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Re-examination of the mineral tuhualite 

By C. 0SBOR~E ]-~UTTON, M.Sc., Ph.D. 

S t a n f o r d  U n i v e r s i t y ,  Pa lo  Alto,  California,  U.S.A.  

[Taken as read 3 November 1955.] 

Summary . - -X - ray  study of tuhualite from Mayor Island, New Zealand, has 
shown it to be orthorhombic, space-group either Cmca -- D.~Sa or C2ca = C~ 7. 
Unit-cell dimensions are a = 14.31•., b = 17.28A., c -- 10.11A., and a :b :c = 
0.828 : 1 : 0-585. Goniometric measurements give a : b : c 0.8243 : 1 : 0-5658. 
a(100} dominant with forms s(011}, p(021}, c{001}, b{010}, n(101}, m(ll0}, q{111}. 
Crystals with b(010} dominant are rare. Three good cleavages, a (100), b (010), 
c (001). a = 1.608, fl = 1.612, 7 = 1.621; 7--~ 0.013. 2V = 61~-70~, positive; 
fl ~ b, 7 ~ c, a = colourless to pale lavender, fi = violet, lavender, 7 = intense 
purplish-blue; 7 :> fl > a. Sp. gr. 2'89 (measured), 2,86 (calculated). 

An analysis of carefully purified material leads to the possible formula: 

Hg(Na,K,Mnh2Fe~'(A1,Fe",Mg,Ti)9[Si808115. 

Details of alteration phenomena and associated minerals are given. Occurrence 
is held to result by crystallization from magma quite impoverished in lime due to 
early fractionation of aegirine-hedenbergite, and perhaps aegirine-augite, in the 
intratelluric stage. 

T U H U A L I T E  is a c o n s t i t u e n t  of e j e c t a m e n t a  on  Mayor  I s land ,  New 

Zea land ,  a t  a n d  in t h e  v ic in i ty  of Opo B a y  a t  t he  s o u t h e r n  e x t r e m i t y  

of  the  is land,  a n d  occurs  i n  s i tu  in  b a n d e d  rhyol i tes  t h a t  ou tc rop  a long t he  

ba se  of the  ca ldera  wall  j u s t  n o r t h - c a s t  of T u t a r e t a r e  (1162 feet). Mayor  

I s land ,  t he  Maor i  n a m e  for which  is Tuhua ,  lies in  l a t i t ude  37 ~ 20'  S o u t h  

a n d  long i tude  176 ~ 15' Eas t ,  w i th in  t he  B a y  of P l e n t y  of[ t h e  eas t  

coas t  of N o r t h  I s land ,  New Zealand.  The  i s land  is a vo lcan ic  cone w i t h  

a n  e l eva t ion  of 1274 feet  above  sea-level.  The  rocks are  acidic in  charac-  

t e r  and  cons is t  of a series of lavas ,  of ten  pu re  obsidians ,  a n d  tufts ,  a n d  

m o s t  if  n o t  all of these  h a v e  comendi t i c  affinities. 

The  first  r ecord  of t he  paragenes i s  a n d  proper t i es  of t u h u a l i t e  is f o u n d  

in  a p r e l im ina ry  accoun t  of some volcanic  rocks  f rom N o r t h  I s land ,  New 

Zea land ,  b y  Marsha l l  (1932, p. 202). I n  t h a t  pape r  a t t e n t i o n  was cal led 

to  t he  presence  in  comend i t e s  on Mayor  I s l and  of 'a  supposed ly  new 

a m p h i b o l e  w i th  the  e x t r a o r d i n a r y  pleochroism,  colorless to  pu rp l i sh  

v io le t  to  deep viole t ' ,  in  assoc ia t ion  w i th  t he  sodic f e r r o m a g n e s i a n  con- 

s t i t u e n t s  aegir ine,  cossyri te ,  a n d  a r f v e d s o n i t e ;  t he  las t  m i n e r a l  was  

s u b s e q u e n t l y  shown  to  be r i ebeck i te  (Marshal l ,  1936A, p. 341). 

