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ABSTRAcT

INrnooucrtoN

The calcium silicoborate mineral, howlite, first known as silicoboro-

suggestion, are reported in this paper; a preliminary note giving atomic
coordinates has already appeared (Finney, Kumbasar, and Clari, 1969).

ExppnrMexrel DerA,
crystall'ographic ilata. The crystal used for the structural study was kindly provided by
Prof. J. Murdoch, ucLA, from the sample described by him (1957). rts habit resembrecl

l Present address: Mining Faculty, rstanbul rechnicar university Magka-rstanbur,
Turkey.
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Teslr 1. Cnvsrer,r,ocnarHrc Deu lon Howurr, CazSrBsOg(OH)s.
Moxocr,rNrc, P 2t/c, Z:4

-
Murdoch (1957) This study

a

b
c

p

Cell volume

Density, calc.

Specific gravity, obs.

* Given by Palache et al. (1951), who sa1, ,,penfield and Sperry (1gS7) by pycnometer;
the variation in p is due to the mode of aggregation. porcelaneous material from Lang
has p:2.59 (Mrose, Priv. comm., 1946).,,

b Specific gravity measured by Berman barance on Lang material. The figure represents
the average value for four separate determinations on samples weighing approximately
20 milligrams taken from two large specimens numbered r.M. 563g and r.M. 7ol:2:l
(CSM collections).

o specific gravity measured by Berman balance on Lang material. Figure is result of
two determinations as stated above from a single specimen numbered Huleatt T.M. 701.2
(CSM collections).

X-ray powder photographs of crushed 20 milligram samples numbered T.M. 563g and
Huleatt T.M.701.2 are identical.

ier is relatively featureless, a maximum of 3e/ Az occurring in the vicinity of the ca atoms
and representing about 7 percent of the peak height observed for these cations on the
electron-density synthesis. The observed and calcuiated structure factors are comnared in
Table 3. t

DrscussroN oF STRUCTuRE

General. The strr.rcture is illustrated in the stereoscopic pair of Figure 1,
which clearly shows the overall three-dimensional character, compatible
with the observed absence of cleavage. The stmclure can be considered

l Table 3 may be ordered as NApS Document No. 00943 from National Auxiliary
Publications service of the A.S.r.S., c/o ccM rnformation corporation, 909 Third Avenue
New York, N. Y. 10022, remitting in advance g2.00 for microfiche or $5.00 for photocopies,
pavable to CCMIC-NAPS. The standard deviation in lrl is g.2 (unit-weighriefinement).

1 2 . %  A
9 . 3 4
8 . 6 0

104"50'

2.402 s/cm3
2 . 5 3 - 2 . 5 9

12.78Q) L
e.3s(2)
8.60(2)

104.83o(0. 10)
9 9 1 . 3 ( 1 . 2 )  A 3

2.432 g/cm3
2 . 5 6 b
2.45 .
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Trc;tn 2. Arourc Pan.nuBlnls l'on Howr-rle'

7t9

B(A')
equivalent
isotropic

Atom

Ca(1)
Ca(2)
Si
B ( 1 )
B(2)
B(3)
B(4)
B(s)
o(1)
o(2)
o(3)
o(4)
o(s)
o(6)
o(7)
o(8)
o(e)
oH(10)
oH(11)
oH(12)
oH(13)
oH(14)

0 .1171 (s )
.4118(s)
.1411(8)
.03e(3)
.323(3)
.492(3)
.343(3)
.1s7(3)
.081(2)
.r27 (2)
.102(2)
.26e(2)
.06r(2)
.438(2)
.292(z)
.287 (2)
.438(2)
.497 (2)
.601(2)
.246(2)
.197 (2)
.0ss(2)

0.1838(8)
.8216(8)
.554e(11)
.47 1 (s)
.384(s)
.+23(s)
. 261 (5)
.6s0(s)
. s12(3)
.723(3)
.4s0(2)
. s2s(3)
. se7(3)
.407(3)
.  17 r (2)
.282(3)
.333(2)
. s70(3)
.3s6(3)
.68s(3)
.s42(3)
.338(2)

