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(3.17 a n d  3.81 _~ respect ive ly) .  The  h y d r o g e n  bond ing  
H 2 0 ~ ' "  SH sat isf ies  p a r t i c u l a r l y  well  the  angu la r  
cr i te r ion  of D o n o h u e  (1952) b u t  the  same canno t  be 
said  for H 2 0 n - - - S n .  

The  ca lcu la t ions  a t  t he  r e f i n e m e n t  s tage  were 
pe r fo rmed  on the  I B M  650 compute r  of the  Centro 
Calcoli e Servomeccanismi della Universit& di Bologna 
using the  p r o g r a m m e s  of L. H.  J e n s e n  for the  s truc-  
tu re  fac tors  ca lcu la t ions  a n d  those  of R.  Shiono for 
the  d i f fe ren t ia l  synthes is .  The  cost of the  c o m p u t i n g  
work  was  borne  b y  the  Consiglio Nazionale delle 
Ricerche. I t  is a p leasure  to  t h a n k  all  these  people  a n d  
Prof.  L. Cavalca  for his va luab le  in te res t .  
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The molecular s t ructure  of CgH13N 5 . HC1, a biologically active t r iazolo-pyrimidine,  has been deter- 
mined by  X- ray  methods.  The crystals are monoclinic, wi th  the unit-cell parameters  

a = 22.30 __ 0-07, b = 6.41 +_ 0.02, c = 16.76 i 0.05/~, fl = 107-7 _ 0.5 °. 

There are eight molecules in the uni t  cell, and the space-group is C2/c. The three-dimensional  Pat ter -  
son synthesis  confirmed this space group, and excluded the al ternat ive,  Cc. The s t ructure  was 
solved by the use of Buerger 's  min imum function, which was derived graphical ly from the Pat terson 
synthesis.  Ref inement  by  Fourier  and least-squares methods was continued unt i l  the final average 
s tandard  deviat ion of the atomic positions was 0.017 A. 

The substance was shown to be a triazolo [2,3-c] pyrimidine,  wi th  the s t ructure  I. The two fused  
rings are planar  and inclined a t  6 ° to each other. The bonds in the fused ring system are all shorter  
than  normal  single-bonds, bu t  simple resonance theory is not  adequate  to explain them. The mole- 
cules are l inked by  a spiral chain of hydrogen bonds 3.18 and 3-30 A long between the chloride ion 
and the p r imary  amine group N10; there are also other  inter-ionic contacts  less than  3.5 A long 
which cannot  all be hydrogen bonds. 

Introduction 
I n  t he  course of work  on a v a r i e t y  of s u b s t i t u t e d  
t r i azo lopyr imid ines  which  h a v e  in t e re s t ing  biological  
proper t ies ,  a subs t ance  w i t h  t he  empi r ica l  fo rmula  
CgH18N5 was isola ted,  a n d  was t h o u g h t  to  be the  
t r iazolo  [2,3-c] py r imid ine ,  I ,  or the  [4,3-c] isomer,  I I ,  
(Davies,  Miller  & Rose  1960; Miller & Rose  1960). 
The  chemica l  a n d  spectroscopic  evidence  was  no t  

conclusive however ,  a n d  the  X - r a y  ana lys i s  descr ibed 
in  th i s  pape r  was therefore  u n d e r t a k e n .  

CH3 N CH 3 lg 

~ - -NH2 

CaH~ Call7 NH2 

I I I  
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E x p e r i m e n t a l  

The base C9HlaN5 did not crystallise well from any  of 
the usual solvents, but  its hydrochloride, C9H~aN5. HC l, 
yielded a fibrous polycrystal l ine solid on slow evapora- 
t ion of an ethanol solution, and suitable single crystals 
for X-ray  analysis  were obtained from this material .  
The following measurements  were made, using Cu K~x 
radiat ion (2=  1.5418 _~)" 

C9H13N~. HC1, molecular weight" 227.71 
Symmetry"  monoclinic 
Cell dimensions : a = 22.30 _+ 0.07:3~ 

b =  6.41 +_0.02 
c = 16.76 _+ 0.05 
/3 = 107.7 _ 0.5 ° 

Cell volume: 2282.3 A a 
Assumed no. of molecules per cell" 8 
Densi ty  calculated" 1.325 g.cm. -a 
Space group: C2/c (or Cc) 

I t  was impossible to measure the densi ty by  flotation, 
since the crystals dissolved immedia te ly  in all the 
l iquids normal ly  used. The assumption tha t  there are 
eight molecules in the unit  cell gives a reasonable value 
for the density. 

