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PACIFIC ATOLL SOILS: 

CHEMISTRY, MINERALOGY AND CLASSIFICATION 

BY 

R J. MORRISON 

A t o l l s  a re  e s s e n t i a l l y  r e e f s  o f  v a r i a b l e  t h i ckness  
b u i l t  up by c o r a l s  (and o t h e r  organisms) r e s t i n g  on a  
v o l c a n i c  base; they  are  unique t o  t r o p i c a l  and c e r t a i n  
s u b t r o p i c a l  oceans s i nce  t h e  r e e f - b u i l d i n g  organisms 
r e q u i r e  water temperatures i n  excess o f  22OC. A t o l l s  are  
widespread i n  t h e  South P a c i f i c  o c c u r r i n g  f rom Oeno and 
Ducie eas t  o f  French Po lynes ia  t o  Papua New Guinea i n  t h e  
west ,  f rom the  Nor thern  Marsha l l  I s l a n d s  i n  t h e  n o r t h  t o  
New Caledonia i n  t he  south .  Some c o u n t r i e s  c o n s i s t  
e n t i  r e l y  o f  a t01 1s e .  g. K i  r i  b a t i  , Tuvalu,  Tokelau,  o the rs  
c o n t a i n  a t o l l  groups e .g .  t h e  Tuamotu Arch ipe lago i n  
French Polynes ia ;  and some c o u n t r i e s  c o n s i s t  o f  main ly  
v o l c a n i c  i s l a n d s  w i t h  a  few i so la ted  a t o l l s  e . g .  Ontong 
Java i n  t he  Solomon I s l a n d s .  

The c l a s s i c a l  fo rm o f  an a t o l l  i s  a  more o r  l e s s  
cont inuous emerged o r  s l i g h t l y  emerged ca lcareous r e e f  
sur rounding a  lagoon b u t  Cumberland ( 1 9 5 6 )  has i d e n t i f i e d  
s i x  types o f  i s l a n d  i n  t h e  P a c i f i c  p a r t l y  o r  who l l y  
assoc ia ted  w i t h  c o r a l  r e e f s .  I n  t h i s  paper we s h a l l  
cons ider  a t o l l s  as be ing o f  two major types;  
( a )  low a t o l l s  where t h e  maximum h e i g h t  o f  t h e  emerged 
p o r t i o n  ( u s u a l l y  l e s s  than 5 m) i s  made up o f  
accumulat ions o f  broken r e e f  m a t e r i a l  depos i ted by storms, 
e.g. Takapoto i n  French Po lynes ia ,  Tarawa i n  K i r i b a t i ,  and 
( b )  r a i s e d  a t o l l s  where t h e  whole i s l a n d  has been 
t e c t o n i c a l  l y  up1 i f t e d  and the  a t01 1  morphology l a r g e l y  
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f o s s i l i z e d  (new f r i n g i n g  r e e f s  may have developed around 
them) e . g .  L i f o u  i n  t h e  L o y a l t y  I s l a n d s  (New Ca ledon ia ) ,  
Nauru and Niue.  T h i s  l a t t e r  group i s  a l s o  o f t e n  r e f e r r e d  
t o  g e o l o g i c a l  l y  as r a i s e d  c o r a l  p l  a t f o rms .  

The d e p o s i t i o n  and accumula t ion  o f  v o l c a n i c  ash 
and/or pumice has occur red  on many a t o l l s ,  b u t  t h e  e x t e n t  
o f  t h i s  occur rence decreases on moving f rom t h e  
t e c t o n i c a l l y  a c t i v e  zone o f  r e c e n t  vo lcan ism (10-25OS) i n  
t h e  south-west P a c i f i c  towards t h e  equa to r .  

The w ide l y  v a r i e d  n a t u r e  o f  a t o l l s  makes i t  d i f f i c u l t  
t o  g e n e r a l i s e  about them b u t  many have some f e a t u r e s  i n  
common. They u s u a l l y  have l i m i t e d  l a n d  area and few 
n a t u r a l  resources.  Low a t o l l s ,  p a r t i c u l a r l y  i n  t h e  
eas te rn  P a c i f i c  have l i m i t e d  s u p p l i e s  o f  f r e s h  water  and 
many a re  s u b j e c t  t o  pro longed d rough ts .  The groundwater 
i s  o f t e n  b r a c k i s h  ( s l i g h t l y  s a l t y ) .  T h i s  p e c u l i a r  
envi ronment has r e s u l t e d  i n  t h e  development o f  a  
s p e c i a l i s e d  f l o r a  - a  p l a n t  community adapted t o  s a l i n e ,  
a l k a l i n e  s o i l s ,  s u b j e c t  t o  water  s t r e s s  and s a l t  spray .  
The n a t u r a l  v e g e t a t i o n  i s  mos t l y  s t r a n d  spec ies  r e c r u i t e d  
f rom t h e  I n d o - P a c i f i c  s t r a n d  f l o r a  o f  t h e  shores o f  
i s l a n d s  o f  a l l  k i n d s  i n  t h e  r e g i o n .  The a g r i c u l t u r e  i s  
a l s o  r a t h e r  s p e c i a l i s e d ,  o f t e n  be ing r e s t r i c t e d  t o  
coconuts,  pandanus, b r e a d f r u i t  and such r o o t  c rops  as 
Co locas ia  and Cyrtosperma grown i n  p i t s  dug down t o  t h e  
groundwater tab1 e .  

The r a i s e d  a t01 1s f requen t l  y  have s i  g n i f  i cant1  y  
g r e a t e r  l and  areas and u s u a l l y  have rece i ved  a d d i t i o n s  o f  
v o l c a n i c  o r  o t h e r  non-calcareous m a t e r i a l s .  The g r e a t e r  
l and  area u s u a l l y  has a  l a r g e r  assoc ia ted  groundwater l ens  
t h a t  can be e x p l o i t e d  f o r  human consumption o r  i r r i g a t i o n  
bu t  t h e  r a i n f a l l  i s  s t i l l  g e n e r a l l y  r e l a t e d  t o  l o c a t i o n  
and i n  t h e  c e n t r a l  and eas te rn  P a c i f i c  pro longed d rough ts  
a re  common. On t h e  r a i s e d  a t o l l s  t h e  s o i l s  a r e  u s u a l l y  
o l d e r  and b e t t e r  developed as i s  t h e  n a t i v e  v e g e t a t i o n .  
S u b s t a n t i a l  f o r e s t s  o f  C a l o ~ h y l l u m  and r e l a t e d  spec ies  
have developed on many o f  these r a i s e d  i s l a n d s .  

A more d e t a i l e d  d i scuss ion  o f  t h e  chemis t ry  and 
minera logy o f  t h e  s o i l s  f rom a  number o f  i s l a n d s  i s  
i nc l uded  l a t e r  i n  t h i s  paper, b u t  some genera l  p o i n t s  
about a t o l l  s o i l s  can be made a t  t h i s  p o i n t .  S o i l  
p r o p e r t i e s  a re  t o  a  l a r g e  e x t e n t  dominated by t h e  
ca lcareous na tu re  o f  t h e  pa ren t  m a t e r i a l ,  whether o r  n o t  
t h i s  i s  covered w i t h  v o l c a n i c  ash o r  o t h e r  m a t e r i a l s .  The 
s o i l s  tend  t o  be sha l low,  a l k a l i n e ,  coarse t e x t u r e d ,  
hav ing  ca rbona t i c  o r  (where non-calcareous depos i t s  have 
accumu 1  a ted  and weathered e .g .  L i f o u ,  N iue)  o x i d i c  
minera logy except  where t h e r e  have been r e l a t i v e l y  recen t  



a d d i t i o n s  o f  v o l c a n i c  ash. The s o i l s  a r e  g e n e r a l l y  o f  
very  low s i l i c a  con ten t .  The f e r t i l i t y  i s  h i g h l y  
dependent on t h e  o rgan i c  ma t te r  con ten t .  Organic ma t te r  
can be h i g h  i n  und is tu rbed  s o i l s  under n a t u r a l  vege ta t i on ,  
b u t  can decrease d r a m a t i c a l l y  as a  r e s u l t  o f  i n a p p r o p r i a t e  
c u l t i v a t i o n  techn iques e.g. l and  c learance and weed 
c o n t r o l  by f i r e .  

