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S Y N O P S I S  

HYDROBASALUMINITE and basaluminite, two 
hydrated basic aluminium sulphate minerals have 
been found in the weathering zone of the Oxford 
Clay at Crook Hill Brickyard, Chickerell, near 
Weymouth, Dorset. Hydrobasaluminite occurs as 
a reaction rim surrounding carbonate concretions, 
and is believed to have resulted from the neutraliza- 
tion of aluminium-bearing acid sulphate solutions 
formed by oxidation of pyrite and subsequent 
leaching of clay. Basaluminite is found only on 
concretions that have fallen to the floor of the pit, 
suggesting that it is formed as a dehydration 
product of hydrobasaluminite. 

Chemical analysis of hydrobasaluminite yields 
the composition 2A1203 �9 SO 3 .2oH20 , although 
this almost certainly includes substantial amounts 
of adsorbed water. Chemical analysis of basalumin- 
ite gives the composition 2AI203-SO3.9H20,  
which is equivalent to a formula of AI~SO,(OH)x o" 
4H20 if it assumed that water is present only as 
water molecules or hydroxyl ions. The sulphate 
ions are readily exchangeable. Electron-optical and 
X-ray powder diffraction data show the minerals 
to be monoclinic rather than hexagonal as pre- 
viously reported. Indexed X-ray powder patterns 
give unit-cell parameters of a =  I4.9II(5) A, 
b = 9.993(2) A, c = I3.64o(5) ,~, fl = t I2.4o(4) ~ for 
hydrobasaluminite and a =  I4.857(3 ) /~, b = 
IO.OIl(3 ) A, c =  Ii.O86(7) /~, f l =  i22.28(3) ~ for 

basaluminite. The specific gravity of basaluminite 
is found to be 2.IO and Z = 4- 

Hydrobasaluminite dehydrates irreversibly to 
basaluminite under normal laboratory conditions, 
but can be preserved indefinitely at high relative 
humidity. A study of the dehydration of basalumin- 
ite using a diffractometer heating-stage shows the 
presence of th.ree further distinct hydration states 
as well as interstratified intermediates. The de- 
hydrations occur topotactically and involve major 
changes in the c* direction only. DTA and TGA 
curves can be interpreted in terms of progressive 
dehydration. 

It is suggested that the minerals possess a layer 
structure, probably containing gibbsite-like 
double-hydroxide layers with interlayer sulphate 
ions and water molecules. The data also seem to 
show a close structural relationship between basa- 
luminite and the hydrated basic aluminium car- 
bonate mineral, scarbroite. 

[Manuscript received 26 February I98O; 
revised 23 April t98o] 

Copyright the Mineralogical Society 

[Note. After submission of this paper, a paper by Brindley 
(Mineral. Mag. 43, 615-18 ) was published, giving new 
dehydration data for scarbroite and proposing a similar 
structural arrangement to the one postulated here.] 
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R~ROBA~ALL~ITR ~/~D BASALU~ITE PROM (~ICKERELL, DOI~ET 

T. C l a y ton  

Depa r tmen t  of  Geology ,  U u i v e r m i t y  of S o u t h s m p t ~ ,  S o u c k ~ p t o n  so9 5NH 

H y d r o h ~ a l u m i n i t e  ~ d  h ~ a l l ~ i w i t e ,  two h y d r a t e d  b ~ i c  a l u m i n i ~  a u l p h e t e  
m i n e r a l s  w e r e  r e p o r t e d  f i r s t  by B ~ i s t e r  ~ d  a o l l i a g w o r t h  ( 1 9 4 8 )  as  
o c c u r r i n g  i u  f i s s u r e s  i u  t h e  S o r t h ~ p t ~  f r ~ s t ~  ( I n f e r i o r  O o l i t e )  a t  
Lodge Pie, Irakester, Norckampt~shire. In a later article, the s~ 
authors (gollingworth ~d Bannister, 1950) described the minerals more 
fully. Subsequently, several o t h e r  o c c u r r e n c e s  have been  reported 
including Milton et al. (1955), Fominykh (1965)j F r ~ d e l  (1968), Tien 
(1968) iSmnderman ~d Beck (1969), Ball (1969), Srebrodollskiy (1969), 
Mitchell (1970) and Wiener (1974). The minerals invariably o c c u r  in the 
~atheri~g z~e, usually as a consequence of the o m i d a t i o n  o f  p y r i t e ,  ~ d  
are c~ly associated with gypsy, sll~phane, gihbss and ir~ oxides. 
~e p r e s o a k  inwestigatlon d e s c r i b e s  h y g r o h a s a l u m l n i t e  ~ d  b~al~inite 
fr~ a new locality at Chlekerell, near Weymouth, Dorset. 

B~is~er ~d Holllngworth (1948) fo~d that hydrobasaluminite was 
~stahle ~der no~al laboratory c~diti~s ~d that it dehydrated 
irreversibly to foe b~aluminite. They sh~ed, h~ever, that it could 
be preserved indefinitely if kept in ~ntact with moisture. Other phases, 
which occur when basalt~inice is heated, have been reported by 
Hollingw~rth end B~ister (1990)~d Bryd~ ~d 91ngh (1969). These were 
studied ~t room ~emperature after eoollng. Becanse of the rapid 
rehydratlon of s~ of the ph~es, the full co.foxily of the dehydratioe 
was n o t  appreciated. In the present investigation, a diffract~ter 
heating-stage w~ used which enabled the phases to he studied at their 
t e m p e r a t u r e s  of f o ~ t i ~ .  

In all occurrences recorded to date, the minerals ha~ been fo~d to be 
extr~ly fine grained ~d usually admixed with varying ~o~ts of impurlties. 
These factors, combined with the ease of dehydrsti~, make chemical ~alysis 
rather difficult. This i s  particularly t~e for t h e  water content, sin~ 
it is difficult t o  differentiate between t h e  adsorbed and eomblned states. 
Chemical ~alyses of hydrobasah~iulte reported to  date have given 
composition r~ging fr~ 2AliO 3 SO 3 17H O to 2A120 SO .41~20 Whilst 

�9 . " " 3". 3 " che~cal ~alyses of basal~m~nlte h~e g~ven c o ~ o s l t 1 ~ s  ranglug fr~ 
2AI O SO 8 3H O go AI O .SO 1OH O. ff the assum~ptlon is mde that H O 
�9 23" " " 2 2 3" 2 
is presen~ ~ly as molecular water or  hydroxyl i~s, these would eorresp~d 
to ch~ieal formulae between AI SO (OH) O.12H 0 ~d AI SO (OH) .36H 0 for 
hydrobasaluminlte ~d bet .... A~4S~4(OH}Io.3.~HiO ~d ~14~O4(0~10. ~ 2 0  
f o r  b a s a l L ~ i n i t e .  

Because  of the fine-grained nature of ~he minerals, no detailed optical 
or single crystal X-ray diffraction studies have been ~de. HolliuK#or=h 
~ d  g~aister (1950) provisionally indexed t h e  X-ray p~der patte~ of 
basaluminite n the basis of a hexag~al ~it cell with lattice par~ters 
of a = gi.5b ~ ~d c = Ig.72~. Electr~ mierographs obtained by ~ien (196g) 
sho~ed the existenc~ of thin rhombic plates with lateral ~gles of 65~ o and 
114�89 ~ This suggested that hexag~al symmetry was ~likely. Sunde~an 
~d Beck (1969) reported that a selected-area electr~ diffracti~ pattern 
obtained perpendicular to the places was orthogonal, but they were ~able to 
r e l a t e  i t  t o  t h e  X- ray  p ~ d e r  d a t a ,  

Bas~ect m d  Goodwin (1949) in ~ extensive investigation of the system 
AI203 - SO 3 - H20 a t  ro~ teEperature synthesized m~y basic al~inium 
sulphates hut ~re ~ahle to synthesize either hydrob~alu~inite or 
basaluminite, They suggested that the minerals were stable only over a 
v e r y  small eoQpositi~al r~ge in the vicinity of the water enter, gnu 
and Bates (1964) reacted sodi= hydrowide with al~ini~ sulphate ~d 
obtained ~ ~orphou8 precipitate c~taining sulphate i~s when the OH/AI 
ratio was less th~ 2.7, Below ~ OH/A1 ratio of 2.1 the c~positi~ of 
thls precipitate was appro~mately AI OH)2. 2 SO4) O 4, whilst batten 2.1 
~d 2.7 a con t i nuous  cc~positlonal r~ge fr~ AI(OK)z.z (SO4)~+ 4 co 
AI(OH)2 7 $04)0 15 was o h c a i u e d ,  These precipitates were readily soluble 
in dilute SOl. On ageing the AI(OH)2.2(S04)O. 4 f o r  a period of me year~ 
~terial which dissolved ~ly partially to give a residue of e~positi~ 
AI(OH)2,%@(SOd)O.21 was obtained. This residue gave ~ X-ray powder 
patte~ wzth broad peaks which the authors suggested bore s~ re~embl~ce 
t o  t h a t  of b a s a l u m i n i t e .  B r y d ~  ~ d  S ingh  (1969)  c l a i ~ d  t o  h ~ e  
synthesized basaluminite by reacting caici~ hydroxide with alumlui~ 
sulphate in the presence of Wyoming bentonite. They obtained similar 
results in the absence of clay by ageing at 50~ A l t h o u g h  t h e  chemical 
co.gullies of these products are very close to that of basal~nlte, the 
X ~ a y  powder p a t t e ~ s  do not c o r r e s p ~ d  to  ~ y  of  t hose  obtained during the 
present study. Adds ~ d  Rawajflh (1977). using similar ~ t h o d s ,  also 
c l a i ~ d  co h ~ e  synthesized basal~mlnite but a g a i n  the  X-ray d i f f r a c t i ~  
evidence e~ot be regarded as satisfactory. Ad~ ~d Rawajfih (1977) 
also suggested that the formati~ of  basaluminlte wight be ~ import~t 
factor i~ the retenti~ os s u l p h a t e  iu acid ~oils. 