La te r ,  Marsha l l  (1936B) pub l i shed  a more  de ta i led  pape r  on  tuhua l i t e .  

Crys ta l lograph ic  m e a s u r e m e n t s  t h a t  were secured  w i th  t he  aid of a s tage  
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goniometer are reported and these data led to the belief that the mineral 
was orthorhombic with a: b: c ~ 0.915:1 : 0-512. On the basis of these 
data Marshall came to the conclusion that his previous opinion that the 
mineral was an amphibole was an incorrect one. Some optical data, 
determined by other workers, are reported, and finally Marshall listed 
four analyses of comendites made by Mr. F. T. Seelye, one supposedly 
devoid of tuhualite, which in the present writer's opinion do not differ 
in any significant degree from one another. However, on the basis of 
the supposed differences between these analyses Marshall calculated a 
composition for tuhualite itself (table III ,  anal. B). 

The petrography of the Mayor Island sodic rhyolites had been in- 
vestigated previously; yon Wolff (1904) described material donated by 
Thileniu8, and J. A. Bartrum (1926) carefully studied specimens collected 
by J. A. Thomson during the latter's visit to the island in 1920, and also 
some thin sections lent to him by Speight. Marshall visited the island 
on at least two occasions and collected the material that formed the 
basis of three papers (Marshall, 1932, 1936A, 1936B). 

The new analysis and the crystallographic and X-ray studies of 
tuhualite reported on herein were made with material obtained from 
specimens collected by Marshall himself, and some incidental observa- 
tions on mineral association were made with material collected by others. 
A few crystal measurements were also performed on material given to 
the writer byDr.  P. G. Harris, who had in the first place obtained it from 
Marshall. 

Occurrence of tuhualite. 

In the material examined by this writer tuhualite has been found to 
occur as follows: (a) As a constituent of crudely microsl)herulitie 
aggregates of felspar, quartz, aenigmatite, riebeckite, and c~girine in 
the groundmass of both non-porphyritic and coarsely porphyritic 
comendites; and there appears to be every gradation between this 
association and microstructure and that in which tuhualite in irregular, 
moss-like outline, almost pigmentary in form, is intimately associated 
with alkali-felspar, quartz~ and any one or combination of the sodic 
ferromagnesian constituents on a microerystalline scale with or without 
marked flow structures. In a nmnber of instances tuhualite is sufficiently 
abundant to produce deep blue areas that are quite obvious mega- 
scopically. However, it should be pointed out that the percentage of 
tuhualite in these areas is low and in no case has the present writer found 
it to make up 50 % of such areas (el. Marshall, 1936~, p. 335). (.b) More 
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or less equidimensional subeuhedral isolated crystals up to 0-25 mm. in 
diameter, which are often situated in portions of the rock somewhat more 
coarsely crystalline than the average. (c) As euhedra (1-5 ram. in length) 
in very porous, pale grey zones in comendite, and in steam cavities 
where the best euhedra have been noted ; these may occur alone or with 
either stout euhedra of aegirine or fiat prismatic crystals of riebeckite, or 
both. 

In  many of the rhyolites examined, most of which were devoid of 
tuhualite, a pale greenish-yellow to orange-yellow mineral of serpentinous 
appearance was recognized ; it is especially well developed in the dark- 
coloured, finely banded rocks from the crater area and gives rise to the 
narrow yellow bands therein as seen in hand specimens. For it the follow- 
ing properties have been determined: ? - ~  < 0.010; n = 1"547-1.551; 
pleochroism not recognizable. 

A second, bu t  uncommon, yellow mineral of irregular outline occurs 
in the tuhualite-bearing comendites, and this may be the material com- 
mented upon by Marshall (1936B, p. 336), although it is quite uncertain 
whether Marshall was referring to this or to the more abundant ly  
developed yellow serpentinous material just mentioned. I t  has the 
following optical properties: a = 1"603~:0.003, fl = 1.613, ~ -  1.620, 
V--~ = 0"017. Optic axial angle measurements gave: 82 ~ ( - ) ,  66 ~ ( - - ) ;  
for a strongly zoned crystal : inner zone = 64 ~ ( - ) ,  outer zone = 72 ~ ( - ) .  
Dispersion is strong in most fragments with p < v, although this is 
absent in a few instances. Pleochroism is faint, with a = pale yellowish- 
green, ~, = pale yellow ; ? ~ a. At least one good cleavage is evident 

with extinction oblique thereto. In  the yellow mineral noted by Marshall 
lamellar twinning appeared to be common; this property was not  ob- 
served in any of the examples studied at this time. 