The sys temat ica l ly  absent  reflections show the 
space-group to be C2/c or Cc: 

hkl : h + lc odd ; hOl" (h odd), 1 odd .  

A crystal of approximate  cross-section 0.05 x 0.05 
ram. 2 was used to record the in tens i ty  data. Equi- 
incl inat ion mult iple-f i lm Weissenberg photographs 
were taken of the six layers k = 0-5, and the intensit ies 
were est imated visual ly  using s tandard  scales. 2102 
independent  reflections were obtained,  with a range 
of intensit ies of 1200 to 1. The Lorentz and polarisa- 
t ion factors were applied, but  no absorption correc- 
t ion was considered necessary, since the l inear absorp- 
t ion coefficient using copper K ~  radiat ion is only 
28.3 cm.-L For each indiv idual  layer the average 
tempera ture  factor and the factor required to place 
the intensit ies on an approximate ly  absolute scale 
were calculated by Wilson's  (1942) method. 

S t r u c t u r e  d e t e r m i n a t i o n  

The Pat terson synthesis  P ( U W )  was computed from 
the 225 hO1 reflections. It showed several maxima of 
approx imate ly  equal weight, each of which was taken 
in tu rn  to be the chlorine-chlorine rotat ion vector. 
Two-dimensional Fourier  syntheses were calculated, 
using the observed structure factors with signs 
determined by these chlorine positions, but  on none 
of them could an acceptable t r ial  structure be placed. 
Sign-determinat ion methods were also applied to the 
un i ta ry  structure factors of the hO1 zone, with no better  
succes s .  

The three-dimensional  Pat terson synthesis P ( U  V W) 
was therefore computed, and was first used to decide 

between the two possible space groups. If  the space- 
group is C2/c, and the chlorine atom is at (x, y, z), 
the largest peaks to be expected are: 

(000) ,  (½½0)+"  

(2x, 2y, 2z) ~ (single-weight rotat ion peaks) 
(2x, - 2y, 2z) J 
(2x, 0, 1 +  2z)[ 

(double-weight reflection peaks) (0, 2y, 1) 

If the space-group is Cc, there are two molecules in 
the asymmetr ic  uni t  with two chlorine atoms in un- 
related positions (xlylzl) and (x2y2z2). The principal  
peaks in the Pat terson synthesis will then be: 

( 0 0 0 ) , ( ½ ½ 0 )  +"  

(0, 2yl, ½) ~ (single-weight reflection peaks) 
(0, 2y2, ½) ! 

(xl - x2, yl - y2, zl - z2) ] 
(xl - x2, - yl + y2, zl - z2) ] (double-weight 
(xl - x2, yl + y2, ½ + zl - z2) peaks) 
(xl - x2, - yl - y2, ½ + zl - z2) 

The most prominent  max ima  in the P ( U  V W) synthesis 
for this compound are at (0.464,0,0.288) and 
(0, 0.208, ½), with a smaller peak at (0.464, 0.208, 
0.788). The space-group is therefore C2/c, and the 
coordinates of the chlorine atom are (0.232, 0.104, 
0.394). 

