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Aesrnact

Jennite is a neu' mineraL from Crestmore, California, of approrimate composition

NazCa iS i ;O :oHn .  I t i s t r i c l i n i c ,w i t ho :10 .56 ,b :725 , c :108 i  A ,a :99 "42 ' , 8 : 97o40 ' ,

y:110o04,, Z:1.It forms blade-shaped crystals I'ith length 6 and cleavage (001). The

refract ive indices are q:7.552,  9:1.564,  t : l '571;  2V (calc.) :  -74' ;  aA(001):90' ,

discoverer of the mineral.

INtnoouctroN

The contact rocks at Crestmore, California were first described b1'

Eakle (1917). Man1, subsequent investigations on them have been re-

por ted;  Murdoch (1961) has g iven a recent  survey ' ' Ihe object  of  the

present paper is to describe a nelv mineral found at this locality by Col-

onel C. M. Jenni, who is now director of the geological museum at the

university of \I issouri. The chemical composition, f-ray powder pattern,

and other data for this mineral show that it is a new species, and the

name jennite is proposed in honor of its discoverer.

Occunnoxco

Jennite occurs as a late-stage mineral partially f i l l ing open spaces in

f ractured calcite-monticell i te-hercynite and vesuvianite-lvollastonite

contact rock at Crestmore. The monticell i te has been altered to serpen-

tine plus calcite for f ive or more centimeters on either side of the fractures

although the rvollastonite in the vesuvianite-wollastonite rock has been

unaff".t"d. Jennite is alwal-s associated with 14 A tobermorite and is

occasionally found with scawtite and calcite. Scawtite and calcite are the

earliest minerals in the fractures and may be encrusted by 14 A tober-

morite, jennite or both. Scawtite crvstals in jennite-bearing fractures are

unaltered rn'hereas the calcite is slightly etched and corroded.

The jennite studied in the present investigation formed part of a vein
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about 1 cm thick, having a central cavity. The vein consisted of several
1a1'ers, some of which were composed of calcite, and others of white,
l ibrous material. Representative fibers from each raver were examined
by r-ray- rotation photographs. In some of the layers the jennite was
intergrown with 14 A tobermorite, but in others it was free from other
minerals. Some 200 mg were selected for use in the investisation.

Frc 1. Optic orientation for jennite: crystal viewed along a
direction normal to the cleavase.

Oprrcar PnopBnrrns

Jennite forms small blade-shaped crystals or f ibrous aggregates. It is
b iax ia l  nega t i ve ,  w i t h  a :1 .552 ,  B :1 .564 ,  7 :1 .571 ,  a l l  +0 .003 ;  2V
(calc.) :74'. Fig. 1 shows the optic orientation. X is perpendicular to the
cleavage, and Y makes an angle of 35-40' with the direction of eiongation
of the blade. crystals lying on the cleavage show inclined extinction;
when the blades are lying on edge, thev show parallel extinction. These
results show that the symmetrv is not higher than monoclinic; the r-ray
evidence, described in the next section, indicates that the mineral is
triclinic.

Prism

o.A.
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Uwrr CBrr, lNo X-R,q.v PowoBn D.qrA'

The unit cell was determined from r-ray rotation' oscil lation and

Weissenberg photographs about the direction of elongation, which wil l

be called 6. It is tricl inic. The parameters of the direct and reciprocal

cells are siven below:

Reciprocal cell

a* 0.10309 A-1
b* 0.15095 A-t
c* 0.09597 A-1
q* 76"M'
B* 78"00'
r* 68"00'
v* 0.001335 A-3

Direct cell

o  10 .56  A
b  7 2 s A
c  1 0 8 1 4
a 99"421
p 97'40',
a tt0"04'
v 748.9 A3

The cleavage is (001). Reflections having odd valttes of k are system-

aticalh'weak: the pseudo cell obtained bv ignoring them is A-centered

monoc l i n i c ,  u ' i r h  a  q .q17 ,  b  3 .624 ,  c  21 .306  A ,  B  t0z ' 00 '  ( doo r :20 .858  A ) .