The similarity of the refractive indices of this mineral to those of 
tuhualite is interesting, especially so since instances have been found 
occasionally where crystals exhibit gradations from tuhualite-like 
material outwards into the clear yellow mineral of unknown composition, i 

Physical properties. 
Tuhualite is excessively brittle, so much so that  any at tempt to release 

a crystal from attachment to a vesicle wall causes severe fracturing of 
the crystal. Accordingly the fragments used for X-ray and other work 

1 A very faint X-ray diffraction pattern obtained from a minute amount of this 
mineral exhibited two lines at d -- 3.45 z~. and 3-35 ~. in order of decreasing 
intensity. 
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never exceeded 0-25 nun. Three good pinacoidal cleavages are present, 
but  that  perpendicular to the vertical crystallographic axis, the acute 
bisectrix, appears to be superior to the other two. 

I t  was found that  most of the crystal fragments were contaminated 
by adhering quartz or felspar, or both, and therefore specific gravity 
determinations were made by repeatedly centrifuging the pure mineral 
powder obtained for analysis in methylene iodide-bromoform-acetone 
mixtures; a value of 2"89d:0"02, corrected for determination made at  
20 ~ C., was obtained, and this corresponds closely with values secured 
from seven fragments whose purity could not be absolutely guaranteed, 
2"88:s Hardness, determined with a fine needle point on the sur- 
faces of a crystal cemented to a glass slide, is about 3 to 4. 

Refractive indices and pleochroism for tuhualite as analysed were 
found to be: a = 1-608&0.001, fl = 1.612, 7 = 1.621-4-0.003, $ - - a  = 
0"013 ; a = colourless to very pale pink, fi = violet or lavender, 1t = in- 
tense purplish-blue ; ~ > fl > a, with much less difference between fl and 
7 than between fl and ~. 

The limits of error are much wider in the case of the y-vibration 
direction of the refractive index ellipsoid owing to intense absorption, 
even in fragments less than 20 microns in thickness. Refractive indices 
for the a-vibration direction in a number of crystal fragments not in- 
cluded in the analysed material were: 1-604,1-609, and 1.606. These values 
possibly indicate a range of chemical composition from grain to grain, 
and zoning was clearly observed during measurement of 2V, although 
colour and pleochroism did not seem to be correspondingly affected. 

The values obtained for the analysed material reported on in thi~ 
paper differ appreciably from those determined for a crystal of tuhuahte  
by the present writer in 1935 at the request of MarshM]. The reason for 
this discrepancy is not clear at this stage. 

The mineral is optically positive, and optic axiM-angle measurements 
made in monochromatic light of wavelengths 4900 X. and 6026 X. 
(values for the latter in parentheses) gave a distinct range of values as 
follows: analysed material 70 ~ (61 ~176 crushed crystal fragments 76 ~ , 
78 ~ 76 ~ (70 ~ 72 ~ 69~ a zoned crystal gave 76 ~ (68 ~ for centre, 80 ~ 
(70 ~ for median zone, and 91 ~ (82 ~ for a narrow peripheral zone. Disper- 
sion of the optic axes is strong with p < v, and the optic axial plane is 
parallel to (010), that  is, fi = b. Elongation positive, ? ---- c. 