0 

- . I  

I 
! 
I 
! 

c/4 I 

1A 

Fig. 1. The M s m i n i m u m  funet ion,  viewed down the  b-axis, 
showing the m a x i m a  for one complete molecule and  the  
final a tomic positions. 
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Buerger 's (1951) min imum funct ion was then  derived 
graphical ly from the Pa t te rson  synthesis, tak ing  the  
chlorine a tom posit ion to be (0.232, 0.100, 0.394). 
Three successive superpositions led to a three-dimen- 
sional M8(x y z) map with the symmet ry  C2/c, which 
is shown in project ion in Fig. 1. This map gives a 
complete solution of the s t ructure so far as the general 
s tereochemistry of the molecule is concerned. Each  
uni t  cell contains eight chlorine atoms and eight groups 
of fourteen lower peaks of approximate ly  equal weight, 
each group representing a molecule with the s t ructure 
I; there are no other significant peaks. 

_ _ _  '~ r~ (,':gJA/'-'" 
• f f ~ - , x \ ~ $  x '  . .~---_~, '-,: "[  
x [ f f f . . N ~  l l ~ l \ X  I • ~ . v L ~ ' ~ .  

:,,,._, . - - ..... 

I ' 
I 

c/4 I 

@ 
1A 

Fig. 2. Electron density distribution corresponding to Fi.g~} 
Contour intervals 5 e.A -a round chloride ions, 2 3 
elsewhere: 2 e.A -a contour dashed. 

S t r u c t u r e  r e f i n e m e n t  

The s tructure derived from the min imum funct ion 
was confirmed by means of a three-dimensional  
Fourier  synthesis, and then  improved by several 
cycles of least-squares ref inement  using only the 
diagonal terms of the least-squares matr ix ,  and using 
isotropic tempera ture  factors. The weight given to each 
term was ~w=[20(20+Fo2)] ½, the constant  20 being 
approximate ly  F2m~n.. The atomic scat tering factors 
used were those of Berghuis et al. (1955), the values 
for ni t rogen being used for all the carbon and ni trogen 
atoms, and the hydrogen atoms being ignored. The 
ref inement  was in te r rup ted  several t imes between 
cycles and any necessary changes in the individual  
scale factors of the six sets of s t ructure factors k = 0 -  5 
were made. 

When  the discrepancy factor R had  fallen from 
0.435 to 0.274 a second three-dimensional  Fourier  
synthesis was computed,  and is i l lus t ra ted in a 
composite project ion in Fig. 2. 

Ref inement  by the least-squares process was contin- 
ued unt i l  a to ta l  of 16 cycles had been calculated. 
The value of Zw(Fo-Fc)2/•wFo 2, which measures the 
progress of the refinement,  had  by then  become 
constant  at  0.16, and the calculated shifts in the 
parameters  had also become negligible. The average 
s tandard  deviat ion in the atomic positions was 
0.017 £. 

A difference synthesis was then  computed,  and the 
residual electron densi ty  was wi thin  the l imits 
_+ 1.2 e.A-8; it  was negat ive (-0.5 e./~ -~) at  the carbon 
a tom positions and zero or sl ightly positive at  the 
ni t rogen a tom positions. No hydrogen atoms bonded 
to a toms in the ring system could be seen, though the 
hydrogen atoms in the propyl  chain were visible. 
The final  value of the discrepancy factor  R (0.238) 
could be reduced by fur ther  refinement,  using the 
correct scat tering factors for carbon and nitrogen,  and 
including the hydrogen atoms, but  it is not  certain 
t h a t  this would lead to a marked  improvement  in the  
es t imated s tandard  deviations.  

Table 1. Final atomic coordinates (fractional), temperature factor coefficients* and standard deviations ( t~) 

* Temperature factor = exp [ - B  (sin 0)2/~2]. 

