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Liddicoatite, a new calcium end-member of the tourmaline group
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Abstract

L idd i coa t i t e ,  a  new ca l c i um end -member  o f  t he  t ou rma l i ne  g roup ,  i dea l l y
Ca(Li,Al),AluBsSi6Or?(O,OH)B(OH,F), is rhombohedral, R3m, with a : 15.867(4), c :
7.135(4)A, and cell volume Z : 1555.6(9)A3. Liddicoatite is the calcium analog of elbaite. It is
a common mineral in the detrital soils of Antsirabe. Madasascar.

Introduction

During a systematic search for compositional vari-
ation in natural tourmalines, we noted that many
large, multi-colored tourmalines from Madagascar
have an unusually high calcium content. A compre-
hensive investigation of 75 Madagascar tourmalines
resulted in the discovery of a new end-member in the
tourmaline group. This new mineral is the calcium
analog of elbaite. We have named the mineral l iddi-
coatite in honor of Mr. Richard T. Liddicoat, Presi-
dent of the Gemological Institute of America, in
recognition of his contributions to gemological
knowledge and education. The mineral and the name
were approved in advance of publication by the Com-
miss ion on New Minerals  and New Mineral  Names,
IMA. Holotype material is deposited in the National
Museum of Natural History, Smithsonian Institu-
t ion,  Washington,  D.C. ,  under cata log 1135815.  Ad-
ditional holotype material has been deposited in the
Brit ish Museum (Natural History), London, Eng-
land, the Royal Ontario Museum, Toronto, Ontario,
Canada, and the Geological Survey of Canada, Ot-
tawa, Ontario, Canada. The pronounciation is
lidd'-i-coat-ite.

Previous work

The tourmalines from the pegmatites of Madagas-
car were first described by Lacroix (1893, p.
102-105), and the beautiful zoning of these crystals
was in i t ia l ly  noted by h im. Duparc et  a l .  (1910),  in
their comprehensive investigation of the pegmatites
of Madagascar, described these tourmalines in great
detail and presented optical, morphological, and ana-
lytical data. A further description was by Lacroix

(1922, p.4ll-432). Of special interest is the analysis
of a pale pink crystal from Maroando with 2.58 per-
cent CaO, and a crystal from Antaboko with 4.10
percent  CaO (Duparc et  a l . , l9 l0) .  These are the only
extant prior analyses of this new mineral. Their sig-
nificance was not apparent at the time they were
made, because the extent of solid solution in the
tourmaline group was not well understood.

Locality

The locality of l iddicoatite can be stated only in
general terms. The crystals occur as detritus in the
soils near Antsirabe in Madagascar, and a specific
site for the occurrence of the type material is not
known .

Morphology

Liddicoatite is found as large well-formed crystals
of obvious trigonal symmetry, displaying the com-
mon tourmaline morphology. The crystals are stout,
prismatic, and range in size up to 25 X l0 cm. The
crystals are deeply striated parallel to c. There are no
obvious or distinguishing differences in the morpho-
logy of l iddicoatite when compared with elbaite; the
forms present are typical of tourmalines in general.

Color zoning

The most striking feature of some liddicoatite, but
not all, is the extremely beautiful symmetrical color
zoning (Fig. I ). The most beautiful specimens are
zoned green, pink, and red, but browns, blues, and
many hues are frequently observed. The orientation
of the zoning is of particular interest, inasmuch as
most gemmy zoned elbaite is either zoned parallel to
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Fig L Symmetr ical  color  zoning in Madagascar l iddicoat i te

{0001} or  {1010},  {1120},  or  both of  the la t ter  forms.
In most l iddicoatite, however, the predominant zon-
ing is parallel to a pyramid. This causes a slight
blurring of zone margins when cross-sections of the
crystal are viewed parallel to c, but the effect is none-
theless beautiful. The calcium/sodium ratio remains

Table L Chemical  analysis of  l iddicoat i te,  holotype specimen
N M N H  # 1 3 5 8 1 5

almost constant from zone to zone. Color is of no use
in the determination of the species. Both elbaite and
liddicoatite come in all the previously noted colors.
Although the specimen chosen for type material and
described herein is brown in color, this is not a char-
acteristic or diagnostic feature of l iddicoatite.

