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The granite pegmatites of Blueberry Mountain, Woburn, Massachu-
setts, contain small veins filled with calcite and lined with excellent
crystals of the rare mineral babingtonite, a metasilicate of lime and iron
with essential hydroxyl, which has generally been classed as a triclinic
pyroxene. The occurrence and appearance of these crystals have been
described in a recent paragenetic study (1937); the object of the present
paper is to record the results of a more detailed morphological, roent-
genographic and optical study which leads to a definitive statement of
the crystallography of the species and points to its systematic relations.

In a recent paper on axinite peacock (1937) has proposed a unique
setting for triclinic crystals, named the normar setting,which conforms to

The normal, setting of babingtonile. Crystals suitable for morphological,

monly the main zone of babingtonitel this zone is therefore properly set
vertically.

630
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Figure 1 gives a gnomonic projection of the known forms of babing-
tonite on the plane normal to the chosen vertical axis. The plane of the
gnomonic projection is considered as the first layer I hkI I of the reciprocal
lattice. Vertical planes (hk\) are represented by radial lines drawn from
c(001) to (hkl), the point (hkl) being inserted as a blank point, as in
m I j h, when it does not represent a known terminal form. The radial
lines are thus normal to the respective vertical planes, and their lengths
are inversely proportional to the spacings and reticular densities of the
corresponding planes in the direct lattice.

The reciprocal structural lattice is determined when we have properly
distinguished the first layer points (hkl), which are actually in the plane

of the gnomonic projection, from the higher layer points (hkn) which
appear in fractional positions on the plane of the gnomonic projection.
This is simply done, in the present case, by taking as the first layer
points those points which form a plane lattice without systematic omis-
sions. This condition permits of only one choice: the large filled points
c r q d n s o Pe fr must be the f.rst layer points; the small blank points
y tc o u u i t, all of which represent weak forms, are therefore points in
higher layers of the reciprocal lattice.

To obtain the desired representative lattice cell, whose axial planes
are the three non-tautozonal planes with the greatest spacings, and
whose respective reciprocal lattice points are therefore the three non-
colinear points nearest the origin, we choose the first-layer point nearest
the center c, as the axial plane (001); the first-layer point nearest to c,
namely d, is taken as (01 1) ; the next nearest, not in the zone lod.l, namely
r, is taken as (101). All the points in the projection can now be im-
mediately indexed; and the chosen cell meets the stated conditions. The
vertical axis is the axis of the main zonel the pole of the base lies in the
first quadrant, hence a and. B are both obtuse; and the reciprocal lattice
period qo':c-d. is less then the period ps':c-r giving b[010] greater

then o[100]. The chosen cell, therefore, stands in the unique orientation
of the normal setting. If this had not been the case, the desired orienta-

tion would be reached by turning the projection about the vertical axis,
or by inverting it and then turning it into the one position in which the
stated conditions are satisfied.

fn the normal position two circle measurements on fifteen crystals
give the projection elements:

p s' : 0.927 3, qs' : 0.59 34 ; xo' : 0.067 I, y 6' : 0.0456 ; v : 7 5o 42t'

which give, by calculation, the following polar and linearelements:

pot qotro: 0.9242:0.5915: 1 ; tr : 87"23+', /., : 85o38', v : 7 5"42i'
a: b : c : 0.641 L : t : 0.57 47 ; a : 9!" 28', g : 94" 12',  ̂ y : I04" Ilt .
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Figure 2 shows a typical babingtonite crystal from Woburn, drawn in
the position corresponding to the normal setting. The position is in every
way satisfactory. The largest planes are m(Il}), o(100), M(l10). The
base c(001) is also fairly large. The side-pinacoid, 6(010) is narrow; but
this is one of the vagaries of morphological development for which there
is no explanation and which should not influence the choice of elements.
Even if the side-pinacoid had been absent, the above method for finding
the normal setting would have led to the same result. The cleavages are
{001} perfect, and {tlO} imperfect, which correspond respectively to
the third and fourth greatest lattice spacings. The most common mor-
phological elongation is in the direction of the shortest axis c[001], and
therefore in the direction of the densest lattice row.