The o* and c* reciprocal axes coincide in direction in the true and pseudo

celis, and are normal to the direction of elongation. The tricl inic 020 re-

ciprocal lattice point coincides with the 111 reciprocal lattice point for

the monoclinic pseudo ceil. If all three axes of the pseudo cell are doubled,

all reflections can be indexed on monoclinic axes;however, the reciprocal

lattice has monoclinic symmetry only as regalds reflections with fr even'

It the doubled monoclinic axes are used, systematic absences occur

among leflections with ft odd such that whenever hkl is ptesent, hhl is

absent, and vice versa. No deviations from 90" in the values of a and'y

for this cell could be detected. These relationships, which are i l lustrated

for the direct cell in Fig. 2, are similar to those found with nekoite (Gard

and Taylor, 1956).
X-ray powder data (Table 1) were obtained using 6-cm and 11.46-cm

diameter cameras and rvith a diffractometer. Filtered copper radiation
( \ :1.542 A) *ur  rLsed throughout .  Spacings longcr  than 1.8 A were in-

dexed, chieflr. b1' direct comparison of 6 cm powder photographs with

oscil lation and rotation photographs taken on the same cameral due

account rvas taken of intensities as well as of spacings. In the case of re-

flections rvith fr odd, calculated spacings are l isted only for d>3.500 A;

reflections of this t.vpe and shorter spacing were extremell' weak on

single-crystal photographs and undetected on powder photographs'

CnBurc.lr, AN,Llvsrs, DeNsrrv AND AroMrc Carr, CoNrBNrs

A chemical analvsis gave the results shown in Table 2, column 1. 'Ihe

density, determined b-v suspension, lvas 2.32 g/cc. A value was also cal-

culated from the mean refractive index usir-rg the Lorentz-Lotenz eqva'
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t ion,  assuming atomic r -ef ract ions Ca:  Na:  3.25,  O:  3.65,  H:  Si :0
(Howison and Tavlor, 1956); this gave 2.3I g/cc. The atomic cell con_
tents (Table 2, col. 2) were calcuiated from the chemicai analysis assum-
ing a density oI 2.32 g/cc and the cell vorume or 74g.9Ar obiainecl from
the *-raf investigation. on the basis of the thermal decomposition study

I
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Jo"
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values of fr are ignored.

described later, it was assumed that all the 'rvater was combined. The
formula approximates to NazcaeSi5o36H22, withz:1 for the tricl inic cell.

TuBnlr,q,r D rcolrpo srrtor.r

A thermal r,veight loss curve (Fig. 38, curve 1) was determined by
heating a sample to constant weight at successively higher temperatures
in nitrogen. Periods of a few days were needed at each temperature to
reach constant weight, and the complete run took several weeks. The
sample was heated in a platinum microboat which was placed in a sil ica
tube furnace. The latter was fi l led with dry, COz-free Nz before each
heating period. During heating, one end of the furnace was closed and.
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Taer.a 1. X-R,lv Pomnn Date lon JrNNtrr
(CuKa Radiat ion,  1 '542 A)

Observed Calculated

spacrng

d (A)

Indices

hhl2
d (A) I r e t l

1 0 . 5 001
100
101
1 1 0
0 1 0

t0 420
9 700
7  9 7 5
6 .  7 8 0
6 625

6 462
6 283
5 932
5 . 4 6 3
5 . 2 1 0

5 .086
5 048
4 881
4 850
1 . 7 9 5

6 4 6

5 9 5

5 .  2 0

1 0 1
0 1 1
1 1 1
I t  I
002

0 1 1
102
2r0
200
20I

4 4 8

m/b I rt1
\ r t o

012
211.
2rl

4 . 7 9 s
4  7 1 r
4 648
4.489
4 -354

172
102
201
112
202

4 324
4 237
4 084
4 071
3 . 9 8 7

1),2
1 i l
012
212
T2o, l t |

103
003
02r ,220

lo2o,2rr
l3oI

3 963
3 921
3 703

3 570

3 4 7

3 . 2 9 ms/b

3 510
3 473
3 390

3 . 2 8 8

3 .  1 9

300
202
721,122
203
022,22r

3 233
3 231
3 213
3 . 1 5 1
3 . 1 4 2

1s:strong, m:moderate(ly), w:weak, v:very, b:broad. The five stlongest spacings are in bold type.