B~sett ~d Goodmin (1949) suggested that the crystal structures of the 
~ r e  b~ie alumini~ sulphates were probably related to those of the v~rious 
alum~ni~ hydroxides. ~d chat establishment of the appropriate hydroxide 
a r r ~ g e ~ n t  was t h e  principal difficulty in their synthesis. They 
postulated that the crystal structures o~ hydrobasal~inite ~d 
basalumluite ~re related to chat of gibbsite. Hsu ~d Bates (1964) 
s u g g e s t e d  that p r e c i p i t a t i o n  of  basic al~ini~ s u l p h a t e s  occu r r ed  as a 
r e s u l t  O~m~e linking together of large positlvely-charged i~s of the type 
Ale(On) u by n e g a t i v e l y - c h a r g e d  s u l p h a t e  i ~ s .  The ~ r p h o u s  n a t u r e  
of the precipitate was e~sidered to be due to the variety of polynuelear 
i~s e~dsting at the tim of precipi~ati~. Bayden ~d Rubln (1974) 
s h ~ e d  t h a t  t h e  p r i n c i p a l  s p e c i e s  p r e s e n t  i n  a q ~ o u s  a l u ~ i n l ~  s o l u t i o n  
a t  a pH of b e r g e n  4.5 ~ d  5 was probably t h e  hydroxo-al~ini~ (I10 
species AIB(OH)20 4+ . T h e i r  r e s u l t s  seemed also t o  suggest t h a t  
sulphatohydroxo-alumini~ (ili) ins were present in acid sulphate 
solution, but they ~re ~eble to identify individual species. 

Crystal structure ~alyses of h~ic alt~aini~ sulphates that have been 
performed to date co~flrm the existence of polynuclear ions. The crystal 
s t r u c t u r e  of  the s y u t h e t l c  b a s i c  a l o m ~ n i ~  s u l p h a t e  13AI2Oa.6SO3.79H20 
( J o h ~ s s ~ ,  1963)  s h ~ s  t h e  presence of  t h e  l a r g e  complex i ~  
AI1304(O~ ) ~h20)ll 6§ c ~ t a i n i n g  &l~ini~ in both four ~d six coordination. 
The cry.t~structure of alv~inite AI2SOd(OH)4.YHzO (Sabelli ~d Ferr~i, 
1978), a wineral someti~a fo~d in associati~ wlth basalt~inite, sh~s 
the preaen~ of  the complex i~ A14(OH)8(HiO)4§ This c~sists of 
aluminit~ i~s octahedrally coordinated to hydroxyl i~s ~d water 
~leeules t o  f o r m  a cluster o f  four edge~haring oetabedra. These 
clusters are linked together to fo~ chains. On the b~is of their work. 
Sabelli ~ d  Ferroni (1978) suggest that hydrohasalt~inite ~d basalt~inite 
also possess  s t r u c t u r e s  e~taining some type  of polynuclear e c ~ l e x  i~. 

Oc~rr~ce. The m i n e r a l s  were fo~d in the a t h l e t a  Zone of t h e  Oxford 
Clay a t  Crook H i l l  B r i c k y a r d ,  C h l c k e r e l l ,  n e - ~  ~ y m o u c h ,  D o r s e t  ( N a t i o n a l  
G r i d  map r e f e r e n ~  SY64d797).  The p i t ,  n ~  abamdoned, e x h i b i t s  about  
t h i r t y  m e t r e s  of p y r i t i c  b i t u m i n o u s  s h a l e s  and c l a y s  c o n t a i n i n g  s e v e r a l  
horizons w~th/large septari~ concretion. Pull stratigraphic details 
a ~  g i ~ n  by A r k e l l  (1947)  ~ d  d e t a i l s  of t h e  mineralogy ~ d  geoteehnical 
p r o p e r t i e s  6f  ~he c l a y s  a r e  g i v e n  by J a e k s ~  (1973 ) .  

C L A Y T O N  

FIG. i. Basal~inlte associated with gypsum surrounding calcareous 
septari~ c~ere lion. 

FIG. 2. Sc~niug eleetr~ micrograph of basaluminite from Chlekerell, 

FIG. 3. Tr ansmlssi~ electron micrograph of carb~ replica of 
basaluminite crystal- 



H Y D R O B A S A L U M I N I T E  

The upper f i v e  ~ t r e s  of the p i t  l i e  w i t h i n  the w e a t h e r i n g  z ~ e .  
Septarian c~ereti~s beloW this z~e are ~altered ~d consist 
principally of grey  argilla~s limest~e. Within the ~athering z~e 
two hor i zons  of c ~ e r e t i ~ s  e m  be o h s e ~ e d .  The upper hor i zon  i s  
s i t u a t e d  a p p r o x i ~ t e l y  ~ metre f r ~  the  top of the p i t ,  and here  the 
e o n c r e t i ~ s . h a ~  ~ a t h e ~ d  brown wi th  a y e l l ~ - b r o ~ a  c r u s t  of  l i m i t s  
~ d  j~osite, In the lower h o r i z ~ ,  s i t u a t e d  approxi~tely ~r ~tres 
helm the upper horlz~, the e~creti~s have also ~athered brOWn hut 
possess a rim up to five eenti~tres wide (flg. 1). The rim c~sists of 
crystals of gypsY, mainly of lenticular habit, the spa~s bet~en thee 
crystals being filled wi th  a white plastic fine-stained material which 
X-ray e x a m i n a t i ~  proved to  be hydrchasalumlnite. The ~ t e r l a l  w ~  
kept in sealed jars to prevent dehydrati~. B~almainite w~ not 
observed in s i t u ,  hu t  on ly  i n  c ~ c r e t i ~ s  t h a t  had f a l l e n  to  the f l o o r  of 
the p i t ,  ~-ugg--e~ing chat  i t  i s  formed only as the d e h y d r a t i ~  product  of 
hyd robasa lumln i t e .  

The f i e l d  evidence thus sugges t s  t h a t  the fomati~ of hyd robasa lumin i t e  
~ d  b a s a l u m l n l t e  i s  c ~ t r o l l e d  by ~ a t h e r l n g .  The ~ w e a t h e r e d  c lay  
contains ab~dmt pyrite ~d within the weathering z~e this is o~/dised 
~ d  hydro lysed  to produce ac id  s u l p h a t e  s o l u t i ~ s  w i th  s t d f i e i e n t l y  I ~  
pH to  mobilize al~inium fr~ the clays. The calcareous septarien 
eoncreti~s act as a geochemical harrier to  such solution, neutralizing 
them ~d preelpitating gyps~ at the reacti~ interface. The alumini~ 
can no longer be held in soluti~ at the higher pH, md is precipitated 
either directly as hydrobasaluminlte or as ~ ~orphous g e l  whlth 
subsequently ages to hydroh~aluminite. 

Electr~ microsco~, Basaluminite was examined using both seining md 
t r ~ s m i s s i ~  e l e c t r ~  microscopy. The s c ~ i n g  e l e c t r ~  micrograph 
( f i g . 2 )  shows t h a t  the c r y s t a l s  c ~ s i s t  of  thin p l a t e s  p o s s e s s i n g  r h c a b i c  
outlines with di~nsi~s of the order of a few alerts. In the case of 
transmissi~ electron microscopy, the crystals were examined both 
directly ~d as replicas. Replicas ~re prepared by evaporating a film 
of carbon onto the crystals ~ d  shadowing with gold a t  m m g l e  of 45 ~ 
A typical e l e c t r ~  micrograph of a replica is sh~ in f i g .  3. Close 
examinati~ of the sc~ning electr~ mierographs ~d the replicas, using 
the shad~ing to d i s t i n g u i s h  between features not iu the s~e pl~e, 
indicates Chat the majority of the crystals possess the habit idealized 
in fig.4. Although accurate ~asurements of the m g l e s  between the faces 
of the crystals e~not be ~de, the ~st likely iuterpretati~ of the 
morphology is that the crystals are mo~oclinic, point group 2/m, mith the 
~iq~ two-fold axis of symmetry coincident with the intermed-~te 
dimensi~ of the crystal, Using the c~ventional choice of c r y s t a l l o -  
g r aph i c  a ~ s  i n  the m ~ o e l l n i c  system this m i l l  be r e f e r r e d  to as the b 
axis. The choice  of the o the r  t ~  axes in the ~noclinie s y s t ~  is s ~ e -  
what arbitazy hut, since the crystals invariably occur as thin plates, a 
convenient  choice  ~ u l d  be to  make the a c r y s t a l l o g r a p h i c  a x i s  p a r a l l e l  to 
the long  d i ~ n s i ~  of  the c r y s t a l .  ThTs would make the l a r g e  faces  of the 
crystal {ooi~ , ~d the direction nomal to them would be c*. Determin- 
ati~ of the axial ratio a/b from the replica OR the ass~ion that the 
inclined faces are of type----~ , where ~ y  be zero, g ives  a value of 
1.48. 

Eleetr~ dlffracti~. Selected-area electr~ diffracti~ patte~s ~re 
obtained for crystals which had been deposited ~ t o  aluminl~oated 
earb~ grids. The alumlni~ produced rings of kn~ d~pacing which 
acted as a calibration st~dard. Eleetr~ micrographs of the crystals 
producing the patte~s ~re also obtained. After r for rotation 
of the electr~ beam, the relative orientation of the diffraction patte~ 
to the crystal ~rphology was established. Because of the presen~ of a 
vaeu~ ~d the heating effect of the electr~ be~, it was difficult to be 
sure which of the dehydration states was actually belng ex~ined.Selected- 
area diffraction patte~s ~re obtained for crystals of basalumlnite that 
has heen heated to 160~ ~d all~ed to rehydrate. The patte~s sh~d no 
chute in the positions of the spots but  a more ~ifo~ distribuai~ of 
intensities was obse~ed. This shows that crystallographic c~tinuity is 
retained m d  t h a t  dehydration md r e h y d r a t i ~  do not i nvo lve  my ~jor 
structural changes in the ab pl~e. A typical selected-area electron 
diffracti~ patte~ is s h o ~  in fig.5 al~g with the orientation of the 
crystal fr~ which the patte~ was obtained. It cm be seen chat t~t e 
refl~cti~s lie ~ a primitive rectmgular net with spacings of 14.8A ~d 
IO.OA. The four corresp~ds to the l~g direeti~ of the crystal whilst 
the latter corresp~ds to tha inte~diate directi~. Such a~ arr~ge~nt 
is consistent with the proposed m~oclinic s~etry. The spacing of 14.8~ 
is thus coincident with the proposed a CryStallographic axis ~ d  the 
spacing of IO.OA i8 coincident with the proposed b crystallographic ~is. 
sit, re the eleetr~ beam is parallel to c*, these spacings represent aetna I 
lattice parameters along the a md b axes. Hence a - 14.8 ~ ald ~'= 10.0X 
This gives ~ axial ratio a/b__--of 1.~8 which is identical to that bDtained 
from the crystal morphology. 

