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Hunt i te ,  Mg3Ca(CO3) 4, is an ordered rhombohedral  double-carbonate,  based, like the simple com- 
positions, on a deformation of the NaC1 face-centered cube. I t s  ordering, in R32, affords a true 
s t ructural  uni t  in the shape of the familiar cleavage rhomb, with a =6.075 A and a = 102 ° 56'. 
Wi th  Ca at  the origin, three Mg are disposed about  face centers, one CO 3 is unique at  the body 
center, and three CO 3 are disposed about  edge centers. 

Although hun=ire is available only as powder (of about  1 micron particle size) and involves seven 
variable parameters,  the precision with which per t inent  bond lengths are known from the simpler 
carbonates permits  a moderate ly  accurate evaluat ion of the structure.  

The model arranged to conform with these kno~m bond lengths affords a series of calculated 
F values for the first 46 possible index combinations,  from which observed ampli tudes reduced 
from 41 powder lines observed in this range deviate by  an average of only ll°~jo. The greatest  
individual  departure is 34 %. 

Hun=ire,  MgsCa(CO3)4, was f i rs t  ident i f ied  b y  F a u s t  no ex t r aneous  phases  de tec tab le  in powder  X - r a y  
(1953) f rom magnes i t e  deposi ts  of T e r t i a r y  age in d i f f rac t ion  d iagrams .  Hun=ire  ana lyses  t y p i c a l l y  in- 
Nevada .  Add i t i ona l  deposi ts ,  fo rmed  from surface clude abou t  1% HeO ( +  110 °C.), bu t  S tevens '  ana lys i s  
wa te r s  in  the  wea the r ing  zone and  in caves and  mine  of a N e v a d a  sample  (in Faus t ,  1953) ca lcu la ted  on 
workings ,  have  been repor ted  b y  Koblencz  & Nemecz  a w a t e r - f r e e  basis gives sa t i s fac to ry  mol  ra t ios  
(1953), B a r o n  et al. (1957), Sk inner  (1958), and  Gol- MgO : C a O  : CO2=3.07  : 1-00 : 4-03. All observed dif- 
v a n o v  (1959). These  h u n t i t e s  are all  charac te r ized  b y  f rac t ion  fea tures  have  been indexed  on a r h o m b o h e d r a l  
g ra i a  sizes of the  m a g n i t u d e  of 1/~, f r e q u e n t l y  wi th  cell con ta in ing  only  MgsCa(C08)4. 
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Table 1. Comparison of observed and calculated d-spacings and structure factors for huntite, MgsCa(C03)4 

239  

R e l a t i v e  2,c e x p  ( -  B sin s 0/A s) - - R e l a t i v e  2,o 

hrkrlr do dc Fc 2,c e x p  ( - - B  s in  s 0/A s) 2'o R e l a t i v e  2"0 

100 5.665 5.670 5.20 5.16 5.37 -- 0-04 
10T 4.75 a 4.753 5.27 5.19 4.22 + 0.23 
1 I1  3 .6% 3.643 7.77 7.56 8.41 - 0.10 
110 3-53a 3.532 6.47 6.29 5.04 + 0.25 
201 2.88 s 2-891 23.4 22.5 23.2 - 0-03 
200 2.83 a 2.835 73.8 70.7 71.7 - 0.01 
112 2"744 2.744 10.8 10.3 9-65 + 0.07 
111 2.604 2.607 43.0 40.9 44.5 - 0.08 
211 2.432 2.435 15.7 14.8 18.2 - 0-19 
203 2-375 2.377 30.3 28.5 25-1 - 0.14 
210 2.284 2.286 14.6 13.7 14.8 - 0.07 
212 2-190 2.192 18.4 17.1 17-6 - 0.03 
31T 1.991 1.990 33.9 31.1 33.0 - 0.06 
301 1.972 1.972 37-3 34.1 40.7 - 0.15 
211 / 1-902 7.88 7.16 10.8 - 0 . 3 4  
300 ] 1.896 / 1-890 9.37 8.28 9.26 - 0 - 1 1  
221 ~ 8.86 
302 1.835 1.836 17-6 15.9 14.2 + 0.12 
223 1.821 1-821 22-6 20.4 17-2 + 0.19 
213 1.796 1.797 15.9 14.3 14.1 + 0 . 0 1  
220 1.765 1.766 54-7 49.0 55.2 - 0.11 
311 1.757 1.756 39.0 34.9 39-2 - 0.11 
313 1.700 1.701 16.6 14.7 14-0 + 0.05 
310 1.656 1.656 8-68 7.66 6-70 + 0.14 
223 P r e s e n t  1"611 10.2 8.93 8.20 + 0.09 
303 1-584 1.584 46"0 40.1 44.5 - 0" 10 
221 P r e s e n t  1.537 5.57 4.81 N o t  m e a s u r a b l e  
313 1.526 1.526 20.2 17.4 14.0 + 0.24 
114 1.518 1.518 16.2 14-0 15.3 - 0.08 
321 | 1.485 28.1 24.1 22.4 + 0 . 0 8  
322 ] 1.481 / 1-479 18.8 16.3 17.5 - 0 . 0 7  
401 ] 19.4 
311 P r e s e n t  1.462 10.3 8.79 N o t  m e a s u r a b l e  
413 1.453 1.453 20.4 17.4 15.3 + 0.14 
403 1.445 1.446 22.1 18-8 18.2 + 0.03 
400 1.418 1.418 22.6 19.1 20-8 - 0.08 
320 1.397 1.398 17.0 14.3 17.7 --  0.19 
323 1-383 1-383 12.9 10.8 12.2 - 0.11 
433 1.372 1.372 34-6 28.9 24.2 + 0.19 
41T ] 1.358 9.55 7-96 N o t  m e a s u r a b l e  
413 1.354 ~ 1-354 16.6 13.8 14.5 - 0.05 
403 1.333 1.334 12.7 10-5 10.4 + 0.01 
314 1.318 1.318 21.4 17.6 18.7 - 0.06 
222 1.304 1.304 74.1 60.7 59.0 + 0.03 
410 1.290 1.290 10.8 8.80 7-40 + 0.19 
413 1.279 1-279 13.9 11.3 11.7 --  0.03 