: I n d i c e s r e l a t e t o t h e t r i c l i n i c c e l l w i t h a 1 0 . 5 6 , b T 2 5 , c l O 8 l A . a g g o 4 2 ' , 8 9 7 0 4 0 ' , , 1 1 0 " 0 4 ' A l l s p a c i n g s

longer than 3.500 A, and all spacings with even i indices and longer than I 800 A, are listed The matrix for

transforming the indices to the large, monoclinic cell (a 19.83+, b 7 .248, c 42.612 A, B 1 02'00',) is Il21o /o1o /0141].
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Tl.nrr. l-(continued)

Calculated
spacrng
d (A)

Indices
hhtz

Observed

I
d  r . \ \  I . e r l

3 0 4
3 074
3 046
2 966
2 926
2 921

2.92

2.43
2 i 8

2 . 6 6
2 6 1

2  . 4 3
2 1 0

120,321
122,321
I22, 123
023,222

2 828
2 806
2 735
2 731

2 . 5 3 5
2 521
2  . 5 2 2
2 179
2 410

2 658
2 658
2 605
2  5 8 1
2 567
2-543

123,322
201
302
401
221, 420

400
102
222,42L
10,1
220,42r

2  .425
2 398
2 .397
2 394
2 .  3 5 5

02!l,223
123,121
304
401
122,323

223,422
121,323
403
22 r ,422
023,224

402
321,520
224,423
322, 52r
401

2 324
2 .301
2  27s
2 .261
2 254

303
105
204

Joos
l2o5

2 245
2  221
2 216
2 . t 77
2 162

2 154
2 . t 31
2 1r9
2 084
2 078

2.O42
2.O40
2 035
2 .032
r . 994

103
302
021,222

{t21, s2o
[301

/:os
\ ro+
004
20s
r21 , , 322
022,223

I s01
1205,224
[320, s?1
222, +23
123,324

1 983
1  . 9 8 1
1 , 9 7 4
1 .960
1.960
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T.trr,B 1 (continued)

Indices

hkl2

Calculated

spacrng

d (A)

1  . 9 5 6
1  . 9 5 6
1  9 5 1
1  9 5 1
1 .940

d (A)

1  9 5 7

1 946

mw

M W

502
105
323,522
t24, r25
500

I  . 8 4 0
t . 8 2 2
1 . 8 1 9
| 817
1 . 8 1 2

r25,324
503
321,522
024,225
304

501
321,523
403
225, +21
241

1 931
1 .  8 6 7
I 8.52
1 . 8 5 1
1 . 8 4 9

1 683
7 . 6 3 7
1 610
1  . 5 8

mlv

vw/b

t . 5 2 I
L  .486
t  . 4 5 5
| 413
1 . 3 9 3

I 365
I  331
r . 3 1 2
r . 2 6 6
r . 2 t1

1 . 1 7  7
1 . 1 7 3
1 .  1 5 5

t . r 1 4

the other connected to two absorption tubes containing standard

Ba(OH), solution. After each heating period, the gas in the furnace was

swept through the absorption tubes with Nz. The Ba(OH), solutions

were back-titrated with acid, the furnace opened, and the boat weighed.

It was assumed that the titration gave the amount of COz evolved and

that the remaining Ioss was of water (Fig.38 curves 2 and 3).

