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ABSIRACT

Six-layer orthohexagonal serpentines similar to
that described from Unst in the Shetland Islands are
now known from six other localities and have been
made synthetically in the Mg-Ge, Mg-Si, Ni-Si, and
Mg-Al-Si systems. The strong X-ray powder reflec-
tions of index k:32 are similar to those in
atnesite, and indicate (1) alternate occupation. of
the I and II sets of possible octahedral positions in
adjacent layers, and (2) interlayer shifts involving
some alternation of zero, !b/3, atd, -bl3 vectors.
The weak supercell reflections of index k+3n rn-
dicate that (3) the symmetry cannot be rhombohe-
dral. There are 21 possible 6Jayer models fulfilling
tlese three characteristics. Comparison of calcu-
lated structure amplitudes with those obtained by
mrrections applied to a densitometer trace of t,he
powder pattero of the Mg-Ge synthetic serpentine
gave tlree b€st-fit models. One model is favored
because it not only gives tle lowest residual R
value but also is a relatively simple structure that
most closely resembles the amesite-2f;le structure.
The model can be described as a stacking of two
unit cells of tle standard 2Hg polytype (wrth -b/3
and, fb/3 rnterlayer shifts in each cell) plus one
cell of the 2Ht polytyp, (with zero shifts), ancl is
designated as Tfuardite-6T r.

Sorvrlrerns

Des serpentines orthohexagonales i 6 couches,
semblables ir celles provenant de Unst des Iles
Shetland, ont 6tE trouv6es dans six autres environ-
nements naturels et elles ont 6t6 synth6tis6es dans
les systdmes Mg-Ge, Mg-Si, Ni-Si et Mg-Al-Si. I,es
r6flexions intenses de clich6s de poudre qui ont
I'indice k:32 sont semblables i celles de l'am6-
site, et indiquent (1) une occupation alternante des
eosembles I et II des positions octa6driques possibles
dans des couches adjacentes, et (2) des d6placements
entre les couches avec alternation des vecteurs z6ro,
jb/3 et -b/3. I*s faibles r6flexions de super-
maille qui: ont I'indice k+3n i\drqu;frt que (3) la
sym6trie ne peut 6tre rhombo6drique. Il y a 2l
moddles b six couches possibles ayant ces trois ca-
ract6ristiques. Une comparaison des amplitudes de
structure calcul6es avec celles obtenues par des
corrections faites i une trace de densitombtre d'un
diagramme de poudre de la serpentine synth6tique
Mg-Ge nous donne les trois moddles pr6f6r6s Un
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des moddles est favoris6 parce qu'il donne non seu-
lement I'indice r6siduel R le plus'bas, mais aussi
une structure relativement simple qui rossemble
beaucoup e la structure de l'am6site-2tr1g. On peut
la d6crire comme un amoncellement de deux mail-
les 6l6mentaires du polytype slandard 2Ha (avec
-b/3 et {b/3 de d6placements entre les couclres
de chaque maille) plus utrc maille du poly'nn zEfr
(avec z,6ro de d6placement), ce qui est d6sign6 par
Tizardite-6Tr

Cfraduit par le journal)

INrnopucrroN

Six-layer orthohexagonal serpentine from
Unst in the Shetland Islands was described by
Brindley & von Knorring (1954). According to
these authors, the X-ray powder pattern re-
sembles that of 2-layer amesite but is differen-
tiated by a series of closely spaced extra lines
following the 020 reflection. The periodicity of
43.8A deterrnined from these superlattice lines
suggested an analogy to the 43.39A lateral pe-
riodicity along X, as determined for antigorite
by Aruja (1945), However, tle authors could
not discount the possibitty of a multi-layer
periodicity along Z. Zussman & Brindley (1957)
showed later by electron diffraction that the
Unst serpentine did not have a lateral super-
lattice, and they concluded tlat the superlattice
must be along Z.