As f o r  a l l  t r o p i c a l  s o i l s ,  o rgan i c  ma t te r  i n  a t o l l  
s o i l s  performs an impo r tan t  r o l e  i n  t h e  concen t ra t i on  and 
c y c l i n g  o f  p l a n t  n u t r i e n t s .  I n  a t o l l  s o i l s ,  however, a  
second r o l e  - t h a t  o f  mo i s tu re  r e t e n t i o n  - i s  e q u a l l y  
impo r tan t .  Since a t o l l  s o i l s  a r e  f r e q u e n t l y  sandy and 
excess i ve l y  we1 1  d ra ined ,  t he  mo is tu re  r e t e n t i o n  i n  t he  
absence o f  o rgan i c  ma t te r  i s  ve ry  low; t h e  t o t a l  amount o f  
water  r e t a i n e d  o f t e n  remains low and p l a n t s  a re  s u b j e c t  t o  
water s t r e s s  un less  t he  r a i n f a l l  i s  h i g h  and r e l a t i v e l y  
cons tan t  o r  they can t a p  t h e  f reshwate r  l e n s .  

Guano d e p o s i t i o n  i s  common on a t o l l s ,  g i v i n g  
reasonable supp l i es  o f  phosphorus. Potassium l e v e l s ,  on 
t h e  o t h e r  hand, a r e  f r e q u e n t l y  ex t remely  l o w , '  and t h e  
n e u t r a l  t o  a l k a l i n e  pH o f  these s o i l s  can make severa l  o f  
t he  t r a c e  elements, p a r t i c u l a r l y  i ron,  manganese and z i n c ,  
unava i l ab le  t o  p l a n t s .  The coarse t e x t u r e ,  h i g h  pH and 
ca lc ium dominat ion o f  t h e  exchange complex o f  many a t o l l  
s o i l s  would tend t o  i n d i c a t e  a  low capac i t y  t o  r e t a i n  
su lphu r ,  b u t  some su lphur  i s  made a v a i l a b l e  con t i nuous l y  
by s o l u t i o n  o f  t h e  c o r a l l i n e  m a t e r i a l s  which t y p i c a l l y  
c o n t a i n  0 . 2 - 0 . 3 %  su lphur  p l u s  atmospheric su lphur  de r i ved  
f rom sea-spray. 

For t he  purposes o f  t h i s  d i scuss ion ,  a t o l l  s o i l s  w i l l  
be cons idered i n  2 groups - low a t o l l s  and r a i s e d  a t o l l s .  
For t h e  low a t o l l s  i n f o r m a t i o n  f rom Tarawa, Tuva lu ,  Cook 
I s l a n d s  and t h e  French Polynes ian a t o l l s  o f  Takapoto and 
Tikehau w i l l  be considered,  w h i l e  d i scuss ion  o f  r a i s e d  
a t o l l s  w i l l  be r e s t r i c t e d  t o  L i f o u  i n  New Caledonia,  Nauru 
and Niue.  

CHEMISTRY OF LOW ATOLL SOILS 

Tarawa i n  K i r i b a t i  (1730E, 1°20'b4) i s a t y p i c a l  
example o f  a  low a t o l l .  I t  i s  rough ly  t r i a n g u l a r  i n  shape 
w i t h  t h e  southern arm be ing one of t h e  most densely 
popula ted areas i n  t h e  P a c i f i c  i s l a n d s .  Recent ly  t he  
s o i l s  o f  two areas have been s t u d i e d  i n  d e t a i l  (Seru and 
Mor r i son ,  1985; Mor r i son  and Seru,  1986). The chemical 
da ta  ob ta ined  a r e  t y p i c a l  of those  f o r  s o i l s  o f  low 
a t o l l s .  

Many o f  the p r o p e r t i e s  a r e  r e l a t e d  t o  t h e  o rgan i c  



mat te r  con ten t  o f  t h e  t o p s o i l .  Organic carbon values 
vary  f rom about 2-20% depending on t h e  age o f  t h e  s o i l ,  
the  vege ta t i on  and s o i l  management. I n  t h e  s u b s o i l s  
o rgan i c  carbon va lues  a r e  always low (<0 .5%)  un less t h e r e  
has been cons iderab le  s o i l  d i s tu rbance ,e .g . ,  due t o  t h e  
d i g g i n g  o f  Cyrtosperma p i t s .  N i t r o g e n  values f o l l o w  t h e  
o rgan i c  con ten ts  c l o s e l y  as C : N  r a t i o s  u s u a l l y  range f rom 
9-12 f o r  t o p s o i l s  and 8-12 f o r  s u b s o i l s .  Water r e t e n t i o n  
aga ins t  15 bar p ressure  i s  c l o s e l y  c o r r e l a t e d  w i t h  o rgan ic  
mat te r  con ten t ;  va lues o f  5-25% have been ob ta ined  f o r  
t o p s o i l s ,  w h i l e  f o r  s u b s o i l s  t h e  va lues  a re  always low (2- 
4%) .  Ca t i on  exchange capac i t y  i s  a l s o  c l o s e l y  r e l a t e d  t o  
o rgan i c  mat te r  f o r  t o p s o i l s  w i t h  va lues i n  t h e  range 6-60 
cmol/kg w h i l e  t h e  va lues  f o r  t h e  sandy ca lcareous s u b s o i l s  
a re  u s u a l l y  l e s s  than  2  cmol/kg. Exchangeable magnesium 
va lues a re  g e n e r a l l y  around 4-6 cmol/kg, sodium con ten ts  
a re  about 0 .2  cmol/kg bu t  potassium values a re  always low 
r i s i n g  about 0 .1  cmol/kg o n l y  i n  t o p s o i l s  w i t h  s u b s t a n t i a l  
o rgan ic  mat te r  con ten t s .  

The ca lc ium carbonate con ten t  i s  always h i g h  rang ing  
f rom 55-90% f o r  t o p s o i l s  and be ing g rea te r  than  90% f o r  
s u b s o i l s .  Th i s  dominance o f  t h e  enviroment by carbonate 
leads t o  h i g h  pH va lues ;  pH ( w a t e r )  va lues f o r  t o p s o i l s  
were i n  t h e  range 7.5-8.5 and f o r  s u b s o i l s  8 .5-9 .1 ;  pH 
(CaC12, 0.01 mol /L)  va lues  were i n  t h e  range 7 .1-7 .6  f o r  
t o p s o i l s  and 7.5-8.0 f o r  s u b s o i l s .  

E x t r a c t a b l e  phosphorus (Olsen procedure)  va lues are 
g e n e r a l l y  low (5-15 mg/kg) f o r  t o p s o i l s  and very  low ( ( 1  
mg/kg) f o r  s u b s o i l s .  The t o t a l  phosphorus con ten ts  vary  
cons iderab ly  rang ing  f rom 500-30,000 mg/kg f o r  t o p s o i l s  
and f rom 300-5000 mg/kg f o r  s u b s o i l s .  Phosphate 
e x t r a c t a b l e  su lpha te  va lues range f rom 20-50 mg/kg f o r  
t o p s o i l s  b u t  a re  g e n e r a l l y  low (<20  mg/kg) i n  s u b s o i l s .  
To ta l  su lphur  va lues a re  f a i r l y  cons tan t  a t  around 4000 
mg/kg f o r  a l l  s o i l s .  

Tuvalu c o n s i s t s  o f  9  i s l a n d s  l y i n g  between 5O and l o 0  
S l a t i t u d e  and 175O and 180° E l o n g t i t u d e .  The i s l a n d s  
a re  a l l  low a t o l l s ,  f r e e  o f  any major  depos i t s  o f  v o l c a n i c  
m a t e r i a l s  a l though  phosphat ic  m a t e r i a l s  are  concent ra ted 
i n  smal l  areas.  As p a r t  o f  a  programme t o  develop some 
i n t e n s i f i e d  a g r i c u l t u r e  (S .Ca iger ,  personal  communication) 
a  number o f  s o i l  samples have been analysed a t  t h e  Land 
Resources Development Centre Laboratory  (UK) and a t  t h e  
U n i v e r s i t y  o f  t h e  South P a c i f i c  I n s t i t u t e  o f  Na tu ra l  
Resources Laboratory  i n  Suva. Examination o f  these da ta  
(Tab le  1 )  shows t h a t  t h e r e  a re  many s i m i l a r i t i e s  w i t h  t h a t  
ob ta ined  on Tarawa. One major d i f f e r e n c e  i s  t h e  presence 
i n  Tuvalu o f  areas o f  known phosphate accumulat ion.  These 
may be r e l a t e d  t o  b i r d  n e s t i n g  a c t i v i t i e s  assoc ia ted  w i t h  



TABLE 1 .  Chemical Data f o r  Some Tuvalu S o i l s  

SUBS01 LS 

Range Determi n a t i o n  Range 

pH 1 :5  H20 

E.C. ms/cm 1:5 H20 

CaC03 % 

Exchangeable Na 

Cat ions K 

To ta l  N % 

Org C % 

Olsen P ppm 

Hot H20 s o l  B ppm 



s p e c i f i c  v e g e t a t i o n  t y p e s  i n  t h e  p a s t .  These a reas  g i v e  
v e r y  h i g h  t o t a l  phosphorus v a l u e s  (2-5% P) and h i g h  Olsen 
e x t r a c t a b l e  phosphorus v a l u e s  ( >  50 mg/kg).  

