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A B S T R A C T :  A  u n if ie d  system  o f  p ro je c tio n  o f  c h e m ic a l co m p o s itio n , p re p a re d  in i t ia l ly  fo r  
m icas  an d  c h lo r ite s , has been a p p lie d  to  m in e ra ls  o f  th e  s e rp e n tin e -k a o lin ite  g ro u p . I t  has been 
sho w n  th a t th e  c h e m ic a l c o m p o s itio n  in  th e  p ro je c tio n  f ie ld  is  c o n tro lle d  b y  th e  fo rm u la , th e  u n it  
o f  w h ic h  is : (R ^+ R j+nz) (S i(2_ ^ A y O s C O H ^ ,  w he re  u - \ - y z  = 3, z = y -  x. U s in g  p ro je c tio n  
fie lds  fo r  d if fe re n t c h e m ic a l system s i t  has been sh o w n  th a t am ong  the  m o s t im p o r ta n t end- 
m em bers  are k a o lin ite  m in e ra ls , tru e  serpentines, b e rth ie r in e , b r in d le y ite , am esite , c ro n s te d tite , 
g re e n a lite , n e p o u ite  an d  th e ir  analogues h a v in g  d if fe re n t su b s titu tio n s  in  th e  o c ta h e d ra l sheets.

C R Y S T A L L O C H E M I C A L  C L A S S I F I C A T I O N

A s sh ow n  for m ica s  (P art I) and  ch lor ites (P art II), th e  ch em ica l co m p o sitio n  and  its relation  
to  structure m ay  be rep resen ted  u sin g  th e  v ec to r  co n cep t. I f  s ig n ifica n t ch em ica l 
co m p o sitio n , as g iv en  by the crysta llo ch em ica l form ula , is a ss ig n ed  to  a  d efin ite  p o in t loca ted  
at th e  in tersectio n s o f  iso lin es, th is co n cep t b eco m es a lso  a u sefu l b asis for cry sta llo ch em ica l 
c la ssif ica tio n  o f  m in era ls ch aracterized  b y  the 7 人  rep eat u n i t ,人e. th e  serp en tin e-k a o lin  
group.

A s for m ica s  and  ch lorites, th e  projection  field  co n ta in s  is o l in e s :

|R 2+ -  sum  o f  d iv a len t ca tio n s, M g , F e 2+, N i an d  M n  per three o cta h ed ra l p o sitio n s;
|R 3+ -  sum  o f  tr iva len t ca tio n s, A l, F e 3+ and  C r per three o ctah ed ra l p o sitio n s;
丨口 -  n u m b er o f  v a ca n t sites per three o cta h ed ra l p o s it io n s ;
|S i(4_ y  -  n u m b er o f  Si per tw o  tetrahedral p o sitio n s , w h ere x  is  th e  n um ber o f  tr iv a len t  

ca tio n s  su b stitu tin g  for Si.

T h e  n od es at the in tersectio n s o f  th e  fo llo w in g  is o l in e s :

|R 2+ =  3, |R 3+ =  0, ]□ =  0, |S i =  2
|R 2+ =  2, | R 3 + = l ,  |D =  〇, |Si =  l

|R 2+ =  0, |R 3+ =  2, |n  =  1, |S i =  2

are ch o sen  as three corners d e lim itin g  th e  projection  field  for th e  serp en tin e-k a o lin  m in erals  

(F ig . 1).
A  layer o f  serp en tin e  and  k ao lin  co n ta in s o n e  tetrahedral and  o n e  o ctah ed ra l sh ee t as 

com p ared  to  tw o  o f  ea ch  in  a  layer o f  ch lor ite , so  th e  cry sta llo ch em ica l form ula  u n it i s :
w here u +  y  +  z =  3, z = - y - x .  A  co m p o s itio n  projecting  

in  any p o in t o f  the field  is  con tro lled  by th is  form ula.
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SER PEN TIN ES — KAOLINS

F i g . 1. Projection field for the condensed chemical composition of 1:1 phyllosilicates.
Composition isolines: R2+-M g，Fe2+, N i，Mn，Zn; R3+-A1，Fe3十，Cr; □-vacancies.