A v e r a g e  0.11 

A v a l u e  of B x 1016= 1.4 w a s  a r b i t r a r i l y  c h o s e n  as  a r e a s o n a b l e  v a l u e  fo r  a r e l a t i v e l y  p l a s t i c  sol id,  a n d  one  w h i c h  a f f o r d e d  
b o t h  + a n d  --  a m p l i t u d e  d e v i a t i o n s  t h r o u g h o u t  t h e  a n g u l a r  r a n g e  of t h e  d a t a .  

The list of observed d-spacings given in Table 1 
was measured from a powder diffraction film taken 
of a sample from Currant, Nevada, using filtered Fe 
radiation and a 114.59 ram. diameter Straumanis- 
mount camera. The cell constants obtained for this 
material, from a least squares analysis involving a 
drift error term of the form sin e 20[(1/sin 0)-(1/0)] ,  
are a0=9.505, c0=7.821 ~ (arh= 6"075 ~, ~ =  102 ° 56'). 
The quality of the agreement between calculated 
and observed d-spacings substantiates the correctness 
of the indexing. A more extensive discussion of huntite 
cell constants will be presented elsewhere. 

The reflections considered in the structure analysis 

extended only to sin 0/~ values of about 0.35. Prelim- 
inary inspection of the data showed strong resemblance 
to the powder diagrams of the simple rhombohedral 
carbonates, which in turn are deformations of the 
NaC1 cube. An ordered arrangement for cations in 
three to one ratio requires that  the simplest unit be 
at least the cleavage-rhomb-shaped 4-cation cell (on 
which the indices of Table 2 are based), and the number 
of variable parameters is patently too great to allow 
a straight-forward structural analysis from powder 
data. The assumption has therefore been made that  
C-O, Mg-O, and Ca-O bond lengths must be closely 
comparable with those that  have been established in 

A C 15 - -  16 
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Table 2. Parameters in R32 

Rhombohedral cell 

1 Ca at 0 , 0 , 0  

ICI at 9,9,9 
(basal-plane carbonate group) 

3 Mg in (d) 0, x, 5, etc. 
with x=0.541 

3 CII in (e) ½, x,~", etc. 
with x-- -- 0.039 
(tilted carbonate groups) 

3Oi in (e) 9, x, 5 ~, etc. 
with x= 0.365 
(basal-plane carbonate group) 

3Oii in (e) 9, x,~, etc. 
with x = 0.096 
(in-plane oxygens of tilted car- 
bonate groups) 

the several variable parameters  in terdependent .  The 
Hexagonal cell parameters  of Table 2, t aken  as a working model, 

(0,0,0; ~, ~, ~; ~, ~, D+ afford the per t inent  in tera tomic distances listed in 
. . . .  Table 3. 