In the normal setting the forms observed on the crystals studied are:

c [001 ] ,  b {010 } ,  o {100 }  ,  m l r ro l ,  f { 2 r0 ] t ,  M l r I0 l ,  h l r ^ \ l ,  d l \ n l ,

" l g r l ,  
' { 191 } ,  q {1o t } ,  s {11 r } ,  o { t r r }  ,  p lT2 r l ,  t he  new fo rms :  j l s r l l ,

elllll , kII2Il; and the new but uncertain forms: { 350 L ll2ll .

The prominent forms are a c rn I M h d, n q s o, most of which occur
on all the crystals. The new forms, j e h, appear as small faces in good
position, as shown by the agreement in Table 1. The two uncertain forms
were observed only once each.

Teslr 1, BnsrNcroNrrn: Nnw Fonus

Form Number of Measured
faces 6 p

Calculated
Q P

j(310)
a(II1)
k(12r)

3 64"35'
5 -133 42
3 -148 24

64042', 90000'
-r33 02+ 48 38+',
-148 45 58 00

90"00'
48 49
58 22

Correlation of morphological settings. Babingtonite has been variously
oriented by Dauber (1855), Dana (1892) and Goldschmidg(1897-I922).
Dauber's position, which was adopted by Palache & Franje (1902) and
by Palache & Gonyer (1932) refers to a cell of the structural lattice;
but the choice and orientation of the cell does not conform to the normal
triclinic setting. The relation of Dauber's setting to the normal setting,
in the gnomonic projection and the direct lattice, is shown in figures 3,
4, in which the dotted cells and underlined symbols are those of Dauber.
The settings of Goldschmidt and Dana were intended to bring out mor-
phological analogies, and they depart even farther from the normal
setting. The elements and indices of the four settings (Dauber, Dana,
Goldschmidt, Richmond) are related by the transformation formulas in
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Table 2, which is arranged in a double-entry form suggested by Professor

J . D . H . D o n n a y .

To
Dauber
(18ss)

Dana
(18e2)

Goldschmidt
(18e7) Richmond

Dauber 0 0 1
1 0 0
0 1 0

T 0 0
1 0 1
0 1 0

Goldschmidt

Richmond

1 1 0
1 0 0
0 0 1

0 0 4
T 1 0
T 1 0

2 0 2
2 0 2
T I O

2 2 0
2 2 0
0 0 1

0 2 2
0 2 2
1 0 0

1 0 0
0 0 1
I t 0

0 1 0
0 0 1
1 0 0

0 1 0
1 1 0
0 0 1

To show how this table is used to find the indices (h'h'l') in a desired
setting from the given indices (h k l,) in another setting, let us transform
Dana's J1443] to Richmond's setting. From Table 2 the required trans-
formation formula, from Dana to Richmond, is: 110/1 I4/L10. Then
h' : rx4* rx4+0 x 3 : I ; k, :7 x4+T x4+4x 3 :4; t, :Tx4+ r x4
+0X3:0. The new indices are thus (840) or (210) which is a plane of
our  form / {  210}  .

Table 3 shows the forms of babingtonite observed or recorded by
Dauber, Dana, Goldschmidt, Palache, Richmond, and correlates the
signatures of the several authors.

Transforming the elements of Dauber to the normal setting, according
to the transformation formula: from Dauber to Richmond:010/110/001.
we obtain:

a : b : c : 0.6417 : 7 : 0.57 46 ; a : 9 1" 31,, p : 93" 51,, t : 104o 04,

The elements from the new measurements are:

a :b :  c :0 .647 I :  l : 0 .57  47  ;  a :9 lo2g ,  ,  g :94 "12 ,  ,  . y  :  I 04 " I l ,

The two sets of elements agree so closely that Dauber's transformed
values are adopted in the formal angle-table for the known forms of
babingtonite in the normal setting (Table 4).