Since the description of the Unst material,
other natural 6-layer serpentines with very
sirnilar X-ray patterns have been identified from
the Tracy mine, Michigaq by Bailey & Tyler
(1960), Thompson Lake, Labrador, by Olsen
(1961), Piz Lunghin, Switzerland, by Miiller
(1963), Korab Mtn., Yugoslavia, by Krstanovid
& Pavlovi6 (1967), Lord Brassey mins; fssps-
nia, and Silversheen mine, Western Austrata, by
I. M. Threadgold (pers. comm., 1,960, 1975).
Most of these serpentines are Mg-rich, but tie
Tracy mine material is Al-rich and appioaches
amesite in composition. Six-layer structures that
give similar X-ray patterns (with small differ-
ences probably due to compositional variations)
have been made synthetically by Roy & Roy
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(1954) with the composition MgaGezOs(Ory"
bv Jasmund & Svlla (1971, t97Z) with the
piobable compositions Messizo{OH)n.,2d^NiSi,Or(OfDn, 

ind by Shirozu & Momoi (1972)

at Al-rich comPositions.

The Unst serpentine is described as massive
with a conchoidal fracture on a macroscopic
scale but lath-like and elongate along X on a

microscopic scale. Electron diffractioni of an

apparent single lath gave a composite diffr-ac-
tfrn pattern simulating rotation of an ortho-

hexafonal structure about X (Zassman et al'

t9Sli. fne pattern is different than that of the

known chryiotiles, however, and does-not have
the azimilfal disorder that is typical of a curled,
tubular structure. Several flat laths in different
orientations parallel to X, rather thanlrrrling,
would explafr the 

"omposite 
pattern' El-ectron

diffractioi photographs of several different

lathlike fragments of the Unst serpentine taken

in the preseit study were similar to that shown
by ZuJsman et at. (tgSl) in thgir Figure. 7d'

16s semFle was prepared for electron micro-
scopv bf taking loose material, obtained by

.".upi"gin" sampte with a steel file, and placing

it oi a Elass slide that had been coated previous-

ly with- a monolayer of -.soap. {{te1 cafgn
coating, the sample was floated off the slide'
washeil repeatedly in distilled water, and

mounted oi a copper grid for microscopy' -Dif-
fraction patterns from different lath-like frag

ments shlwed different assemblages of reflec-
tions along the f* row lines, and this lends

support to the view that these actrally-are com-
oo-site patterns due to laths oriented in a zone

iemi-parallel to X. Specimens from Thompson
Lake and the Silversheen mine exa^nrined by

electron microscopy in the present study also
were found to consist of lath-like fragments'
The more Al-rich Tracy mine serpentine, how-

ever, takes the form of small hexagonal plate'

iets'similar to the synthetic Mg-Ge serp€ntine
of Rov & Rov (1954). Jasmund & Sylla (1971'

1972)'notpd iir iheir study that curled tubes of

Itg-chrysome and Ni-chrysotile -toryeC fll
tulweri converted to hexagonal platelets of the

6-layer form after annealing-at 320'-350'C and

200:500 atm for several week.

Gillery (1959) has reported hydrothermal
svnthesii of a second form of platy 6-layer ser-

*ntine, which increases in amount at the ex-

iltt 
" 

of lJayer serpentine as tetrahedral and
irt neArl Rt increase. The X-ray powder

oattern of this material is quite different in
detail from that of the Unst-type serpentine'
The Unst serpentine has hkl reflections for which
the intensityrelationship is /r:a, )) It-snr.r,
so that the itructure approximates a 2-layer cell