X-ra~ diffraction. X-ray powder patte~s were recorded for hydro- 
ba~alum/nite end basal~lnite ~d their varlous dehydratl~ steres using a 
dlffracto~ter with ~ attached heating-stage. This enabled the phases 
to be studied at their temperatures of fo~tion ~ d  avoided ~ y  proble~ 
due to prematare rehydration. In every phase enco~tered d u r i n g  the 
study, the X-ray intensities were dominated by the reflecti~ of largest 
d~spacing. This was always accomp~ied by ~ intense reflecti~ a t  
approximately bali this spacing. Macerlal which bad been oriented by 
deposition fr~ suspensi~ gave X-ray patte~s showing c~sidersble 
enh~cement of these reflecti~s. It was thus concluded that they 
oorresp~ded to basal reflecti~s from lattice pl~es parallel to the 
large crystal gages. These would be indexed as 00~ if the assism~nt 
of the a ~d b b ~es described above was ac~pted. 

The most highly hydrated state encountered w~ the mineral hydro- 
basalumlnite. It was unstable under no~al laboratory conditi~s, 
dehydrating irreversibly to fo~ b~aluminite. Ic could be preserved 
indefinitely, however, in the presence of moisture. Because of this 
instability, hydrohasaluminlte was studied only as a r~dom p~der ~d 
was always kept moist. Four orders of basal reflection were observed 
over the r~ge~sc~ned, possessing d~alues of 12.~9~, 6.30~. 
4.21~ ~ d  3.15~* AS was observed p~eviously by S u n d e ~  and Beck (1969), 
the tr~sfor~i~ of hydrobasalum/nite to basal~inite was fo~d to be 
discontinuous, no inter~dlate basal spacings being recorded. I t  was 
marked by a distinct ch~ge in the physical properties of the material. 
going fr~ a dull~hlte plastic state Co a chalky-white brittle state. 
Basalumlnite possessed basal spacings of 9.36~. ~d 4.68~, no third or 
fourth order reflections being obse~ed. The mineral was stable 
indefinitely under no~l laboratory conditions, although Brydon ~d Slngh 
(1969) have sh~ that it is ~stable at 0% relative humidity. 

in preliminary beating e~eri~nts, ~ oriented s~ar slide of basal- 
uminlte was prepared ~d ~unted on the diffraet~ter heatlng~tage. 
The temperature was raised in steps of approaisately IO~ ~d held at each 
new tem~arature for at least four hours. The basal spacings were 
recorded, ~ d  if ~y chugs was obse~ed the temperature w~ held consist 
for a further sixteen hours. After any major ch~ge the sample w~ 
all~ed to cool to room temperature in order to establish whether the 
ch~ge was reversible. No attempt was made to control the humidity but  
it was m~itored during the experi~nts. 
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B u a l u m i a i t e  was f o ~ d  to  dehydra te  a t  a t e m p e r e t u ~  of  a p p r o x i ~ t e l y  

4g~ a t  a r e l a t i ~  h ~ d i c y  of between 85g and 651. The i n i t i a l  p roduct  
o f  dehydra t ion  was somewhat s ~ m i c i ~  to  the  r e l a t i v e  humidi ty  bu t  a t  65g 
h ~ i d i t y  i t  possessed broad b u a l  r e f l e e t l c a s  w~ch d_-spaclngs of 8.29~ m d  
4.08~.  Both r e f l e c t i o n  s h ~ d  c o n s i d e r a b l e  aaTmmetr7 t ~ d s  h i g h e r  
d -Spac ings .  This ~),mmetry. coupled w i th  the n c ~ - i n t e g r a l  n a t u r e  of  the  
b a s a l  s p a c i n g s ,  s u ~ e s ~ d  t h a t  s ~  t~e of  i n t a r s t r a t i f i e d  species was 
p r e s e n t .  No S u p e r l a t t l c e  r e f l e c t i o n  i n d i c a t i v e  of  r e g u l a r  o r d e r i u g  ~ r e  
observed,  As the temperature was i n c r e a s e d  the reflecCi~s b e e ~  
sha rpe r  m d  l e s s  ~ y m m e t r i c a l  and t h e i r  d ~ p a c i n g s  g r a d ~ l l y  c ~ t r a e t e d .  
At 90~ they had reached m a x i ~  sharpness  ~ d  possessed  b a s a l  spac ings  of  
7.92~ end 3.96~ which em be seen to show an integral relationship to each 
other. This fully c~tracted phase will be referred to ~ basaluminlte 
dehydrate  ( I ) .  on c o o l i n g ,  the c ~ t r a c t i ~  was r eve r sed  ~ d  b ~ a l u m i n l t e  
w ~  r e l o a d .  I n t e r m e d i a t e  i n t e r s t r a t l f l e d  s p e c i e s  ~ r e  a l s o  o b e e r ~ d .  
These possessed  the s ~  r m g e  of  d ~ p a c i n g s  observed on h e a t i n g ,  bu t  l ack  
of humidi ty  c ~ t r o l  ~ d e  i t  i , ~ o s s ~ b l e  to  e s t a b l i s h  whether  e q u i l l b r i ~  was 
reached at my given temperature. The TGA cu~e (fig. 7) described below 
shows t h a t  the dehydra t io~  d ~ s  no t  take p l a c e  ~ a s i n g l e  cca t inuous  
event, but  c~sists of a dise~cinuous ~ight loss followed by a c~tlnuous 
~e. This suggests that the first part of the dehydrati~ c~sists of the 
producti~ of a relati~ly stable interstratifled species, which 
subsequen t ly  dehydra tes  v i a  a c ~ t i n u o ~  s e r i e s  of i n t e r s t r a t i f l e d  spec i e s  
c~taining fewer ~d fear water layers. The more highly dehydrated end- 
member of the i n t e r s t r a c i f l e d  spec i e s  need not  be b a s w i ~ i n l t e  bu t  c ~ l d  be 

FIG. 4. Idealized habit of basalumlnite crystals. 

FIG. 5. Selected-area e l e c t r ~  d i f f r a e t i ~  p a t t e ~  of hasalumlnite 
crystal. 
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H y d r o b a e a 1 ~ n i t e  eaea leL tn iee  

x_ %6, %.1~ ~_! 

l t ~  12.59 12.611 (301 100 9.36 9.373 002 
3 8.08 8.091 110 2 7.82 2.829 130 
I 7.81 7.832 011 6 7.32 7.334 201 
2 7 .62  7 .629  II~ 7 .327  11~ 

lO 6.3O 6 .305  O02 7 6 . 8 4  6 .842  Ol l  
3 6 . 2 1  ~ 6 . 2 0 8  111 13 5 . 8 1  5 .816  21~ 
9 5 . 9 1  5,918 21[ 8 5 . 3 2  5 . 3 2 0  210 

5.906 202 5 5.22 5.215 111 
3 3 . 6 7  ~ 8.624 21o 6 8o0 5,o06 020 
4 5 . 6 2  ~ 5.620 112 2 0  4.723 ~ 4.737 212 
8 5.33 5,333 012 27 6,681 4.686 002 

I0 8.26 5~263 203 3 4.536 4.538 121 
1 5.00 4 .996  020 5 4.418 4.420 311 

ll 4,693 4.697 120 4.615 021 
2 4 .656  ~ 4 .657  211 5 4 .242  4 .244  0 1 2  

4 . 6 5 2  3O[ 2 4.135 4.134 221 
4.645 021 5 3.924 3.926 211 

1 4 .601  4 ,602  12[ 5 3 , 8 7 0  3,872 12 ! 
4 .595  30O 10 3 ,687  3.692 2 0 3  

3 4.811 4.509 118 3.685 122 
1 4.420 4.413 203 5 3 .617  3.615 601 

5 3.464 ~ 3.664 21~ 9 4.205 4.204 O03 
3 4.169 ~ 4.175 310 9 3.445 3.462 412 
3 4.127 4.130 22~ 4 3.400 3.4O0 411 

4,127 113 4 3.224 3.225 130 
1 6,044 4,045 220 1 3,184 ~ 3.187 13~ 

II 3,960 3.961 202 4 3.142 3.144 031 
4 3,877 3,875 013 3, t~,o 400 

3,869 301 3 3 , 0 7 9  3 .077  311 
l l  3.681 b 3,703 40~ 3 3.020 3 ,016  122 

3.682 212 4 2 ,957  ~ 2.958 6 2 [  
3.669 40~ 5 2.923 ~ 2,922 212 

I 3.523 3.523 32 ! 8 2.835 2.835 232 
2,834 50 ! 4 3 .472  3 .472  411 

1 3 .437  ~ 3 .448  400 10 2 . 7 2 0  2 . 7 2 4  512 
3.444 612 2.723 422 
3.43O 113 2 ,723  204 

2 3.404 3.408 322 2,718 032 
1 3.361 3 ,365  lO~ 6 2 ,692  ~ 2 ,892  3 3 [  

3 ,356  123 3 2 . 6 6 0  2 , 6 6 0  42~ 
3 3 .218  3 ,220  031 3 2 .625  2 .627  214 

3 .217  21~ 2 2 .595  2 .596  41~ 
3 .217  023 2 2 .554  2 ,555  522 

1 3.192 ~ 3 .191  413  2 2 .5020  2 .503  040 
3,189 114 2.501 132 

2 3.152 3.153 004 6 2.464 2.666 521 
3 3 .094  3 ,093  3 2 ]  2 .464  52~ 
4 3.061 3.058 321 2.463 602 
2 3 .033  3 ,033  2 3 [  4 2 . 6 4 0  2 ,442  33~ 

3 .031  312 2 . 4 3 8  14!  
I 3.OOO 2 . 9 9 9  230 2 2 . 3 9 0  2 ,392  224 
3 2 ,948  b 2 .953  404  2 .392  6 1 [  

2 .948  123 3 2 .321  ~ 2 ,322  331 
2 .965  032 7 2.3O0 2 , 3 0 0  4 2 !  