Tanr,n 2. Bemwcrolurp : TnlNsronuerron Fonuur,es

T 1 0
1 1 0
0 0 4
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Opti.cs. The optical properties of the Woburn babingtonite were deter-
mined on small crystals mounted on the universal stage, and by the
immersion of fragments. Due to the excessively strong absorption of the
mineral it proved difficult, yet possible, to find crystals small enough to

Teslr 3. BAsrNcrol.rrrn: Connrla.rrom or Fonu Lnmnns

Dauber
(18ss)

Dana
(r8e2)

Goldschmidt Palache Richmond
(1897-1922) (re02-res2)

r 001
b 010
a 100

m, ll0

f 2r0
j 3r0

M lIO
h 120
y O25

* 035
d 0rl
n 011

r l0l
q 101
e Tll

s  l l 1
o ltt
w 225

a 335
u 554
i 122

t 122
h 12r
p I2r

c

a

M

c

d d

b
a o

w
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k*
p

pass light, but not so small as to prevent reliable measurements on the
traces of a sufficient number of the crystal planes. The optical data ob-
tained are summarized in Table 5, in which the co-ordinate angles for
the ellipsoid axes refer to the same pole and prime meridian as that used
for the crystal faces. The optical orientation and the positions of the
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optic axes are represented stereographically in figure 6' There is no

pseudo-symmetry in the orientation, which is in keeping with the lack

of pseudo-symmetry in the crystal lattice and the absence of twinning

Terr-n 4. BasrxcroNrrn-Ca2Fe I f Fe' /'SisOtl(OH)

Triclinic ; pinacoidal-I

a i b i c : 0.6417 | t :0.57 46 ; a : 9 lo 3l', g : 93o5 1', t : t04"Q4'

f o: qoi r o: 0.9227 : 0.5910 : I ; ), : 87"28i', p : 85'39', v : 7 5" 49i'

8o' :0.9257 , qo':0.5929; xo':0-0673, ys':o'0M3

Forms Q p

c 001
b 010
o 100

m LlD

J 2r0
j  310

M r10
h r20
y 025

r 035
d 0rl
n 0ll

r l0l
q 101
e TII

s 1f1
w 225
? .JJJ

o l|l
u 554
i 122

t 122
h T2r
p 12r

56"39+'.
0 0 0

7s 49+

47 36
59 46
64 42

rr2 rr+
l . to J4

13 27

9 3 3
6 02+

17s 00+

74 t9
-t02 23+
-r33 02+

r08 27
-56 49
-60 M+

-63 4r+
-64 s2+
130 08+

-36 04
-148 45
-s9 s6+

4"36+'
90 00
90 00

90 00
90 00
90 00

90 00
90 00
16 08+

22 05
32 39
28 56

4s 03+
40 22
48 38+

45 29
19 13
28 22+

42 48+
49 26
34 0r+

32 s6+
58 00
52 29

85039',
7s 4e+
0 0 0

28 13+
16 03+
Lr 07i

36 32
61 04+
82 s5+

81 18
7e rs+
93 28

M s7+
t30 2r
131 06

53 05+
102 53
rrr r1+

121 07
125 48i
70 s7+

tOt 42
127 t0
109 50+

87'28+',
0 0 0

7s 49+

47 36
59 46
64 42

rtz rr+
136 54
74 19

68 14+
J /  J J '

rr8 4r+

78 58
97 59

r20 49

r03 02+
79 37i
76 34

72 28i
70 s6+

111 09

63 ss+
t36 28
52 20

8s 27
85 24
8s 26+

87 24+
89 13
13 0e+

19 14
29 55
sr rs+

40 4r+
44 4r+
53 11

42 4s+
31 37+
30 45

4s 16+
sl ss+
32 s8+

33 26+
62 11
s3 07+

0000'
87 28ij
85 39

in babingtonite. For comparison with the new orientation we give the

orientation obtained on crystals from Arendal, Norwav, by Washington

& Merwin (1923), transformed to the adopted crystal setting. The agree-
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ment in these independently determined orientations is satisfactory and
is in accord with the noteworthy constancy in the chemical composition
of the species.