Itermed by Gillery a 6(2) strugturgl Jne-Ct]lerr
synthetic 6-layer serpentine has ftftl reflections
ior which the intensity relationship is.It-z^
)) It-z*+r, so that the structure approxlmates
a g-iavei ceU [termed a 6(3) structurel' Sfirgzu
CI Vtomoi (19?2) have confirmed Gillery's hv-
drothermal'results, in which the amount of
6(3) structure increases at the expense of the
f-iaver structure with increase in Al-substitu-
tion. But they also found on raising the ter,n-
*tututu from 300'-400oC to 590oC, and the
b*..rt" from 18,000 psi to 35,000 nsi' t-ha! tle
b(2) Unst-type structure formed instead of the
OiSj structirie. Natural serpentine similar to
the'synthetic 6(3) material has been descrtl'ed
from the Tracy mine intermixed with 6(2)
serpentine. These are the tvpe P:lqa tYqg-B
-ateriats, respectively, of Bailey & Tyler (1960)'
Bailev (igOgi suUsequently realized that the
nowd-er irattein of the type F serpentine did not
irave the extra reflections indicative of a 6-layer
cell and could be correlated instead with his
ia*l,tU or 3? polytypes. The latter two poly-
types give identical powder patterns a"d.qnnit
Uidifferentiated except by single crystal study'
Single crystals of aluminian serpentineAom the
iafe S"beri* region give patterns similar to
tho* of'both the synthetic 6(3) and natural
type F serpentines, but with weak reflections
iiiicative 6f a g-tayer or 18-layer cell (Jahan-
fugf* & 7olt:l.1966). None of these serpentine
is considered further in this paper.

Srnucrunp DeteRlvlrNetroN

The strusture of the Unst-type 6-layer ser-
pentine has been of interest in this laboratory'since 

the discovery of the similar Tracy mine
seroentine. Furthei work on the type B sample
ot'naitey & Tyler by R. A. Eggleton (unpub'
fitn"ai, fioweu"r, shobed it to be a mixture of
t*o q6" B phases of slightly different eomposi-
tions.'ihe sha[ differences in d-values became
apparent only by using FeKo X-radiation rather
than C\rKo. Further structural work, theretore'
n* t""o concentrated on the type material from
Unst and on the syrthetic Mg-Ge material pre'
pared bv Rov & Roy (1954)' both kindly sup'
ified tv C. W. ririnatey. In addition, the
ilo-pt'oo Lake and Silversheen mine speci'
-"n, iu"" been made available to us by E' J'
Otten una I. M. Threadgold, respectively' All
specimens are Yery fine grained, - and single
crvstals suitable foi individual study have not
been discovered to date.

Brindley & von Knorring (1954) noted the
similarity 

" of tle strongest reflections in the
Unst X-iay powder pattern to those of amesite'
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TABLE I. GROUP D 6-LAYER SERPEIffINES

l.lodel l{o. Inter'layer Shifts*

- + - + 0 0
- - + - + +
+ + - - 0 0
0 - + - 0 +
0 0 0 0 + -
0 - + 0 + -

0 + - + + +
0 - - + 0 +
0 + + + + -
0 + 0 + - -
0 0 + + 0 +
0 0 + 0 + +
0 + - - - -

MINERALOGIST

tal model construction that Unst-typb 6-layer
serpentines

(1) are based on platy trioctahedral l:l layers
of the serpentine type,

(2) are characterized by occupancy of octa-
hedral cation sets I and Il in regular alternation
in adjacent layers (because calculations show
that regular I, f, f, il, II, II alternation, irregu-
lar permutations such as I, ff, I, I, II, II, se-
quences, or unequal numbers of the two sets
cause recognizable deviations from observed
group D intensities),

(3) have interlayer shifts that are of magni-
tude zero, *b/3 or -b/3 between layers, but
always preserving long hydrogen bond contacts
between adjacent oxygen and hydroxyl surfaces
of the layers, and

(4) are based either on an orthohexagonal or
hexagonal-shaped cell, but do not have rhombo-
hedral symmetry (because the observed continu-
ous succession of superlattice lines does not have
systematic rhombohedral absences).

As a first attempt to solve the structure,
Moore (1972) deived five non-rhombohedral
6-layer group D sequences by trial-and-error
variation of interlayer shift vectors of O, +b/3,
and -b/3. Calculation of k+3n intensities
showed moderate agreement with observed
values for one model (model 2 in this paper).
As a second stage in fhis processo a computer
program was written to derive all possible per-
mutations of these interlayer shifts that would
give a 6-layer repeat. This resulted in 2l pos-
sible models, including the five derived pre-
viously by Moore Clable 1). Enantiomorphs
have been excluded. Three rhombohedral struc-
tures also derived by the computer program were
not considered further.