The d a t a  h e r e  a l s o  c l e a r l y  i n d i c a t e  t h e  v e r y  low 
l e v e l s  of c e r t a i n  m i c r o n u t r i e n t s  found i n  t h e  s o i l s  o f  low 
a t o l l s .  I r o n ,  manganese, copper and z i n c  a r e  a l l  p r e s e n t  
i n  e x t r e m e l y  low ( t o t a l )  amounts, such t h a t  t h e  p l a n t  
a v a i l a b l e  s u p p l i e s  o f  t hese  e lements  must be m in ima l  i n  
t h e  absence o f  e x t e r n a l  s u p p l i e s .  

Data o b t a i n e d  f o r  t h e  s o i l s  o f  Manuae and Pa lmers ton 
i n  t h e  Cook I s l a n d s  (Bruce,  1972) show v e r y  s i m i l a r  
p a t t e r n s  t o  t h o s e  d e s c r i b e d  above. pH va lues  f r o m  7.1-  
8 . 3 ,  o r g a n i c  carbon c o n t e n t s  o f  2-6%, C / N  r a t i o s  o f  11-18, 
t o t a l  phosphorus l e v e l s  o f  100-1600 mg/kg and a v a i l a b l e  
phosphorus o f  20-80 mg/kg were reco rded .  CEC v a l u e s  were 
g e n e r a l l y  low (5-26 cmol /kg)  w i t h  v e r y  low l e v e l s  of 
po tass ium.  

T e r c i n i e r  (1969)  i n  h i s  d i s c u s s i o n  o f  Takapoto a l s o  
s t r e s s e s  t h e  impor tance o f  t h e  o r g a n i c  m a t t e r  c o n t e n t .  He 
observed a  r e l a t i o n s h i p  between o r g a n i c  m a t t e r  and wa te r  
r e t e n t i o n .  Organ ic  m a t t e r  i nc reases  i n  moving f r o m  t h e  
ocean s i d e s ,  bombarded by waves t o  more s t a b l e  a reas  near  
t h e  lagoon.  The c a t i o n  r e t e n t i o n  c a p a c i t y  o f  t h e  s o i l s  i s  
a l s o  c l o s e l y  r e l a t e d  t o  t h e  o r g a n i c  m a t t e r  c o n t e n t  and t h e  
accumu la t i on  o f  n i t r o g e n ,  phosphorus and potass ium i n  t h e  
o r g a n i c  r i c h  s u r f a c e  l a y e r s  was observed.  

On T ikehau,  Jamet (1985)  found t h a t  t h e  c a l c i u m  
carbonate  c o n t e n t  o f  t o p s o i l s  was 80-90% w i t h  g e n e r a l l y  
more t h a n  90% i n  t h e  s u b s o i l s .  T o t a l  po tass ium c o n t e n t  
was a lways low ( < 0 . 0 5 % )  as was exchangeable potass ium 
( < 0 . 3  c m o l ( p + ) / k g )  w h i l e  t h e  phosphorus l e v e l s  v a r i e d  
depending on whether o r  n o t  s i g n i f i c a n t  guano d e p o s i t i o n  
had o c c u r r e d .  S u b s o i l  pH v a l u e s  u s u a l l y  were between 8 
and 9, b u t  i n  t h e  t o p s o i l s  w i t h  r e l a t i v e l y  h i g h  o r g a n i c  
m a t t e r  c o n t e n t s  t h e  v a l u e s  ranged f r o m  7 .0-7 .5 .  

Thus i t  can be seen t h a t  i n  t h e  low a t o l l s  t h e  s o i l s  
a r e  a l k a l i n e ,  w i t h  most o f  t h e  s o i l  " f e r t i l i t y "  r e l a t e d  t o  
t h e  accumulated o r g a n i c  m a t e r i a l .  Under these  c o n d i t i o n s  
n i t r i f i c a t i o n  i s  favoured  b u t  t o x i c  accumu la t i ons  o f  
n i t r a t e  a r e  u n l i k e l y  u n l e s s  t h e r e  a r e  unusual h y d r o l o g i c a l  
c o n d i t i o n s .  V o l a t i l i z a t i o n  o f  n i t r o g e n  as NH3 f rom 
ammonium and u r e a  f e r t i l i z e r s  w i l l  o c c u r ,  w i t h  
p a r t i c u l a r 1  y  l a r g e  l o s s e s  o c c u r i n g  i f  these  m a t e r i a l s  a r e  
n o t  i n c o r p o r a t e d .  The a v a i  1  a b i  1  i t y  o f  phosphorus i s  
c o n t r o l l e d  by c a l c i u m  a c t i v i t y  and much f e r t i l i z e r  P  w i l l  
be p r e c i p i t a t e d  as c a l c i u m  phosphates o r  adsorbed on t h e  
s u r f a c e s  o f  t h e  ca rbona tes .  Band a p p l i c a t i o n s  o f  P  a r e  



recommended so t h a t  P w i  11 be a v a i  l a b l e  t o  seed1 i n g s  soon 
a f t e r  emergence. K a v a i l a b i l i t y  i s  decreased by h i g h  Ca 
and/or Mg l e v e l s ;  t h e  low l e v e l s  o f  K i n  t h e  c o r a l  
l imes tone  p a r e n t  m a t e r i a l s  mean t h a t  t h i s  e lement  w i l l  
a lways be i n  s h o r t  s u p p l y .  

S u p p l i e s  o f  a v a i l a b l e  Ca and Mg a r e  p l e n t i f u l  i n  low 
a t o l l  s o i l s  b u t  imbalances w i t h  K and m i c r o n u t r i e n t s  cause 
s i g n i f i c a n t  p l a n t  n u t r i t i o n  prob lems.  Su lphur  i s  u s u a l l y  
a v a i l a b l e  i n  sma l l  q u a n t i t i e s  f rom s o l u t i o n  o f  l i m e s t o n e  
and f rom r a i n w a t e r  b u t  i f  c rops  w i t h  l a r g e  S requ i remen ts  
a r e  grown i n t e n s i v e l y  , e x t e r n a l  a d d i t i o n s  w i  1 1  be 
r e q u i  r e d .  Avai 1 a b l e  B decreases moderate1 y  w i t h  
i n c r e a s i n g  s o i l  pH, b u t  few 3 d e f i c i e n c i e s  have been 
r e p o r t e d  on c a l c a r e o u s  s o i l s .  Mo s o l u b i l i t y  and 
a v a i l a b i l i t y  i n c r e a s e  w i t h  i n c r e a s i n g  pH b u t  low Mo 
c o n t e n t s  i n  t h e  p a r e n t  roch  may l e a d  t o  d e f i c i e n c i e s .  

S o l u b i l i t i e s  of Cu, Fe, Mn, Zn decrease w i t h  
i n c r e a s i n g  s o i l  pH. Cu d e f i c i e n c i e s  a r e  l e s s  r e l a t e d  t o  
s o i l  pH t h a n  a r e  t-hose o f  t h e  o t h e r  m i c r o n u t r i e n t s .  Zn 
forms r e l a t i v e l y  i n s o l u b l e  z i n c a t e s  i n  ca l ca reous  s o i l s  
and Fe uptake i s  reduced by h i g h  b i c a r b o n a t e  
c o n c e n t r a t i o n s  i n  t h e  s o i l  s o l u t i o n .  W i th  t h e  r e l a t i v e l y  
low c o n t e n t s  i n  c o r a l  l i m e s t o n e  a l l  o f  t hese  e lements a r e  
l i k e l y  t o  be h i g h l y  d e f i c i e n t  i n  s o i l s  o f  t h e  low a t o l l s .  

MTNERALOGV OF LOW ATOLL SOILS 

As t h e  s o i l s  o f  t h e  low a t o l l s  a r e  dominated by 
c a l c i u m  carbonate  t h e  m ine ra logy  i s  a lmost  e x c l u s i v e l y  
c a r b o n a t e .  The dominant r n i ~ e r a l s  a r e  c a l c i t e  and 
a r a g o n i t e ,  t h e  common forms o f  c a l c i u m  carbonate  d e p o s i t e d  
by r e e f  f o r m i n g  and r e e f  l i v i n g  organisms.  C a l c i t e  
c o n t a i n s  v a r y i n g  amounts o f  magnesium ( s u b s t i t u t i n g  f o r  
c a l c i u m  i n  t h e  m i n e r a l  s t r u c t u r e ) .  I f  t h e  magnesi um 
c o n t e n t  i s  > I % ,  t h e  m i n e r a l  i s  d e s c r i b e d  as h i g h  magnesium 
c a l c i t e ;  o t h e r  fo rms a r e  r e f e r r e d  t o  as low magnesium 
c a l c i t e .  There i s  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  m i n e r a l  
c o n t e n t  o f  low a t o l l  s o i l s  as i l l u s t r a t e d  below.  