As distinct from gradation of tuhualite into the yellow mineral of  
undetermined composition, clearly a magmatic reaction, tuhualite has 
undergone changes due to weathering. There is no doubt that  the end- 
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products are red-brown patches of limonitic iron oxides, but intermediate 
stages are less clear. Early in the breakdown, however, a slight loss of 
colour with almost complete loss of pleoohroism and diminution in bire- 
fringence takes place, and in the few instances observed such crystals 
were optically negative (change of sign) with 2V close to 30 ~ A later 

a !b b 

m 7 "  

Fro. ] .  Crystals of  tuhuMi te  f rom Mayor  Island. A, common tmbi t  ; ~, rare habi t .  

stage involves development of isotropy and appearance of iron stain, 
although moderate absorption in lavender remains. Rare crystal frag- 
ments, colourless but otherwise comparable to tuhualite, have been 
recognized; to what stage in the decomposition process such fragments 
belong, if they do, is unknown. 

When the Gladstone and Dale formula (n--1)/D = K is applied 
to tuhualite the value of K, 0-2154, derived from the physical con- 
stants, approximates fairly closely to that obtained from the composition 
(0"2183) ; these values are comparable to those found for close-packed 
structures. 

Morphology. 

Examination of crystals that were carefully removed from steam 
cavities shows that the form a{100} is usually dominant with s{011}, 
p{021}, c{001}, and b{010} about equally developed (fig. 1A). m{ll0} and 
n{101} are slightly less well developed in the crystal figured (fig. h ) ;  
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on  t he  o ther  h a n d ,  a few s t u m p y  crys ta l s  were found  to  exh ib i t  a b o u t  

equa l  d e v e l o p m e n t  of the  fo rms  a(100}, b(010}, m( l l0} ,  w i th  c(001}, n(101}, 

a n d  s(011} as t he  on ly  t e r m i n a l  forms.  R a r e l y  crys ta ls  were n o t e d  w i th  

b(010} d o m i n a n t ,  a(100}, c(00]}, a n d  s(011} as sole fo rms  (fig. 1B). 

q { l l l }  appea r s  to  be  u n c o m m o n .  

No crys ta ls  were found  su i t ab le  for accu ra t e  gon iomet r i c  t r e a t m e n t  

owing  to smal l  size a n d  to c u r v a t u r e  or i r r egu l a r i t y  of faces. However ,  

a p p r o x i m a t e  m e a s u r e m e n t s  were made ,  in  some ins tances  w i th  t h e  

F e d o r o v  s tage a n d  s tage mic romete r ,  a n d  these  d a t a  are  c o m p a r e d  w i t h  

Marsha l l ' s  va lues  a n d  t he  angles  ca lcu la ted  f rom the  s t r u c t u r a l  cell in  

t ab l e  I. Since the  X - r a y  d a t a  were secured  f rom a g rea te r  n u m b e r  of  

m e a s u r e m e n t s  more  we igh t  shou ld  be  a t t a c h e d  to  t he  va lues  in  c o l u m n  C 
of  t ab l e  I. 

TABLE I. Angle table for tuhualite: A, based on goniometric measurements (zone 
adjusted, [001] ; b (010) at r 0 ~ compared with B, angles based on the measure- 
ments of Marshall (1936B), and C, angles calculated from the X-ray data. Marshall 

a lso  c i tes  aq 52.0  ~ (cul t .  58 ~ 39').  

A. B. C. 
r p. r p. r p. 

n (101) 90 ~ 00' 34 + 30' - -  - -  90 ~ 00' 35 ~ 15' 
s (011) 0 ~ 00' 29 ~ 30' 0 ~ 00" 27 ~ 24' 0 ~ 00' 30 ~ 22' 
p (021) 0 ~ 00' 48 ~ 00' 0 ~ 00' 50 ~ 24' 0 ~ 00' 49 ~ 29' 
m (110) 50 ~ 30' 90 ~ 00' 47 ~ 42' 90 ~ 00' 50 ~ 18' 90 ~ 00" 
q (111) 50 ~ 30' 42 ~ 00' - -  - -  50 ~ 18' 42 ~ 33' 

X-ray study. 