Physical and optical properties

The type l iddicoatite is brown, transparent, and
has a vitreous luster on fracture surfaces. Cleavage is
weak parallel to {0001} or absent. The streak is very
light brown. The mineral is not f luorescent in either
short or long wave ultraviolet radiation.

Liddicoatite is uniaxial negative with e : 1.621, o:
:  1 .637 in sodium l ight .  B i ref r ingence is  moderate
(0.016). The mineral is strongly pleochroic (r,r ) e )
with e : l ight brown, c,l : dark brown. The density,
determined by Berman balance with temperature cor-
rection, is 3.02 g/cm3, which is in reasonable agree-
ment  wi th the calculated value of  3.05 g/cm' .  Appl i -
cat ion of  the Gladstone-Dale re lat ionship,  based on
the constants of  Mandar ino (1976) and the chemical
analysis of Table l, yields a calculated average index
of  ref ract ion n :  1 .636 when the observed densi ty  is
used. This gives better agreement with the observed u
:  1.632 than does the calculated densi ty .

The hardness of  l idd icoat i te  is  about  772 (Mohs).
Liddicoatite has physical and optical characteristics
too similar to elbaite to permit characlerization with-
out analysis. The above refractive indices and density
apply to the holotype specimen only. The refractive
indices of l iddicoatite vary with the iron and manga-
nese content, as do the indices of most tourmalines
( D e e r  e r  a l , 1 9 6 2 ,  p . 3 0 0 - 3 1 9 ) .

Chemical analysis

Init ial chemical study of l iddicoatite was done by
electron microprobe analysis, using an ARL SEMQ
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electron microprobe and NMNH microprobe stan-
dards. Because microprobe results are inadequate to
characterize in detail the complex solid-solution rela-
tionships in tourmalines, it was decided to perform
complete wet-chemical analyses on some representa-
tive Madagascar specimens. The analysis of the ho-
lotype material is given in Table 1 In consideration
of the rarity of good wet-chemical analyses of
tourmalines in the l iterature, the procedures we used
are out l ined in some deta i l .

Analytical procedures

Reduction of sample size was done flrst in an iron
percussion mortar to -40 mesh; removal of metal
contamination with a magnet was followed by further
gr inding in  a tungsten carb ide mi l l  to  -100 mesh.
Moisture,  SiO2,  AI2O3, FeO, CaO, and MgO were
determined on 0.5 g por t ions by c lass ical  chemical
methods (Peck,  1964).  Pr ior  to  f i l t ra t ion of  s i l ica,
boron was volati l ized by repeated dehydration with
an HCl-methanol mixture (Hil lebrand et al., 1953).
Iron in the RrOs portion was determined using 0-
phenanthro l ine;  t i tan ium as the t i ron complex;
a luminum was precip i ta ted wi th 8-hydroxyquinol ine
(Jarosewich, 1966). Using a separate sample the
MnO was dissolved by fusion with NarCOr, acidif ied,
oxidized to permanganate and determined color-
imetrically. For total water the Penfield method
(Peck, 1964) was used, the HrO+ being the difference
between total water and moisture. For fluorine 0.5 g
samples were fused with ZnO-NarCO, flux and fi l-
tered (Grimaldi et al., 1955). The fluorine in the
f i l t ra te was d is t i l led us ing a constant- temperature d is-
t i l l ing apparatus (Huckabay et  a\ . ,1947),  prec ip i ta ted
as the lead chlorofluoride complex, f i l tered off, and
dissolved in 5 percent nitric acid. The fluorine in the
lead chlorofluoride complex was determined in-
directly by precipitating the chloride-equivalent with
excess silver and titrating the excess silver by the
Volhard method (Hi l lebrand et  a l . ,  1953).  Alkal i
content was determined flame-photometrically after
sample decomposition according to the J. Lawrence
Smith method. Boron was titrated with NaOH and
mannitol after removal of interfering substances and
neutrafization. Precision of method was t 0.2 per-
cent BrO, on NBS 93 (a l2.76Vo borosil icate glass).