The r e s u l t s  o f  t h e  m i n e r a l o g i c a l  ana lyses  o f  samples 
f r o m  s e v e r a l  pedons on Abatao I s l e t ,  Tarawa a r e  summarised 
i n  Tab le  2 ( M o r r i s o n  and Seru,  1 9 8 6 ) .  These c o n f i r m  t h e  
dominance o f  t h e  2 p r i n c i p a l  fo rms o f  c a l c i u m  carbonate-  
c a l c i t e  and a r a g o n i t e .  I n  c o n t r a s t  t o  t h e  lagoon sediment  
m i n e r a l  samples, (Weber and Woodhead, 1 9 7 2 )  c a l c i t e  i s  t h e  
dominant m i n e r a l  i n  a l l  o f  t h e  s o i l  samples w i t h  a r a g o n i t e  
be ing  t h e  m ino r  component. The r e l a t i v e  p r o p o r t i o n  o f  
h i g h  and low magnesium c a l c i t e  v a r i e s  b u t  t h e r e  i s  no 
p a r t i c u l a r  p a t t e r n  t o  t h i s  v a r i a t i o n  except  t h a t  h i g h  
magnesium c a l c i t e  tends  t o  dominate i n  s o i l s  on t h e  lagoon 
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TABLE 2. ABATAO SOILS : APPROXIMATE MINERALOGICAL COMPOSITION 
( <  200 MESH SAMPLES) 

DEPTH (cm) ARAGONITE CALCITE (High Mg) CALCITE (Low Mg) 

6 - 31 3 5 ( >  70%) 2 

31  - 60 2 5 ( >  70%) 2 

0 - 15 3 4 3 

50 - 60 2 5 ( >  70%) 2 

OTHERS 
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s i d e  o f  t h e  i s l e t s .  A p a t i t e  was de tec ted  i n  o n l y  one 
sample. 

The minera logy da ta  f o r  t h e  Tarawa s o i l s  a re  i n  
general  agreement w i t h  t h e  observa t ions  o f  Hathaway (1965) 
f o r  s o i l s  o f  t h e  Nor thern  Marsha l l  I s l a n d s .  Hathaway 
found t h a t  h i g h  magnesium c a l c i t e  was t h e  dominant m inera l  
i n  most s o i l s ,  except  f o r  t h e  coarses t  f ragments i s  some 
p r o f i l e s  where a ragon i t e  was t h e  major c o n s t i t u e n t .  Low 
magnesium c a l c i t e  was p resen t  i n  on l y  one sample. Hammond 
(1969) i n  a  s tudy o f  s o i l s  o f  Chr is tmas I s l a n d  
( K i r i t i m a t i )  found t h a t  a ragon i t e  was t h e  dominant 
component, t h i s  m inera l  be ing p resen t  i n  t h e  g r e a t e s t  
amounts i n  t h e  coarse f ragments.  Cal c i  t e  was more 
abundant where f o r a m i n i f e r a  dominated t h e  depos i t s .  Most 
c a l c i t e  was h i g h  i n  magnesium b u t  low magnesium c a l c i t e  
was p resen t  ma in ly  i n  t h e  coarse sand, very  f i n e  sand and 
s i l t  f r a c t i o n s .  

Samples f rom Manuae and Palmerston showed a  general 
dominance o f  a ragon i t e  over c a l c i t e  w i t h  t h e  a ragon i t e  
con ten t  be ing g r e a t e s t  i n  t h e  coarser  s o i l s  (Bruce, 1972).  
S i g n i f i c a n t  amounts (10-20%) o f  a p a t i t e  were a l s o  detected 
and a  smal l  amount o f  an unknown amorphous m a t e r i a l  was 
p resen t  i n  a l l  samples. 

Aragoni te  which forms t h e  hard p a r t s  o f  c o r a l s  o r  
a1 gae and h i g h  magnesi um c a l c i t e  f rom a1 ga l  ske l  e ta1 
m a t e r i a l  a re  more abundant i n  most sha l low water marine 
environments than low magnesium c a l c i t e ,  b u t  among deep 
sea oozes r i c h  i n  c a l c i t i c  f o r a m i n i f e r a  and c o c c o l i t h s ,  
t h e  more s t a b l e  low magnesium c a l c i t e  i s  t h e  predominant 
phase (Chave, 1962). I t  should be noted t h a t  low 
magnesium c a l c i t e  i s  t h e  thermodynamical ly s t a b l e  phase 
under t h e  c o n d i t i o n s  p r e v a i l i n g  a t  t h e  E a r t h ' s  su r f ace .  

The presence o f  s u b s t a n t i a l  q u a n t i t i e s  of low 
magnesium c a l c i t e  i n  t he  su r face  hor i zons  o f  f o u r  Abatao 
pedons i s  o f  cons iderab le  i n t e r e s t .  Whi le t h i s  m inera l  
was found on Chr istmas I s l a n d  i t  was always a  minor 
component (Hammond, 1969) and was on l y  detected i n  one 
Nor thern Marsha l l s  sample (Hathaway, 1965). The presence 
o f  t h i s  m inera l  may be caused by su r face  a d d i t i o n  o f  a l g a l  
s k e l e t a l  m a t e r i a l  o f  low magnesium con ten t  o r  may be t he  
r e s u l t  o f  a l t e r a t i o n  o f  a ragon i t e  t o  c a l c i t e ,  a l though t he  
l a t t e r  process was cons idered t o  be o f  l i t t l e  importance 
i n  t he  Nor thern  Marsha l l s  (Hathaway, 1965). Chave (1962) 
i n  a  study o f  carbonate sediments found an increase i n  low 
magnesium c a l c i t e  con ten t  w i t h  decrease i n  p a r t i c l e  s i z e  
and asc r ibed  t h i s  t o  a  s e l e c t i v e  l o s s  o f  uns tab le  m inera ls  
due t o  i n v e r s i o n  ( t o  a  more s t a b l e  form) o r  s o l u t i o n .  



CLASSIFICATION OF LOW ATOLL SOILS 

One o f  t h e  major  d i f f i c u l t i e s  encountered when 
c o n s i d e r i n g  t h e  c l a s s i f i c a t i o n  o f  a t o l l  s o i l s  i s  t h e  major  
change t h a t  has taken  p l a c e  i n  s o i l  c l a s s i f i c a t i o n  over  
t h e  l a s t  50 years .  Much o f  t h e  e a r l y  work on a t o l l  s o i l s  
was c a r r i e d  o u t  by American s c i e n t i s t s  work ing  i n  t h e  
c e n t r a l  and western  P a c i f i c  I s l a n d s  i n  t h e  1940's  and 
e a r l y  1950 's .  A t  t h a t  t i m e  s o i l  c l a s s i f i c a t i o n  was based 
on t h e  system developed f o r  p u b l i c a t i o n  i n  t h e  1938 " S o i l s  
and Men" monograph (Ba ldw in  e t  a l . ,  1938) .  As p o i n t e d  o u t  
by Smi th  (1983)  t h i s  system o f  c l a s s i f i c a t i o n  was produced 
h u r r i e d l y  t o  meet t h e  p u b l i c a t i o n  d e a d l i n e  and as a  
consequence many f a c e t s  were i n c o m p l e t e l y  developed and 
d e f i n e d .  A l though  t h e  '1938 '  system underwent a s e r i e s  o f  
m o d i f i c a t i o n s  up u n t i l  1959, i t  was recogn ized  by 1950 
t h a t  major  d i f f i c u l t i e s  c o u l d  n o t  be overcome and t h a t  t h e  
development o f  a  new system was e s s e n t i a l  i f  a  
s a t i s f a c t o r y  taxonomy was t o  be o b t a i n e d .  The new 
taxonomy was developed t h r o u g h  a  s e r i e s  o f  approx ima t ions  
and p u b l i s h e d  i n  1975 as S o i l  Taxonomy ( S o i l  Survey S t a f f ,  
1975) .  S o i l  Taxonomy i s  now w i d e l y  used t h r o u g h o u t  t h e  
w o r l d  and i s  c o n t i n u a l l y  b e i n g  m o d i f i e d  as new i n f o r m a t i o n  
o r  b e t t e r  c r i t e r i a  f o r  g r o u p i n g  s o i l s  become a v a i l a b l e .  
I n  t h i s  paper a l l  s o i l s  a r e  c l a s s i f i e d  a c c o r d i n g  t o  S o i l  
Taxonomy b u t ,  where a p p r o p r i a t e ,  r e l a t i o n s h i p s  t o  t h e  
'1938'  system (and i t s  m o d i f i c a t i o n s )  a r e  i n c l u d e d .  P r i o r  
t o  d i s c u s s i n g  t h e  d e t a i l s  o f  t h e  c l a s s i f i c a t i o n  o f  
i n d i v i d u a l  s o i l s ,  some i n t r o d u c t o r y  comments on t h e  two 
systems a r e  presented.  