A camera  of d i a m e t e r  114.59 ram.  and  manganese - f i l t e red  i ron- rad ia -  

t ion ,  F e - K a  = 1"9373 A., were used  to o b t a i n  powder  p h o t o g r a p h s  of 

t u h u a l i t e  as ana lysed .  M a n y  of t he  reflections,  however ,  are weak  a n d  

diffuse, pa r t i cu l a r ly  in  the  region of h igh  20 values ,  and  therefore  i t  was 

n o t  possible  to  measu re  t he  l a t t e r  w i th  accep tab le  accuracy.  The  X - r a y  

powder  d a t a  are  set  ou t  in  t ab l e  I I  t oge the r  w i th  indices  a n d  spacings  

t h a t  h a v e  been  ca lcu la ted  f rom the  la t t i ce  d imens ions  secured  f rom 

r o t a t i o n  a n d  Weis senbe rg  pho t og r aphs ,  o b t a i n e d  w i th  t he  c rys ta l  f rag-  

m e n t  f igured (fig. ]A): a = 14"31•  X., b = 17"28•  ~ . ,  

c = 1 0 . 1 1 •  ~ .  Cell vo lume  = 2499"96 ~.a,  a n d  wi th  t he  sp. gr. 

a cell we igh t  of 7224.88 • 10 -24 g. is found.  

This  leads to  a n  axia l  r a t io  of a : b : c of 0-828 : 1 : 0"585. Calcu la t ion  of  

t he  dens i ty  f rom t h e  r e l a t ion  D = 1-66030 ~ A/V a n d  employ ing  t he  

f o r m u l a r y  q u a n t i t i e s  in  co lumn  D of t ab le  I V  gave  2.86, a figure t h a t  is 

s l ight ly  less t h a n  t h a t  d e t e r m i n e d  exper imen ta l ly .  



1 0 2  C . o .  HUTTO~r ON 

S y s t e m a t i c  i n d e x i n g  o f  t h e  W e i s s e n b e r g  p a t t e r n s  i n d i c a t e d  t h a t  t h e  

s p a c e - g r o u p  i s  e i t h e r  Cmca = D~a s o r  C2ca = C~v . 

TabLE I I .  P o w d e r  p a t t e r n  of t uhua l i t e ,  Opo Bay,  Mayor  I s l a n d  ; Fe -Ka  r a d i a t i o n  
Camera  d i a m e t e r  114.59 ram. In t ens i t i e s  e s t i m a t e d  v i sua l ly .  

d ( ta le . )  I .  hkt. d (obs.) d (calo.) I .  

w i t h  ~ 1.9373 ~ .  

~kl .  d (obs.) 

020 8-62 8-62 s 
200 7.16 (A) 7.16 vs  
220 5.515 5.515 s 
130 5-34 5"34 v v w  
002 5.04 5-05 w 
221 4"85 4"85 s 
310 4.57 4-60 vw 
022 4"35 4"36 s 
040 4-315 4"32 s 
202 4"115 4.12 v w  
041 3"96 3"97 w 
222 ]3"72 
240 3"71 [3"70 s 

330 /3"67 
132 3 '67 (3"67 m 

400 3-58 3"58 m 
241 /3 .475 
331 3"47 [3"455 s 

420 3"31 3"305 m 
042 3-285 3"285 m 
113 3.22 3'22 m 
151 3"18 (C) 3"19 s 
421 3.14 3"145 m 
242 2.97 2"984 m 
402 2.926 2"921 w 

060 2.87 / 2 '88 
133 (2.851 v w  

061 2.766 (B) / 2"77 
422 (2"766 s 
440 2.75 2-755 v v w  

441 2-657 [2"659 
043 [2 .658 m 

A n d  n u m e r o u s  o the r  l ines  
des i r ab le  accuracy .  