T h e p rojection  field  is  d iv id ed  a lon g  th e  iso lin e  |n  =  0*5 in to  tw o  parts. T h ey  correspond  to  
th e  tr ioctahedral subgroup, th e  serp en tin es, a n d  th e  d ioctah ed ra l subgroup , th e  k aolins.

F urther d ifferen tia tion  m u st b e  carried  ou t w ith in  certa in  ch em ica l system s. K a o lin s  are 
a lu m in iu m  silica tes  but serp en tin es are m a g n es iu m  or iron  (rarely n ic k e l or m an g a n ese)  
s ilica te s , a lu m in o -s ilica tes  or ferrosilica tes . T h e  ch em ica l co m p o sitio n  o f  th e  m ost freq u en t 
serp en tin es and  k a o lin s m a y  be en clo sed  in  th e  p o lyh ed ron  (F ig . 2) b e lo n g in g  to  the  
A I-M g -F e2+-n  system  o f  th e  co m p o sitio n  o f  th e  o ctah ed ra l sh eet. T h e  b o tto m , th e  r ight w a ll 
(F ig . 3), and  th e  top  (F ig . 4 ) o f  th is  p o lyh ed ron  are g ood  tw o -d im en sio n a l a p p ro x im a tio n s o f  

th is  sy stem  and  are c o n v e n ie n t to  rep resen t en d -m em b er co m p o sitio n s  o f  su ch  m in era ls ， lik e  
lizard ite  and  oth er  M g-serp en tin es , b erth ier in e , a m esite , g reen a lite  an d  k ao lin s. F or  
cro n sted tite , an oth er p o lyh ed ron  m u st b e  con stru cted , th e  top  o f  w h ic h  is  p resen ted  in  F ig , 5.

Kaolins are ch aracterized  by a  sim p le  an d  u n iform  ch em ica l co m p o sitio n  su ch  as th at 
represented  in  th e  left-h an d  c o m e r  o f  th e  tr ia n g le  in  F ig s . 1 -6 . In  co n tra st to  m o st o th er  
p h y llo silica tes , th ey  are free o f  isom orp h ou s su b stitu tion s. S o m e authors c la im  to  find  
su b stitu tio n s in  o ctah ed ra l or tetrahedral s ite s , related  to  b ig  ca tio n s  in  th e  in terlayer sp ace , 
but fu lly  d o cu m en ted  su b stitu tio n  in  k a o lin  p olym orp h s h as b een  d escr ib ed  on ly  in  
C r-h a lloysite  by M a k sim o v ic  &  W h ite  (1973). Structural layers w ith  F e 3+ in  o c ta h ed ra  th at  
m ig h t b u ild  th eoretica l F e* -k a o lin ite  (le ft-h a n d  c o m e r  in  F ig . 5) e x is t  o n ly  in  ch a p m a n ite  and  
b ism u toferrite , due to  th e  sta b iliz in g  e ffect o f  th e  in terlayer Sb  an d /o r  B i (Z h o u k h listo v  &  
Z v y a g in , 1977).

E n d -m em b er serpentines w ith  su ch  ca tio n s  as N i ,  Z n  and  M n  usually  co n stitu te  so lid - 
so lu tion  series w ith  th o se  serp en tin es p resen ted  in  F ig . 2 , e.g. n ep o u ite  is  th e  N i  an a logu e o f  
lizard ite , and  z in a lsite  an d  k elly ite  are th e  Z n  an d  M n  a n a logu es o f  a m esite . O ther N i- , Z n-

* In this work such a prefix indicates the predominant octahedral cation. It should not be confused with 
exchangeable interlayer cation not considered here.
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M g -  Ni - A l -  □ -  S E R P E N T IN E S - KAOLINITES

Ni=3

F ig. 2, Composition polyhedron for 1:1 phyllosilicates with Mg, Fe2+, A1 and □ in octahedra.

Fig. 3. Projection field for phyllosilicates with Mg, AI and □, (a bottom) and with Mg, Fe2+ and
A1 (a side wall of Fig. 2).
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Fe2>-A I-n -5 E R P E N T !N E S -K A O L IN S

dioctaheOral •卜 trioctahedral_____

Fe2*=0 Fe2*=1 Fe2+=2 Fe2 =3

F i g . 4. P ro je c tio n  f ie ld  fo r  1 :1 p h y llo s ilic a te s  w i th  F e 2 +，A1 an d  口 in  oc ta hed ra . 