Tnsrnvc on Moonr,s

Because the synthetic Mg-Ge serpentine gives
an X-ray powder pattern that is sharper and has
more superlattice lines than given by the other
available specimens, it has been used as the
principle source of reflection data of the Unst-
type for testing of the 21 possible models. The
best model then was compared in detail to the
natural Unst sample. For both the Mg-Ge syn-
thetic serpentine and the natural (fnst sample,
X-ray powder pattrens were taken without prior
sample grinding in a 114.6 mm diameter ca-
mera with CuKa radiation. A thin, solid needle-
shaped specimen was cut by razor blade from
the massive Unst serpentine. The synthetic ser-
pentine was already in powder form, and was
placed in a Lindemann glass capillary tube.
The resulting powder arcs were smooth and

Space Group

t.3

PN
P3
P3
p1

m3

P3
y3
P3
P3
P3
P3
P3

P63
fta
ft;
P3-
P3
P3
P3
P3cL

0 - 0 - 0 -
0 0 + - - +

* 
Interlayer shifts of zero. +b/3, and -b/3

relative to the axes of Fig. I are l isted as
o, +, and -, respectively. 0ctahedral
cation sets II and I are occupied in alternate
1 ayers .

Bailey (1969) has pointed out that these strong
reflections correspond closely in intensities to
those of his theoretical group D polytypes, of
which amesite is one example, but that the
weaker reflections which define the 6-laver
periodicity do not fit those of any of the three
standard polytypes within group D (namely'2Ht,2Hz, 

and 6R). The group D strucfures are
those eharacterized by occupancy of octahedral
cation sets I and II in alternate 1:1 lavers
(equivalent to octahedra slanting in opposite di-
rections), and by interlayer shifts either of zero,
+b/3, or -b/3, rather than of. *a/3. For sim-
plicity, Bailey (1969) assumed in the derivation
of his standard polytypes that interlayer shifls
of zero and -+b/3 were not intermixed in the
same crystal. This constraint must now be re-
laxed and the exact stacking sequence deter-
mined from its effect on the weak reflections of
index k+3n (orthohexagonal indexing). The
strong reflections are all of index k=3n and
hence are insensitive to shifts of zero ot -+b/3
(i.e. are invariant within group D).

It was concluded for pulposes of experimen-

B3e
13
R3
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homogeneous for both samples, indicative of
tiny particles in random orientation. Intensities
were mqrsured as peak heights above back-
ground from scanning transmittance microden-
sitometer charts. Intensities were corrected for
Lorentz-polarization factors and multiplicities
to yield observed structure amplitudes (F,) for
comparison with calculated values (F) for the
test models.

Ge is approximately the size of Al in tetra-
hedral coordination so that considerable tetra-
hedral rotation can be expected in order to
reduce the lateral dimensions of the tetrahedral
sheet to fit those of the octahedral sheet. Bond
lengths of Gerv-O - 1.754 and Mg'r-O,
OH = 2.09A were assumed, and the tetrahedra
were rotated until they would fit in a cell having
the observed lateral dimensions of the Ge ser-
pentine. The tetrahedral rotation value predicted
by this procedure was 18.55o. The same direc-
tion of rotation was assumed as was found for
amesite by Hall (L974), namely, movement of
the basal oxygens in a direction that is both
toward the nearest OH-groups in the adjacent
layer and toward octahedral cations in the same
layer. For the Si-rich Unst serpentine the same
model of the layer used by Bailey (1969) for
derivation of his standard polytypes was used.
This model has a planar hexagonal network
with no tetrahedral rotation and is assumed to
be of ideal composition Mg'SLO'(OH) q. Table 2

TABLE 2. AT0l'lIC CooRDINATES FoR UNST-TYPE SERPENTINES

a(Ge)  z ( s i )

further differentiation was made by means of
non-overlappng k*3n reflections. Of the 21
possible models, eighr (#14-21 in Table 1) could
be eliminated at once because of numerous cal-
culated (non-rhombohedral) structural absences
among the observed continuous sequence of
021 reflections (orthohexagonal indexing). Of the
remaining 13 models, six (#L'6) predicted

F(OkD:FQth and seven (#7-L3) predicted

F(okD+QkD. The latter seven structures were
rejected due to very poor agreement between
observed .F values and those calculated by

Otl and Otci io the superimposed reflections.
taking into account the non-equivalence of
Within the remaining group of six structures,
three gave a better fit than the other three by
5 to 10 percentage points in comparison of the
residual R values. These three best-fit models
are listed below.