Taer,n 5, BABTNGToNTTE: Oprrcer- Er,BuBNrs

Washington
& Merwin

+
X (dark green) -104o

If (lilac) 145
Z (brown) 39

p

460
70
51

o
- 104"

14.)

40

Positive
2v:76+2"
r)z strong

p ,r(Na)
M" r.720)
7r  1 .731 i  +0 .003
s3 r .7ss)

None of the principal optical directions is nearly normal to a promi-
nent form. An optic axis can, however, always be seen inclined at 10o to
the normal to the basal cleavage.

Structural laltice. The structural lattice of babingtonite was deter-
mined on a small crystal from Woburn, by a method which is entirely in-
dependent of the known morphology. Rotation and equator Weissenberg
photographs were taken with copper radiation about three zone-axes,
giving values for three non-coplanar lattice periods, three pairs of values
for the spacings of the provisional axial planes, and three accurately
measurable values for the reciprocal axial angles. A study of the lattice
parameters thus obtained showed that the three chosen axes of rotation.

T.q,sr,p 6. BanrNcronrrp: Srnucrunar, Larrrcn CoNsrexrs

From rotation
photographs From Weissenberg photographs

A
d 0 :  / . J o

bo :  l l  . 52
c o : 6 . 5 8

A
i lno: 7 .16 a*:0.2I5O a*:87o12'
doro :11 .18  b+:0 .1377 0x :85"39,
d o o r : 6 . 6 0  c * : 0 . 2 3 3 2  t * : 7 5 o 5 6 '

A
oo: 7.39 a: 91"48'
bo : l1  .52  A:  93 .48 ,
c o : 6 . 6 1  t : 1 0 3 " 5 4 '

which were the previously chosen crystallographic axes, were also the
directions of three shortest non-coplanar lattice periods. The lattice con-
stants measured and computed from the r-ray photographs are given in
Table 6.

The above structural cell elements refer to the unique orientation
fixed by the previously stated morphological conventions. The direct
lattice elements obtained from the Weissenberg photographs give the
following ratio, which agrees well with the previously determined geo-
metrical elements:
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a s i b si 6 () : Q.$42'. I z 0. 57 4 ; a : 9 Io 48', I : 9 3" 48', 'Y : I03" 5 4'

a;b:  c :0.6411: l :0 .57 47 ;  a :9!"28 '  ,  0 :94o12'  ,  ^y:  Io4" I l '  .

This agreement shows that the geometrical equivalent of the structural

lattice was correctly discerned in the gnomonic projection of the external

planes. It will be observed that the shortest cell-edge is the vertical axis

c[001], the longest cell-edge is the lateral axis b[010]. This relation gen-

erally obtains when a simple triclinic lattice cell is oriented according to

morphological conventions; and it might well form the basis of a rule

for orienting triclinic cells in cases of poor or variable crystal develop-

ment.
Structural lattice of Gossner tt Mussgnug. These authors (1928) deter-

mined the structural lattice of a crystal of babingtonite from Arendal,

by measuring the identity periods in several lattice rows whose angular

relations were known from the geometrical crystallography. The setting

of Gossner & Mussgnug is related to the normal setting_by the trans-

formation, Gossner & Mussgnug to Richmond,:0l0/0fl1100. The rela-

tion of their unit cell to ours is shown in figure 5 which gives two cells

of the normal setting (elements: a b c a g "y) in full lines, and one cell of

Gossner & Mussgnug (elements: a' bt ct a' 9' 'y') in dotted lines. Cor-

responding identity periods in the structural lattices compare as follows:

Gossner & Mussgnug

o lT00 l : 6 .734
b[010] :  7.5a
[01T]:t1'33 1.uL.,
cl001l:12.43

Richmond

c[001]: 6.61[
a[r00]: 7.39
b[010] :11 .s2
[110]: 12 . 10 (calc.)