Samples were also heated in air at various temperatures for periods
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Tesra 2. Cnr'lrcer, ANar.vsrs aNl Arourc Car,r, CoNmNrs lon TnNNrle

SiOz
CaO
Na:o
HzO (total)

COz

2 8 . 8
46.0
5 . 0

1 8  . 5
1 . . )

9 9 . 8

Si
Ca
Na
H
(,

o

5 . 0 2
8 .  5 8
1 . 6 9

2 1 . 5 0
0 . 3 6

30 .93Total

f)
L

o_

1. Chemical analysis (by R. A. Chalmers; HzO and CO: from weight and CO: loss
curves, Fig. 38).

2. Atomic celi contents calculated lrom data in column 1.

similar to those used in determining the weight loss curve, and were then
examined by making #-ray rotation photographs about the direction of
elongation. Figure 3A shows the phases thus detected. These phases are
described below.

Mera-lowNrrn

Jennite remains stable up to 70o C., but at 70-90' C. there is a sharp

Co2SiOa

P-co5 io
I l l . c r y s t .

Mc ro - je

J e n n t t €

!
. 9  ^ ^
3

P  l s
o

o  ' ^
a ' u
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U

2000 4000 6000 BOOo toooo 1 2 0 0 0

T € m D e r o t u r  e  o C

l'rc. 3. Thermal decomposition results for jennite. A: Phases detected by r-rays in
heated samples (meta-jen.:meta-jennite, ill cryst.:poorly crystalline material, Ca:SiOr
:B-Ca2SiO4; open circles denote major, closed circles minor constituents). B: Weight loss

curvesl 1, total weight loss; 2, water loss (by difference, from curves 1 and 3); 3, CO2 loss.

A

B

r
I
t

t

@

J

--H,'-.

_(H]'__o_o_____o_



64 CARPENTF]I. CIIALMERS. GARD. SP]i,AKMAN AND TIYLOR

loss of water, which amounts to about 7/6 on the init ial weight (Fig. 3ts).
The product thus formed rvil l  be called meta-jennite; its composition is
represented approximatel-u- by the f ormula NazCasSirO:e Hu. Meta-
jennite is the onl.v product detectable by r-ravs up to at least 250o C.
but the weight continues to diminish over this temperature range. This
may be due to gradual conversion to the poorly crl.stall ine material
which is the sole detectable product at higher temperatures.

Nleta-jennite is crystall ine and is formed topotacticallv;that is, a sin-
gle crystal of the starting material gives a single cr1'stal of the product
in a definite crystailographic orientation. The crystali init l. nevertheless
deteriorates to some extent on heating, perhaps because of the gradual
decomposition mentioned above, and it was not found possibie to es-
tablish the unit ceil of meta-jennite entirely from r-ra'n' evidence. Se-
lected area electron diffraction (SED) was therefore also used.

Er,ocrnoN Mrcnoscopv AND DrFlRAcrroN

Samples were taken from four parts of the hand specimen and ground
with a few drops of isopropvl alcohol; specimen grids carrfing carbon
films were momentarily brought into contact with the resulting suspen-
sions (Boult, 1956). After evaporation of the l iquid, the specimens were
examined with an A.E.I. type EM3 electron microscope. Identical SED
patterns were obtained from all the cr.vstals rexamined in trvo of the
samples, one of which was that used for the chemical analvsis, infra-red,
and thermal decomposition studies. Some of the crystals were irradiated
with an intense electron beam for about one minute, without any sig-
nificant change in the positions of spots in the SED patterns. Similar
patterns were also obtained from a sample which had been heated for 3
da-v-s at 180" C. to convert it to meta-jennite. Al1 these patterns rvere in
accord with the single-crvstal r-ra.v data for meta-jennite, but not with
the corresponding data for jennite. It was concluded that conversion to
meta-jennite occurs in the vacuum of the electron microscope. This is
not surprising, as the process is one of dehvdration, and occurs at 70-
90" C. in air (Fig.3). SED patterns from one of the other samples in-
dicated tobermorite crvstals iying on their (001) faces. Out of 11 crystais
examined in the fourth sample, 6 were meta-jennite, one was tobermorite
lying on the (001) face, and 4 were meta-jennite of an abnormal variety
which is described later.