RESIDUAL R VALUES
a l l  k  l 3 n

INTTFLAYERSI:IFTS reflections reflections

(r) -b/3, +b/3, -b/3,
+b/3, o, o i4.57o

(2) -bt3, -b/3, +b/3,
-b/3, +b/3, +b/3 15.1

(3) +b/3, +b/3, -b/3,
-b/3, 0,0 15.2

n.6%

J.t.c

33.7

Mul t .Atom

r ( r  )
l.1q
o(r )
0(2)
0(3)
0 H ( r )
0H(2)

coordJnates listed'only for first lqyer of a primJtive

hexagonal cell, with coordJnates of subsequent Iayers

determined by stacklng sequences. For the basal oxygen

0(3) the c and y coordlnates for the Ge analogue arc
'llsted first, follored by those for the Si analogue' The

r coordinates for the tlto analogues are 
'listed separately'

tists the atomic positions of the first layer. for
the two specimens, as based on a 6-layer primi-

tive hexagonal cell.
For convenience, all models were assumed

to be triclinic and to be based on an ortho-
hexagonal cell. Computer programs were used
to gierate atomic coordinates and to calculate
strricture amplitudes for each model. The strong
reflections oi index k--3n were found to have
identical F values for all of the models so that

The comparison above excludes only over-
lapping reflections and tlose to which several
non-equivalent sets of spectra contribute, such
as hkl. Some of the weakest k+3n reflections
are barely visible above background (intensity
values of 0.6 in Table 3), however, and cannot
be measured accurately. If these reflections are
deleted, the residual R values f.ot k+3n reflec-
tions are 23.4Vo for model l,3O,lVo for model
2, and 29.lVo for model 3. Thus, the best meas-
urements for these diagnostic reflections clearly
indicate model 1 as the correct structure. The
stronger k=3n rcflections are invariant within
group O so that all of the models have the
iame residual of. I0.5Vo for these reflections.
Although not required by space-group sylnmetry,

F(h1D=F(h\D for An 13 models. 1ae higher R
values for the weaker k*3n rcfledions are be-
lieved to result from (1) poorer preciriion in-
herent in the measurement of the smaller peaks
on the densitometer trace, and (2) lack of any
detailed structural refinement.

Figure 1 compares the three best-fit stacking
models with that of amesite-2lfu rn YZ ptoiec'
tion. All three models belong to space gtoup
P3. As mentionedn model 1 is considered cor-
reqt because it clearly gives the smallest residual

' t  /3 213 .0128
z t s  1 /3  . 0128

.aaat .0000 .0753
1 l3  2 /3  . 0519
2/3 1/3 .0519

.5969 ; . 500  . 0000 ; . 000  0
0  0  . 0519

.3333 .0000 .0986

. 0 1 4

.014

.078
N E ?