Apart from a systematic difierence of about three per cent in the two

sets of values, due perhaps to differences in materials and methods, the

agreement is good. The four periods are the four shortest non-coplanar

periods in the structural lattice. Both sets of values show that the verti-

cal period of Gossner & Mussgnug, c[001], is the fourth-shortest period,

and is therefore improperly chosen according to the structural conven-

tion which Gossner clearly recognizes and often emphasizes.
Content oJ the unit cell. Five superior analyses of babingtonite are

given by Palache & Gonyer (1932), four from localities in Massachusetts
(by Gonyer) and one from Arendal, the type Iocaiity (by Washington).

From these analyses, which show little variation, Palache and Gonyer

deduce the empirical formula: Ca2Fe'/Fe"/SiuOu(OH), which accepts

hydroxyl as essential, neglects the small reported amounts of Ti, Al, Mn,

Mg, Na*K, and agrees well with the found proportions of the main con-

stituents. From the cell determination of Gossner & Mussgnug (1928)
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Palache and Gonyer found that the unit cell of babingtonite contains
two of the above empirical molecules. Since this cell content widely
differs from that proposed by Gossner & Mussgnug it is desirable to
make a count of the atoms of the unit cell, using the new cell elements
together with the available analyses and corresponding density values.

The volume of the unit cell of babingtonite is Zo: asbscsf (I-cos2 a
-cos2 B-cos2 "y-2 cos a.cos B.cos.y) :5a5 cubic A.  The molecular
weight of the unit cell is Mo: Vd/A:1112, which varies slightly with the
measured densities. From the given percentage weight of an oxide in an
analysis in which the values are reduced to the sum of 100, the number
of atoms of an element in the unit cell is I/: mMonf IO0, where aa is the
molecular proportion of the oxide containing the element, and z is the
number of atoms of the element in the oxide. Table 7 gives the values of

t""t" ?. 
"""t-at"*

Analysis I
Density 3 368 3 .369

3 4
3 . 3 4 0  3 . 3 4 2

5
. t  . . t . ) v

Si
AI
Ti
Ee" '
Fe "
Mn
Mg
Ca
Na*K
H

Oxygen

e.731 e.731 e.6s l  e .se l  s .7s1
0 . 0 4 J e . 7 7  0 . 0 4 J 9 . 7 7  -  J e . 6 s  o . o 2 - J e . 6 1  0 . t S l e . e 7- l  - l  - l  o .o . r l  o .o+ l
2 . 0 4 J 2 . 0 4  2 . 0 2 J 2 . 0 2  2 . 0 2 J 2 . 0 2  1 . 8 8 J  1 . e 2  1 . 8 6 J  1 . e 0
1 .451  1 .571  1 .561  1 .66 - ' l  L t9 - .1
0 . r e  l 1 . e r  0 . 1 7  l t . s 2  0 . 1 8  1 1 . 8 7  o . n l t . s 4  0 . 1 1  1 1 . 7 6
0 . 2 7 J  0 . t 8 J  0 . 1 3 J  0 . 1 7 1  o . 2 6 J
3 .e2 f3 .e6  3 .e113 .e2  3 .e013 .e6  4 .0014 .02  3 .681 . t . 82
o .o4 l  o .o l j  o .o6J  o .ozJ  o .  r 4J
1 . 5 0  1 . 5 0  1 . 5 8  1 . 5 8  1 . 5 2  1 . 5 2  1 . 6 4  r . 6 4  1 . r 4  r . r 4

29.18 2 9 . r 8 28 .89 2 8 . 8 9 28 .80

1. Winchester Highlands (Woburn), Mass.l anal. Gonyer.
2. Holyoke, Mass.l anal. Gonyer.
3. Deerfield, Mass.; anal. Gonyer.
4. Somerville, Mass.; anal. Gonyer. Analyses 1-4 in palache & Gonyer (1932).
5. Arendal, Norway; anal. Washington in Washington & Merwin (1923).