004 2.522 ~2.528 
062 [2 .52  vw 

531 2.490 2"485 m 
442 2.416 2.42 w 

204 2.378 [2.382 
153 (2"379 v v w  

171 2-362 / 2"366 
423 (2.36 v w  
461 2.184 2-19 s 
353 2.147 2.153 v w  

- -  2"078 - -  v v w  
- -  2"053 - -  v v w  
- -  2.002 - -  w 
- -  1.974 - -  w 
- -  1"937 - -  v v w  
- -  1"887 - -  v v w  
- -  1"86 - -  v w  
- -  1"839 - -  v w  
- -  1.789 - -  w 
- -  1"767 - -  v v w  
- -  1"726 - -  s 
- -  1.669 - -  v v w  
- -  1"653 - -  v v w  
- -  1"550 - -  v w  
- -  1"535 - -  v w  
- -  1"501 - -  v v w  
- -  1"483 - -  v w  
- -  1.452 - -  w 

a t  g rea t e r  28 va lues  t h a t  could  no t  be m e a s u r e d  w i t h  

A, B, a n d  C: Most  p r o m i n e n t  lines, decreas ing  in  i n t e n s i t y  in  order  A to  C. 

Chemical  composit ion.  

A l a r g e  s a m p l e  o f  c o m e n d i t e ,  a p p r o x i m a t e l y  8 2 0  g.  i n  w e i g h t ,  w a s  

b r o k e n  d o w n  t o  ~ 3 0  m i c r o n  p a r t i c l e  s i z e  b y  c r u s h i n g ,  s c r e e n i n g ,  a n d  

e l u t r i a t i o n .  T h e  t o t a l  b u l k  o f  t h i s  m a t e r i a l  w a s  t h e n  c e n t r i f u g e d  i n  a 

b r o m o f o r m - a c e t o n e  m i x t u r e  o f  d e n s i t y  2-70 ,  a n d  f r o m  t h e  h e a v y  f r a c t i o n  

s o  o b t a i n e d  a n  a p p a r e n t l y  p u r e  s a m p l e  o f  t u h u a l i t e  w e i g h i n g  0 . 9 2  g.  

w a s  s e c u r e d  b y  r e p e a t e d  c e n t r i f u g a l  f r a c t i o n a t i o n .  A s  p u r i f i c a t i o n  o f  t h e  
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sample proceeded, fine-grinding carefully per formed under  alcohol was 

requi red  in order to free tuhual i te  part icles f rom con tamina t ing  quar tz ,  

felspar, r iebeckite,  &c. The separat ion was carr ied out  approx ima te ly  

quan t i t a t ive ly ,  and the  small q u a n t i t y  recovered gives a good indicat ion 

of  the  percentage of tuhua l i t e  in the  rock in spite of the  fact  t h a t  the  

original  sample exhibi ted m a n y  deep-blue patches.  I t  will be recalled 

t h a t  Marshall  (1936B, p. 335) expressed the  opinion tha t  the  blue pa tches  

conta ined  approx imate ly  50 % of tuhual i te .  

Scarci ty  of mater ia l  did no t  pe rmi t  any  chemical  tests  beyond  those 

t h a t  indicated t h a t  tuhua l i t e  is not  not iceably  affected by  ei ther hot  con- 

cen t ra ted  HC1 or H2S0 4 after  five minutes  of such t rea tment .  Analyses 

of  comendi te  and tuhual i te  are set out  in table  I I I ,  and analysis C of  

TABLE III. Analyses ofcomendite and tuhualite from Opo Bay, 
Mayor Island, New Zealand. 

A. B. C. 
Si02 ... 72-28 75.36 62.93 
A12Os ... 9.75 9.33 0.63 
F%0a ... 4.44 3.61 14.09 
FeO ... 1.43 2.33 9.58 
MgO ... 0.28 0.06 0.42 
CaO ... 0.44 0.25 tr. ? 
Na~0 ... 4-96 4.75 7.11 
K~O ... 4.50 4.06 1.74 
H~0- ... 1.04 0.21(--) 0.38 
tt~0 + ... 0-68 0.12(--) 1.61 
Ti02 ... 0.23 0.23 0.42 
P205 ... 0.04 - -  nil 
MnO ... 0.14 0.18 0.81 

100.44 100.16 99.72 
0 for F ... 0.03 

100,41 

A. Comendite, Mayor Island. Anal. F. T. Seelye (Marshall, 1936A, p. 343). Also 
S 0-02, Zr02 0'03, rare earths 0.10, C1 0.02, F 0.06 %. B20 a, Ni0, BaO, SrO, 
and C02 0.00 %. 