Figure 4a shows a typical electron micrograph of meta-jennite cr1'stals
of the normal type. The.v are laths;as with jennite, the direction of elon-
gation wil l be called 6, and the cleavage (001). Figure 4b shows a t-vpical
SED pattern, obtained from such a crystal after t i l t ing the stage so as
to bring the c-axis nearly parallel to the electron beam. The pattern
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Frc. 4a. Typical electron micrograph of normal meta-jennite crystals.

shows that the reciprocal lattice is centered on the hk} lace and that it
has dloo: 19.4, d016: 7 .26 L, Tx : 90o. Some division of the pattern into
Laue zones corresponding to different values of I is just visible in Fig.
4b; this became more marked if the stage was ti l ted so that the c-axis

Frc. 4b. SED pattern given by a normal meta-jennite crystal lying with the c-axis
nearly parallei to the electron beam. Most of the pattern consists of /zftO reflections, but
part oI the hk1 Laue zone is also visible as an arc running across the top of the pattern. The
scaie mark represents 1A-1.

65
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was no longer parallel to the beam. For all angles of t i l t employed, all
the reflections were found to l ie on the centered grid shown in Fig. 4b,
which extended without any displacement from each zone to the next.
The lattice is therefore C-centered. From the radii of the Laue zones at
various angles of t i l t (Gard, 1956), c was estimated at about 16 A. From
measurements of patterns obtained from crvstals l1-ing with the (001)
plane normal to the beam, values of the real cell parameters were ob-
ta ined;  th is  gave o 19.8*0.1,  b 7.26+0.06 A,  7:90"  (mean for  14
crystals). By comparing these values of o and 6 with those of droo and
d616, p was estimated at about 102o and a at 90o. The SED results thus
indicate a C-centered, geometricaily monoclinic unit cell r,vith a 19.8
+0.1,  b 7.26+0.06,  c :16 A,  B=102".  The habi t  o f  the crvsta ls ,  and the
available angle of t i l t of the stage, did not permit the hCl zone to be
recorded. Its systematic absences, if any, could not therefore be deduced.

Fig. 5a shorvs an electron micrograph of the abnormal variety of meta-
jennite mentioned previously. The crt'stals are less defi.nite in outline
than are those of the normal form. Fig. 5b shows the SED pattern given
by one of these "abnormal" crystals, obtained with the (00i) plane ap-
proximately perpendicular to the electron beam. The pattern resembles
that of normal meta-jennite in the same orientation, but reflections with
odd values of fr take the form of continuous streaks parailel to a*. This
indicates the occurrence of stacking disorder.

X-Rav Exelrrx.lrrort or MBI.q.-JENNTTE

A sample which had been heated for 3 weeks at 135' C. n'as studied
by means of r-ray single crystal oscillation and rotation, fiber rotation,
and powder photographs. The patterns could be indexed on a cell similar
to that found by electron diffraction, namely, C-centered monociinic,
w i t h  a  19 .87 ,  b  7 .24 ,  c  17 .70  h ,  B  102o00 '  ( dno r :1732  41 .  To  w i th in  a
few degrees in each case, the o- and 6-axes were formed parallel to the
corresponding monoclinic axes of the jennite. Table 3 gives r-ra1' powder
data for meta-jennite, obtained using a 6-cm diameter camera with
fiitered copper radiation and with a Guinier camera. Reflections longer
than 2.5 A *"." indexed, mainly by direct comparison of powder, single
crystal, and fiber rotation photographs taken on the same camera.

Reflections having odd values of fr were s1'stematicalll' weak; they
were visible on powder and fiber rotation photographs, but not on true
single crystal photographs. It was therefore not possible to determine
their h and I indices from the r-ray evidence, and the C-centering was
postulated on the basis of the electron diffraction results. The r-ray re-
sults showed that h)l reflections with (h/2*l) odd were absent. This
indicates the presence of an z-glide plane in the pseudo structure which
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Frc. 5a. Electron micrograph of ,,abnormal,, meta_jennite crystals.

is obtained by ignoring the existence of the systematicaly weak reflec-
tions with fr-odd.