Atom x y z B a~(x) b~(y) ca(z) 
C1 0.2320 0.1087 0.3954 3.6783 0 . 0 0 2 3 6  0 . 0 0 2 8 0  0.00246 
N1 0.1949 0.0795 0.0569 3.7489 0 . 0 0 9 2 0  0 . 0 0 9 0 8  0.00942 
C2 0.1930 0.1004 0.1371 4.4806 0 . 0 1 0 3 7  0 . 0 0 9 8 0  0.01119 
N3 0.1588 0-2691 0-1438 3.1608 0 - 0 0 7 3 9  0 . 0 0 8 8 4  0.00764 
N4 0.1355 0.3407 0.0648 3.3278 0 . 0 0 7 9 0  0 - 0 0 9 4 2  0.00808 
C5 0.1035 0.5277 0-0455 3.0418 0 . 0 0 7 3 3  0 - 0 0 8 5 8  0.00782 
N6 0.0884 0-5861 -0-0303 3.1132 0 - 0 0 7 6 5  0 - 0 0 7 8 2  0.00823 
C7 0.1104 0.4803 -0.0892 4.2846 0 - 0 0 9 2 0  0 . 0 1 1 6 3  0.00984 
C8 0.1422 0.3065 -0-0720 4.3459 0 - 0 0 9 7 1  0 - 0 1 0 8 7  0.00967 
C9 0.1579 0.2313 0.0113 3-9933 0 . 0 0 8 6 1  0 . 0 1 0 2 7  0.00913 
N10 0.2257 - 0.0228 0-2024 4.3911 0 . 0 0 9 8 3  0 . 0 1 1 0 6  0.01040 
C11 0-0844 0-6300 0.1101 3.8525 0 - 0 0 8 9 4  0 - 0 0 9 4 4  0-00936 
C12 0.0437 0-8236 0.0769 4-7162 0 . 0 1 0 3 1  0 . 0 1 1 7 8  0-01035 
C13 0.0263 0.9352 0.1502 5.1284 0 - 0 1 1 2 2  0 - 0 1 1 3 9  0.01209 
C14 0.0911 0.5788 --0.1793 5-6848 0 . 0 1 1 9 0  0 . 0 1 1 6 7  0-01278 
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R e s u l t s  a n d  d i s c u s s i o n  

T h e  a t o m i c  p a r a m e t e r s  o b t a i n e d  f r o m  t h e  a n a l y s i s  
a r e  g i v e n  in  T a b l e  1, a n d  t h e  b o n d - l e n g t h s  a n d  b o n d  
ang le s  in  T a b l e  2(a),  t h e  a t o m s  b e i n g  n u m b e r e d  as 
fo l lows  : 

14 8 1 

I ] C--N 
N \  / N \  / 2  ~o 

I 

12 

C 
13 

T a b l e  2(c). Distances  of  atoms f r o m  the best p lanes  

(i) Best plane through NI ,  C2, N3, N4, C9, N10: 

- -  0-7778X- 0.6015 Y-- 0.1826Z + 3.6148 = 0 

Distances from plane: 
N1 --0.0129 A N4 0.0192/l, [C1 --0.4142 A[* 
C2 0-0250/l, C9 -0 .0039 A [Cl" 0.5849 A] 
N3 - 0 . 0 2 6 5 A  N10 --0-0004 

(it) Best plane through N4, C5, N6, C7, C8, C9, Cl l ,  C14: 

- 0-8125X- 0-5267 Y -  0.2496Z + 3.6256 = 0 

Distances from plane: 
N4 0-0301 A C8 0.0021 A 
C5 -- 0.0254 A C9 - 0.0148 A 
N6 0.0396A Cl l  - 0 - 0 1 3 0 A  
C7 - 0 . 0 1 1 0 A  C14 - 0 . 0 0 6 6 A  

[c12 0.0641 A]* 
[C13 0.0151 A] 

T h e  l is t  of o b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  fac-  
t o r s  is a p p e n d e d  as T a b l e  3. 

E a c h  of t h e  t w o  f u s e d  r i ngs  is a l m o s t  e x a c t l y  p l a n a r ,  
a n d  s ince  t h e s e  t w o  p l a n e s  a r e  i n c l i n e d  a t  o n l y  6 ° to  e a c h  

(iii) Best plane through C2, N10, CI, CI': 

- -  0.8633X -- 0-4870 Y - 0.1332Z + 3-6354=0 

Distances from plane: 
C2 --0-0165 A C1 --0.0099 A 
N10 0.0350 ~ CI' --0-0092 

T a b l e  2(a).  B o n d  lengths and  angles 

Stand. Stand. 
Length dev. Angle dev. 

