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Abstract

Occurrences of rhijnite are reported in alkalic lavas of the McMurdo Volcanic Group (Hut

Point Peninsula, Antarctica) and Dunedin Volcano (New Zealand). Electron microprobe

analyses increase the range of composition reported for rhiinite, with the Antarctic examples

having higher TiOr, and the Dunedin example higher NarO than other terrestrial rhiinites'

Deteciabli quantities of CrzOs (average 0.1 I percent) and NiO (0.06 percent) are recorded for

the first time. The rhdnite shows no compositional variation toward aenigmatite.

Introduction

Rhbnite is a groundmass constituent of lavas
at Hut Point Peninsula, Ross Island, Antarctica.
The mineral was discovered during an electron
microprobe investigation of core samples from two
holes drilled by the Dry Valley Drilling Project
(DVDP) at Hut Point Peninsula (Mudrey et al,1973;
Treves and Kyle, 1973; Kyle and Treves, 1974a). This
is the first reported occurrence in the McMurdo
Volcanic Grouf and also in Antarctica. In the
southern hemisphere the only other previously
reported occurrence of rhtinite has been in the Otago
volcanics, New Zealand, where Benson (1939)
reported it as an alteration product after kaersutite.
The literature on rhbnite has been reviewed by
Cameron, Carman, and Butler (1970). Other re-
ported occurrences are in the Allende meteorite
(Fuchs, l97l) and metaphonolite from Puy de Saint-
Sandoux (Griinhagen and Seck, 1972). The crystal-
lography has been discussed by Walenta (1969). As
very few analyses of rhdnite have been published, the
electron microprobe analyses reported here give a
further indication of the range in composition.

' 
Occurrence

The Late Cenozoic McMurdo Volcanic Group
(Harrington, 1958; Nathan and Schulte, 1968) con-

1 Present address: Department of Geology, School of Physical

Sciences, La Trobe University, Bundora, Victoria 3083, Australia.

sists of undersaturated alkaline volcanics which range
in composit ion from alkal i  ol iv ine basalt  and
basanite (basanitoid) to trachyte and phonolite. At
Hut Point Peninsula the lavas are basanites
(basanitoids), nepheline hawaiite, nepheline mu-
gearite, nepheline benmoreite, and phonolite which
range in age from 0.4 to greater than 1.2 m.y.
(Forbes, Turner, and Carden, 1974;Kyle and Treves,
1974b). Rhilnite occurs in unit 37 of DVDP l, units
12 and l3 of DVDP 2 (Treves and Kyle, 1973), and

units l0-15 of DVDP 3 (Kyle and Treves, 1974b). A

detailed petrographic examination of surface flows

revealed no primary rh6nite; however, a fine grained

mineral occurring as an alteration product of kaer-

sutite in some of the lavas intermediate in composi-
tion between the basanite and phonolite may be
rh6nite.

Rhdnite grains in three samples (DVDP 1-12l'88
m; DVDP 2-99.34 m and 103.15 m) of porphyritic

ol iv ine (Forr-rr)- t i tan-sal i te (Worr-ur l  Fs,o-, . ,
Enro-no) basanite (Table l) were examined by electron
microprobe (Kyle, 1974). In DVDP l-l2l'88 m

rhiinite is abundant as euhedral prismatic

microphenocrysts which rarely reach 0.2 mm and

average 0.1 to 0.05 mm in length. Abundance
decreases in DVDP 2 samples where the micro-
phenocrysts are much finer grained (0.01 mm), are
irregular and ragged in form, and occur in a sub-

ophitic groundmass of plagioclase, pyroxene, and
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Tenlr l .  Analyses and CIPW Norms for Dunedin and DVDp
Host Rocks in Which Rhdnite Occurs
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l0-E amp specimen current (on periclase) and a beam
diameter of l-2 pm. The empirical correction
procedure of Bence and Albee (1968) was used. Stand-
ards, alpha correction factors, and analytical tech-
niques are given by Kushiro and Nakamura (1970).