Although both the *-ray and the electron diffraction resurts are com-
patible with the assumption of monoclinic svmmetry, the possibil i ty

Frc. 5b. SED pattern given by an ,,abnormal,, meta-jennite crystal lying with the
(0{1) plane approximately perpendicular to the electron beam. The scale mark represents
l . {  t .



Observed Calcul

d  ,  A t  I re t t  hh l

ated2

d (A)

Observed

d (A)

:ontinued)

8.6  |  
o "

7 . 8  ]  
w

6 . 8  v v w

201,
002
201
1 1 0
203

9 . 3 4 4
8 657
7 810
6 785
5 488

2 4 2
2 3 1
2 2 6
2 . 1 3
2 . 1 0

4.  86  |  
r ' vw

4 . 6 5  |  v v w
400
402
203
004
402

4 . 3 3  m

4 859
+ . 6 7 2
4 . 5 6 3
4.328
3 . 9 0 5

2 0 5
2 0 1
1 . 9 8 6
I  . 9 1 5
1 887

mw

3 .55  ]  " *
3. .1e I  

ww
3.40 |  vvw

404
o20
021
205
220

3 628
3 620
3 . 5 4 3
3.  500
3 392

. 8 3 1

. 8 1 7
782

. 7  4 4

.698

vs

rr33)t l
3 . 3 l l n l o o T

L, I Izzt
3 . 2 5  m / b  I  i r r o

l l

3  3 7 6
3 340
3  . 3 1 1
3 . 2 8 4
3.239

655
623
603
597
5 7 3

3.09 I  ws/b
1605
\222
601
205
023

3 . 1 1 5
3 083
3  . 0 7 1
3 066
3 059

5 5 3
5 3 7
5 1 9
504
455

2 .93  |  s

223
404
421
420
006

3 022
2 .942
2 .923
2.903
2. 886

386
331
295
180

2 . 7 8  
I  

-

2 . 7 5  |  m w / b

223
J 421
\oz+
fzz4
\+06

2 . 8 3 6
2  7 7 7
2 . 7 7 7
2 . 7 6 9
2 744

166
137
121
098
087

',,'u', 
I 

-: 605
603
224
225
02s

2 . 6 5 7
2 603
2 . 5 8 1
2 . 5 t 6
2 502

t .o49
1  0 1 1
0 . 9 8 9
0 961
0 936
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T-ler,n 3. X-Rav PowBn Dere lon Mnre'-lrNNne

1 s :strong, m:moderate(ly), w:weak, v:very, b :broad; the five strongest reflections are in bold type,

: Indices reIerred to monoclinic axes: o 19.75, b 7.24, c 17 70 A, B 102000'. All reflections trith h:2n and

rl)2 500 A are listed; of reflections wilh k:(2fl+l), only the one that was detected on powder photographs is

included.
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cannot be excluded that the true cell is tricl inic, as for jennite itself.
Better data rvould be needed to settle this point. A possible tricl inic cell,
chosen to emphasize the relationship to that of jennite, would be that
having a 10.57,  b 7.24,  c  17.70 A,  a 90o00' ,  B 101o10/ ,  7 110'01 '  (d662
- 8.66 A) .

Pnonucrs Fonlroo ar 375o C. ,qNo AeovB

As alreadv mentioned, meta-jennite is dehydrated gradually, over a
wide temperature range, that begins as soon as the phase is formed at
70 90" C. and continues to at least 250" C. The products formed at 375_
750' C. are described in Fig. 3A. as "poorly crystall ine material". That
formed at 375" C. gave r-ray fiber rotation patterns recognizably similar
to those of meta-jennite, but the reflections were broad and weak, and
the preferred orientation had almost disappeared. With further rise in
temperature, the products became progressively less crystall ine. The
450' C. product gave diffuse powder rings with spacings of about 3.0
(moderate) ,2.8 (very weak) ,2.0 (very weak) ,  and 1.8 A (weak) .  The
550" C. product gave diffuse bands at 2.9-3.0 and 1.8 A. fne 650" C.
and 750'C. products each gave a single, diffuse band at about 2.9 A.