I n  t h e  '1938'  system ( p a r t i c u l a r l y  a f t e r  t h e  
r e v i s i o n s  up t o  and i n c l u d i n g  1949) s o i l s  were c l a s s i f i e d  
i n  a  h i e r a r c h e a l  system h a v i n g  s i x  c a t e g o r i e s  - o r d e r ,  
suborde r ,  g r e a t  s o i l  g roup,  f a m i l y ,  s e r i e s  and t y p e .  
Three s o i l  o r d e r s  ( Z o n a l ,  I n t r a z o n a l  and Azona l )  were 
developed.  A t o l l  s o i l s  were i n c l u d e d  i n  t h e  Ha lomorph ic  
and Ca lc imorph ic  suborders  o f  t h e  I n t r a z o n a l  s o i l s  p l u s  
t h e  Azonal s o i l s  (no  suborders  were prepared f o r  t h i s  
o r d e r ) .  The p r i n c i p a l  g r e a t  groups were Rendzina s o i l s ,  
L i t h o s o l s  and Regosols.  Rendzinas were s o i l s  h a v i n g  da rk  
c o l o u r e d  b a s e - r i c h  s u r f a c e  h o r i z o n s  formed f r o m  c a l c a r e o u s  
p a r e n t  m a t e r i a l s  i n  humid areas m a i n l y  under f o r e s t .  
L i t h o s o l s  were s o i l s  w i t h  t h i n ,  and o f t e n  i r r e g u l a r ,  
h o r i z o n s  ove r  r o c k  w h i l e  Regosols were developed m a i n l y  
f r o m  s o f t  o r  u n c o n s o l i d a t e d  p a r e n t  m a t e r i a l s  w i t h  o r  
w i t h o u t  t h i n  c o v e r i n g s  o f  t r u e  s o i l .  

I n  S o i l  Taxonomy t h e r e  a r e  s i x  c a t e g o r i e s  i n  t h e  
h i e r a r c h e a l  system. The b a s i s  f o r  t h e  g roup ings  i n  each 
c a t e g o r y  i s  summarised i n  Tab le  3 .  Low a t o l l  s o i l s  w i l l  



u s u a l l y  be found i n  t h e  o rde rs  o f  E n t i s o l s  ( i . e . ,  r e c e n t  
s o i l s ,  hav ing  no major d i a g n o s t i c  f e a t u r e s ) ,  I n c e p t i s o l s  
( s o i l s  near t o  p o i n t  o f  i n c e p t i o n ,  showing evidence o f  
p r o f i l e  development beyond t h a t  o f  t h e  E n t i s o l s )  o r  
M o l l i s o l s  ( base - r i ch  s o i l s  hav ing  r e l a t i v e l y  deep dark  
co loured ,  o rgan i c  r i c h ,  w e l l - s t r u c t u r e d  su r face  hor i zons-  
t h e  m o l l i c  epipedon).  

TABLE 3 The D i f f e r e n t i a t i n g  C h a r a c t e r i s t i c s  o f  t h e  
Categor ies  i n  S o i l  Taxonomy ( a f t e r  Buol e t  a l . ,  
1980) 

- -- - - - 

Category Nature o f  D i f f e r e n t i a t i n g  C h a r a c t e r i s t i c s  

Order S o i l - f o r m i n g  processes as i n d i c a t e d  by 
presence o r  absence o f  major  d i a g n o s t i c  
hor  i zons. 

S ~ b o r d e r  Genet ic  homogeneity. Subd i v i s i on  o f  o rde rs  
accord ing  t o  presence o r  absence o f  
p r o p e r t i e s  assoc ia ted  w i t h  wetness, s o i l  
mo i s tu re  regimes, major paren t  m a t e r i a l ,  and 
vege ta t i ona l  e f f e c t s  as i n d i c a t e d  by key 
p r o p e r t i e s ;  o rgan i c  f i b r e  decomposi t ion stage 
i n  H i s t o s o l s .  

Great  group Subd i v i s i on  o f  suborders accord ing t o  s i m i l a r  
k i n d ,  arrangement, and degree of express ion 
o f  ho r i zons ,  w i t h  emphasis on upper sequum; 
base s t a t u s ;  s o i l  temperature and mo is tu re  
regimes; presence o r  absence o f  d i a g n o s t i c  
l a y e r s  ( p l i n t h i t e ,  f r a g i p a n ,  d u r i p a n ) .  

Subgroup Cen t ra l  concept  t axa  f o r  g r e a t  group and 
p r o p e r t i e s  i n d i c a t i n g  i n t e r g r a d a t i o n s  t o  
o t h e r  g r e a t  groups, suborders,  and o r d e r s ;  
e x t r a g r a d a t i o n  t o  " n o t  s o i l . "  

Se r i es  

Broad s o i  1  t e x t u r a l  c l  asses averaged over 
c o n t r o l  s e c t i o n  o r  s o l  um; m ine ra log i ca l  
c lasses  f o r  dominant minera logy o f  solum; 
s o i l  temperature c lasses  "based on mean 
annual s o i l  temperature a t  50 cm (20 i n . )  
depths 

K ind  and arrangement o f  ho r i zons ;  c o l o u r ,  
t e x t u r e ,  s t r u c t u r e ,  cons is tence,  and r e a c t i o n  
o f  ho r i zons ;  chemical and m i n e r a l o g i c a l  
p r o p e r t i e s  o f  t h e  hor i zons .  



A major  d i f f e r e n c e  between t h e  '1938' system and 
Soi 1  Taxonomy r e l a t e s  t o  t h e  group ing o f  s o i  1  s e r i e s  i n t o  
f a m i l i e s .  The '1938' system i n t roduced  s o i l  f a m i l i e s  as 
a  category  between t h e  g r e a t  s o i l  groups and s o i l  s e r i e s ,  
b u t  cons iderab le  d i f f i c u l t y  was encountered i n  de te rm in ing  
what c h a r a c t e r i s t i c s  t o  use f o r  such group ings.  As l a t e  
as 1949 Riecken and Smith commented " A t  p resen t  t h e r e  i s  
l i t t l e  pub l i shed  m a t e r i a l  f o r  guidance i n  t h e  group ing o f  
s e r i e s  i n t o  f a m i l i e s " .  I n  c o n t r a s t ,  S o i l  Taxonomy has 
s o i l  f a m i l i e s  de f i ned  as groupings o f  s o i l  s e r i e s  "hav ing  
s i m i l a r  phys i ca l  and chemical p r o p e r t i e s  t h a t  a f f e c t  t h e i r  
management and man ipu la t i on  f o r  use" .  

The s o i l s  o f  t he  low a t o l l s  f r e q u e n t l y  c o n s i s t  of 
accumulat ions o f  o rgan i c  ma t te r ,  guano, pumice o r  o t h e r  
t r anspo r ted  m a t e r i a l  on t op  o f  a  ca lcareous sand 
(ca lca reous  a lgae,  forams, s h e l l s ,  e t c . )  o r  l imestone 
substratum. L i t t l e  p r o f i l e  development has occur red and 
t he  development o f  any s i g n i f i c a n t  B ho r i zons  i s  n o t  
expected because o f  t h e  na tu re  o f  t h e  paren t  m a t e r i a l  
( ca l c i um carbona te ) ,  t he  r e l a t i v e  youth o f  many low a t o l l s  
(<5,000 years )  and t he  geographical  i s o l a t i o n  which has 
r e s t r i c t e d  ( t o g e t h e r  w i t h  t h e  environment)  t he  development 
o f  t he  f l o r a .  Repeated removal o f  A ho r i zons  has occur red 
on some a t o l l s  as a  r e s u l t  o f  cyc lones,  r e q u i r i n g  s o i l  
f o rma t i on  t o  recommence p e r i o d i c a l l y .  