-ly' obtained in this way from the five analyses of babingtonite, which are
numbered as in Palache & Gonyer (1932).

Allowing a systematic increase of about three per cent in values of /y',
neglecting Al, Ti, Naf K, as unessential, and taking the H numb er as 2,
babingtonite contains thirty atoms of oxygen in the unit cell, and the
cell formula is:

F e2" t F e2t' CaaSiroOzs(OH)r
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in which Fe"' may be associated with small amounts of Ti; Fe" with Mn

and Mg; Ca with Na and K. This confirms the formula of Palache &

Gonyer and disproves that of Gossner & Mussgnug (1928)' namely

4[SirOoCa Fe' SiO2], which does not represent the number of atoms in the

unit cell or their proportions, and omits essential constituents'
Systematic relotions. In the systematic mineralogies babingtonite fol-

lows rhodonite in the so-called triclinic section of the pyroxene group.

The two minerals have similar geometrical elements, which is surprising

in view of their apparently dissimilar compositions. Structural studies

have shown that the pyroxene group is naturally limited to those species

that have the structure of diopside; and thus the triclinic section of the
pyroxene group has become a discredited misnomer.

Recently babingtonite has been variously classified: Gossner (1928)

regards babingtonite as related to anorthite and epididymite;Palache &

Gonyer (1932) concluded that babingtonite belongs in no existing group;

Berman (1937) places babingtonite in a group of "miscellaneous pyrox-

enoids."
From the existing structural data on the two species we find that their

geometrical similarity actually expresses near equality of the absolute
lattice parameters; and that the cell contents show a relation that would
not be suspected from the empirical formulas. These relations appear
when we take the structural cell of babingtonite, in the second setting
of Gossner & Mussgnug (1928, p. 279), turn it 180" about the vertical
axis, and compare the resulting lattice parameters with those given for

rhodonite by Gossner & Briickl (1928). Appending the two cell contents,
as given by the cell volumes and densities, we have the following com-
parison:

BasrNctoNrtB

ao: 7 .54, bo: 72.43, co: 6.7 3
a :86"12 '  ,  A :93"51 '  ,  7 :  l l2o22 '

Fez"'Fe2"Ca4Si1oOrs(OH)r.

Rnooor.rrrl:

ao: 7 .7 7, bo: 12 45, co: 6.7 4
a:85o10', A:94'04',  t :  l l l "29'

(Mn, Fe, Ca)roSiroOao.

Although the above lattice parameters do not correspond to the nor-

mal setting, they do represent unit cells of the respective structural lat-
tices; and since all unit cells of a simple lattice have the same volume the
above comparison is valid. Such agreement in all of the six triclinic
lattice parameters points to a close structural similarity in the two spe-

cies. If we express the two cell contents as 10 RSiOa, then babingtonite
appears to have a rhodonite structure, with two oxygen positions oc-

cupied by hydroxyl and two cation positions unoccupied. Since the

powder photographs of the two minerals, illustrated in figure 7, do not

apparently show such close structural similarity, the above argument
can only be tentatively accepted. An investigation of rhodonite must



640 TH E A MEKICAN MINERA LOGIST

be made, similar to that presented in this paper, before the validity of
our argument can be admitted.