The 900" and 1060o C. products gave patterns of wollastonite
(B-CaSiO:). There was very slight preferred orientation, with wollastonite
D (the chain direction) parallel to the direction of elongation. The pat-
terns included a reflection at 2.75 L which was not attributable to
wollastonite, but which could have been due to 0-CazSiO,{. The 1100'C.
product gave a powder pattern of B-Ca2SiOa together with a reflection
at 2.97 A, which could have been due to wollastonite.

Inrn,q-Roo Exa.lrrwarron

Infra-red absorption spectra were obtained for the original mineral, for
a meta-jennite sample prepared at 180o C., and for the decomposition
product obtained at 500o C. A Hilger double beam instrument with
a NaCl prism was used. Figures 6 and 7 give results for the 3000-3650
cm 1 and 650-1750 cm-1 regions respectively. No bands were observed
between 1750 and 3000 cm-1. The spectra were obtained using the KBr
disk method, r,vith 2 mg of sample in a 350 mg disk. The unheated min-
eral was also examined as a dr;- powder deposited on a NaCl plate from
suspension in CCla (for the 650-1750 cm l region), and as a mull in
CCla (for the 3000-3650 cm-1 region), with substantiall-v the same re-
sults. The 180 'C. spectra are for a sample heated in the KBr disk for
18 hours at that temperature. The 500o C. spectra are for a sample
heated at that temperature and then made into a KBr disk.

The unheated mineral (Figs. 6 and 7 , curves A) shows bands at 3565
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and 3490 cm-l that can be attributed to the stretching of weakly h.vdro-
gen bonded hydroxyl groups, probably coordinated only to calcium. The

broader band at about 3170 cm-1 could be attributed to SiOH or molecu-

Iar water or both. The fact that a band also occurs at 1630 cm-1 indicates

that molecular water is definitely present; there is no evidence for or

3600 3400 3200 3000

Frequency  ( cm- t ,

Frc. 6. Infra red absorption curves for the 3000-3650 cm-1 region. A. Jennite (sample in

KBr disk). B. Meta-jennite (jennite sample heated at 1800 C. in KBr disk). C' Poorly

crystalline decomposition product (jennite sample heated at 500o C. and then examined in

a KBr disk).

against the presence of SiOH. The bands at 1430 1470 cm-l can be

at t r ibuted ro COa'-  ion.  The absence of  anv band at  877 cm-r  suggests

that this is not present as calcite, and is compatible with the view that
it occurs in the mineral itself. The fact that the bulk of the COz is lost

at 200-400' C. (Fig. 38, curve 2) also suggests that it does not occur
as calcite, which would be decomposed at 500-600" C. under the condi-

tions used. The broad group of bands with its main peaks at 905, 965,
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985 and 1070 cm-1 can be attributed to Si-O stretching vibrations. This
part of the spectrum somewhat resembles that of cuspidine (van Valken-
burg and Rynders, 1958). There are also bands at 710 and 740 cm-1.

r600 1200 8 0 0

r  r  equency (  cm-r  l

Fro. 7. rnfra red absorption curves for the 650-1750 cm-l region. A. Jennite (sample in
KBr disk). B. Meta-jennite (iennite sample heated at 1800 c. in KBr disk). c. pooriy
crystalline decomposition product (jennite sample heated at 500o c. and then examined in
a KBr disk) .

which can perhaps be attributed to si-o-si bending vibrations. rf this
explanation is accepted, there must be some condensation of SiO.
tetrahedra.