0.14e3(8)
. s228(8)
.  o1 1s(1 1)
.257 (4)
.033(4)
.2s6(s)
.284(4)
.476(s)

- .174(3)
.047(3)
.137(3)
.030(3)
.3ss(3)
.078(3)
.364(3)
.130(3)
.352(2)
.2e4(s)
.272(s)
.398(3)
. see(3)
.3s1(2)

0 . 8 ( 1 )
0 . 7 ( 1 )
0 .7  (2 )
r .2 (6)
1 .0(6)
| .4 (7)
1. 1(6)
1  .3 (7)
0.9(4)
1 .4(s)
0.8(4)
0 .e(4)
0. s(4)
1 . 1 ( 4 )
0.8(4)
1 .0(4)
0.8(4)
1 . 1 ( 4 )
0.e(4)
1.0(4)
0.8(4)
0. s(4)

u Values in parentheses are standard deviations'

slabs. These features are considered in detail and compaled with those

in related structures in the following sections' The hydrogen bonding in

howlite is also considered separately.

The colemanite-like chains.The basic unit of these chains can be described
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7?[BrOr(OH)ujr- : [nronloH)r1 n2o- * nH2O.

structures (Table 4).

The silicoborate spirals. The unique portion of this structural feature
consists of the silicate tetrahedron, one borate tetrahedron with two
hydroxyls, and one borate tetrahedron with one hydroxyl, all sharing

unusually long in datolite and hence the angles within the ring are some_
what different. Nevertheless, the values exhibit similar tendlncies and
this kind of ring is apparently a frequent structural feature in borosili-
cates containing tetrahedral boron. The distances and angles for the
complete silicoborate spiral in howlite are given in Table 6, and are those
to be expected for the elements involved, within the associated errors.

Li'nkage of the colemanite-r'ike chai*s and, sil,icoborate spirar,s. These two
structural features link through o(4) oxygen atoms, which are common
to the silicate tetrahedra and borate tetrahedra of two colemanite-like
chains. The linkage is illustrated in Figures 1 and 3. A schematic poly-
merization of the two structural groups can be written as:

[srou(ou) rJ n2,- f- lsigro*(oH ) n],r,-
: [nrorioH)zSiBros(oH) r],n"- * nHzo.

The structural formula for howlite would contain the polyanion on the
right side of this equation, but because this version is cumbersome. we
believe the usual form, CarSiB.Os(OH)r, should be retained.

The calcium bolyhed,ra. The two crystalographicaily distinct ca]cium
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7
B 4

c o r Q ,

72r

c  s inp

L*;
o.

b.

Frc. 2. portions of the howlite structure viewed along o,' black dots represent hydroxyl

ions. (a) The colemanite-Iike chains with two tetrahedra and a BOa triangle; open circle

marks B. (b) The silicoborate spirals; borate tetrahedra shaded' silicate tetrahedra un-

shaded.

cations in howlite are each coordinated by eight oxygen (including

hydroxyl) atoms at an average distance of 2'47 A 1faUt" 7)' The coordi-

nation and. distances are common for Ca in numerous other structures'
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Talr,a 4. Coup.lnrson on DtsraNcns aNo Axclrs rN TrrE BoRATE
CnerNs ol Colru,q.urrr aNl Howr,rTr

Colemanite
Clark et al. (1964)

Howlite
This study

B(1)--O(1)
B(1)-O(2)
B(1)-o(4)
Average
B(2)--o(1)
B(2)-O(3)
B(2)-oH(s)
B(2)-oH(6)

B(3)-o(2)
B(3)-o(3)
B(3)-o(7)
B(3)-oH(8)
Average of 8

B(1)-B(2)
B(1)-B(3)
B(2)-B(3)

o(1)-B(1)-O(2)
o(1)-B(1)-o(4)
o(2)-B(1)-O(4)

o(1)-B(2)-o(3)
o(1)-B(2)-oH(s)
o(1)-B(2)-OH(6)
o(3)-B(2)-OH(s)
o(3)-B(2)-OH(6)
oH(s)-B(2)-oH(6)

o(2)-B(3)-O(3)
o(2)-B(3)-o(7)
o(2)-B(3)-oH(8)
o(3)-B(3)-o(7)
o(3)-B(3)- OH(S)
o(7)-B(3)-OH(8)
Average of 12
B(1)-o(1)-B(2)
B(2)-o(3)-B(3)
B(3)-O(2)-B(1)