B. Marshall's analysis of r arrived at by calculation (Marshall, 1936B, p. 
335). Negative values for water are neglected in summation. 

C. Tuhualite, Mayor Island. Anal. C. Osborne Hutton. 

this table  has been recalculated to determine  the  number  of a toms of  

each kind in the  empir ical  unit-cell  (table IV), wi th  full considerat ion 

given to the  probable  errors incurred in the  physical  measurements  and 

chemical  analysis. 

On the  basis of the  calculat ions summar ized  in table IV, the  actual  

numbers  of ( 0 , 0 H )  a toms in the  unit-cell  lie be tween  119.90 and 122-42, 
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TABLE IV. Empirical unit-cell contents  of tuhual i te  with probable errors based on 
the  assessed errors of the chemical analysis and the  physical data.  

A. B. C. D. E. 
Si02 . . . . . .  62-93 i- 0.20 Si 45.89 :_0-46 45.45 0-43 
AI20 s . . . . . .  0.63= 0-30 A1 0.53 :-0.2(l 0.53 0-50 
Fe203 . . . . . .  14-09 "0.40 Fe" 7-72-! 0.23 7.65 0-60 
MgO . . . . . .  0.42-L0-10 Mg 0.44• 0.11 0-45 0-65 
TiOz . . . . . .  t).42 :_0.04 Ti 0-22• 0-22 0-68 
FeO . . . . . .  9.582.0.30 Fe" 5-83!_0.18 5.78 0-75 
5{nO . . . . . .  I).81 ~-0-02 Mn 0.49 ::- 0.01 0.49 0-80 
Na20 . . . . . .  7.11 _!-0-20 Na 10.04.= 0.30 9"95 0.95 
K~O . . . . . .  1.74 r0 -o6  K 1.61 a ().05 1.59 1.33 
HzO . . . . . .  1.61 -k0.25 (OH) 7.83_t_1-22 7.75 - 

~iala = 0.00209; Bblb 0.00173; g:,clc : 0.00296; BDID 0.00692. 
D (corrected) -= 2.8(.t.'0.02. 
Conversion factor F = (abeD)l(1.6603 • 99.34) = 43.804. 
Cell volume , 2499.96,~.3 
Cell weight ::  7224.88 • l0 2,t g. 
o.~ oxygen in tuhual i te  121.16 • 16IF = 44-25 o~. 
Error due to the  FeO determinat ion (F~P/2m) : 0-091. 
Total error in Z (O,OH) : 1.26. 
Total error in 0 = 1.21. 
Z (A1,Fe",Mg,Ti) - 8-99:r0'37. 
Z (Mn,Na,K) = 12.14.i-0.33. 
E (O,OH) = 121.16--1-26. 
Total iron as FeA) z : 24.74-: 0.25. 

Possible formub~ of tuhual i te :  llg(Na,K,l~n)~2Fe~(A1,Fe',Mg,Ti)s[SiaOs]t~. 

i .  
B. 
C. 

D. 

E. 

Weight  o//o of oxides (: P). 
Empirical unit-cell contents,  Y P m / M  (Min. Mag., 1954, vol. 30, p. 481). 
gE :-- assessed probable errors due to $cE (derived from the  chemical analysis) 
and SpE (derived from the physical data). 
Number  of a toms on the  basis of 120 (O,OH) a toms to the  unit-cell. 
Ionic radii according to Pauling. 

I I9 (Na ,K ,Mn)~2Fe~(AI ,Fe" ,Mg ,T i )9 (S i aOs ) I  a. 

a n d  a c c o r d i n g l y  120 is s u g g e s t e d  as  a p r o b a b l e  f igure  in  t h i s  i n s t a n c e .  