Rhodonite and babingtonite show only a partial relation to the tri-
clinic wollastonite group of Peacock (1935), whose general cell content is
6 RSiOa. Without entering into details it may be said that the structural
relation between rhodonite and wollastonite is confined to near equality
of two of the principal lattice periods and the included axial angle; the
remaining lattice parameters are quite dissimilar. This points to a simi-
larity only in the ground plan of the two structures. We conclude there-
fore, that babingtonite should accompany rhodonite in one group of the
pyroxenoids of Berman, while the wollastonite group forms another
group in the same family.

Summary. Excellent crystals of babingtonite from Woburn, Massachu-
set ts ,  are t r ic l in ic :  a:b:c:0.6417: . l :0 .5746;  a:91"3I , ,  p :93"51, ,
'y:I04oO4t (Dauber's elements computed to the normal setting of Pea-
cock). Fourteen known forms were observed; also the new formsT{310},
e l lL l l ,  h l l2 l l ,  and the new but  uncer ta in forms {350},  { t2 l l .  X-ray
measurements, independent of the external geometry, ga,vei as:739 h,
bo :11 .52  A ,  cs :$ .61  L ;  a :91o48 ' ,  9 :93 "48 ' ,  ? : i 03o54 t ;  as tbs t cs
:0.642:l:0.574. The agreement shows that the structural lattice was
correctly inferred from the morphology. From existing analyses and
densities the unit cell contains: Fezt,'Fe/tCa+SiroOzs(OH)2. New optical
data:

6 p
X (dark green) -I04" 46"
Z (lilac) r4S 70
Z (brown) 39 51

Babingtonite and rhodonite form a group of structurally related pyrox-
enoids, which shows only partial relations to the wollastonite group.
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A. Peacock of Harvard University for invaluable aid in the preparation
of this manuscript, and to Dr. Harry Berman for help in the *-ray deter-
mination.

Expr,axartoN oF TrrE Freunps
Frc. 1. Babingtonite: gnomonic projection of the known forms.
Frc. 2. Babingtonite: typical doubly terminated crystal from Woburn, Mass.
Frcs. 3, 4. Babingtonite: relation of Dauber's setting to the normal setting, in the

gnomonic projection and direct lattice; dotted cells and underlined symbols are those of
Dauber.

Frc. 5. Babingtonite: relation of two unit cells of babingtonite in the normal setting
(full lines and unprimed elements) and one unit cell of Gossner & Mussgnug (dotted lines
and primed elements).

Frc.6. Babingtonite: stereographic projection of the optical orientation and the posi-
tions of the optic axes.

z(Na)
1.720) Positive
1 . 7 3 1 i + 0 . 0 0 3  2 V : 7 6 " * 2 "
1.753) r)z strong
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Frc. 7. Babingtonite: powder photographs of babingtonite (above) and rhodonite (below)

taken with unfiItered iron radiation.

RnrBnnncns

BnnuAN, H. (1937): Amer. Min.,22,3ffi.
DaNe, E. S. (1892): System, oJ Mi.neralagy-New York.
Dnunrn, A. (1855): Pogg. Ann.,94r402.
Got osctrurnr, V. ( 1897) : Kr y s t all o gr aphi. s che W i,nh elt ab ell en-B erlin.
- (1922): Atlas der Krystall,formen, 7-Heidelberg.
Gossxnn, B. (1928): Ber. itreutsch. chem. Ges.,6f B. 1634-1638.
- and Musscnuc, F. (1928): Cbl. Mi.n.,4,274-281.
- and Bniicrr,, K. (1928): Cbl. Mi.n., A,316-322.
Par,acrre, C., and Fnerro, F. R. (1902): Proc. Amer. Acad..,38r 383-393.
-- and Gowvrn, F. A. (1932): Amer. Min.,t7,295-303.
Pnecocr, M. A. (1935): Amer. Jour.Sci. ,30,495-529.
- (1937) : A mcr. M in., 22, 588424.
RrcRuoNo, Jn., W. E. (1937): Amer. Min.,22,290-300.




