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Abstract

Marsturite, MnrCaNaHSiuOru, occurs as white prismatic crystals on rhodonite and mangan-
axinite from Franklin, New Jersey. It is triclinic, space group Pl or PT. with a : 7.70(l), b :

1 2 . 0 3 ( 3 ) , c : 6 . 7 8 ( l ) A , a = 8 5 . 2 6 ( 3 5 ) , P : 9 4 . t 0 ( 2 6 ) a n d ' y : 1 1 1 . 0 4 ( 1 2 ) ' , 2 : 2 . M a r s t u r i t e i s
isostructura l  wi th nambul i te .  Opt ica l  data are:  a :  1 .686(2) ,  P :  1 .691( l ) ,7  :  1 .708( l ) ,
biaxial (+), 2V : 60'. The most intense reflections in the powder pattern are: 3.18(40)' 2.999
(80), 2.9 1 6(90), 2.7 2s(100), t.44 t(40).

Introduction

Prismatic crystals having a unique appearance and
coating manganaxinite and rhodonite in a specimen
from Franklin, N. J., were first observed by one of us
(P.D.) on a specimen in the collection of Mr. Neal
Yedlin. Mr. Yedlin subsequently generously donated
this specimen to the National Museum of Natural
History. Qualitative electron microprobe analyses
then indicated that these crystals are an unusual
Mn,Ca,Na sil icate. They were therefore subjected to
a detailed study using quantitative electron micro-
probe and X-ray diffraction techniques, confirming
that they are crystals of a new mineral with the ideal
formula MnrCaNaHSiuO'b, and isostructural with
nambulite.

We take pleasure in naming this new species mar-
sturite in honor of Marion Stuart (Mrs. E. Hadley
Stuart, Jr.) of Bellevue, Idaho. Mrs. Stuart has given
generous support to the preservation of natural his-
tory specimens, most notably in connection with the
Maricopa Brea fossil recovery project south of Bak-
ersfield, California, and the La Brea tar-pit fossil
recovery program in Los Angeles. In addition, she
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has made substantial contributions to the develop-

ment of the mineral collections and the new E.

Hadley Stuart, Jr. Gem and Mineral Hall of the Los

Angeles County Museum of Natural History.

The mineral name is derived from the first three

letters of her given name and surname' Both the

mineral and the name were approved by the Commis-

sion on New Minerals and Mineral Names, lMA,

prior to publication. The holotype and only specimen

is preserved in the mineral collection of the National

Museum of Natural History, Smithsonian Institu-

tion, under catalog #127923.

Occurrence

Marsturite is found on only one specimen measur-

ing I cm'. The type locality is Franklin, Sussex

County, New Jersey. The original label did not state

any precise part of the Franklin-Sterling Hil l mineral

deposit, and the date of collection is not known.

However, the mineral assemblage is representative of

the manganaxinite known to have come from the

mine at  Frankl in .
Marsturite occurs as white to very l ight pink, eu-
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hedral, prismatic crystals up to 0.5 mm in size, im-
planted for the most part on yellow manganaxinite.
The mineral is associated with rhodonite, willemite,
and abundant manganaxinite. The sequence of for-
mation is as follows: manganaxinite containing eu-
hedral colorless willemite, followed by rhodonite, fol-
lowed by marsturite. The complete sequence was
noted on only one part of the specimen, and an
incomplete sequence, with most of the marsturite
deposited on manganaxinite, is predominant. Hence,
marsturite is found coating willemite, rhodonite, and
manganaxinite and is the last mineral to form. Mar-
sturite is imp[anted on only one side of the specimen
in a manner suggesting gravity-controlled deposition
or growth from a solution flowing in a preferred
direction relative to the specimen. For the most part,
marsturite occurs as an incrustation of small crystals
with their direction of elongation normal to the sur-
face of the host manganaxinite. No epitaxy between
the associated minerals and marsturite was noted.

Physical properties

Marsturite is transparent to translucent and white
to light pink in color. The density was measured as
3.46 using heavy-liquid techniques, as compared to a
calculated value of 3.465. There are two imperfect
pinacoidal cleavages, {100} and {001}. Marsturite
does not fluoresce in either short or long wavelength
ultraviolet radiation. The Mohs' hardness is approxi-
mately 6.