The spectrum of meta-jennite (Figs. 6, 7, curves B) does not differ
greatly from that of jennite. The structural chanqes involved in the for-
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mation of mata-jennite are therefore probably small. The bands at about

1630 and 3170 cm-1 are sti l l  present;molecular water is therefore present

in meta-jennite.
The spectrum of the 500' C. sample (Figs. 6, 7, curves C) shows

marked changes. The main features are broad bands centered at about

3500 and 950 cm 1; these are attributable to hydroxyl and Si-O stretching

vibrations respectively. The bands characteristic of molecular water have

disappeared, but carbonate absorption bands at 1430 and 1470 cm 1 re-

main. This last result appears to conflict with the analytical evidence
(Fig. 3B, curve 2), and it can only be concluded that the in{ra-red method

is more sensitive for detecting small proportions of carbonate ion. The

general diffuseness of the spectrum supports the conclusion from the

r-ray evidence that the 500o C. product is poorly crystall ine.

DrscussroN

Comparison with cuspidine. The unit cell parameters of jennite show a

distinct resemblance to those of cuspidine (Smirnova et al. 1955):

Jennite (tricl inic) a 10.56, d00r 10.43, b 7.25 A' 'v 110"04'
Cuspid ine(monocl in ic)  c  10.85,  bIO.43,  4755A 8110"04'

The (001) face of the jennite ceil is similar in parameters to the (010)

face of the cuspidine cell, and the length of jennite d001 &grees with that

of cuspidine b. The unit cell contents for cuspidine are Caro(SizOz)rFsi

those for jennite are approximatel.v NazCaaSisOaoHzz.

Meto-jennite ond. jennite. The unit cell of meta-jennite is closely related

to that of jennite. The parameters of the (001) faces of the tricl inic cells

agree to within experimental error (o 10.56, b 7.25 A. 7 110'04' for

jennite, a 10.57, b 7.24 ]\, "y110'01' for meta-jennite). The thickness of

the elementary la-vers parallel to (001) is redr,rced from 10'43 A in jennite

to 8.66 A in meta-jennite. This reduction can be attributed to the loss

of part of the molecular water. The stacking in the c-direction of the

elementary layers changes when meta-jennite is formed. In jennite there

is a oneJayer, and in meta-jennite a two-iayer arrangement. The r-axis

is perpendicular to 6 in meta-jennite, but not in jennite.

The high-temperatwre chonges. The fact that rvollastonite is the i irst prod-

uct to crystallize from the poorly crystalline decomposition prodnct of

the meta-jennite suggests a relation between the jennite structure and

that of lvollastonite. The lengths of the D-axes of the two minerals are

almost identicai, and the wollastonite 6-axis tends to form parailel to

the jennite b-axis. The replacement of wollastonite by p-CazSior as the
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main product at 1100' C. provides an independent check on the approxi-
mate correctness of the chemical analysis.

The ion,ic consl,,itwt,ions oJ jennite and, meta-jenn,ite. The present results
are inadequate to establish ionic constitutions, but some points may be
noted. The infra-red results indicate that both jennite and meta-jennite
contain both molecular water and ionic hydroxyl groups, together pos-
sibly with Si-OH groups. The crystallographic evidence indicates a
marked similarity to cuspidine, and a possible one also to wollastonitel
these minerals contain SizOzo groups and infinite, SiOs2- chains respec-
tively. The infra-red evidence provides some further indication of a
likeness to cuspidine, and the high-temperature changes strongly sup-
port the relationship to wollastonite.

The atomic cell contents indicate five silicon atoms in the triclinic
cell of jennite. This number is not compatible with either SizOz6- groups
or wollastonite-type chains as the sole type of anion; for SizOzo- groups
the number of sil icon atoms per cell would be a multiple of 2, and for
wollastonite-type chains it would be a multiple of 3. Possible constitu-
tional formula, which seem to fit all the available facts, are NazCaa
(SiOta(StO?)(OH)6'8HrO for jennite, and NazCas(SiOa)a(SrzOz)
(OH)u'4HzO for meta-jennite. A combination of wollastonite-type chains
and SiuOz6- groups is thus postulated. It is, however, stressed that these
formulae are quite speculative. Among other questions that remain to
be answered are whether or not the sodium ions and calcium ions occupy
distinct sites, and how the carbonate groups are accommodated in the
structure.
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