F e2* — Fe3* -  n -S E R P E N T IN E S -K A O L IN S

y； d io c ta h e d ra l #  t r io c ta h e d ra l 一

F i g . 5. P ro je c tio n  f ie ld  fo r  1:1 p h y llo s ilic a te s  w i th  F e 2+, F e 3+, an d  □ in  octahed ra .

an d /or M n -serp en tin es are b r in d ley ite , b au m ite , and  caryop ilite , resp ectiv e ly ; tosa lite  is 
regarded as m a n g a n o a n  green a lite  (B ayliss, 1981). F ro m  a m o n g  th e  three sp ecified  e lem en ts  
the m ost im p ortan t seem s to  be N i. A  polyh ed ron  is  th en  con stru cted  for  the system  
M g -N i-A l-a , rep resen tin g  th e  co m p o sitio n  o f  th e  o cta h ed ra l sh ee t (F ig . 6). A p art from  the  
k n o w n  en d -m em b ers o f  th e  tr ioctah ed ral m in erals su ch  as liza rd ite , a m es ite , n ep o u ite  and  
brin d ley ite , the N i  an a logu e o f  a m esite  is p la ced  under th e  n a m e N i-a m esite , as n im esite  has
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M g - F e 2* -A I -a -S E R P E N T IN E 5 -K A O L IN S

F ig. 6. Composition polyhedron for 1:1 phyllosilicates with Mg, Ni, Al, and □ in octahedra.

been rejected by the Nomenclature Committee of the IMA (Maksimovic & Bish, 1978) on the 
basis that it is too similar to nimite (Ni-chlorite).

Brindleyite, a nickeloan aluminous serpentine mineral (Ni1.75All 0a0.25)(Si1.5Al0.5)O5(OH)4 
(Maksimovic & Bish, 1978) is not an analogue of berthierine as postulated by these authors. It 
occupies a distinct position in the projection field (Fig. 3); it is then a definite species having 
its own crystallochemical characteristics different from berthierine. The difference is in the 
octahedral vacancies, and twice the content of octahedral A1 as compared to berthierine, 
apart from the Ni content. It is justified to leave the name brindleyite for the nickeloan 
brindleyite, as it has been approved by the IMA Commission on New Minerals and Mineral 
Names. Therefore its Mg-variety will be distinguished by a prefix, Mg-brindleyite, similarly 
to Mg-berthierine which was originally iron bearing.

Odinite, a newly reported clay mineral (Bailey, 1988) has 'the structure bashed on 1:1 
serpentine-like layer that is intermediate between dioctahedral and trioctahedrar. In odinite, 
octahedral cations range from 2*3-2*54 per three sites for ten samples. Evidently the unstable 
chemical composition makes it impossible to project the

(Fe^8Mg0.77Al().56Fe^J8Ti0.02M n _ ) 2.4c](j.6(Si1.79Al0.21)O5(OH)4

crystallochemical formula for the purest sample in one point of the projection field, as the 
formula does not fulfil the condition z — y  — x  (compare u0.6 and z — 1*36 — 0*21 =  M5). 
However, points which are obtained from projection using orthogonal and oblique 
coordinates indicate that the structure of odinite is dioctahedral.



98 A. Wiewidra

The classification presented for the serpentines includes several important compositional 
joins. Among the most important, participating in solid-solutions are:

R5+Si20 5(0H )4 —serpentine, greenalite, nepouite
(Ri+R3.t)(Si15^ ) 0 5(0H )4 —berthierine
(R?.t5RjJn〇.25)(Si1.5^ ) 〇 5 (〇 H)4-brindleyite 
(RlJ R3+)(SiR3+) 0 5(〇H)4 一 amesite, cronstedtite

The listed names of distinctly different mineral species should be considered as the 
pre-eminent representatives of the trioctahedral subgroup of 1 : 1  minerals.

It is very significant that all the sensu stricto serpentines are located at/or close to isoline 
|d = 0 intersecting |Mg = 3 (Figs. 1-6). This indicates the tendency to fill all the octahedra in 
the structures with the comparable big cations. The net result is a bigger unit mesh of the 
octahedral than the tetrahedral sheet. This reflects in an unusual morphology from the 
normal planar type prevailing in lizardite, via alternating waves of antigorite, to cylindrical 
rolls of chrysotile.
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