0
.  u!J
. 101



TABLE 3. OBSERWD AIID CALCI.'UITTD PO}IDER DATA

TIIB CANADIAN MINBRALOCIST

tnst Serpentlne Syntlletlc Serpentlne

3 1 8

_ stntietlc lig-Ge Serpenfine
thst SerMtlne

dobs robs rcalc dqlc

r.5m 20 
".r {13:3 l:$}

1.462 w 0.3 1.{611
1.453 2 ,2  1 .8  1 .454

^ ^ - ^  f 6 . 3  r . 4 1 5r . 4 r c  " . , , , "  1  0 . 7  1 . 1 1 4

] .381 s .6  7 .6  t ,381
r  ? .0  l .3 l l

1 ,327 r .7  4 .3  i  0 .9  1 .323
(  ] . t  1 .3?5

1.309 16  13 .8  1 .309

1.298 1 .7  3 .5  1 .291

1,276 6 ,1  5 .3  1 .276

1,250 w 0 .6  1 .249

( t c  r c r r
1 .2 , r 0 .  3 .4  4 .8  

t  i : ;  i : i i o

r . r83 '  z t  { l : !  ] : I f f
i  0 . 9  1 . 1 7 3

1,168 ry  4 .1  {  0 .4  I .170
[  2 . 8  r . 1 6 6

] . l 2 l  s  3 . 7  l . l ? O

r.074 m ..r { 3:1 i:313'1.056 
m 4^6 t .056

. 
rcalc robs dobs 

"k'z'2'9I ,t., ro r.ss6 { ll.?al
i : i l  M ' .u ' r iU i . lu '
i.i j 0.5 w r.sor { li.l!
l ,<  w I .491 00 .30
f .u  q  1 .462 02 .24

' !:fi 'n.o ,6 r.446 { ?;'13}

B,tl r.2 w ,.*, {8,ifr
4 . 0  5 . 0  I . 4 t 4  -  

1 t . 2 7
?J^ .  4 .4  1 .3s8  22 ,0  1

! : i '  , .4  w r .w { ! l ' 'z , l  }l r . r  1 6  I . 3 3 6  2 2 . 6

7 .7  ̂ s ,7  1 .326 03 .18
0 . 7  I  (  2 2 . e

3:3 | '0.' rr r.:oe J ]l ';o
0 . 4  J  I  r 3 . l
0 - 3  |  I  1 2  E

!:if z.s '.' '.,*'] ii:P
r . u J  I  1 2 . 2 4
3.2  3 ,9  |  ,276 n  t2

1 . 2 . l  1 1 ?  o
0 . 3  I  2 , 1  z - z  t . z e t  L i ' i ,

E:il M '.,, ti i:*t
t . t , l  t .s z.z r .za [17;;21
i : i i  1 .2  w t .z tz  l l ] - | l l
1.1: q.z t.zoo ' ii'.iiti
!:i) 4-6 5., ,.,r3 { li ' l: I
0,2 | ( o4.o

3 ' i |  0 . ,  *  ' . ' ' u {3 ! ' l
u . u )  t i r t a

3:3I ,.1 t.s t. tu. l31^'! i
o . l  I  (  o 4 . r r
2 :7  |  3 .0  3 .3  1 .129 i  t t .36
0 .2  J  t  l3 .zo

3: f )  
'0 . ,  

*  r . : re i ! l ' ! f
!:i l s.e s.o r.osz {$ii61
4.5 I r 03.30

3.iJ 
1.8. 5.2 r.om 

t 23.0
0.2-  w 1 .063 OO.A

3: fJ  s .s  *  r .oss{ i3 :3s
0.8  K 1 .050 n .2 i
1 . 9 -  K  1 . 0 2 6  l 4 - o

f . i l  8. ,  '  r .o,z { ; ! . ;s
3 :3 )  3 .s  '  r .oos{ l ! .1
3:iI u.' * o.rroJll:f8}
3 . 0  J  I  l { . 1 2 J

+21 lndexed l,lnes

rcal c
100.0
r  r5 .8
1  7 .6
|  7 . 4

5 . 4

J 4.0
[  69 .1

l l . l

10 .  I
1 . 0

90.4

30.7'I .0

J  0 . 5
t  1 . 3
!  r . 7
|  1 7 . 7

I  o . q
{  0 .4
|. 0.4
31.8

f  0.4
I  0 'e

'10.7

I  r - q
I  0.8

2 .A

J  18 .8

28,3

-obs

7.?78

4.4t2
4.251
4.014
3.890

3.3&
3.  t70
3.004
2.859
2,710
2.659
2.617

.4U.