Crystallography

Liddicoatite from the holotype specimen was stud-
ied by single-crystal and powder X-ray diffraction
techniques. Like all other tourmalines, l iddicoatite is
rhombohedral, with space group R3m. The cell di-

Table 2 Structural  comoar ison between l iddicoat i te and elbai te
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mensions were obtained from a refinement of the
powder diffraction data using the program of Apple-
man and Evans (1973).  They are a :  15.867(4) ,  c  :

7 .135 (4 )A ,  ce l l  vo lume  Z  :  1555 .6 (9 )A3 ,  Z  :  3 .
Sil icon was used as an internal standard.l Liddicoat-
ite is indistinguishable from elbaite by X-ray powder-
diffraction techniques, and the cell dimensions fall
within the range of reported values for l i th-
ium-aluminum tourmal ines (Epprecht ,  1953).  we do
not think that cell dimensions alone are reliable cri-
teria for determining this species. Although c/a of
l iddicoatite is close to the c/a of some dravite,/schorl
so l id  solut ions,  i f  one has t rue c and t rue a f rom X-
ray studies, it is clear from the charts of Epprecht
(1953) that  l idd icoat i te  is  a l i th ium-aluminum
tourmal ine.  Al though cel l  d imensions can be used to
differentiate between elbaite, dravite, and schorl,
there is insufficient evidence to indicate that the cell
dimensions can be used, with reliabil i ty, to differenti-
ate between sodium/calcium analogs such as el-
baitell iddicoatite and dravite/uvite (Dunn et al.,
19',77).

Crystal chemistry

Liddicoatite is a calcium lithium aluminum tour-
maline end-member. It is the direct structural ana-
log of elbaite, the sodium lithium aluminum end-
member. This analogy is i l lustrated in Table 2, which

' Powder-diffraction data for liddicoatite mav be obtained from

D. E Appleman.
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compares the idealized structure of elbaite (Donnay
and Barton, 1972) with that postulated for ideal end-
member l iddicoatite on the basis of its chemical com-
position, its crystallographic similarity to elbaite, and
the probable cont inuous sol id  solut ion which th is
study suggests between the two species. Note that the
only significant difference is the substitution of cal-
cium for sodium in position X, with a concomitant
change in the Al :L i  rat io  in  the d isordered posi t ion
Y. Thus end-member elbaite can be written, for ex-
ample: Na(Al, .rLir rr) BaAl6Si6O2?.3u(OH)r..n(F,OH),
using the actual Al:Li ratio of the crystal studied by
Donnay and Barton.  By analogy,  end-member l idd i -
coatite can be written: Ca(Lir.rnAl, 26)BaAl6si6o2z 12
(OH),  48(F,OH),  us ing the actual  Al :  L i  rat io  found in
our crystals. Neither the elbaite studied by Donnay
and Barton nor our type l iddicoatite are pure end-
members, but both indicate that calcium can be sub-
stituted for sodium in X without any major chemical
or structural change except to the Al:Li ratio in )2.
The necessary large charge-balance adjustment is al-
most completely effected in this way, rather than by a
change in the O'z : (OH)-  rat io .

The existence of similar Ca-Na substitution in
Mg tourmalines has previously been demonstrated
by Dunn et al., (1977 ) for the series uvite-dravite.
These authors showed that complete solid solu-
tion exists in nature between uvite, ideally CaMg,
(AluMg)BrSi6(O,OH)s0(F,OH),  and dravi te,  ideal ly
NaMgrAl.B3Si6(O,OH)so(F,OH). Reference to the
crystaf-structure determination by Buerger et al.
(1962) on uvite from DeKalb, New York, and to
the data of Dunn et al. (1977) indicates that in this
series. also, Ca-Na substitution is compensated by a
change in cat ion rat ios.  In  th is  case i t  is  the Mg:Al
ratio in the I/ position which is affected (Table 2).

Microprobe data obtained in this study suggest
that there is complete solid solution between liddi-
coatite and elbaite, analogous to that between uvite
and dravite. However, complete solid solution appar-
ently does not occur between liddicoatite and uvite,
probably for the same reasons outl ined by Donnay
and Barton (1972) for immiscibil i ty between elbaite
and dravi te.

LIDDICOATITE

Conclusions

Liddicoatite, the newly-recognized calcium analog
of elbaite tourmaline, is a moderately abundant spe-
cies represented in most major mineral collections.
Microprobe analyses of a large number of multiply-
zoned Madagascar tourmalines show that most speci-
mens are l iddicoatite. althoueh some are elbaite.
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