11. Nephelinite, Mr. Etinde, W. Africa (61157)b
12. Nephelinite, Mt. Etinde, W. Africa (61169)b
'These specimens are in the petrographic collection at Berkeley.
b These specimens obtained from the petrographic collection at cambridge university,

England.

The sphene analyses are given in Table 2 and those of perovskite in
Table 3. As may be seen, there is extensive substitution of the minor ele-
ments, which, on average, amount to 8.2 percent of sphene and 10,8 per-
cent of perovskite. The sphene analyses are notable for their high con-
tents of ZrOz (rp to 3.6/), rather less niobium, together with definite
but small amounts of F, but only little alkali. The rare-earths in sphene
are seldom as high as in the perovskites, which when they coexist with
sphene (Table 3, Nos. 10, 11 and 12) are relatively enriched in the rare
earths, strontium, sodium and niobium, and depleted in F and Zr.
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X
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Ttr;tc 2. Mrcnopnosr Awer-vsns or Spnr'Nr

1a 2 3 4 10 11 12 Average

SiOz
TiOz
Alro.
R. E.
FeOu
MnO
CaO
SrO
NarO
KzO
ZtOz
NbgOs
YzOg
F
Total

s0.2 30.9 29.4
36 .1  36 .4  3+ .7
1 .0  b  0 .04
0 . 9  0 . 8  2 . 8
1 . 9  2 . 1  2 . 0
0 .03  b  0  . 2

2 7  . 5  2 6 . 7  2 s . r
0 .3  0 .3  0 .09
0 .09  0 .11  0 .07
0.03 0.03 0.07
0 . 5  0 . 4  1 . 3
0 . 5  0 . 4  0 . 7
0 .07  0 .08  0 .4
0 . 3  0 . 2  0 . 2

99.4 98.4 97.r

29.6 30.3 29.7
34.2 33.2 33.2
0 . 0 5  1 . 0  1 . 0
3 . 7  1 . 2  1 . 0
2 . 1  2 . 5  2 . 3
0 .01  0 .05  0 .06

26.2 25.3 26.2
0 .08  1 .0  0 .6
0.06 0.2 0.08
0.05 0.  04 0 .07
1 . 5  2 . 2  2 . 4
1 . 2  r . 4  0 . 8
0 .2  0 .09  0 .09
0 . 1  0 . 3  0 . 4

99  . t  98 .8  97  .9

29 .5  29 .9
32 .5  34 .s
0 . 8  0 . 6
0 . 7  r . 6
n A  n 1

0 .07  0 .07
25 .8  26 . r
0 . 9  0 . 5
0 . 2  0 . r 2
0.05 0.05
3 . 6  r . 7
1 . 2  0 . 9
0 .09  0 .15
0 . 4  0 . 3

98.2 98. 5

LazOs

CesOa
PrzOg
NdzOa
SmzOa
EuzOg
Gd20s

0 . 6
l . J

0 . 3
0 .s
o .2
0 . 1
0 . 3

0 . 1  0 . 1
0 . 3  0 . 2
0 . 1  0 . 1
o . 2  0 . 2
0 . 1  0 . 1

trace trace

0 . 1  0 . 1

0  2  0 . 2  0 . 1
0 . 4  0 . 3  0 . 2
0 . 1  0 . 1  0 . 1
o . 2  0 . 2  0 . 1
0 . 1  0 . 1  0 . 1
0.1 trace trace

0 . 1  0 . 1  0 . 1

0 . 4
1 . 1

trace
1 . 2

trace
0 . 1

b

'For key to localities see Table 2.
b Below limit of detection (0.02%). MgO belorv limit in all cases'

" Total iron rePorted as FeO.

The analyses of one-phase iron-titanium oxides are given in Table 4.