1 2.910 2.911 411 I0 2.275 2.274 142 
1 2 ,831  ~ 2,832 41~ ~ 2.2456 2 ,245  52~ 
2 2 , 8 1 3  2.815 231 2 ,209  2 .211  408 
1 2.745 ~ 2,748 513 2,210 6 2 [  
1 2 ,727  2 . 7 2 8  205 2 , 2 0 8  042  
1 2 ,700  2 .697  330 7 2 .195  2 ,197  623 
1 2.660 2.659 23~ 2.194 34[ 

2.658 510 1 2.157 2.159 415 
1 2 ,635  2 ,635  223 2 .159  241 

2.139 833 i 2 .558 2.587 52~ 
3 2,939 b 2,545 412 2,L56 501 

2.544 51~ 2 2 ,133  2 .134  402 
2 , 5 4 3  333 2 .131  334 
2 .542  42~ 2 2 .1086  2 . 1 1 0  234 

l 2 .483  2.485 60~ 2.110 I04  
2.481 52] 2.108 621 

1 2.452 2.651 041 2.107 511 
l 2 . 4 3 0  2 . 4 3 0  60[ 3 2.092 2.093 434 

2 .427  511 2 , 0 9 3  60~_ 
1 2 ,416  2 .414  820 3 2 .072  2 ,o74  624  
4 2 .383  2.383 141 2.074 712 
1 2.366 2.072 243 
1 2.335 b 4 2 .037  2.036 30~ 
1 2.300 2,036 142 
1 2.274 1 1.997 2.000 615 
1 2.257 ~ 1.995 31~ 
2 2.240 ~ 2 1.975 1.976 525 
1 2 .226  ~ 3 1 .964  1 .964  225  
1 2 .211  ~ 1 .963  422 
1 2 .197  ~ 12 1,888 1.890 20~ 
2 2.186 1.888 625 
1 2,158 1 1.862 
1 2.116 6 1.842 
2 2.088 I 1.809 
3 2 .064  2 1+787 
1 2.040~ 5 1 .773  
1 2 . 0 2  0 ~ 
l 2.0O2 
1 1,935 
1 1 .878  

T. C L A Y T O N  

T ~  L X ~  data  

B a s a l u m t n i t e  
d e h y d r a t e  (I) a t  90~ 

! d-oba d-~alc hk_~l 

100 7 . 9 2  7 .923  oo1 
7 6.66 6,669 2OO 
9 6.21 6.206 011 

12 5 . 5 3  8 .336  210 
5 4.994 4.992 020 
6 4 . 6 9 0  b 4 .673  120 
15 4.383 ~ 4.366 31! 
27 4 . 3 2 2  4.320 121 

4 .311  2 0 [  
5 4.224 4 , 2 2 3  021 
5 4.053 4.051 310 

22 3.964 b 3.962 002 
3.958 21[ 

II 3.919 ~ 3.927 211 
16 3.681 3.682 012 

3.679 40[ 
16 3.453 3,482 41[ 
4 3.320 3,324 400 

3,316 32~ 
2 3.263 3.263 222 
Ii 3.100 3.108 13~ 

3.103 022 
11 3 .072  3 .072  32[  

3.068 031 
3 2.984 2.980 231 
3 2 .782  2.785 212 

2 .781  422 
5 2 .760  2~762 313 

2,759 32~ 
4 2 , 7 3 4  2 .734  512 
6 2 ,626  b 2 .634  232 

2 .625  231 
2.615 41] 

2 2 .591  2.591 41 ! 
2 2.528 2.531 332 

2.526 52[ 
20 2.470 2.470 8 2 [  
15 2.395 2.397 16~ 
15 2,363 ~ 2 ,363  421 

2 ,361  4 3 [  
4 2 .2176  2 .220  5 2 ]  

2 .220  34~ 
2 ,216  322 
2 .216  6OO 

15 2 .182  ~ 2 .183  62~ 
2.179 613 
2.178 62[ 

18 2.183 ~ 2.164 123 
2.166 142 
2.164 610 
2.161 532 

2 2.110 2,112 042 
2.109 213 
2.107 41~ 

3 2.065 2.065 441 
7 2.040 2,038 62 ]  
7 1.962 1.983 422 

1.962 71] 
1,961 632 

20 1.898 1.900 700 
1.899 54~ 
1.898 313 
1.898 24] 

2 1 .872  1 .873  14~ 
I0 1.809 1.810 232 

1,809 434 
1.809 81[  
1.809 251 

25 1.802 1.803 323 
1,800 621 
1 .797  432 

a - 1 4 , 7 1 7 ( 3 ) ~  

b - 9 .983 (3 )~  

r = 8 . 7 6 9 ( 4 ) ~  

~ 1 1 5 . 3 7 ( 2 )  ~ 

B a a a l u ~ , n i t e  
d e h y d r a t e  (If) a t  16o~ 

! ~b, d.1~ hk_! 

100 7.56 7,983 CO1 
2 6.99 8,993 200_ 

30 6.17 6,171 20I  
6 6 . 0 5  ~ 6 ,095  ll~ 

6,012 Oli 
2 5.88 ~ 5,923 lOl 
5 5.23 9,242 21[ 
18 4 . 9 5 8  4,967 020 
14 6.683 4.680 120 
50 4,482 4.486 201 
6 4 . 2 0 8  b 4,222 31~ 

4,220 310 
4.177 121 

8 4.080 b 4,088 211 
20 3 .776  3,776 002 
3 3.584 b 3 .598  21[ 
3 3.304 ~ 3.511 301 

3 ,497  40~_ 
8 3.403 3.410 411 

3.400 32~ 
3,399 320 

4 3.330 b 3,329 22~ 
2 3.104 3 , 1 0 0  122 
3 3.023 b 3.032 031 
4 2 .947  2,947 41~ 
2 2.860 2,859 420 
3 2 , 6 6 3  2 ,664  231 
1 2 ,521  2 ,527  52~ 

2 . 5 1 8  OO3 
2,513 2 3 [  

8 2 .438  2 ,440  013 
2 .437  520 

I4  2 .394  2 , 3 9 3  501 
1 2 .388  2 ,358  52~ 

2 , 3 5 4  103 
10 2 , 2 7 8  2 ,285  323 

2 ,283  322 
2 . 2 7 t  612 

3 2 , 2 1 0  b 2 ,207  232 
14 2.173 2.173 241 
14 2,155 2,158 521 
3 2.074 2,075 042 
6 2.014 2.014 613 

2.013 611 
4 1.973 1,974 502 

1.974 303 
4 1.903 1.903 242 

1 .900  623 
3 1.854 1.858 014 

1.834 72Q 
1,853 504 

6, 1.830 1,835 522 
1,835 323 
1,832 80[ 
1,828 35[ 
1.826 350 

2 1.814 1.818 12~ 
1 ,816  251 
1 .815  8 0 [  

a a " - 1 4 . 7 0 9 ( 8 )  

b = 9 . 9 3 3 ( 4 ) R  

c_ = 7 . 9 ~ 3 ( 5 ) ~  

ffi 108,03(3) ~ 

b " broad 

0 = o v e r l a p p e d  

8aoalt~minite 
dehydrate ( I I I )  

100 8.31 8.307 002 
8 6.92 6.924 200" 
16 6 . 7 6  6 ,751  111 
10 5.96 5.952 21 [  
4 3 . 0 1  5.O04 020 
6 4 . 8 5 0  4 .846  012 

4.839 302 
5 4.723 4 . 7 2 8  21 ! 
16 4.420 4.420 311 
28 4,309 4,3O8 20~ 
24 4.150 4.154 006 
4 4 ,047  ~ 4 ,056  22~ 

4.O34 313 
1 3.902 3.896 122 
3 3.703 3.702 402 
3 3.482 ~ 3.489 213 

3.478 32[ 
3 3 ,449  ~ 3 ,462  400 

3,639 411 
3.361 ~ 3.360 41] 
3.323 ~ 3.330 |1~ 

3 .330  219 
3 .322  12]  

2 3 ,265  ~ 3 .271  031 
3 .265  22~ 

3 3 ,234  3 .234  131 
i 3.153 3,154 012 

3.153 315 
2 3 .046  3 , 0 5 I  32~ 

3 .041  231 
1 2 ,975  ~ 2 . 9 7 6  42[ 
6 2.920 ~ 2.923 106 

2,916 313 
12 2.886 2.886 322 

2.88O 231 
4 2 ,853  2 ,853  402 
1 2 .763  2 .762  331 

2 . 7 5 8  42~ 
2 2 . 6 6 0  2.660 33~ 
3 2 ,883  2 .557  31~ 

2 .551  82~ 
2.550 226 

5 2 .477  ~ 2 .478  422 
5 2.455 ~ 2.455 524  
3 2.403 2.403 142 
i 2,354 2.354 032 

2.383 333 
2.353 240 

2 2 .215  ~ 2.214 30~ 
2.210 622 

8 2.178 2.180 146 
2.178 624 

2 2.149 ~ 2.152 522 
3 2.080 2.080 424 
1 2,017 2.017 626 

12 1.912 1,912 326  
1,912 542 
1.912 246 

3 1.898 1.899 928 
1.896 15~ 

2 1.858 1 .857 560 
1.856 046 
1.856 717 
1.855 52~ 
1.854 351 
1.854 711 

2 1.842 1 ,843  13~ 
1.841 726 
1 .840  720 

a = 14.835(3)~ 

h - 10.007(2)~  

E=  17,809(7)~ 

= 113.02(2)  ~ 

- 1 4 . 9 2 1 ( 5 ) ~  

- 9 . 9 9 3 ( 2 ) ~  

E -  1 3 , 6 ~ ( 5 ) ~  

# " 1 U , 4 0 ( 4 )  ~ 

- 14.887(4)~ 

- 10.011(5)~ 

E" 23.086(2)~ 

~_- 32z.28(3) ~ 



H Y D R O B A S A L U M I N I T E  

u n s t a b l e  i n t e ~ e d i a t e  h y d r a t e .  A further s tudy  of  t h i s  d e h y d r a c i ~  
u s i n g  a c o n t r o l l e d - h u m i d i t y  c e l l  i s  needed .  

F r ~  IOO~ to  120~ the intensities of  t h e  b a s a l  r e f l e c t i ~ s  d e c r e a s e d  
s l i g h t l y ,  a c c o m p ~ i e d  by a s l i g h t  e ~ t r a e t i ~  of t h e  b a s a l  s p a c i n g s .  At 
130 C a cOmPle te ly  uew X - r a y  diffraction p a t t e ~  was o b s e ~ e d ,  e 
i n i t i a l  p roduc t  had b a s a l  r e f l e c t i v e  w i t h  b a s a l  s p a c i n g s  of  7.60~Th~d A~203 
3 .78~ ,  b o t h  showing slight asymmetry towards  h i g h e r  d - s p a c i n g s .  BY 160~ CaO 
these peaks reached a ~ sh~pness  ~d  possessed spac ings of 7.54~ 
~ d  3 . 7 7 ~ :  Tf i i s  phase  will be r e f e r r e d  to as b a s a l ~ i n i t e  d e h y d r a t e  ( I I ) .  S03 
U n l i k e  t h e  p r e v i o u s  d e h y d r a t i ~ ,  no e v i d e n c e  o f  a t w o - s t e p  r e a c t i o n  was H20 
o b s e ~ e d  i n  t h e  TGA cu~e ,  I t  was conc luded  t h a t  t h e  i n t e r m e d i a t e  
spacings cor re spond  to i n t e r s t r a t l f i c a t i ~ s  of b a s a l ~ m i n i t e  d e h y d r a t e  (I) I n s o l u b l e  residue 
~ d  basal~inlte d e h y d r a t e  (II) which occur as a result of  incomplete 
d e h y d r a t i ~ ,  This could be due to l a y e r  i n h ~ o g e ~ i t y  o r  to difficulties 
l u  r ~ o v i n g  r e s i d u a l  i s o l a t e d  pocke t s  of  w a t e r .  At  h i g h e r  t e m p e r a t u r e s  
the intensities of the peaks decreased without further contraction of the 
d_-spacings and by 200~ t h e y  had c o m p l e t e l y  d i s a p p e a r e d ,  I s l i n g  an  
~ o r p h o u s  residue. 