Distances (A) Atoms

B(4)-o(e)
B(4)-O(8)
B(4)-O(7)
Average
B(3)-O(e)
B(3)-o(6)
B(3)-OH(10)
B(3)-OH(11)

B(2)-o(8)
B(2)-O(6)
B(2)-o(7)"
B(2)-O(4)
Average of 8

B(4)-B(3)
B(4)-B(2)
B(3)-B(2)

o(e)-B(4)- {(8)
o(e)-B(4)-o(7)
o(8)-B(4)-o(7)

o(e)-B(3)-O(6)
o(e)-B(3)-OH(10)
o(e)-B(3)-OH(11)
o(6) B(3)-oH(10)
o(6)-B(3)-OH(11)
oH(10)-B(3)-OH(11)

o(8) B(2)-O(6)
o(8)-B(2)-o(7)"
o(8) B(2)-O(4)
o(6)-B(2)-O(7)"
o(6)-B(2)-o(4)
o(7)"-B(.2)-o(4)
Average of 12
B(4)-O(e) B(3)
B(3).'o(6)-B(2)
B(2)-o(8)-B(4)

Distances (A)

1 .386(8)
1.368(8)
r.362(8)
t . 376
1 493(8)
1 .467 (8)
r .476(e)
1 .484(8)

1 . s1 7(8)
1 . 4s3 (8)
1.47s(8)
1 .4s4(8)
1 .473

2. s03( 10)
2.461(9)
2.4e8(9)
Angles (o)
120. 8(6)
1 13 . e(s)
12s.3(6)
360.0

1 10. 7(s)
111  .0 (s )
103.8(s)
106.7(s)
I 12 . e(s)
111 .7 (s )

109.0(s)
r07.2(s)
106.2(s)
10e. s(s)
1 13.  2(s)
1 1 I .4(s)
1o9.2
r20.7 (s)
1 1 7.  6(s)
r 17 . 0(s)

1 .38(4)
1 .3s(4)
1 .3s(s)
r . 3 6
r .47 (s)
1.  s2(s)
1 . 41(s)
1. s0(s)

r .42(s)
1.M(s)
1. s0(4)
1 48(s)
1 .47

2.4e(6)
2.40(6)
2 . s2(s)
Angles (')
r22(3)
r2s(3)
1 13(3)
360

1 10(3)
1 1s(4)
106(3)
108(3)
103(3)
1 14(3)

1 14(3)
107(3)
1 13 (3)
108(3)
108(3)
106(2)
109.3
r22(3)
rr7 (s)
r20(3)
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Frc' 3. A portion of the howlite Structule viewed along b. Intermediate size open circles,

oxygen atoms; double circles, hydroxyl ions. Dashed lines indicate Ca-O bonds; dotted

tirr"r", t yd.og"r, bonds. The eight-membered centrosymmetric rings (see text) can be traced

around the origin.

in the single chains are about 4.5 A.
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Tesr-n 6. DrsreNcps ,q.rro ANCr-rS rOR TI{E Srr-rcosonlTE Sprr-el rN HOWr'rrr

Atoms Distance (A) Atoms Angle (o)

t 1 2
110
105
113
108
108
109.3
110
toz
109
tt7
104
113

108
109
110
110
1 1 1
108
tw.2

|.63(2)
1 .61 (3 )
r.62(3)
t.63(2)
t . 62

r .s2(4)
1 .48(s)
1.43(s)
r.47 (s)

1. 43(s)
1 .48(4)
1. so(s)
1 .46(s)
1 . 4 7
2.86(4)
2.78(s)
2.67 (6)

connection u/ith the observed charge balance.