All the titanomagnetites have less than 45 percent of the ulvospinel

component, and as ilmenite is absent in all but two rocks (Table 1), these

data tend to support Verhoogen's contention noted above. This relative

paucity of the titanium component can be seen particularly in compari-

ion to the titanium-rich oxide minerals of a tholeiitic series (Carmichael,

1967). In the etindites, titanaugite encloses small grains of titanomag-

netite which are highly magnesian (Table 4, 11A) whereas the Fe-Ti

oxide phenocrysts and the corresponding groundmass phase are de-

pleted in both Mg and Al.
Yagi and onuma (1969) studied the system diopside-akermannite-

nepheline-CaTiAlzOo in which the diopsidic pyroxene incorporated 4 per-

cent TiOz before perovskite precipitated. In the etindites, the titanaugite

contains up to 5 percent TiOz and is also accompanied by perovskite,
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Terr,r 3. Mrcnopnosr Alel,vses ol pnnovsrrrr

10 11 12 Average

sioz 0.05
Tioz 53.0
AlzOg b

R.  E .  5 .7
FeO" 2.0
MnO b

CaO 35.7
SrO 1 .3
NarO 0.4
KzO 0.09
ZrOz 0.4
NbzOs 1.1
YzOs 0 .1
F 0 .05
Total 99.9

0 .15  0 .03
53 .6  53 .6
0 . 9  b
2 . 8  6 . 4
1 . 9  1 . 7
0 03 0.04

38.2 35.3
0 . 5  0 . 8
0 .  3  0 . 7
0 . 0 8  0 . 1 1
0 . 2  0 . 2
0 . 8  |  . +
0 . 1  0 . 1
0 . 3  0 . 1

99 .9 100. 5

0 .05  0 .05  0 ,03
s4.4 53.7 53,  I
0 . 2  0 . 2  0  3
3 . 7  4 . r  7  . 4
1 . 1  1 . 2  1 , 4
0.04 '  0.03 0,06

36 .7  36 .6  35 .2
0 . 8  0 . 6  1 , 1
0 . 4  0 . 4  0 . 7
0.08 0.04 0,05
0 . 1  0 . I  0 . 2
0 . 6  0 . 5  1 . 4
0 . 1  0 . 1  0 . 1
0 . 1  0 . 1  r )

98 .4 97 .7 101 .0

0.04 0.09 0.06
s 2 . 3  5 2 . 7  5 3 . 3
0  . 4  0 . 3  0 . 3
7 . 4  7 . 0  5 . 6
2 . 7  1 . 5  r . 7
0.06 0.07 0.04

32 .3 34.7 35.6
1 . 2  1 . 0  0 . 9
0 . 8  0 . 7  0 . 6
0.05 0.o l  0.07
0 . 2  0 . 2  0 . 2
1 . 5  1 . 4  1 . 1
0 . 1  0 . 1  0 . 1
b  0 . 1  0 . 1

99. t  99 .9 99 .7

LaAs 1.2
Ce:oa 2.0
Prsoa 0.5
NdzOa 1.4
Smsos 0.2
BuzOs 0.1
Gd:Oa 0.3

0 . 5  1 . 2
1 . 0  2 . 5
o . 2  0 . 5
0 . 7  r . 6
0 . 1  0 . 2
0 . 1  0 .  I
0  . 2  0 . 3

0 . 6  0 . 7
t . 4  1 . 6
0 . 3  0 . 3
1 . 0  1 . 1
0 . 1  0 . 1
0 . 1  0 . 1
0 . 2  0 . 2

t . 3  t . 4  1 . 3
2 . 9  2 . 8  2 . 7
0 . 6  0 . 6  0 . 5
1 . 9  1 . 9  1 . 9
0 . 2  0 . 2  0 . 2
0 . 1  0 .  I  0 . 1
0 . 4  0 . 4  0 , 3

. For key to localities see Table 1.
b Below limit of detection (0.02%). MgO below limit in all cases.
" Total iron reported as FeO.

sphene and titanomagnetite.
As coexisting titanomagnetite and ilmenite are rare or absent (charac-

teristically) in sphene and perovskite assembla,ges, it is impossible to use
the oxygen geobarometer of Buddington and Lindsley (1964) to estimate
oxygen fugacity. Ifowever, one of the contrasts between sphene and
perovskite is that the latter may occur with olivine and titanomagnetite
(Table 1) and hence equilibrate with oxygen fugacities near those of the
synthetic fayalite-magnetite-quartz assemblage, while the former, in
association with titanomagnetite, but not olivine, requires relatively high
oxygen fugacities (Verhoogen, 1962; Carmichael and Nicholls, 1967). The
distinction between sphene and perovskite assemblages therefore lies not
only in silica activity but also in fo, or their interdependence, which
underscores the conclusion in the companion paper (carmichael et a1,.,
1e70).
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