The dehydraaf~ of basal~inite dehydrate (I) to b~al~inite dehydrate 
(II) was not r e v e r s i b l e .  When coo led  a t  roo~ t ~ p e r a t u r e  i n  t h e  p r e s e n c e  
of ~ i s t u r e .  b a s a l ~ i n i t e  d e h y d r a t e  ( I I )  r e h y d r a t e d  to form a new phase  
which will be r e f e ~ e d  to as  b a s a l ~ i n l t e  ehydrate (111), This phase  
possessed basal spacings of 8.31~ ~d 4.15~ and w~ identical to the phase 
d e s c r i b e d  as m e t a b a s a l ~ i n i t e  by H o l l l n g w o r t h  ~ d  B a n n i s t e r  ( 1950 ) ,  On 
r e h e a t i n g  b a s a l ~ i n i t e  d e h y d r a t e  ( I I I )  a s l i g h t  e ~ t r a e ~ i ~  of t h e  b a s e l  
spacings was obse~ed  to occur  a t  about  IO0~ At l lQ  C it decomposed 
to g i v e  an  initial p r o d u c t  ~tb b a s a l  spacings of  7 .64X and 3 . 7 9 ~  showing 
p r ~ o u n c e d  a s . ~ o e t r y  towards  h i g h e r  d - s p a c i n g s ,  oThese r e a c h e d  ~ i ~  
sharpness a t  160 C, g i v i ng  basa l  spacings of 7,54A and 3 ,77~co r respond ing  
to basal~inite dehydrate (II). As with the dehydrati~ of bassl~lnlte 
dehydrate (l) t o  basal~iulte dehydrate (ll), no evidence of a ~wo-step 
reacti~ was obse~d, ~d the inte~diate spacings were tak~ to be.due 
to interstratifled b a s a l ~ n i n i t e  d e h y d r a t e  ( I I I )  and b a s a l ~ a i n l t e  d e h y d r a t e  
(1s 

Intensities and d~pa~ings were  recorded for random-p~der mounts of 
h y d r o b a s a l u m i n i t e  ~t 23 c, basal~inite at 25~ basal~inite dehydrate 
(I) at 90~ b~al~inite dehydrate (II) at 160 C and basaluminite 
dehydrate ( I I I )  at 23~ Silicon p~de r  (a = 5.4308~) was used as an 
internal standard. The ch~ge ~n lattice ~ar~ter of silic~ over t h i s  
temperature r ~ g e  w~ e~sidered to be n e g l i g i b l e .  S c ~ s  w e r e  made o v e r  
the a n g u l a r  r ~ g e  2 ~ to 50 ~ (20)  at ~ ~gular ~locity of 1/4 ~ (20)  per 
m i n u t e  ~ i n g  Ni-filtered Cu-Ka-- r a d i a t i ~ ,  Intensities were ~ a s u r e d  in 
te~ of peak  heights, because of the platy nature of t h e  cwstals , 
p r e f e r r e d  o r i e n t a t i ~  was i m p o s s i b l e  to  e l i m i n a t e ,  and t h e  i n t e n s s  a r e  
not exactly reproducible. The results are given in Table I. 

Indexin~ of the X-ra~ powder patte~s. Since  approximate val~s for the 
a ~ d  b ~ i t - c e l l  p a r ~ t e r s  had  a l r e a d y  b e e n  d e t e r m i n e d  by e l e c t r ~  
~iffra~ti~, ~ly values of c ~d ~ remained to be determined if, in fact, 
the ~it ~ii ~ m~oclinic~ Th~ str~g reflections with d-Spa~ngs of 
9 . 3 6 ~  ~ d  4 . 6 8 ~ .  c ~ i d e r e d  t o  r e p r e s e n t  l a t t i c e  p l a n e s  p a r a l l e l  t o  t h e  
l a r g e  c r y s t a l  f a ~ s  of  b a s a l ~ i n i t e ,  ~ r e  p r o v i s i ~ a l l y  i ndexed  as O01 ~ d  
OO2 r e s p e c t i v e l y ,  Th i s  gave a v a l u e  f o r  c s i n ~  o f  9 . 3 6 ~  ~d d e t e ~ i n a t i ~  
of  either e or  ~ would aut~tically give t h e  other. A trial ~ d  e r r o r  
method for--~he ~eterm~nation of  ~ was Used. The first twen ty  p o s s i b l e  
d-spacings were calculated for u~it cells havinw t h e  parquets already 
~ e t e 1 ~ i n e d  and B ~ g l e s  r ~ g i n g  f r ~  90 ~ to  135 i n  s t e p s  of  1 ~  
I n s p e c t i ~  s h ~ e d  t h a t  t h e  ~ l y  r e a s ~ a b l e  f i t  w l t h  t h e  o b s e ~ e d  s p a c i n g s  
was obtained when ~ was equal to 122 ~ Using this value, a full set of 
p o s s i b l e  reflecti~s w ~  c a l c u l a t e d  ~ d  as ~any r e f l e c t i ~ s  as p o s s i b l e  
~re indexed. A ~ew set of ~re accura te  ~it-~ll par~ters was 
calculated using a left.quarts pro~dure. This was repeated u~til all 
t h e  r e f l e c t i o n s  had been i n d e e d .  No reflecti~s p r e s e n t  i n  the p ~ d e r  
patte~ remained ~aeco~ted for. The principal difficulty was the usual 
ambiguity in indexing at i~ d-spacings. Only peaks that could be 
~ i q ~ l y  i ndexed  ~ d  ~ r e  f r e ~  f r ~  o v e r l a p  ~ r e  used  i n  t h e  f i n a l  d e t e r -  
minati~ of the ~it-cell par~eters. 

It would Seem that the deducti~ of m~ocllnic symmetry for basalu~inlte 
~de fr~ the crystal ~rphology is justified by the fitting of a ~o- 
clinic ~it cell to the X-ray powder pattern. It is still p o s s i h l e  t h a t  
the mineral might be triulinin, b u t  no tr~sformed cell of higher sy~aetry 
could be fo~d. Because of the difficulty of recognisiug ~ak reflect- 
i~s in X-ray p~der patte~s, the possibility of a larger m~oelinie ~it 
cell c~not be discouuted. 

l u  the other phases, there was no dis in recogniaing OO1 ~d OO2 
reflecti~s e q u i v a l e n t  to those of basal~nite. B ~ v e r ,  there ~ r e  no 
d i s t i n c t  nO~-b~al reflecti~s that could be traced ~smbiguo~ly from 
phase to phase. This made it ne~ssary to repeat the indexing pro~dure 
d e s c r i b e d  above f o r  e a c h  of  t h e  p h a s e s .  This  w ~  s u c ~ s s f u l  w i t h  h y d r o -  
basalumlnlte ~ d  basaluminite d e h y d r a t e  (I) where e x c e l l e n t  fits ~re 
obtained. Iu the e~e of b~alum~nite dehydrate (II). line broadening, 
p a r c i e u / a r l y  o f  tbe  n ~ - b a s a l  r e f l e c t i o n s ,  led to  a g r e a t e r  n~er of 
overlapping reflectious. This made indexing more diffi~lt ~d less 
reliable ~d  the fitted unit c e l l  should be regarded iu this light. In 
the case of basaluminite dehydrate (Ill), it proved impossible to flt a 
~ i t  cell using t he  p a r a m e t e r s  obtained above.  I f  t he  val~ of  c s i n  
was d o u b l e d ,  h ~ v e r ,  it b e c ~  p o s s i b l e  to i n d e x  t h e  p a t t e ~ .  A l l  
reflecci~s could be accosted f o r  by indices that satisfied the c r i t e r i ~  
k + ~ = 2n wh ich  s u g g e s t s  t h a t  ~ A~ceutered c e l l  i s  p r e s e n t .  I t  s e e ~ ,  
t h e r e f o r e ,  t h a t  the d e h y d r a t i ~  of b a s a l u n ~ n i t e  d e h y d r a t e  ( I I I )  to 
basal~inite dehydrate (II) i n v o l v e s  a translati~ of b/_~2 b e t ~ e u  a d j a c e n t  
l a y e r s .  

Table I gives the indexed powder patte~s of  the five phases determined 
a l ~ g  w i t h  t h e i r  r e s p e c t i ~  ~ i t ~ l l  parameters. I t  c ~  be  seen  t h a t  
~ii as ~jor c~tracti~s in t he  c* directly, dehydrati~ is aceomp~ied 
by slight shrinkages in the a ~d b" directi~s. Sin~ individual n o n -  
b a s a l  r e f l e c t i o n s  were n o t  f~ll~ fr~ phase  to p h a s e ,  t h e  t ~ e  relative 
orientations of  the ~it cells of  the various dehydrati~ states are not 
~e c* This ~ s  that t~e tr~slations, rather t h ~  j u s t  shrinkages in 

d i r e c t l Y ,  c ~ u o t  be  ~ a m b i g u o u s l y  d e t e r m i n e d .  I t  a l s o  ~ s  t h a t  
r e f l e c t i ~ s  f r ~  s t r u c t u r a l l y  e q u i v a l e n t  latti~ p l a n e s  do no n e ~ s s a r i l y  
have the smae ~ index. Nevertheless. it can be seen that the t indeed 
patterns show e~siderable similarities. In particular, the relati~ly 
freq~nt o c c u r r e n c e  of reflecti~s of type 52_~ and 62~ at higher ~g les  
should he noted. 

Chemical Analysis. S~ll ~ c ~ t ~ m i n a t e d  aggregates ~re r e ~ v e d  f r ~  t h e  
c~c re t l ~s  ~ d  g e u t l y  g r o ~ d  to  pass a ioo ~sh  s i e~ .  The r esu l t l ng  
powder w~ examined  for impurities. No i m p u r i t i e s  were  r e ~ a l e d  by x~ay  
diffracti~, although optical ex~m/nati~ r e g a l e d  the p r e s e n c e  of a s ~ l l  
q u ~ t i t y  of g y p s y .  The p ~ d e r  w ~  a i r - d r i e d  o ~ r  a p e r i o d  o f  s e v e r a l  
m~ths in am a~osphe~ whose relative h~dity was ~ i n t a i n e d  at a r i d  
35%. 