Typical analyses of three DVDP samples and one
Dunedin sample, and five previously published
analyses of rh6nite, are presented in Table 2. With
the except ion of MgO and CrrO3, electron
microprobe scans across grains indicated a uniform
composition. Almost all the grains examined con-
tained detectable (detection limit was 0.03 percent)
CrrOr and NiO, which is the first time they have been
analyzed in rhdnite.

Compared to other terrestrial rh6nite the Antarctic
samples show higher TiOr, NarO, and lower SiO,
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opaques. In DVDP 2-99.34 m the rhdnite is usually
intergrown with or surrounded by groundmass
pyroxene. In the Dunedin District, South Island,
New Zealand, rh6nite occurs within alteration rims
on kaersut i te crystals which, together with
titaniferous augite, olivine, minor intermediate
plagioclase, apatite, and titanomagnetite, makes up
small (l cm) coarse-grained xenoliths in a nepheline
hawaiite flow at Pulling Point in Otago Harbour. The
host rock (Table l) is composed of a groundmass of
plagioclase (Anoo-uo), pale green clinopyroxene, inter-
stitial nepheline, and homogeneous titanomagnetite
in which are set phenocrysts ofoscillatory and sector-
zoned titan-augite, olivine (Fouo), and kaersutite (q =
pale yellow, B : pale reddish brown, 7 : pale red-
dish brown).

Grains of rhbnite are too small to allow determina-
tion of precise optical properties. In standard thin
sections it is opaque but in thin sections less than 20
pm thick it shows strong pleochroism from deep
greenish brown to opaque, similar to that reported by
Cameron et al (1970) and Walenta (1969).
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Analyses were made using a Jnol rxl-s.ar electron
microprobe with l5 kV accelerating potential,2-3 X

L 2 - 1  1 3 : 0 5  1 2 . 6  t 2 - O 9  1 0 . 6 7  t 2 . 6 2
1 r . a  L 2 . L 5  I 2 . 2  t O - 2 3  \ r - 9 1  7 2 . 4 3
0 . 9 6  0 - 9 1  0 . a 9  2 . 1 1  0 . 7 2  0 . 6 1

-  o . o 2  0 . 0 2  0 . 6 3

n . d .  0 . 0 6  o . f 5

0 ,  I o  o .  0 4  0 . 0 3

I .

2 .

A l 2 O 3  1 7 . 0  1 6 - a  1 7 , 4

T i O 2  1 1 . 6  1 1 . 9  1 2 .  O

Fe2O3

F €  2 1 . 3 T  2 I  O !  2 O . 9 A

h o  0 .  1 9  0 . 1 6  0 .  1 8

2 3 . 4 2  3 . 2 2 9  . 4

1 3 . 5

1 0 . 2

2 L 2
T

1 9 . 1

2 4 . 9

1 6 . 8

_ ' - T

1 5 . 7
1 1 . 9

0 . 7

1 0 1 . 0

4 . 7 a 8
8 .  5 3 8

o , 3 9 4

5 . 8 6 7
4 . 8 0 8

0 .  r 4 1

t 2 . o o o
1 0 . 8 9 9
4 . 8 0 a

2 7  - 1 0 7

2 8 . 5 8  2 4 . 4 2

1 3 .  3 5  I 7 . 2 4

1 0 . 7 0  9 . 0 9
-  9 . 4 4

2 2 . 4 9 r  1 5 . 9 A

0 . 1 7  0 . 2 6

2 4 . 4 2  3 0 . 9 0

I 7 . 2 5  1 1  . 6 5

9 . 4 6  8 . 0 4

1 r . 6 9  6 . 8 0

1 r . 3 9  1 5 . 2 0

Mgg

N a 2 O

K2o

C r 2 O l

NiO

P2os

E2o -

Toral

9 - 0 8
t 2 . 2 0
o - 1 5

0 .  6 1

0 . 1
t 4 . 4
1 r . 4

99-45

6 . 5 3 6
5. 502
2 . 3 9 6

4. A92
o. o44
5 . 1 9 9
3 . 4 7 2
0 . 5 1 1

o .  o 2 2

9 9 . 8 3  9 9 , 5 5  9 9 . 7 4

Nll&r of Cat ions m the Basis of 4O(O)