,014
,890

I

'I

00.6
or .o  I0r .l l"
01.2)
0 1 . 3
0 l . 4
0 t . 5
0 l . 6
or .z  ]
w .12  J
0 1 . 8
0 1 . 9
0 1 . 1 0
) l , l  l
) 1 . 1 2
I . t 3
I l . 0
t l  t

) 1 . 1 4
n . 6

) t . 1 5
)0 .18
) t .  t 6
n . 9

12.4
| l . t ?  l
p . ,a  J
, l . 1 8 l

)2 .8
t2.9
n. re  )
12.10  I
2 . 1 1  )

2 . 1 2

1 , 2 1  J
2 . 1 4

0.24

l .  l 8
2.'t6
1 .23
?.0  1
2 . 1  )

02 .15
1 r . 1 8
02.'t6
0 t .23
12,0
l2 . t
12.2
12,3
12.4
02.17

01.24

12.S'Ir.2l
12,9
12.10
02.m
01.?6
12.12
t? .13
02.21
03.0

't l.12

02.8
02.9
01.19
02.  l0
02 .1  t  .
i l . 1 5
02.12
02.13"
01.21  .
02.14

N.24
02.15
1 r . 1 8
02.'t6
0 t .23
r2.0 1t2.t )
12.2
12,3
12.4
)2 .17

)t ,24

12,7
tz .s
t t . z r  I
12.9 t
r2 .10
n.m
\ ,26
2 .12
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Syntiet lc t4g-ce serpentt@: a -  5.4337i(7)1, 
"  

-  44.697,
unst  serpent l re :  a  -5 ,322t ( l )E ,  d .  43 .6 l rn )E

+8 tnd€rod ll!€r

For the natural Unst serpentine specimen
there are fewer lines and less resolution of in-
dividual reflections on the powder pattern than
for the syntletic Mg-Ge specimen. When nodel
I is used (incorporating the Mg.Si structural
unit with no tetrahedral rotation), a residual R
value of 19.5% f.or all non-overlapping reflec-
tions is obtained for the Unst serpentine, which
is considered reasonable in view of the quafity
of tle powder pattern and the lack of structural
refinement of the model. Table 3 lists the ob-
served powder patterns for the Unst serpentine

R value for those reflections that differ amolg
the three models. It also is a relatively simple
structure that most closely resembles the amesite-
2,EIz structure. It can be described as a stacking
of two unit cells of the amesite 2Hz pol:jJ1] yTle
(with -b/3 and *b/3 interlayer shifts in each
cell) plus one cell of the 2Hr polytype (with zero
shifts). Another way to describe the structure
is that of the 2H" polytype with one stacking
fault interrupting the sequence such that the
6th layer is projected onto the lst layer, rather
than being offset by -rl3.
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Frc. l. Diagra.mmatic representation of layer seqrFnces in three best-fit models for Unst-tilp serpenture,

relative to that io u"t""tt -Zffr b-"taniOiaf cation *ts II and I altertrate in successive layers'

on single crystal photographs- This lgeans-that
these iolytypes c-annot be distinguished from

ooe af,otnei by means of powder patterns' Dis-

ordered layer itacking, if present, would nol be

detectable either, because it affects only these

same unobsewed k*3n lines. If all other group

D conditions are satisfied, however, the strong
k=3n reflections diagnostic of group D would

be observed and would indicate Z'layet period-

icitv. Randomlv stacked 2'layer packets of this

*oti huu" been identified and illustrated for Cr-

chlorite by Lister & Bailey (1967). For these

reasons, group D serpentines that do not show
Unst-q{oJ l6ng-perioOicity lines ca^nnot be

"notu"ti.i""O 
as io regutarity or randomness-of

stacking from powder patterns, and lvlg-rich
varietie-s also might be misidentified as the more
Al-rich amesite 

-unlets 
careful attention is paid

to the positions of the basal reflections' Trwo

such eximples have been found in the present

study.

NOMENCLATURE

Wicks & Whittaker (1975) have suggested
that the ideal 6H polytype of space group P6r

derived by Bailey (1969) in his group B struc-

and its Ge analogue, along with the patterns
calculdted from model 1. A few minor changes
lrave been made in the indexing originally given
by Zussman & Brindley (1957)' including
several reflections not previously - recorded'
These latter reflections were seen to have srgm-
ficant intensity on densitometer scans, and were
indexed using a least-squares convergence,pro-
cedure based upon observed d values and cell

dimensions.
In fine-glained materials of this sort it is

possible that different structures may be inter-
mixed- either as individual crystallites or as
domains within crystallites. Single crystal study
would be necessary to identify the latter situa-
tion as well as to recognize complex stacking
variants of a more simple structural motif of

the sort described by iahanbagloo & Zoltai
(1968).' 