(A) (A) (°) (°) 
N1 -C2 1-366 0.027 C2 -N1 -C9 106-8 1.6 
C2 -N3 1.347 0-026 N1 -C2 -N3 110-4 1-8 
C2 -N10 1-366 0-028 N1 -C2 -N10 124.2 1-9 
N3 -N4  1.348 0-020 N3 -C2 -N10 125.1 1.9 
N4 -C5 1.382 0.022 C2 -N3 -N4 104.5 1.5 
N4 -C9 1.348 0.025 N3 -N4 -C5 122.9 1-4 
C5 -N6 1.267 0.021 N3 -N4 -C9 11 ] .5 1.4 
C5 - C I [  1.437 0.025 C5 -N4 -C9 124.3 1.5 
Cl l -C12 1.538 0.030 N 4 - C 5  -N6 116.9 1.5 
C12-C13 1-570 0.033 N 4 - C 5  - C I I  118.0 1.5 
N6 -C7 1.404 0.026 N6 -C5 -C11 124.8 1.6 
C7 -C14 1-571 0.034 C5 - N 6 - C 7  121.3 1.5 
C7 -C8 1.305 0.030 N6 -C7 -Cg 122-6 1.9 
C8 -C9 1-417 0.029 N6 -C7 -C14 115.4 1-8 
C9 -N1 1.352 0.025 C8 -C7 -C14 121.8 2.0 

C7 -C8 -C9 117.6 2-0 
N10-C1 3.305 ~ N1 -C9 -C8 136.6 1.9 
N10-CI '  3.178 j 0.018 N1 -C9 -N4 106.5 1.6 

N4 -C9 -C8 116.7 1.7 
C5 -C l l -C12  111-9 1.6 
C11-C12-C13 110.1 1.8 

(A) (A) 
C1-N'"I 3-29 0.017 C2-N10 -Cl 

- N " I  3.41 0.017 C2-N10 -CI' 
-N '3  3.47 0.015 C1 -N10 -CI' 
-N '4  3.31 0.015 
-C '"8  3.47 0.021 C'"2-N'"I-C1 
-C'9 3.46 0.020 C '"9-N'"I -C1 
-N10 3.30 0.019 
-N"10  3-18 0-019 

N10-N"3 3-32 0.023 

T a b l e  2(b). In termolecular  and  inter-ionic distances 
and  angles* 

Stand. Stand. 
Length dev. Angle dev. 

(°) t o ) 

119.3 1.3 
100-6 1.3 
139.8 0.6 

157.0 1.3 
93"6 1.1 

* Atoms in the molecule at x, y, z are unprimed 
½-- x, -- ½ + y, ½ - z have one prime 
½ -- x, ½ + y, ½ -- z have two primes 
x, --y, ½ + z have three primes. 

(iv) Angles between planes: 
Pyrimidine ring (it) and triazole ring (i): 6.1 ° 
Triazole ring (it) and C2, N10, C1, CI' (iii): 8-6 ° 

Coordinate system : 

X = ax + cz cos fl, Y = by, Z = cz sin fl 

* The atoms in square brackets were not included in the 
calculation of the best planes. 

N.B. All results quoted in Table 2 have been calculated on 
the Mercury computer, using more decimal places than 
are quoted here. 

o t h e r  t h e  w h o l e  m o l e c u l e  is a p p r o x i m a t e l y  p l a n a r .  
T h e  a r r a n g e m e n t  of t h e  m o l e c u l e s  in  t h e  c r y s t a l  is 
d e t e r m i n e d  m a i n l y  b y  t h e i r  p a c k i n g :  t h e y  lie in  t h e  
(510) a n d  (510) p l a n e s  ( spac ing  3.52 ~,) a n d  i t  is 
r e m a r k a b l e  t h a t  e v e n  t h e  p r o p y l  s i d e - c h a i n s  l ie in  
t h e s e  p l anes .  T h e  m o l e c u l e s  a r e  l i n k e d  b y  a sp i ra l  
c h a i n  of N10-C1 b o n d s  3.18 a n d  3-30 3, l ong  (Fig.  3), 
a g r e e i n g  r e a s o n a b l y  we l l  w i t h  t h e  r a t h e r  w i d e  r a n g e  
of v a l u e s  of 3.19 + 0.07 for  - N H a + - C 1  or  3.27 + 0-08 3. 
for  - N H 2 - C 1  h y d r o g e n  b o n d s  (Fu l l e r ,  1959). 