The optical properties are as follows: biaxial (*),
2V : 60"(l) (meas), 2V : 57.4" (calc); r ) u very
weak; a :  1.686(2),  P :  1.691(l) ,  T :  1.708(l) .
Refractive indices were measured using sodium light.
The coordinates of the principal vibration directions,

Table l. Electron microprobe analyses of marsturite
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Table 2. Powder X-ray diffraction data as obtained using a
114.6 mm diameter Gandol f i  camera,  N.B.S.  Si  internal  standard,
CuKa radiation, Ni filter, intensities visually estimated. The

sample used was polycrystal l ine.

d (obs)  d  (ca1c) I / T d ( o b s )  d ( c a l c ) i lrhkl

7  . 2 7

6 . 7 9

4 . 8 r

3 . 5 7

3 . 3 6

7 . 1 8

6 , 7 6

4 . 8 1

3 . 5 9

[  3 . 3 8
I

|  ' ' - -

t ' ' " -
|  3 -3t+

100

001

101

200

002

03r

22r

L2l-

031

012

L22

22L

20r

2LO

702

041

310

20

2 0

5

5

1 0

2 . 4 5 3 2,457 r32

2 , 4 5 3  2 2 L

2.45L 241

2.450 321-

2 .258 2 .258 340

2 . 2 r e  
1 2 . 2 2 4  

o 4 2

|  
2 .223 230

Lz.zo t  r13

2 . 1 1 8  
1 2 . L 2 2  

2 5 L

l 2 . r2 r  
r03

l2 , r r7  23r
L2.rrs 322

3 . 1 8

3 . 1 1

|  3 . 1 e
I  r  t c
l " ' *
L 3 . T 7

|  
3 . r 2

|  
3 . 1 1

|  3 . 1 1

L  r . r r

10

30

5

30

10

t 0

5

4 0

5

5

2 , 0 8 6

1  . 6 5 0

1 . 6 0 3

1 . 5 5 5

1 . 4 4 r

L . 4 L 6

1 .  3 9 5

2.089 05r

2 .088 3r2

2 .085 341

2.eee 
[3 .005
I  r .000
L 2  - 9 9 5

2 . 9 t 6  2 . 9 1 6

2 . 7 2 5  2 . 7 2 8

2 . 6 4 0  
|  

2 . 6 4 e

L 2  - 6 4 6

2 . 5 3 4  f 2 . 5 3 3
L  r .  t . t

702

L22

140

130

240

13r

041

90
r00
20

slo 
2

re0

Ca0

Na^ 0

Mn0

Total

33.96  34 .32  34 .2r
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Standards :  mangan l le  fo .  l1n ,  hornb lende fo r  a l l  o ther  e lenenrs .

S taDdards :  rc I las ton l te  fo r  S i ,  Ca;  mangan i te  fo r  Mn;  hornb lende
for  Fe ,  Mg,  Na,

Standards :  An(80)  g lass  fo r  S i ,  Ca,  Na;  Gngan i re  fo r  IS ;  hornb lende
for  t r 'e ,  Mg,

as determined using a single crystal which was also
studied by X-ray and optical goniometer techniques,
a r e  X :  S :  - 4 0 o ,  p  :  l l " ;  Y : 6  :  6 3 o ,  p  : 8 8 " ; Z :  Q
:  153o,  p :79" .  The ext inct ion angles are:  bI tZ '  :

4o for crystals lying on {001} and bItZ' : 15o for
crysta ls  ly ing on {100} .

Fig. I . Scanning electron microscope image ( l80X ) of
marsturite crystals.
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Chemical analysis
Marsturite was chemically analysed with an Anr--

Snlrq electron microprobe utilizing an operating volt-
age of  15 kV and a beam current  of  0.15 pA.  There
was insufficient material for a spectrographic analy-
sis, but no elements with atomic number less than
nine were detected with a wavelength-dispersive mi-
croprobe scan at 20 kV. The mineral was imbedded in
epoxy and was analysed in polished thin section.
Unprepared crystals were also run in the same batch
of analyses as a control on possible alteration during
the sample preparation procedures. No differences
were noted between the prepared and unprepared
crystals. The standards used for the analyses are
given, together with the resultant analyses, in Table l.
The data were corrected for absorption, backscatter,
f luorescence, and background using standard Bence-
Albee correction factors.