3 C a  at  0 , 0 , 0  
Calculated F-values for this mode] are listed in 

3 CI at 0, 0, 9 Table 1 and compared with relat ive observed ampli- 
tudes for those powder reflections (41 of the first 

9Mg in (d)x, 0,0, etc. 44 possibilities) which yield integrated in tens i ty  
with x=0-541 

measurements  of reasonable accuracy, on a slow- 
9 cii in (e) x, 0, ½, etc. speed diffractometer  track.  Except  for one value of 

with x=0.461 
34%, no deviat ions exceed 25% and the  absolute 

9 oi  in (e) x, 0, 9, etc. average, analogous to an R-factor, is 11%. The level 
with x-=-  0-135 of agreement is such t ha t  the present parameters  may  

be considered a reasonably accurate description of the 
9 OH in (e) x, 0, 9, etc. structure. Any fur ther  ref inement would require terms 

with x= --0.404 for higher angle reflections, which overlap in the pow- 
der diagrams and are doubtful ly  indexed. 

60II I in (f)  X, y, z, etc. 18 Oni in (f) x, y, z, etc. 
with x=--0.033, y=0.180, with x=0.461, y=0.135, 
z~0.371 z=:0.506 
(out-of-plane oxygens of tilted 
carbonate groups) 

the  per t inent  simple rhombohedra l  carbonate com- 
positions (Steinfink & Sans, 1959; Sass et al., 1957; 
Chessin & Post,  1958). 

Such an ar rangement  is easily arr ived at  in R32. 
I n  a rhombohedra l  analogue to the NaC1 face centered 
cube, Ca is placed at  the origin, and the carbon a tom 
of the  unique C03 group at  the body center. The three 
Mg are then  displaced cyclically from the face centers 
with positive parameter  increments,  and the carbons 
of the other  three C03 groups are displaced cyclically 
from the edge centers with negative parameter  in- 
crements. Maintenance of known bond lengths renders 

Table 3. Interatomic distances in huntite model 

Cation-oxygen 

C-OI,II,  III 1.28 
Mg-OI 2.10 
Mg-OII 2-09 
Mg-OIII 2.10 
Ca-Oi i i  2.35 

Oxygen-oxygen 
in octahedra 

{ Of-OH 
OI-OIII 
OII-OIII 

2"56 
(the shared edge) 

8"10 
2.89 

in basal plane 

I OI--OII 
OI--OIII 
OII--OII 
OIII--OIII 

3.09 
3-06 
2-86 
3-30 

(av. for octahedra 
2-96) 

out of basal plane 

in prism 

OIII--OIII 
Oni-Om 

3.32 
2-70 

in basal plane 
out of basal plane 

O 

 o 0.o 0 o 

Fig. 1. A sect ion of the  hun t i t e  s t ruc ture  parallel to the  hexag- 
onal base.  C, Mg, Ca, and  O are represented  schemat ical ly  
b y  successively larger circles. The unique ca rbona te  group 
lies in the  plane and the  o ther  three  ca rbona te  groups are 
sl ightly inclined to it wi th  oxygens  marked  ' + '  0-05 A 
above  and those marked  ' - - '  0-05 A below the  plane. 
Light  Ca and Mg circles are 1.305 A below the  plane and  
heavy  Ca and Mg 1.305 A above  it. Successive layers  
shif ted one third to the  right bui ld  the  rhombohedra l  array.  

The carbonate groups of one layer of the structure,  
in a slice cut perpendicular  to the unique axis, and 
their  associated cations are i l lustrated in Fig. 1. 
The whole s t ructure is buil t  up by successive shifts 
to the r ight  of one-third the long diagonal of the  figure 
for each succeeding superposed layer. In  contrast  
with dolomite and  the single-cation rhombohedra l  
carbonates,  in which all carbonate groups in a given 
layer have one or ienta t ion  and  which must  therefore 
be described on the basis of the steep rhombohedron  
as a uni t  cell, this s tructure has at  the body center 
the one unique carbonate which is disposed in 180 ° 
ro ta t ion  with respect to the other  three, and the  
cleavage rhomb itself as the s t ructural  unit .  All 
unique carbonates have one or ientat ion and lie in the  
basal plane;  all edge-centered have the other and  are 
slightly inclined to the base. Each  unique carbonate  
has 6 Mg neighbors, and each edge-centered has 2 Ca 
and 4 Mg. The envi ronment  of each Mg is an octa- 
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hedron, distorted by foreshortening of its two shared 
edges, as illustrated in Fig. 2. The environment of 
each Ca is a nearly right trigonal prism. The assump- 
tions made in setting up the model concentrate prob- 
able errors in the prism shape, but it is unlikely that  
the rotation of prism bases toward an octahedral 
configuration is in error by more than 5 ° , or that  the 
prism height of 2.70 /~ differs by more than 0.05 /~ 
from the true value. The height of the Ca octahedron 
in CaO is 2.77 A and 0 - O  edges are 3.40 /~. 