As a  r e s u l t  t h e  v a s t  m a j o r i t y  o f  s o i l s  o f  t h e  low 
a t o l l s  a re  E n t i s o l s  ( S o i l  Survey S t a f f ,  1975) c o n s i s t i n g  
o f  t h e  accumulat ion o f  a  t h i n  l a y e r  o f  o rgan i c  r i c h  c o r a l  
sand over t h e  c o r a l l i n e  substratum. A t  t h e  suborder l e v e l  
t he  E n t i s c l s  a re  subd iv ided  on t h e  bas i s  o f  t h e  s o i l  
mo is tu re  regime o r  t h e  p a r t i c l e  s i z e  d i s t r i b u t i o n  i n  t h e  
c o n t r o l  s e c t i o n  (25 cm - 1  m,  25 cm t o  a  l i t h i c  con tac t  i f  
one i s  p resen t  w i t h i n  a  depth o f  1 m). S o i l s  hav ing  t h e  
groundwater t a b l e  near t h e  su r face  have an aqu ic  s o i l  
mois ture  regime and {a re  c l a s s i f i e d  as Aquents.Many a t o l l  
s o i l s  a re  sandy i . e .  t h e  t e x t u r e  o f  t h e  f i n e  e a r t h  i s  sand 
o r  loamy sand t h a t  con ta ins  l e s s  than 50 per  c e n t  ve ry  
f i n e  sand and rock f ragments make up l e s s  than  35 per  c e n t  
by volume (and do n o t  have an aqu ic  s o i l  mo is tu re  regime) 
and q u a l i f y  as Psamments (Regosols i n  t h e  '1938' system) 
a t  t he  suborder l e v e l .  S o i l s  hav ing more than  35 per  cen t  
coarse f ragments such as c o r a l  g r a v e l ,  s tone,  and rocks 
q u a l i f y  as Or then ts  ( L i t h i c  Regosols o r  L i t h o s o l s  i n  t h e  
'1938' system).  I n  both  t he  Psamments and t h e  Or then ts  
t h e  g r e a t  groups a re  separated ( w i t h  t h e  excep t ion  o f  t h e  
Quart iz ipsamments) on t he  bas i s  o f  t h e  s o i l  mo is tu re  and 
temperature regimes. The temperature regime f o r  most low 
a t o l l s  i s  i sohyper thermic  e . ,  t h e  average annual 
temperature a t  50 cm depth i s  >22OC1 w i t h  t h e  v a r i a t i o n  
f rom summer t o  w i n t e r  <5OC), and t h e  s o i l  mo is tu re  regimes 



i n  t he  absence o f  groundwater i n f l u e n c e  a r e  u s t i c  ( i . e . ,  
t h e  s o i l  p r o f i l e  d r i e s  o u t  f o r  extended pe r i ods  i n  most 
years)  o r  u d i c  ( i . e . ,  t h e  s o i l  p r o f i l e  d r i e s  o u t  f o r  o n l y  
s h o r t  pe r i ods  i n  most yea rs ) .  Thus t h e  g r e a t  group 
c l a s s i f i c a t i o n s  f o r  t h e  Psamments o r  Or then ts  o f  t h e  low 
a t o l l s  a r e  Ustipsamments o r  Tropopsamments and U s t o r t h e n t s  
and Tropor then ts .  The common subgroups a re  Typ ic ,  L i t h i c  
o r  Aquic. 

A t  t h e  f a m i l y  l e v e l  a l l  t h e  low a t o l l  E n t i s o l s  have 
an i sohyper thermic  s o i l  temperature regime and ca rbona t i c  
minera logy.  The Psamments do n o t  r e q u i r e  a  separate  
statement o f  p a r t i c l e  s i z e  c l a s s  as t h i s  i s  a l ready  
designated a t  t h e  suborder l e v e l  by t h e  Psamm- p r e f i x ;  t h e  
Or then ts  have sandy-ske le ta l  p a r t i c l e  s i  ze c l a s s  
i n d i c a t i n g  t h a t  rock fragments g r e a t e r  than  2 mm make up 
35% o r  more o f  t h e  volume and t h e r e  i s  enough sand t o  f i l l  
i n t e r s t i c i e s  l a r g e r  than  1 mm. The Aquents u s u a l l y  have a 
sandy o r  sandy-ske le ta l  p a r t i c l e  s i z e  c l a s s .  

Where t h e  s o i l s  have been r e l a t j v e l y  und is tu rbed  o r  
have had a  good vege ta t i on  cover f o r  a  reasonable t ime  
p e r i o d  M o l l i s o l s  ( S o i l  Survey S t a f f ,  1975) may be found.  
These are  so c l a s s i f i e d  because o f  t h e  presence o f  m o l l i c  
epipedon and t h e  f a c t  t h a t  t h i s  r e s t s  on c o r a l  sand where 
t h e  base s a t u r a t i o n  w i l l  obv ious l y  be g rea te r  than  50%. A 
m o l l i c  epipedon i s  cha rac te r i zed  by depth,  dark col,ours, 
h i g h  o rgan ic  mat te r  con ten t ,  h i g h  base s a t u r a t i o n ,  good 
s t r u c t u r e  and t h e  presence o f  s u f f i c i e n t  mo is tu re  f o r  3  
months o r  more t o  f a c i l i t a t e  p l a n t  growth.  The s t r u c t u r e  
o f  t h e  su r face  hor i zons  o f  many low a t o l l  s o i l s  i s  n o t  
s t r o n g  enough t o  meet t h e  requirements o f  t h e  m o l l i c  
epipedon b u t  l i m i t e d  areas o f  M o l l i s o l s  have been 
i d e n t i f i e d .  

The suborders i d e n t i f i e d  on low a t o l l s  a re  U s t o l l s  
and Rendo l l s  (Rendzinas i n  t h e  '1938' system) depending on 
t he  s o i l  mo i s tu re  regime, w h i l e  t h e  Hapl- g r e a t  group and 
E n t i c  subgroup would be expected t o  be t h e  most common. 
The f a m i l y  c lasses  a r e  u s u a l l y  sandy o r  sandy-ske le ta l ,  
ca rbona t i c ,  i sohyper thermic .  

Calcareous s o i l s  o f  low a t o l l s  have been s t u d i e d  i n  a  
number o f  l o c a t i o n s .  The q u a l i t y  and d e t a i l  o f  t h e  work 
v a r i e s  cons iderab ly  and i t  has been d i f f i c u l t  i n  some 
cases t o  compare t h e  s o i l s  o f  t h e  d i f f e r e n t  a t o l l s .  

1 .  Tarawa 

About 20 pedons i n  South Tarawa have been c l a s s i f i e d  
a t  t h e  f a m i l y  l e v e l  i n  S o i l  Taxonomy (Seru and Morr ison,  
1985; Mor r i son  and Seru 1986). The s o i l s  g e n e r a l l y  have 



an u s t i c  s o i l  mo is tu re  regime, excep t  where t h e r e  i s  a 
marked groundwater i n f l u e n c e .  The subgroups i d e n t i f i e d  
were Typ ic  Ustipsamments, Aquic Ustipsamments, L i t h i c  
Ustipsamments ( a l l  Regosols) ,Typ ic  T ropor then ts ,  L i t h i c  
T ropor then ts  ( L i t h o s o l s ) ,  E n t i c  H a p l u s t o l l s  and Typ ic  
Tropaquents (we t  Regosols) .  I n  one a rea  (B iken ibeu)  t h r e e  
p r o f i l e s  were found t h a t  d i f f e r e d  s i g n i f i c a n t l y  f rom t h e  
o t h e r s  because o f  t h e  i n c o r p o r a t i o n  o f  o rgan i c  ma t te r  t o  a  
cons iderab le  depth ( found  as pockets  i n  t h e  subsur face 
m a t e r i a l  ) and t h e  assoc ia ted  pockets  o f  m a t e r i a l  
e x h i b i t i n g  s t r u c t u r e .  The s t r u c t u r a l  f e a t u r e s  and o rgan i c  
ma t te r  i n c o r p o r a t i o n  a re  obv ious l y  t h e  r e s u l t  o f  human 
a c t i v i t i e s .  One p r o f i l e  showed a  f a i r l y  un i f o rm  
i n c o r p o r a t i o n  o f  o r g a n i c  mat te r  ( w i t h  t h e  assoc ia ted  
darker  c o l o u r s )  t o  a  depth  o f  about 1 metre.  These s o i l s  
have obv ious l y  been sub jec ted  t o  cons iderab le  d is tu rbance  
as they  occur i n  an area o f  h i g h  p o p u l a t i o n  and consequent 
subs is tence  a g r i c u l t u r a l  a c t i v i t y .  T h i s  i s  e n t i r e l y  
expected as t h e  B iken ibeu area i s  one o f  t he  most densely 
popula ted i n  t h e  South P a c i f i c .  