T h e  t w o  N10-C1 b o n d s  a n d  t h e  N 1 0 - C 2  b o n d  a r e  
n e a r l y  c o p l a n a r  (Tab l e  2 (c)), a n d  t h e  l e n g t h  of t h e  
N 1 0 - C 2  b o n d  (1.37 3,) i n d i c a t e s  t h a t  i t  h a s  s o m e  
d o u b l e - b o n d  c h a r a c t e r  p r e s u m a b l y  d u e  t o  a r e s o n a n c e  

+ 

contribution fr0m the planar f0rm > C=NtI2; the 
c o o r d i n a t i o n  r o u n d  N 1 0  t h u s  a p p e a r s  to  be  

) c -  N,/n" + H 
r a t h e r  t h a n  ~ C - N ~ H . C 1  . 

, \ H .  C1 \ H .  C1 

T h e  N1-C1 l i nk  is s h o r t  e n o u g h  (3.29 3*) t o  be  a h y d r o -  
g e n  b o n d ,  t h o u g h  t h e  s t e r i c  a r r a n g e m e n t  is n o t  e n t i r e l y  
f a v o u r a b l e .  T h e  N4-C1 l i n k  is a lso  s h o r t  (3.31 3*) b u t  
c a n n o t  be  a h y d r o g e n  b o n d  for  s t e r i c  r ea sons .  Th i s  
N4-C1 l ink ,  l ike  t h e  o t h e r  close c o n t a c t s  l i s t ed  in  T a b l e  
2(b) is t h u s  p r o b a b l y  ion ic  in  c h a r a c t e r .  
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Fig. 3. Projections of the structure showing the hydrogen 
bonds (dashed) and other interionie contacts less than 3.5• 
long (dotted): (a) on (010), (b) on (101). 

The molecule has considerable aromatic character, 
shown by its planarity and by the lengths of the bonds 
in the fused ring system, which are less than normal 

single-bond lengths. The principal resonance form is 
probably 

H3C NH 

i I[+ C--NH 2 

Call7 

but it does not appear to be possible to give an 
adequate explanation of the observed bond-lengths 
by simple consideration of resonance between the 
various possible valency forms. In this it resembles 
caffeine and some other pyrimidine derivatives 
(Sutor, 1958): a further point of resemblance, besides 
the shape of the fused ring system, is that the bonds 
C5-N6 and C7-C8 are very short, with lengths 
corresponding to double bonds both in caffeine and 
in the present compound. The bond-lengths do not 
agree with those predicted from the 'ring atom' radii 
suggested for pyrimidine and purine derivatives by 
Spencer (1959), no doubt because in this compound 
the six- and five-membered rings are fused with a 
carbon and a nitrogen atom in the bridge, and not 
with two carbon atoms. 

We are indebted to Dr F. L. Rose, F. 1~. S. & 
Dr G. W. Miller for suggesting the problem, providing 
specimens and discussing the chemistry of this series 
of compounds. All the longer calculations were 
performed on the 'Mercury' computer, under the 
supervision of Dr B. Richards of the I.C.I. Computing 
Section, Wilton Works• The programmes used are 
listed below, and we thank their writers for supplying 
copies of the programmes and giving much valuable 
advice on their use: General Fourier syntheses (Mr 
O. S. Mills, Manchester University). Least-squares 
refinement C2/c (isotropic temperature factors) (Mr 
0. S. Mills). Distance-angle routine (Dr R. A. Sparks, 
Oxford University). Data reduction, intensities to 
structure factors (J.M.R.). Best plane through a set 
of points (J.M.R.). 
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T ~ b l e  3 .  Observed and calculated structure factors 
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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. 