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

-  1 . 9 1 9  2  3 5 4  1 . 3 3 0  4 . 0 7 3

4 . 8 0 5  4 . 7 9 1  5 . I 2 3  3 . 5 9 3  2 . 5 4 9  3 . 3 0 4
0 . 0 3 7  0 . 0 4 2  0 . 0 3 9  0 . 0 6 0  0 . 0 2 2
5 . 3 2 2  5 , 1 5 5  4 . 9 0 9  q . 2 1 1  5 - 0 3 5  3 . 5 1 7  5 . 4 8 1
3 . 5 6 1  3 . 5 A 7  2 - 9 A 6  3 . 4 4 8  3 . 5 6 4  3 . 3 9 8  3 . f 1 8
0 . 5 1 4  0  4 1 4  t . 1 t 5  A . 3 7 5  0 . 3 4 8  0 . 3 a 3

0 . 0 0 5  0 .  0 0 6  0 . 2 1 5  0 . 2 0 2
0 . 0 1 3  0 . 0 3 2
0 . 0 0 9  0 .  o o 7

o . 0 3

o . 3 5  -  0 . 2 0

0. 06

r o o . 6 9  1 0 0 . 5 6  I o 1 - 4 4  1 0 0 . 7

T i

h

M9

N 

K

Cr
N i

P

O H

z
Y

X

SW

1 2 , 0 0 0  1 1 . 9 0 1  1 1 . 9 9 5  1 2 . O O O
12.59I 12.634 12-509 12-332

3 . 9 8 3  4 - 0 7 5  4 - 0 6 1  4 . r O 1

24.574 28 610 2A-565 2A-439

o .  o o 6
0 . 6 2 A  -  0 . 3 4 7

1 2 - o o o  1 L 9 7 6  1 2 . 0 0 0  f l . 7 0 0
1 1 . 8 3 2  1 I . 8 4 2  1 1 . 1 6 3  1 1  5 3 4

3 . 4 2 9  4 . t 2 7  3 . 9 8 3  3 . 1 1 8

2 7 . 6 6 1  2 7 , 9 4 5  2 7 . 1 4 6  2 6 . 3 5 2

( I )  D@P I  -  121.4a  n ;  repre*n ta t i ve  da lys is .
(2 )  DrcP 2  -  99 .34  m;  representa t i re  da lys is .
(3 )  DWP 2 -  I03 . I5  n ;  represenra t ive  da tys is .
(4 )  Pu l l ing  Po in t ,  Otago sarbour ,  Dmedin ,  New zea l&d;  representa t ive

ea lys is .

{5 )  B iq  Bend,  TeEs (C i le ron ,  Cam dd But le r ,  1970) -
( 6 )  f r h ,  e m y  ( s o e 1 h e r ,  1 9 0 ? ) .
(7 )  Saht  Sddoux,  Emce (bcro ix ,  1909) .
(8 )  Haute-Lo i re ,  f tance,  e lec l ron  n ic roprob da lys is  (B$khe.  e t  a l ,  1967) .
(9) Allende reteorite, electron nicrcprob analysis (Fuchs, 1971).