The c l a s s i f i c a t i o n s  o f  2 o f  these p r o f i l e s  as Typ ic  
Ustipsamments (Regoso ls) ,  however, g i ves  no i n d i c a t i o n  o f  
t h e  i n f l u e n c e  o f  human a c t i v i t y  w i t h  t h e  i n c o r p o r a t i o n  o f  
o rgan ic  m a t t e r ,  n u t r i e n t s  and s t r u c t u r e  t o  cons iderab le  
depths i n  t h e  p r o f i l e ;  t h e  t h i r d  i s  c l a s s i f i e d  as an Aquic 
Ustipsamment. These l a t t e r  f e a t u r e s  may have cons iderab le  
agronomic i m p ~ r t a n c e  i n  these low a t o l l  s o i l s  which 
o therw ise  a re  f e a t u r e l e s s  below t h e  A ho r i zon .  The 
i n c o r p o r a t i o n  o f  o rgan i c  mat te r  w i l l  i ncrease t h e  
o therw ise  low mo is tu re  r e t e n t i o n  c a p a c i t y  a t  depth.  Thus 
i t  may be necessary t o  p rov ide  a  separate  subgroup 
( A n t h r o p i c )  o f  t he  Ustipsamments f o r  sepa ra t i on  o f  s o i l s  
which as a  r e s u l t  o f  human a c t i v i t y ,  have o rgan i c  
m a t e r i a l s  and assoc ia ted  p r o p e r t i e s  i nco rpo ra ted  t o  depth 
j n  t h e  p r o f i l e .  

2 .  French Po lynes ia  

The s o i l s  o f  a  number o f  low a t o l l s  i n  French 
Po lynes ia  have been descr ibed  by T e r c i n i e r  (1956, 1969) 
and Jamet (1985) .  Some o f  t h e  a t o l l  s o i l s  of French 
Po lynes ia  a re  cons idered t o  have an u d i c  s o i l  mo is tu re  
regime ( C .  Ga rn ie r ,  personal  communication) and are  
t h e r e f o r e  Tropopsamments (Regosols)  and Tropor then ts  
( L i t h o s o l s )  w h i l e  o t h e r s  have r e c e n t l y  been shown t o  have 
an u s t i c  s o i l  mo is tu re  regime (Se rv i ce  de l a  Meteoro log ie ,  
French Polynes ia ,  personal  communication) and are  
t h e r e f o r e ,  Ustipsamments, U s t o r t h e n t s  w i t h  p o s s i b l y  
l i m i t e d  areas o f  H a p l u s t o l l s .  



3. Cook I s l a n d s .  

The s o i l s  o f  2  a t o l l s  i n  t h e  Nor thern  Cooks were 
s t u d i e d  by Bruce (1972) .  The Mur i  s e r i e s  was dominant; 
t h i s  i s  cons idered t o  have an u d i c  s o i l  mo is tu re  regime 
and i s  c l a s s i f i e d  as Typ ic  Tropopsamment (Regosol) .  

4 .  Arno A t o l l  and t h e  Nor thern  Marsha l l s  

The s o i l s  o f  Arno a t o l l  were s t u d i e d  i n  some d e t a i l  
by Stone (1951) who i d e n t i f i e d  f o u r  major s o i l  s e r i e s .  
The l i m i t e d  me teo ro log i ca l  da ta  i n d i c a t e  t h a t  Arno has an 
es t imated  annual r a i n f a l l  >2500 mm and t h e  s o i  1s o f  Arno 
at01 1  t h e r e f o r e  a re  cons idered t o  have an u d i c  s o i  1 
mo is tu re  regime and t h e  Arno s e r i e s  i s  thus  a  Typ ic  
Rend011 (Rendzina) and t h e  Shioya s e r i e s  a  Typ ic  
Tropopsamment (Regoso l ) .  

Soi 1s showing su r face  accumulat ions o f  phosphat ic  
m a t e r i a l  as found i n  t h e  Jemo s e r i e s  (Fosberg, 1956) were 
n o t  i d e n t i f i e d  on Tarawa, French Po lynes ia  o r  i n  t h e  Cook 
I s l a n d s .  However, t h e  Nor thern  Marsha l l s  a re  cons iderab ly  
d r i e r  than t h e  southern group (es t imated  annual r a i n f a l l  
1000-2000 mm) and t h e r e  i s  a  marked d r y  season November- 
A p r i l  l ead ing  t o  t h e  conc lus ion  t h a t  they would have an 
u s t i c  mo is tu re  regime. The s o i l s  examined i n  t h e  Nor thern  
Marsha l l s  were c o r r e l a t e d  w i t h  those o f  Arno, (Fosberg,  
1956) b u t  i n  terms o f  S o i l  Taxonomy t h i s  would now appear 
i n a p p r o p r i a t e .  A comparison w i t h  s o i l s  o f  Tarawa o r  
Chr is tmas I s 1  and ( K i  r i  t i m a t i  ) would appear more r e l e v a n t  
and t h e  presence o f  Typ ic  Ustipsamments, Typ ic  U s t o r t h e n t s  
and E n t i c  H a p l u s t o l l s  i s  i n d i c a t e d  by t he  o r i g i n a l  r e p o r t  
(Fosberg, 1956) .  

5 .  Christmas I s l a n d  ( K i r i t i m a t i ) ,  K i r i b a t i  

Hammond (1969) produced a  d e t a i l e d  r e p o r t  on t h e  
s o i l s  o f  Chr is tmas I s l a n d .  He at tempted a  c o r r e l a t i o n  
w i t h  t h e  s o i l s  o f  t h e  Marsha l l  I s l a n d s  and w i t h  t h e  
coas ta l  sandy s o i l s  o f  Hawai i .  Since Chr istmas I s l a n d  has 
r e l a t i v e l y  low r a i n f a l l  (approx imate ly  800 mrn annua l l y  on 
average; T a y l o r ,  1973) t h e  s o i l  mo is tu re  regime i s  u s t i c  
i n  t h e  absence o f  any groundwater i n f l u e n c e .  Thus 
comparison w i t h  t h e  u d i c  s o i l s  o f  Arno i s  aga in  
i napp rop r i a te .  The s o i l s  o f  Christmas I s l a n d  a re  
dominated by Typ ic  Ustipsamments ( d r y  Regosols) b u t  they  
gene ra l l y  do n o t  have as w e l l  developed A ho r i zons  as t h e  
s o i l s  o f  Tarawa and should t h e r e f o r e  be cons idered as 
separate  s e r i e s .  Ana l ys i s  o f  Hammond's r e p o r t  would a l s o  
i n d i c a t e  t h a t  areas o f  Typ ic  Us to r t hen ts  ( L i t h o s o l s )  a re  
a l s o  p resen t  on Chr is tmas which would c o r r e l a t e  w i t h  t h e  
B o n r i k i  s e r i e s  on Tarawa. 



6.  Tuva lu  

The s o i l s  o f  Tuva lu  have rece i ved  l i m i t e d  s tudy  as 
p a r t  o f  a  Land Resources Survey (UNDP, persona l  
communicat ion) .  The s o i l s  have been c l a s s i f i e d  acco rd ing  
t o  t h e  FAO/UNESCO (1974) Legend ma in ly  as C a l c a r i c  
Regosols; da ta  a v a i l a b l e  i n  some cases i s  i n s u f f i c i e n t  t o  
f u l l y  c l a s s i f y  t h e  s o i l s  by S o i l  Taxonomy. Tuvalu s o i l s  
have u d i c  s o i l  mo i s tu re  regimes i n  t h e  absence o f  
groundwater i n f l u e n c e  and most w i l l  t h e r e f o r e ,  be 
Tropopsamments (Regosols)  o r  T ropo r then t s  ( L i t h o s o l s ) .  
I n s u f f i c i e n t  d e t a i l  on c o l o u r  and s t r u c t u r e  p reven t s  t h e  
c o n f i r m a t i o n  o f  m o l l i c  epipedons and hence t h e  presence o f  
M o l l i s o l s .  

7. Ontong Java, Solomon I s l a n d s  

Th i s  i s o l a t e d  low a t o l l ,  n o r t h  o f  t h e  main Solomon 
I s l a ~ d s  group als 'o has s o i l s  t h a t  show s i m i l a r i t i e s  i n  
morphology t o  those on Tarawa (Wal l  and H a n s e l l ,  1976). 
However, t h e  c l i m a t e  on Ontong Java i s  s u f f i c i e n t l y  wet t o  
o b t a i n  an u d i c  s o i l  mo i s tu re  regime and t h e  dominant s o i l s  
a re  consequent ly  Typ ic  Tropopsamments (Regosols)  and Typ ic  
T ropo r then t s  ( L i  t h o s o l s ) .  