A distance of 2.90 A bet*"e.t OH(14) and O(2) is undoubtedly a true

hydrogen bond. Its existence helps decrease the excess charge otherwise

u.ro.iit.d with OH(14) and. increase that of the nominally deficient

o(2), as well as providing an additional link within the silicoborate

si-o(1)
si-o(2)
si-o(3)
si-o(4)
average

B(1)--{(1) ' ,
B(1)-o(3)
B(1)--{(s)
B(1)-OH(14)

B(s)--{(2)
B(s)-o(s)
B(s)-oH(12)
B(s)--{H(13)
average of 8

si-B(1)
si-B(s)
B(1)-B(s)

o(l)-Si-O(2)
o(1)--si-o(3)
o(1)-si--{(4)
o(2)-si-o(3)
o(2)-si-o(4)
o(3) -si-o(4)
average

o(1)'-B(1)-O(3)
o(1)',-B(1)-O(s)
o(1)'-B(l)-OH(14)
o(3)-B(1)-O(s)
o(3)-B(l)-OH(14)
o(s)-B(1)-OH(14)

o(2)-B(s)-o(s)
o(2)-B(s)-oH(12)
o(2)-B(s)-oH(13)
o(s)-B(s)-oH(12)
o(s)-B(s)-oH(13)
oH(12)-B(s)--oH(13)
average ol 12
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Ca atom Oxygen atom Distance (A)

Number r y z Number

(1) 0.1171 0.1838 0.1493

average of 8

0.4118 0.8216 0.5228

average of 8

(1)
(3)
(s)
(7)
(8)

oH(13)
oH(14)
oH(14)

(4)
(6)
(6)
(e)

oH(10)
oH(11)
oH(11)
oH(11)

0.081
o.102

- 0.061
0.292
0.287
o. r97
0. 055
0.055

0.269
0.562
0.438
0.562
o.497
0.399
0.399
0.246

-0 0r2
0.450
0 .w7
0 . 1 7  |
o 282

-0.042
0.338
0 162

o .97  5
0.907
1.093
o.667
0.930
0.643
0 857
0.685

0.326
0. r37
0 . 1 4 5
0 364
0 . 1 3 0
0.099
0 351

-0 .  149

0. 530
o.422
0.  578
0.648
o.794
0 . 7 2 8
0.228
0.398

2.4e(3)
2.4e(2)
2.4r(3)
2 . s1 (2 )
2.4o(3)
2.43(s)
2 s3(2)
2.49\2)
2 .47

2.s3(2)
2.43(3)
2.  s8(3)
2.42(2)
2 . s2 (2 )
2.46(3)
2.s2(2)
2.47 (2)
2 .47

spirals (Fig. 3). A distance o12.70 A betwee'OH(11) and OH(13) must
also be considered a true hydrogen bond, with oH(11) as the probable
donor because its excess charge can thereby be distributed between the
two hydroxyl ions. rn addition this bond is an important structural link
between the two essentially distinct regions of the structure (Fig.3). A

- 
Frc. 4. stereoscopic pair perspective view along 6, showing the ca(1) single polyhedral

chains and the ca(2) double polyhedral chains in the howlite structure lsee atso Table 7).
oRr marks the origin; the end of one unit cell is outlined, c horizontar. Drawing produced
using ORTEP (Johnson, 1965).

I'enr,n 7. Car,cruu-OxycpN DrsreNcrs rN Howr,rrn

CF COOEOINsIION IN HOilLI  IE C F  C O O F O I N F I ] O N  I N  H O K L I T E



STRUCTARE OF HOWLITE

third distance of 3.03 A between OH(12) and O(2) is probably not a

hydrogen bond, because both OH(12) and O(2) are apparently satisfac-

torily balanced. Thus, of the five hydroxylions, only three appear to

par t ic ipate in  hydrogen bonding,  OH(14),  and OH(11) wi th OH(13).
The charge balance throughout the structure is adequately explained

by consideration of the hydrogen bonds in conjunction with the ideal

ionic model, with the single exception of the deficient O(5). A short bond
to Ca might logically be expected for this oxygen, but its Ca-O distance

of 2.41 A, although shorter than the averagevalue (Table 7), is not the

shortest Ca-O distance of the structure. I'resumably it is short enough
to satisfy the oxygen, however.
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