The principal d i f f i c u l t i e s  i n  t h e  chemiea I  ~ a l y s l s  of  b a s a l u ~ u i t e  ~re 
caused by the low temperature of dehydrati~ of the m/neral. This ~ t  
that r emova l  of  adsorbed w a t e r  by d r y i n g  at l lO~ w~s n o t  p o s s i b l e ,  ~ d  
hen~ the esti~te of H20 ne~ssarily includes adsorbed water. 

Tab le  I L  Oaemical co~ositi~ of  ba~alumlnite f r ~ C h l c k e e e l l  

1 2 3 4 

44 .75  0 . 4 3 9  0 . 4 3 9  1 . 9 8  

0 . 2 0  0 . 0 0 4  

18.10 0 . 2 2 6  0.222 I.O0 

35.60 1.976 1.969 8.87 

0 . 7 2  

99 .37  

1. Chemica l  ~ a l y s i s  i n  w e i g h t  p e r ~ n t  
2 .  MOlecu la r  p r o p o r c i ~ s  
3.  M o l e c u l a r  p r o p o r t i o n s  r e c a l c u l a t e d  a f t e r  re~al of g y p s ~  
4.  Recalculated ~lecular p r o p o r t i ~ s  no~lized to SO 3 ffi i 

Also ,  since t h e  ~ a l y s i s  of each c o n s t i t u e n t  w~ p e r f o ~ d  ~ a d i f f e r e n t  
p o r t i o n  of  m a t e r i a l ,  i t  wa~ n e c e s s a r y  t o  k e e p  the  amount o f  adsorbed  w a t e r  
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c~stmt. For this reas~ the ~terlal w~ stored ~d also ~ished at a 
c~st~t relative humidity. 

A r a p i d  a n a l y s i s  by X- ray  s p e c t r o ~ t r y  s h ~ d  t h a t  t h e  o n l y  c a t i ~ s  
present in amounts greater th~ O.ig were aluminiu~a ~d calci~. Infra- 
red gas ~ a l y s l s  s h ~ d  t h e  e a r b ~ a t e  c o n t e n t  t o  be i n s i g n i f i c ~ t .  Thus 
t h e  c a l c i ~  can be r e g a r d e d  ~ p r e s e n t  ~ g y p s ~  c ~ t a m i n a t l o n .  D e t e r -  
m / n a t i o n s  were  made o f  the  f i v e  e o ~ o v e n t s  AI203 ,  CaO, SO3, H20 and 
insoluble residue ~ separate potties of materlal. The basalumlnite w~ 
t a k e n  i n t o  s o l u t i o n  u s i n g  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d ,  e x ~ s s  a c i d  
b e i n g  r e ~ v e d  by e v a p o r a t [ ~ .  

The i n s o l u b l e  r e s i d ~  w ~  r e m ~ e d  by f i l t r a t i ~  and t h e  ~ i g h t  r e c o r d e d .  
a l u ~  l ~  A120 ~nw' s . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . .  i . . . . .  

h y d r o x i d e  p r e c i p i t a t e d  by a ~ m o n i ~  h y d r o x i d e .  CaO was 
determined by atomic absorption spectr~try and SO 3 was determined 
gravi~trieally ~ barium sulphate after p~eclpitati~ by bari~ chloride. 
Water  w ~  d e t e r m i n e d  by w e l g h r  l o s s  a t  550 C. I t  has  b e e n  shown by Vavey 
et el. (1963) chat the last tra~s of water are difficult to remove frm 
~ o = ~ d s  of t h i s  t y p e .  ~ d  i t  i s  l i k e l y  t h a t  t h e  w a t e r  d e t e r m i n a t i ~  i s  
s l i g h t l y  too  low. The c h e m i c a l  ~ a l y s i s  of  b a s a l u m / n l c e  i s  sbown i n  
Tab le  I I .  Column 1 g i ~ s  t h e  ~ i g h t  p e r ~ n t a g e s ,  r  2 t h e  m o l e c u l a r  
p r o p o r c i m s  ~ d  e o l ~  3 t h e  s o l e o u l a r  p r o p o r t i ~ s  a f t e r  t h e  ~mOVal  of a l l  
t h e  CaO as gypsy .  Co l~  4 s h ~ s . t h e  r e s u l t i n g  m o l e c u l a r  p r o p o r t i ~ s  
r e c a l c u l a t e d  t o  ~ SO 3 v a l u e  of  1 .  The c h e m i c a l  c o m p o s l t i ~  of  b a s a i u m i n -  
its c~ thus be represented, . . as 2AI203.SO3.8.9H~O, giving a fo~la of 
A14SO4(OH)IO.3.gH20 xf x t  is ~s~d t h a t  H20 xs present ~ly ~ water or 
h y d r o x y l  i ~ s .  Th i s  makes t h e  number of  w a t e r  ~ l e c u l e s  ~ e  l e s s  t h a n  
p r e v i o u s l y  r e p o r t e d  ~ a l y s e s ,  a l t h o u g h  grydon  and S i n g h  (1969)  r e p o r t  
~ a l y s e s  c o n s i s t e n t  w i t h  a w a t e r  c ~ t e n t  of a r o ~ d  9HgO and S r e b r o d o l ' s k i y  
(1969) obtai~d a value of 8.~20. In vi~ of t h e  I~ tem~eratu~ of 
dehydrati~ of h ~ a l ~ n i t e  ~d the interstratifled nature of the inltial 
prod~t, it is possible that significant numbers of dehydrated layers could 
be p r e s e n t  i n  b ~ a l t ~ n i t e  ~ t h o u t  b e i n g  d e t e c t e d  by x ~ a y  d i f f r a c t l ~ .  
This ~uld make t h e  w a t e r  c~tent somewhat l~ ~d a l s o  temperature ~d 
humidity dependent. Nevertheless, the closeness of the obtained val~ to 

integral number suggests that the ideal water content is 9H 0 ~d that 
p r e s i d e  E n a l y e e s  h a v e  i n c l u d e d  su~st~otlal ~ts of  adseche~  o r  
i m p u r i t y  w a t e r .  

Specific ~ravit~. S p e c i f i c  gravity was determined for b~alumlnite by 
py~ter ~ d  g'ave a value of  2.10. This compares with tbe values of 
2 . 0 8 ,  2 . 1 0  and 2 . 1 2  o b t a i n e d  by S ~ d e r m ~  ~ d  Beck ( 1 9 6 9 ) ,  T i ~  (1968)  ~ d  
H o l l i n g w o r t h  and B~nister (1950) r e s p e c t i v e l y .  On t h e  b~is o f  a 
c h e m i c a l  composition of  2A120 .S03.9920, a v s l ~  of  Z = 4 ~ d  a c a l c u l a t e d  
s p e c i f i c  g r a v i t y  of  2 .12  was 3 b t a l n e d .  Th i s  g i v e s  ~ c o m p o s l t i o u  of  
8A1203.4S03" 36H20 f o r  the  ~ i t  ~ 1 1  o f  b ~ a l t ~ i n l t e  wh ich  ~ u l d  be 
e q u l v a i e n t  t o  a fo~la of AII6(SOd)4(OH)40.16H20. 

Differentlal.. the~l analysis . Dif fer~tlalo thermal ~alysis. of  basal- 
~ n x t e  was p e r f o ~ d  o v e r  th~ r ~ g e  20 C to  800 C i n  a n z t r o g e u  a tmos -  
p h e r e  a t  a h e a t i n g  r a t e  of  10 C p e r  ~ n u t e ,  The r e s u l t i n g  curve  i s  s h o ~  
in fig.6a. It is virtually identical w i t h  t hose  obtained by Bryd~ ~d 
Singh (1969) for basaluminite fr~ Kans~ ~d North~t~shire. It 
possesses e n d o t h e ~  a t  121~ 157~ 202~ ~d 344~ By halting the 
~s before and after each endothe~ and examining the products by X~ay 

diffraction, i t  was f o ~ d  p o s s i b l e  t o  a s s i g n  t h e  v a r i o u s  t r ~ s f o t ~ a t i ~ s .  
I t  should be noted that t h e r e  is t h e  us~l lag be tween  t h e  t e m p e r a t u r e s  of 
r e a c c i ~  d e t e r m i n e d  by X- ray  d i f f r a e t i ~  and those  d e t e r m i n e d  by hTA, i n  
t h i s  case a p p r o x i ~ t e l y  80~ The endotbe~ a t  121~ co r resp~ds  to  the 
initial dehydrati~ of b ~ a l u m i n i t e ,  The p r o d u c t  obse rved  by x~ray 
diffraction was an interstratifled phase. The sec~d endothe~ at 157~ 
c o r r e s p ~ d s  t o  t h e  d e h y d r a t i o n  of t h i s  i n t e r s t r a t i f i e d  p h ~ e  to  b ~ a l m ~ n -  
ice dehydrate (I). Thus the DTA data seem to c~fi~ the two-step nature 
of the tr~sfomci~ between b~aluminite ~d basal~ms dehydrate (I). 
The third endothe~ at 202~ corresponds t o  the irreversible dehydrati~ 
of b a s a l u ~ n i t e  d e h y d r a t e  (II). The final large endocherm a t  344~ 
represents the dehydroxylati~ of basal~nite dehydrate (II). gryd~ 
~ d  S ingh  (1969)  o b s e ~ e d  f u r t h e r  endocherms e o r r e s p ~ d l n g  t o  t h e  l o s s  o f  
sulphate, but these were not studied during the present investigati~. 
DTA of b~alumlnite dehydrate (III) which w~ prepared by t h e  rehydrati~ 
of  b a s a l u ~ n l t e  d e h y d r a t e  ( I I )  s h ~ e d  t h e  p r e s e n c e  of  ~ l y  two ~ j o r  
e n d o c h e ~  ( f i g . 6 b ) .  The f i r s t  a t  196~ ~ r r e a ~ d s  to  the  d e h y d r a t i ~  
of  b a s a l u ~ n i t e  d e h y d r a t e  ( I I I )  to b a ~ a l u ~ n i t e  d e h y d r a t e  ( I f ) .  NO 
e v i d ~  of  a two- s top  r e a c t i ~  w ~  o b s e ~ e d  i n  t h i s  c ~ e ,  t h e  v e r y  s m a l l  
e n d o t h e ~  a t  120~ b e i n g  a t t r i b u t e d  t o  r e s i d u a l  b a s a l m n i n i t e .  The second 
~ d o t h e r m  a t  333~ cor responds  t o  the  d e h y d r o x y l a t i ~  o f  b a s a l u m l n i t e  ( I I )  
d e s c r i b e d  p r e v i o u s l y .  