Marsturite is homogeneous; no zonal concentra-
tions of any of the cations were observed on step-
scans at l0 micron intervals. The associated rhodo-
nite immediately adjacent to marsturite is essentially
sodium-free with less than 0.20 percent Na2O.

Crystallography
Single crystals of marsturite were studied using

standard Weissenberg and precession techniques,
which showed that it is tricl inic with space group P1
or PT. The lattice parameters obtained from single-
crystal data were refined using Gandolfi camera data
obtained with Si as an internal standard, resulting in
the values:  a :7. '70( l ) ,  f i  :  12.03(3) ,  c  :  6 .78(1)A,  a
:  85.26(35) ,  0 :  94.10(26) ,  t  :  l l l .04(12)o.  The
indexed powder diffraction data are l isted in Table 2.

The morphology of the crystals is quite simple
(Fig. l). The crystals are elongated parallel to b with
pinacoids {100}  and {001},  wi th {001}  the more promi-
nent of the two. The tips of the crystals are termi-
nated with a rough imperfectly-defined face which
approximates to the pinacoid {010}. The luster of the
crystal faces is frosty, making them appear sub-
translucent. There are striations on {001} parallel to

[  100] .
Crystal chemistry

Calculations of the unit-cell contents yield the fol-
lowing results for cations: Mnu.ruCar.roNirl.6sFes.6a
Mgo.ooSir.rr; the ratio of Si to the sum of all other
cations is 0.97, or nearly one. There is a direct corre-
spondence of both these results and unit-cell parame-
ters to the equivalent parameters of nambulite,
LiNaMnrSi,oO,8(OH), (Yoshii et al., 1972),
LiMnrHSiuOl, (Murakami et al., 1977), and a num-
ber of other synthetic Li-hydro-pyroxenoids (Ito,
1972),which are all isostructural. The data show that
marsturite is isostructural with these phases.

The crystal structures of nambulite (Narita et al.,
1975) and LiMnnHSiuO,u (Murakami et al., 1977)

have been determined. They are based onfi)nferket-
ten chains similar to those in rhodonite and with

other cations distributed on 5 equipoints, each of

rank 2. The cell contents of marsturite were therefore

normalized to 5 Si per unit cell, yielding the results
listed in Table l. On the basis of an isostructural
relation between marsturite and the other phases in-

cluding nambulite, the ideal end-member formula be-

comes Mn'CaNaHSiuOr.
Reasonable predictions can be made for marsturite

of the distributions of the cations over the five avail-

able sites. In the nambulite and LiMnoHSiuOru struc-

tures the Ml, M2, and M3 sites are octahedrally
coordinated and occupied by Mn. The2.93 (per 5 Si)

Mn atoms must occupy these sites in marsturite. The
M4 site in nambulite is occupied by Ca, and by Mn in

LiMnnHSiuO'u, with an irregular coordination poly-

hedron of seven oxygen atoms (average M4-O dis-

tance : 2.38A). The Ca of marsturite must be largely

ordered in that site, although there is excess Ca over

the two Ca per cell required for this site. The coordi-
nat ion polyhedra about  Ml ,  M2,  and M3 are very
similar to those for Ml, M2, and M3 of rhodonite
(Peacor and Niizeki, 1963), and M5 of rhodonite is

similar to M4. Peacor and Niizeki showed that
MnoCaSiuOru is a l imiting composition for rhodonite
in terms of Ca, and that hypothesis has been largely
verif ied. Note that lto (1972) synthesized the phase

MnrCaliHSiuO'u, clearly the Li analogue of marstu-

rite, and this composition represented the maximum
Ca content for his synthetic phases which are iso-

structural with nambulite. The Na of marsturite must

occupy the M5 site in the equivalent nambulite struc-

ture, taking the place of Li. There is a deficiency of
Na relative to that required to fi l l  that site, possibly

compensated by some of the Ca which is in excess
relative to the M4 site.
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