T  =  to ta l  i ron  expressed as  FeO or  Fe2O3;  n .d .  =  no t  de tecced (<0 .03s) .
-  =  no t  de temined,



724 P. R, KYLE, AND R. C. PRICE

contents. The Dunedin rhdnite is noticeably enriched
in NazO with a related deficiency in CaO, compared
with the other analyses. Total iron is slightly higher
than previously reported in other rhdnites, and the
other elements fall within the established limits.
Rhbnite in the Allende meteorite (9, Table 2) differs
markedly from the Antarctic and Dunedin samples
and from all terrestrial samples, particularly with
regard to total Fe.

Structural formulae were calculated on the basis of
40(O) as recommended by Kelsey and McKie (1963)
and Cameron et al (1970). The ideal formula of
X4Yr2Zr2O4o requires a total of 28 cations; however,
rhdnites 1,2,3, and 4 (Table l )  al l  have cat ion totals
exceeding 28 with an excess of I cations, thus in-
dicating that the Antarctic and Dunedin rhdnites
probably contain Fe8+ in the formula. The amount of
FerO3 necessary for the_ DVDP samples and the
Dunedin sample to achieve stoichiometry (i.e., a cat-
ion sum of 28) was calculated (Table 3); an average
of about 8 percent FezO' is indicated for the DVDP
samples and about 6 percent for the Dunedin sample.
Noticeable, however, is the decrease in the Z cations
(Si+Al) while Y stil l exceeds 12. This implies that
there may be a significant amount of Fe3+, as sug-
gested by Cannillo et al (1971) for aenigmatite, or Ti
in the tetrahedral Z siIe.

Cameron et al (1970) discussed the suggestion of
Fleischer (1936) that rhiinite and aenigmatite form a
substitution series. The rhiinite examined in this
study shows no evidence of compositional variation
towards aenigmatite and thus strengthens the sugges-
tion of Cameron et al (1970) that there is only
limited solid solution at magmatic temperatures.

Discussion

The crystallization of primary rhbnite like the
isomorphic aenigmatite (Lindsley, 1970; Hodges and

Teu-B 3. Recalculated FerOr and FeO assuming Stoichiometry

of Rhdnite in DVDP and Dunedin Samples
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silple hgnetice rlrenite olivine Toc

Nurber UsP t* fln t* Fa t

r  -  12r .88
2 -  99 .34
2 -  r03 . r5

-  1 1 . 5  -  r . 0 5

-  r 2 . 0  -  L . r z
970
9 5 5

6 5 . 1  6 . 2 2 2

F e 2 O g
! e u

,\nalysis total

Cat i@ totals

t .  t 6  0 .  r v
1 3 . 9  1 7 . 0

7 . 4 9
! 4 . 2

1 0 0 . 2 4

8 .  4 5
1 3 . 4

1 0 0 . 6 8  1 o 0 . 3 3

hgnetite ud ilrenite electron nicroplobe dalyes recai'culate'l

to enal nenibers using method of Camichael (1967).

Calculatecl using the .eaction
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Barker, 1973) is probably controlled by such factors as
oxygen fugacity, temperature, and the activity of
silica and titanium. In the Antarctic samples, es-
timates have been made of oxygen fugacity and
temperature (Table 4) using co-existing groundmass
magnetite-ilmenite pairs (Buddington and Lindsley,
1964) that probably crystallized at the same time or
later than the rhiinite. Silica activity (Table 4) was
calculated using the above data and the composition
of olivine in the groundmass or at the rim of
phenocrysts (Table 4). Both oxygen fugacity and
silica activity are typical of basanites and nepheline-
rich basaltic lavas (Anderson, 1968; Carmichael and
Nicholls. 1967; Carmichael, Nicholls, and Smith,
1970). Crystallization of primary rh6nite cannot
the refore be explaine d in terms of unusual
temperature, oxygen fugacity, or silica activity.

In the Dunedin nephelineiawaiite, rhdnite has ob-
viously formed as a result of reaction between earlier
formed kaersutite and the undersaturated host liquid.

Groundmass oxides are homogeneous titanomagnet-
ites, indicating generally low /O, conditions (Wat-

kins and HaggertY, 1967).
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