W e i g h t - l o s s  s ~ u d i e s .  I n  o r d e r  to e s t a b l i s h  t h e  uumber o f  w a t e r  m o l e ~ l e s  
a s s o c i a t e d  w i t h  e a c h  of  t h e  p h a s e s  e n e o ~ t e r e d  d u r i n g  d e h y d r a r  ~ d  
r e h y d r a t l o n ,  ~ i g h t - l ~ s  d e t e r m i n a t i o n s  ~ r e  made u s i n g  b o t h  s t a t i c  ~ d  
d y n a s t  ~ t h o d s .  In t h e  c ~ e  of the t r ~ s f o ~ t l o n  of h y d r o b a s a l u n ~ n i t e ,  
t h e  ~ i g h t  l o s s  was r e c o r d e d  a f t e r  d e h y d r a t i ~  a t  r o ~  t e m p e r a t u r e  f o r  
several mo~ths. The ~elati~ humidity w~ ~intained at aro~d 55g. A 
w e i g h t  l o s e  of  31.4% was ~ c o r d e d .  On t h e  b a s i s  of  a b a s a l u m i n i t e  compos- 
ition of  2AI O .SO .8 .9H O. t h i s  w ~ l d  be  e q u i v a l e n t  to  t h e  l o s s  o f  1 1 . 3  
water moteeu~e~ m~ ~I~ g ive  a chemica l  r o f  app rox ima te l y  
2A1203.80 .20H20 f o r  h y d r o b ~ a l u m n l t e .  This would c o r r e o p ~ d  t o  a 
f o ~ l a  o~ AIdSOd(DH)IO.15H20 i f  ~ l y  h y d r o x y l  i o n s  ~ d  w a t e r  ~ l e c u l e s  
~re p r e s e n t .  Comparison o f  t h i s  c o m p o a i t i ~  ~ r l t h  the co~ositi~ of  
2AI203.SO3.41H20 o b t a i n e d  by H o l l i n g w o r t h  ~ d  B ~ n l s t e r  (1950), the 
c o m p o s i t i o n  o f  2AI203.SO3.33H20 obtained by T i e s  (1968) ~ d  t h e  c o ~ o s l t -  
i~ of 2A120 .SO3.1~H2O obtained by S~nderman ~d Beck (1969) e~hasises 
the difficul~y involved in differentiating bergen adsorbed ~d st~ctural 
water in these minerals. 
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~ae wGight ch~ges ~socs with the transformations betwe~ b~alumiu- 
i t s  m d  i t s  dehydra t ion  p roduc t s  Were i n v e s t i g a t e d  hy t h e ~ g r ~ i m e t v i c  
m a l y x i s .  F i g . 7 a  whmm the ~ o b t a i ~ d  f r ~  a i r - d r i e d  b a s a l u D i n l t e  
hea ted  a t  a r a t a  ~f  Sot  per  minute i n  a f low of  n i t r o g e n .  F i g . 7 b  shots  
tba  r o b t ~ n e d  from baeadmein i te  dehydra te  ( I I I )  which bad been formed 
by heatlng b~afu=[xite t o  ibO~ ~d alloxing to cool in x i r .  gv~ at 
the  g l ~ l t  h e a t i n g  r a t e ,  i t  w~ cons ide red  ~ l i k e t y  t h a t  mami~m weigh t  
l o s i  h u  been reached a t  any g i ~ n  tempera ture ,  ~ d  the r e s u l t s  were 
supplemented by s t a t i c  ~i~ht-lc~s d e t e r ~ n a t i ~ s  a t  a p e u i f i c  temperatu~s. 

The ~ i g h t  lose  c o ~ e a p o n d i a g  to the t r ~ s f o m t i o n  of  b ~ a l ~ n i t e  to  
b ~ a l ~ n i t e  dehydra te  ( I )  c ~  be seen to  occur in two s t e p s .  The f i r s t  
s t ep  appears  to  be dise~tinuous and occurs  at a r o ~ d  550C. This 
coz respmds  to  the d i s c ~ t i n u o n s  t r ~ s f o r m a t i ~  of  b ~ a I u x i u i t e  to  an 
i n t e r s t r a t i f i e d  p h ~ e  o b s e ~ d  t o  occur  a t  40~ by X-ray d i f f r a c t i o n .  
The s e c ~ d  s t ep  appea r l  t o  be c ~ t i n u o u s  over the temperature  range 65~ 
to  lO0~ the TGA t r a ~  b e i n g  v i r t u a l l y  a ~ t r x i g h t  l i n e .  This c o r r e s p -  
@ads t o  the c ~ t i n u e u s  e ~ t r a c t i o n  of the b a s a l  s ~ a c i n p  a b a s e d  by X-ray 
d i f f r a c t i m  over the tempera ture  r ~ g e  60~ to  90 C. This can be 
e a p l ~ n e d  i ~  t e ~  of d e b y d r s t l m  v i a  a e~at iuuous  se t~ea  of i u t e r a t ~ a t -  
iliad .pool .... t~nlng f .... d ~ ........ lay .... The total ~ai,b~ 
l o se  i nvo lved  w ~  s  to  be IO.7%, w h i c b  c o r r e s p ~ d s  r o c h e  l o s s  of 2 .7  
water  ~ l e c u l e s  ~ the b a s i s  o f  a b ~ a l u ~ t ~ i t a  c o m p o s i t i ~  o f  2A1203.SO 3.  
8 .9H20 .  T h i s  ~mu ld  g i ~  a c h e m i c a l  c o m p o s i t i o u  o f  2A120~..SO 6 2H 0 

S �9 5" �9 2 . which WOuld be e q u i v a l e n t  to  a f o ~ l a  of Al 4 0 4 ( ~ ) l O .  LZu20.  It i s  
most l i k e l y  t h a t  the t rue  formula  of b ~ a l ~ n i t e  dehydra te  ( I )  i s  
AI4SO4(0S)IO.H20, the ezcess  water being due to  e i t h e r  incomplete 
dehydrati~ or retention by adsorpti~. Because of the c~secutive 
n a t ~ e  of the two s t eps  i nvo lved  i n  t h i s  d e h y d r a t l ~  i t  i s  d i f f i c u l t  to  
s e p a r a t e  them. The p o i n t  of i n f l e c t i ~  o~ the  TGA c u ~ e  c o r r e s p ~ d s  to  
a ~ i g h t  l o s s  of 6.4g which w o u l d  be e q u i v a l e n t  to t h e  l o s s  of 1.6H20.  
This  WOuld g ive  a c o t ~ o s i t i o n  o f  ~ p p r o n ~ e l y  AI4SO4(OH)Io,2.3H20 for 
the i n t e ~ d i a t e  phase.  

The n e x t  ~ i g h t  l o s s  e t  15o~ corresponds  t o  the  debydra t ivn  of 
hasai~t~uite ~hydrate (l) to  ba~ai~ite d e h y d r a ~  ~I I )  observed t o  
occu r  a t  130~ by  X-ray d i f f r a c t i ~ .  The a c t u a l  weight toss  w~ f o ~ d  
t o  be 4.5% which is e q u i v a l e n t  to  1 . l a 20 .  This g ives  a c h e ~ c a l  
composition of 2AI203.SO3.9.1H20 f o r  b ~ a l ~ n i t e  dehydrate  ( f I )  which 
corresp~ds t o  AI4S04(~)IO.0.1H20. It is al~st ~rtain t h a t  the ideal 
l o s s  of water should be IH20 ~ d  t h a t  the t rue  fo~la of  baeslum/nite 
dehydra te  (ll) is AI4SO4(0H ) This w~ the ~st h i g h l y  dehydrated 

�9 I0" pha le  enco~tered w l t h o ~  breakdown of the s t r u c t u r e .  

The d e c o m p o s i t i m  of basaluminite dehydrate (II) obse~ed t o  occu r  a t  
a r o ~ d  270~ i s  accompanied by a ~ i g h t  l ~ s  of 20.4Z, which i s  
e q u i v a l e n t  t o  t h e  r e ~ a l  of the r e , S u i n g  5.1 ~ l e c u l e s  of water  t o  leave 

~ r p h o u s  r e s idue  of 2A1203,S03. 

The TGA c u ~ e  of b a s a l ~ i n i t e  dehydra ie  (III) s h ~ s  a s l i g h t  re  ua 
~ i g h t  1 . . . .  p to ~oo~ fm i I~ed  by . . . . .  ~ f d  weight ~ . . . .  gTh~ t~tmi 
~igbt loss was f o ~ d  to be g, Yg which is equivalent to 2H20 on the b~ie 
of a composition of 2A1203,SO3.SH20 for basalumlnite dehydrate (If). As 
before, it is not p o s s i b l e  t o  determine  how ~ch of t h i s .  if ~ y ,  is 
adsorbed water. If it is ~s~d that all the water  present is struct- 
ural water, this would g ive  a formula of AI4SO4(OH)IO,2H20 for this pb~e. 