Noie should be taken that the k*3n rcflec'
tions usually are not observed in powder pat'

terns from group D serpentines that arg not of

the Unst-type, Gandolfi patterns talen- of known
examples 

"6f. 
2H", 2Hz,-and 6R--single -crystals

of ariesite and cronstedtite confirmed that the

k+3n reflections are too weak to show up on
powder patterns even though they are observable
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TABLE 4. .SIX.LAYER POLYTYPE SY}IBOLS

Space
Group

m . -
l r J

P63 14 & ls
Rb 16

.R3 4..6 5
R 3  1 2 & i 3

Bal ley  (1969)
Group Symbol

B 6 E
D - -
D 6 R

steaftan (1964)
l4odel Number

Wlg!:_l t lhittaker Present paper
(1975) Symbol Modei synbol

D - -
D - -

6Et
6Ez
6ar

6R2

6rt

Qt
6Ez

6i?1

6R2
6Rs

;;
22

2 3
I

tures be designated 6Hr, and that the ideal 6R
polytype of space group R3c be designated 6R1.
Further designations 6Ho, 6R", and 6R" were
suggested for several 6-layer structures derived
by Steadman (1964). It would be impractical
to assign similg designations to the large num-
ber of theoretical 6-layer structures derived in
the present study for group D serpentines, how-
ever, or to the large number of structures that
preliminary calculations indicate can be de-
u."lgp".d by - similar permutations of stacking
shifu-involving the X directions. It is proposedl
therefore, that polytype designationJ tiyonO
those given by Bailey (I969t for the simple
polytypes be limited to structures actually ob-
served in natural or synthetic specimens. 

'

. If thelroposal above is fo[o*ed, the designa_
tions 6llr and 6Rr as given by Wicls A Vfrrit-
taker would be retained for Baileyns ideal 6fl
and 6R polytypes. Although no naiural or svn_
thetic examples of the 611r polytype are knoin,
there are at least two minerals based on the
6Rr structure (modet 22 of this paper). Nacrite
is a dioctahedral derivative tha? Las- the 6R,
stacking sequence. A trioctahedral example has
been found in amesite by Hall & Bailey \tne;
but because of suspected twinning a more ac-
cura]g _ symbol for that particular specimen
would be 6PRr (where p-pseudo). Th? enan-
tiomorphic,6-layer structures 12 and 13 gen-
erated by Steadinan (1964) in space group-R3
have been identified in amesite ana inLon'rteO-
tite by steadman & Nuttall (1962, 1964.) and in
kellyite by Peacor a al. (1974). This polfiwe
i.designated here as 6R2, tbus sup"r""iio! tire
6Rg symbol given by Wicks & Whittaker-to a
liffergrt- 1nd..as yet unobserved Steadman poly-
type Clable 4). The 6Rg structure as designatid
here corresponds to nodel 23 of the fresentpaper. For the amesite and cronstedtite speci-
mens studied by Steadman & Nuttall a symbol
6PRz is more appropriate because of observed
t_ygoi"g and reduced symmetry. The symbol
6lla, suggested by Wicls & Whitiaker for Stead-
man's enantiomorphic structures 14 and 15 of
space group P6s, c&n be retained because this
polytype has been identified in constedtite bv

Steadman & Nuttall (1964). The 6Hz strusture
corresponds to model 14 of the present paper.

The Unst serpentine is based on model I of
th-e present paper, and has trigonal symmetry
f3. The appropriate structural symbol, there-
fore, is 6Tr. Following the recommendation of
Wicks & Whittaker that the name lizardite be
extended to include other flat-layer serpentines,
the entire name of Unst-type serpentines would
be lizardite-6?r with adjectival modifiers as
needed to indicate compositional variants. Due
to lack of information as to symmetry, no struc-
tural symbol can be assigned at present to the
6(3) aluminian serpentine synthesDed by Gitlery
(1959) and by Shirozu & Momoi (1972).
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