If the assumed cation-oxygen bond articulation is 
retained, the agreements with observed amplitudes for 
several low index reflections are deleteriously affected 
by trials for shared edge lengths 0.02 A from the 

Ol 

Om 
On 

O= 

Om 

Oi 

Fig. 2. The octahedral  env i ronment  of Mg. The OI--OII edges 
lying in basal planes are shared with equivalent  octahedra.  

C 

4 14 
I 

a2 _: 22-_:.~:_- 

a 1 ~  1..~. a2 
-0 3 

Fig. 3. The contents of the rhombohedral and hexagonal unit 
cells of dolomite. The orientation of the two cells relative 
to each other is shown by the position of the common line 
i-2-3-4. Mg are schematically represented by small open 
circles, Ca by larger filled circles, carbonate groups by 
triangular symbols. Ca, Mg, and C in huntite are essentially 
distributed among the same total group of positions as in 
dolomite, except for slight shifts of Mg and the carbons of 
tilted carbonate groups. 

C 

4 

== / , - .... ,7 

--a 3 

........... -~-~- =-~ ~-. ......... 

Fig. 4. The rhombohedral and hexagonal unit cells of huntite, drawn to the same scale as those of dolomite (Fig. 3). The orienta- 
tion of the two cells relative to ~ach other is shown by the position of the common line I-2-3-4. Small open circles are Mg; 
larger filled circles, Ca; solid-line triangles, carbonate groups lying in basal planes. The partially dotted triangles represent 
carbonate groups tilted out of basal planes about the indicated angular bisectrices as axes, with the dotted portion in each 
case lying below the basal plane. Small arrows indicate the hexagonal axial directions along which Mg are shifted from dolomite 
cation positions. Arrows similarly show directions of shifts of the C of tilted carbonate groups. The C shifts have been ignored 
in drafting the rhombohedral cell. 

Heavy solid lines connect the six Mg that surround a basal-plane carbonate group, colored black for reference. Dashed 
double lines similarly indicate the four Mg and two Ca that surround a tilted carbonate group, half-black for reference. Another 
set of heavy solid lines connects the six O forming a nearly right trigonal prism about a Ca atom ('2'). Thin solid lines outline 
the six O forming an octahedron about a Mg atom ('M'); the two shared edges are shown as heavier lines. 
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chosen 2.56 A value. The chosen value is reasonably 
consistent with Kamb's (1960) recent elaborate an- 
alysis of zunyite in which A1 octahedra with two 
adjacent shared edges each are found to have 2.53 A 
shared edge lengths, and with Newnham's (1960) 
determination of 2.36 A for the 3 non-adjacent shared 
edges in the A1 octahedra of dickite. The authors are 
not aware of any evaluations of shared edge lengths 
in Mg octahedra with so few shared edges, but the 
2.56 A figure seems to bear a proper relation to both 
kinds of shared edges determined for the A1 octahedra. 
Other 0 - 0  distances probably are less precise, espe- 
cially the 0 n i - 0 i H  edge, which has a component 
complementary to the Ca prism height. 

I t  seems probable that Mg are actually displaced 
somewhat from effective octahedral centers, but it is 
considered unjustifiable to make such a test from 
powder data. 

. . . . . . .  
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Fig. 5. A comparison of a 0 and c o values of calcite, dolomite, 
and magnesite with those of the equivalent hexagonal 
pseudo-cell of huntite.  

These geometrical relationships within the huntite 
unit cell, and the relation of the huntite cell to that  
of dolomite, are further illustrated in Figs. 3 and 4. 

The a- and c-axis lengths of dolomite, calcite, and 
magnesite are compared in Fig. 5 with values for the 
analogous hexagonal pseudo-cell of huntite. The bars 
plotted for huntite indicate the maximum uncertainty 
among measurements of several samples by various 
experimental techniques. Whereas the dolomite ao 
and Co are very slightly less than predicted from 
averages of calcite and magnesite values (Goldsmith 
& Graf, 1958), the huntite values deviate 5 to 8 times 
as much in the direction of inefficient packing. Huntite 
is thus an ordered, relatively low-density phase. I t  
has not been observed to form in experimental work 
in CaMg carbonate systems from 500 to 1250 °C., and 
higher pressures would obviously not help. A small 
stability field therefore is probably to be sought in 
the complex region of low partial pressures of C02 
and earth-sin face temperatures where hydrates, basic 
carbonates, and hydroxides as well as anhydrous 
carbonates occur. This is precisely the natural environ- 
ment in which huntite has been found. 
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