D i s c u s s i ~ .  The p l a t y  h a b i t  of  the  c r y s t a l s ,  the  r e t ~ t i ~  of s t r u c t u r a l  
c ~ t i n u l t y  d u r i n g  d e h y d r a t i ~ ,  ~ d  the e x i s t e n c e  of i n t e r s t r a t i f i e d  
s p e c i e s ,  a l l  s ugges t  t h a t  hydrobasa lumln i t e  and b a s a l u m i n i t e  possess  so~e 
type of l a y e r  s t r u c t u r e .  I f  the hypo thes i s  of g a s s e r s  and Goodwin (1949),  
that the structures are related to that of gibbsite, is adopted, then the 
s~mplest  s t r u c t u r a l  a r r ~ g e ~ n t  would be based ~ the assumption t ha t  no 
o i~s are present ~d tbst all the hydroxyl i~s are held in a close- 
packed double-hydroxide  l a y e r .  Su lpha te  ions  ~ d  water  molecu les  would 
occupy ~ 'interlayer' situated between the dottle-hydroxide l~yers. 
Alu~ini~ would occupy up t o  four-fifths o f  the a v a i l a b l e  octahedrad 
sites r a t h e r  t h ~  ~ o - C b i r d s  ~ gibbxite, a l though  the p o s s i b i l i t y  of 
s ~  i n  the i n t e r l a y e r  would no t  be exc luded ,  Support  f o r  the p r e s e n ~  
of relatively free su lpha t e  i~s is giv~ by the fact that they c ~  be 
exchanged for other ani~s when basaduminite is suspended in appropriate 
salt soluti~s. An investigati~ of these  ~i~-exch~ge products  is in 
p r o g r e s s .  By c ~ s i d e r i n g  the packing geometry of the double-hydroxide  
l a y e r ,  i t  i s  p o s s i b l e  to  f i n d  a l a y e r  r epea t  u n i t  w i tb  d i ~ n s i o n s  c lose  to  
the  a ~ d  b p e r u s e r s  of h y d r o b ~ a l ~ n i t e  ~ d  b a s a l ~ n i t e  t h a t  would 
a c c ~ d a t e  a l l  40 hydroxyl  i~s p r e s e n t  i n  the ~ i t  c e l l .  This r e p e a t  
~it ~ d  its relati~ship to the ~it cell of g i b b s l t e  is s h ~  in fig.8. 
Using the ~ i t - c e l l  par~ters f o r  gibbsite, the re eat ~it e~ be 
c a l c u l a t e d  to  have dimensions of approx imate ly  14.4~ ~ d  l O , ~ .  " These 
a re  r e ~ t h l y  c l o ~  to t h e  v a l u e s  of the a ~ d  b p a r ~ t e r s  of 14.9~ 
~ d  lO.O~ r e s p e c t i v e l y ,  which ~ r e  determln--ed f o r  h y d r o b ~ e l ~ n i t e  ~ d  
basa lum~ni ta .  Some suppoct  f o r  this type of a r r o g a n t  i s  g iven  by the 
X~ay powder i n t e n s i t i e s ,  i u s o f a r  as r e f l e c t i ~ s  of type 52[ ~d g2t  
which are  f x i r  pr~in~t in the p ~ d e r  p a t t e r n s  f o r  all t~e p h a s e ~  
would be p a r a l l e l  or  s u b - p a r a l l e l  to  p lanes  of  bydroxyl  i ~ s  i n  the  
s t r u c t u r e .  R e f l e c t i v e  of  t h i s  type a l s o  appeared to  be i n t e n s e  in the 
electr~ d i f f r a c t i o n  patterns, although lack of speci~n t i l t i n g  f a c i l i t i e s  

p r e v e n t e d  a s y s t e m a t i c  s t u d y  of r e c i p r o c a l  s p a ~ .  I t  would seem, hoeever ,  
t h a t  the va lue  of  the b a s a l  spac ing  of 7.5~ ob ta ined  f o r  the ~st h i g h l y  
dehydrated phase ,  b a s a l ~ n i t e  dehydrate (II), is t o o  s~ll to  s e t - - d a t e  
both a d o u b l e - h y d r o i d s  layer  ~ d  a s e p a r a t e  l a y e r  e ~ t a i n i n g  su lpha t e  i ~ s .  
This  ~ s  chat  e i t h e r  the l a y e r  s t r u c t u r e  is ~ r e  complicated th~ that 
d e s c r i b e d  a b l e  or t h a t  the  s u l p h a t e  i6ns  a re  a ~ b ~  i n c o r p o r a t e d  i n t o  the 
l a y e r .  One possibility might be that ~ e  or  more of the  oxygen a t ~  
p r e s e t  i n  the s u l p h a t e  t e t r a h e d r ~  r e p l a ~  hydroxyl  ions i n  the  l a y e r .  
This would leaVe the  t e s t  o f  the t e t r a he d r o~  ' p r o t r u d i n g '  from the l a y e r ,  
and ~ u l d  a l l ~  c o l l a p s e  of  the  l a y e r s  such t h a t  p r o t r u d i n g  s u l p h a t e  i ~ s  
f r ~  a d j a ~ n c  l a y e r s  could be a c c ~ o d a t e d  in a p p r o x i m t e l y  the ss~e p l ~ e .  
The existence of protruding sulphate i~s might als~ pr~de ~ expla~ati~ 
for the formation of the A-centred ~oclinic cell of doubled c spacing 
that was obtaiued for hae~luminite dehydrate (Ill). This miser occur by 
disp lacement  of  a l t e r n a t e  double  l a y e r s  as a r e s u l t  o f  the a t t a c h e d  
s u l p h a t e  i~s moving to a more f ~ o u r a b l e  positi~ w i t h i n  t h e  i n t e r l a y e r  on 
rehydrati~. S~ support f o r  the incorporation of sulphate i~s is glen 
by the  f a c t  t h a t  they are no l ~ g e r  e x c h ~ g e a b l e  ~ c e  the  i r r e v e r s i b l e  
tr~sformation to  b ~ a l ~ n i t e  dehydra te  (IT) h ~  tak~ p l a ~ .  In vi~  of 
the r a t h e r  co~plex ~its f o ~ d  i n  the s t r u c t u r e s  of b ~ i c  a l ~ n i m  s a l t s  
de termined t o  d a t e ,  h ~ v e r ,  i t  s e e ~  t h a t  l ~ t t l a  prog re s s  t ~ a r d s  the t ~ e  
structures of chess m i n e r a l s  u~ll be ~ d e  ~ t i l  ~ t e r l a l  s u i t a b l e  f o r  s i n g l e  
~ryltal ~ a l y s i s  hectares ~ a i l a b l e .  

The p h y s i c a l  p r o p e r t i e s  d e s c r i b e d  a b l e  f o r  basa lum~ni te  s h ~  ~ y  
s i m i l a r i t i e s  to  those of  s c a r b r o i t e ,  a b a s i c  a l ~ n i ~  c a r b ~ a t e  m l n e r a l  
d e l e r i h e d  by Duff in  and Goodyear (1960).  Son ,b ra i se  is a f i n e - g g x i n e d ,  ~ i t e  
compact  mine ra l  f o ~ d  ~ s o e i a t e d  With g i b b a i c e  ~n f~asures  i n  landst~e a t  
S ~ t h  Bay, Se~bo tough .  The chemical  c o m p o ~ i t i ~  w u  determined to be 
A12(C03)~-12.9Al(0~)ylS,gH20 which is almost exactly equal to 
AIsCO3(oH)13 5.2H~O. A l t h o u ~  the h s wet d tees d b x . . . .  �9 . n o  o r p a e s  e e �9 y ~ a y  
d x f f r a c t x ~ ,  the chancel ~ a l y x i l  ecn tx ined  s e ~ r a l  pe r c e n t  o f  ~ e x p l a i n e d  
impurities including 3.2% SiO 2 ~d 1.8% SOy The SiO 2 w ~  a t t r i b u t e d  

b~ 

F 

o 2~o 46o ~o  she 
temperature ~ 

FIG. 6. DTA cu~e of: (a) basaluminite; (b_) baSalum/nite dehydrate (III). 
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FIG, 8. P o s s i b l e  d o u b l e - l a y e r  a r r ~ g e ~ n t  of hydroxyl  ions  i n  the  un i  
c e l l  of b a s a l ~ i n i t e  ( s o l i d  l i n e )  ~ d  i t s  r e l a t i o n s h i p  to  the t 

unit ell of gibbsite (dashed line). 

to free quartz, but as n~e w~ detected by X~ay diffracti~ it is quite 
possible that it is present ~ ~ mrphous or poorly crystalline alumino- 
s i l i c a t e .  The SO could be p r e s e n t  as s u l p h a t e  s u b s t i t u t i n g  fo r  c a r b ~ a t e  
in the mi~ral. ~lmo, as the authors admit, there is the possibility of 
cmtaminati~ by mall ~ t s  of gibbsite, which is f~d in asaociati~ 
~ t h  the m i n e r a l .  The e f f e c t  o f  ~ y  of these  would be t o  reduce the 
a l ~ n i ~  con ten t  i a  the f o ~ l a  ~ i t .  I t  would seem , t h e r e f o r e ,  t h a t  a 
chemical formula of AI4CO ((~) .nil 0 malogous to that of basalumlnite or 
c~e of i t s  d e h y d r a t i ~  p~duct]Ow~u~d not  be imposs ib l e .  

The electr~ mlcrograph ~d electr~ diffraeti~ patte~ of searhorite 
shown by Brindley ~d COmer (1960) bear a r~rkahle similarity to those 
recorded for basal~nite during this study, grindley ~d C~r (19gO). 
h ~ v e r ,  i n t e r p r e t  the e l e c t r o ~  d i f f r a e t i ~  p a t t e ~  ~s ~ e p r e s e n t i n g  a 
s e c t i ~  i n  a 'b*  r e c i p r o c a l  s p a ~  ~ d  o b t a i n  v a l ~ a  of d i e  0 ffi 9.90~ ~ d  
~O O = 14 h ~ r  This ~ u l d  be t r ~  ~ly i f  the e l e c t ~  b e ~  were 1 " ' . p a r a l l e l  to t~e ~ ~ s  of the o r y s t a l .  In f a c t  the e l e c t r ~  b e ~  i s  
p e r p e n d i c u l a r  to  the l a r g e  faces  of  the c r y s t a l  ~ d  c ~  be regarded  as 
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be ing  p a r a l l e l  to  c * .  This ~ s  t h a t  the spac ings  ob t a ined  f r ~  the 
e l e e t r ~ - d i f f r a e t i ~  p a t t e ~  g ive  ~ i t - e e l l  parameters  a ~ d  h ,  no t  d O0 
~ d  d . This c a s t s  s~ d ~ b t  ~ the r a t h e r  l a r g e - - t r l c l r u l e  ~ 
oell--fO~ed by Duffin ~d Goodyear (1960) ~ the b ~ i s  of these val~s. 
Nevertheless, it c~ be seen that the spacings obtained fr~ the electron 
diffracti~ patte~ are very close to, although slightly s~ller the, 
those obtained for basaluminite. 

The dehydration behaviour of the mineral is slmilar, but not identical, 
to that of hasal~minlte, shying various dehydrati~ states whose powder 
patte~s are dominated by strong basal reflecting. Because all the 
p ~ d e r  p a t t e ~ s  ~ r e  recorded a t  r o ~  temperature  i t  i s  d i f f i c u l t  to  r e l a t e  
the phases  d i r e c t l y  to those ob t a ined  i n  t h i s  s tudy ,  a l though  i t  i s  
apparent  t h a t  the b a s a l  spac ings  are g e n e r a l l y  s m a l l e r  t h ~  those o b t a i n e d  
for basalt~alnite. Treatment of basalu~nite wfth IM sodi~ carb~ate 
yields a phase possessing ~ X~ay p~der patte~ with d~paclngs very 
close to those of scarbroite, It is thus apparent tha~ scarbrolte ~d 
basalt~inite are very closely related, although the possibility that they 
represent different hydrati~ states ~st be bo~e in mind, A reinvestiga 
-ti~ of scsrbrolte is being undertaken in order to clarify this relati~- 
ship md perhaps also to provide more info~ti~ ~ to the structural 
characteristics of these mlnerals. 
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