F u r t h e r ,  t h e  i n t e g e r s  9, 6, a n d  12 a r e  c l e a r l y  w i t h i n  t h e  l i m i t s  o f  e r ro r  for  

t h e  F e " ,  Fe" ,  a n d  N a  g r o u p s .  I t  m i g h t  be  p o i n t e d  o u t  t h a t  i n c l u s i o n  o f  

M g  w i t h  t h e  F e "  g r o u p  r a t h e r  t h a n  w i t h  F e"  is m o r e  a p p r o p r i a t e  in  v i e w  

o f  t h e  v a l u e s  o f  t h e  ion ic  r ad i i  c o n c e r n e d .  T h e  a m o u n t  b y  w h i c h  Si d e p a r t s  

f r o m  t h e  i n t e g r a l  v ~ i u e  o f  45 s u g g e s t s  pos s i b l e  q u a r t z  i m p u r i t y  i a  t h e  

a n a l y s e d  m a t e r i a l ,  b u t  i f  t h i s  is t h e  a n s w e r ,  t h e  w e i g h t  ~ o f  q u a r t z  con -  

t a m i n a n t  w o u h t  n o t  a p p e a r  to  e x c e e d  0-6. 

A c c o r d i n g l y  i t  is s u g g e s t e d  t h a t  t h e  e m p i r i c a l  u n i t - c e l l  c o n t e n t s  o f  

t u h u a l i t e  m a y  be  r e p r e s e n t e d  b y  t h e  f o r m u l a :  
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Petrogenesis. 

Comenditcs and pantellerites are well developed in widely scattered 
localities Sardinia, Pantelleria, Queensland, New South Wales, and 
British East Africa, to mention a few and they have been closely 
studied. But in nolle of these occurrences has tuhualite been observed 
in the acid lavas, and since its optical properties are so distinctive it is 
unlikely that  it could have been overlooked. Accordingly, the unique 
occurrence of tuhualite in Mayor Island rocks is doubly interesting since 
the composition of these rocks (table I I I ,  analysis A) does not (lifter in 
any significant detail from many described from Sardinia, Pantellcria, 
and East Africa. One is therefore tempted to conclude that  critical con- 
ditions of temperature and pressure rather than unique composition 
of magma might be the important factor in permitting crystallization 
of this mineral. 

Study of numerous specimens shows that  tuhualite has crystallized 
either in association with quartz and felspar in the groundmass, or at 
the latest stage, often accompanied by riebeckite and aegirine, in vesicles, 
and the t)resent study has not shown it to be a member of the intra- 
telluric mineral assemblage which includes quartz, sanidine, sodic 
pyroxene, and aenigmatite. 

Incomplete study shows that  the phenocrystic pyroxene is often 
strongly zoned, with wider extinction angles than those usually recog- 
nized for aegirine. Jr'or several phenocrysts the following properties were 
found: ~ ~Ac = 25 ~ 2 V ~  72 ~ (~-); a Ac  = 23 ~ 2V = 88~  p ~ v  
strong; a Ac ~: 12 ~ 7 = 1.785. A marked decrease in extinction angle 
was evident in some peripheral zones. These data suggest that  much of 
the phenocrystic pyroxene is aegirine-hedenbergite rather than aegirine 
in composition, with perhaps diopside also entering into the composition. 
For crystals separated from vesicles much smaller extinction angles were 
generally rei)resented , and the following data appeared to be typical: 

= 1.758, 7 ~ 1.810, ~ Ac = 0 to 2 ~ ; dispersion not strong. Incomplete 
as these data are it would seem as if the vesicle crystals arc elos~r to 
aegirine in composition than is the phenocrystic material. 

Therefore it is suggested that  early separation of hedenbergitic or 
diopsidie aegirine in the form of phenocrysts has more or less exhausted 
the originally small supply of lime, but not of alkalis and iron, in 
the magma; this has resulted, at a later stage, in crystallization of 

1 Fedorov  s t age  d e t e r m i n a t i o n s  emp loy ing  hemispheres  of n : 1.649; angles  of  
t i l t  were corrected.  
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aegirine, 1 wi th  p r e s u m a b l y  negligible calcium con t en t  , and  tuhua l i t e  

devoid  of t h a t  e lement .  Accordingly  an  appeal  to  special pressure-  

t e m p e r a t u r e  condi t ions  would  seem to be unnecessary .  
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