8 .  Hawai i 

The Jaucas s e r i e s ,  mapped i n  c o a s t a l  sands on severa l  
o f  t h e  Hawai ian i s l a n d s ,  i s  d e r i v e d  f rom c o r a l l i n e  sand 
and i s  c l a s s i f i e d  as a  Typ ic  Ustipsammment, c a r b o n a t i c ,  
i sohyper the rmic  (Foote  e t  a1. ,1972) .  Examinat ion o f  t h e  
Jaucas da ta  i n d i c a t e s  t h a t  t h i s  s o i l  has a  l e s s  w e l l  
developed A h o r i z o n  than  t h e  Abatao s e r i e s  on Tarawa as 
evidenced by h i g h e r  va lues and chromas and lower o rgan i c  
carbon con ten t s .  There would appear t o  be g r e a t e r  
s i m i l a t i t y  between t h e  Jaucas s e r i e s  and t h e  s o i l s  o f  
Chr is tmas I s l a n d  ass igned t o  t h e  Shioya s e r i e s  by Hammond 
(1969) .  

9. M i c rones ia  o t h e r  than  t h e  Marsha l l  I s l a n d s  

F i v e  s o i l  surveys conducted i n  t h e  Federated S ta tes  
o f  M i c rones ia  ( L a i r d ,  1982; L a i r d ,  1983 a,b; Smith,  1983 
a,b)  i n d i c a t e  t h a t  s u b s t a n t i a l  areas o f  s o i l s  d e r i v e d  f rom 
c o r a l l i n e  m a t e r i a l s  a r e  found.  These s o i l  s e r i e s ,  e .g . ,  
Ngedebus, I nsak ,  Dublon have an u d i c  o r  pe rud i c  ( i . e . ,  
s o i l  p r o f i l e  never d r i e s  o u t  t o  any e x t e n t )  s o i l  mo i s tu re  
regime as t h e  r a i n f a l l  i n  t h e  a rea  ranges from 3000-5000 
mm annua l l y  w i t h  no marked d r y  season. The c o r a l l i n e  s o i l s  
have t h e r e f o r e  been c l a s s i f i e d  i n  t h e  Tropo- g r e a t  groups 
o f  E n t i s o l s  r a t h e r  than  i n  U s t i -  g r e a t  groups. 



Thus i t  can be seen t h a t  t h e  dominant s o i l s  o f  t he  
low a t o l l s  a r e  E n t i s o l s ,  be ing ma in ly  c l a s s i f i e d  i n  t h e  
Psamments o r  Or then ts  suborder.  Trop- and Ust- g r e a t  
groups occur depending on t h e  s o i l  mo is tu re  regime. 
L i m i t e d  areas o f  Aquents and M o l l i s o l s  may a l s o  be found. 

SOILS OF THE RAISED ATOLLS 

As t h e  s o i l s  o f  t h e  r a i s e d  a t o l l s  show cons iderab ly  
g rea te r  v a r i a t i o n  than  i s  found i n  t he  low a t o l l s ,  t h e  
i n d i v i d u a l  i s l a n d s  w i l l  be considered separa te ly .  

L i f o u ,  i n  t h e  L o y a l t y  I s l a n d s  o f  New Caledonia i s  a  
r a i s e d  at01 1 o f  area 1 ,149 km2 . The p r o x i m i t y  o f  t h e  
vo l can i c  zones o f  Vanuatu has l e d  t o  t he  depos i t i on  o f  
s u b s t a n t i a l  q u a n t i t i e s  o f  p y r o c l a s t i c  m a t e r i a l s  on t h e  
l imestone.  These p y r o c l a s t i c  m a t e r i a l s  have weathered t o  
g i v e  products  o f  t h e  a l lophane f a m i l y  i n  t h e  youngest 
depos i ts  and b a u x i t i c  m a t e r i a l s  i n  t h e  o l d e s t  depos i t s .  
Three major s o i  1  env i  ronments have been i d e n t i f i e d  
(Latham, 1981). 

On t h e  west coas t ,  s teep c l i f f s  o f  a  rampart overhang 
a  narrow c o r a l  sandy beach. On t h e  rampart a  k a r s t i c  
m i c r o r e l i e f  i s  found; o rgan ic  mat te r  accumulates g i v i n g  
s o i l s  up t o  1 m deep i n  t h e  deepest pockets.  W i th in  t he  
former lagoon two s o i l  s e r i e s  are  found. One i s  a  sha l low 
calcareous s o i l  w i t h  an o rgan ic  r i c h  surface l aye r  bu t  o f  
v a r i a b l e  depth ( L i  t h i c  Tropor thent  o r  L i  t hoso l  ) .  The 
o the r  i s  a  red-brown ox ide  r i c h  s o i l  o f  30-80 cm depth 
r e s t i n g  on t h e  l imestone.  On t h e  eas t  (windward) coast  
t he re  i s  a  a  coas ta l  p l a i n  100-200 m wide w i t h  sandy o r  
g r a v e l l y  s o i l s  c o n t a i n i n g  l a r g e  q u a n t i t i e s  o f  pumice. 
They a r e  r i c h  i n  o rgan ic  mat te r  which accumulates t o  a  
depth o f  30-50 cm. These a re  f e r t i l e  s o i l s  and many crops 
t h r i v e  on them i f  s h e l t e r e d  from t h e  p r e v a i l i n g  winds. On 
t h e  coas ta l  p l a i n s ,  s i l i c a t e  - c o n t a i n i n g  breakdown 
products  o f  t h e  a l lophane f a m i l y  have been i d e n t i f i e d ,  b u t  
on t h e  rampart and i n  t h e  o l d  lagoon t h e  non-calcareous 
m a t e r i a l s  a r e  g e o l o g i c a l l y  o l d e r  and have l o s t  a l l  t he  
s i l i c a  t o  g i v e  s o i l s  dominated by g i b b s i t e ,  boehmite, 
haemat i te  and g o e t h i t e .  

These o x i d i c  s o i l s  a r e  o f  v a r i a b l e  depth, bu t  cover a  
major p a r t  o f  t h e  su r face  o f  t h e  i s l a n d .  They have pH 
values f rom 6-7 .5  and have h i g h  l e v e l s  o f  o rgan ic  mat te r  
( o f t e n  > l o %  f o r  t o p s o i l s )  under n a t u r a l  vege ta t ion .  I n  
t h e  absence o f  s i l i c a t e  c l a y  minera ls ,  adso rp t i on  and 
a v a i l a b i l i t y  o f  n u t r i e n t s  i s  dependent on t h e  o rgan ic  
mat te r  con ten t .  CEC va lues a re  c o r r e l a t e d  t o  o rgan ic  
mat te r  l e v e l s .  Exchangeable base contents  a r e  reasonable 
i n  the  t o p s o i l s ,  b u t  a re  o f t e n  very  low i n  s u b s o i l s  (sum 



o f  bases C1.5 cmol/kg) and potassium l e v e l s  a re  f r e q u e n t l y  
p a r t i c u l a r l y  low ( < 0 . 1  cmol /kg) .  Water r e t e n t i o n  i s  
g rea te r  than  on t h e  low a t o l l s  as t h e  ox ides  c o n t r i b u t e  
a long w i t h  t h e  o rgan ic  ma t te r  t o  t h i s  p r o p e r t y .  Z i nc ,  
manganese and boron d e f i c i e n c i e s  have been observed and 
s i l i c o n  d e f i c i e n c y  i s  expected f o r  c rops  l i k e  c e r e a l s  t h a t  
r e q u i r e  s i g n i f i c a n t  q u a n t i t i e s  o f  t h i s  e lement.  

The c l a s s i f i c a t i o n  o f  these s o i l s  p resen ts  problems. 
Several have a  m o l l i c  epipedon o v e r l y i n g  an ox ide  r i c h  
s u b s o i l  where t h e  CEC i s  near t h e  b o r d e r l i n e  f o r  t h e  o x i c  
ho r i zon .  I n  t h e  s u b s o i l s  t h e  base s a t u r a t i o n  i s  
f r e q u e n t l y  low so those s o i l s  t h a t  do n o t  q u a l i f y  as 
Ox i so l s  (Typ i c  Acrustox - L a t e r i t e  s o i l s  i n  '1938' system) 
a re  o f t e n  Oxic Humitropepts ( L a t o s o l s  i n  '1938' system).  
Latham (1982) has argued t h a t  t h e  Typ ic  Acrustox  
c l a s s i f i c a t i o n  does n o t  g i v e  any i n d i c a t i o n  o f  t h e  
presence o f  s u b s t a n t i a l  q u a n t i t i t e s  o f  o rgan i c  m a t t e r .  

Nauru i s  a  r a i s e d  a t o l l  (0032'S, 167003'W) o f  22.6 
km2 w i t h  i t s  h i g h e s t  p o i n t  approx imate ly  70 m above mean 
sea l e v e l .  The l imestone has been covered w i t h  a  
s u b s t a n t i a l  depos i t  o f  phosphat ic  m a t e r i a l ,  t h e  o r i g i n  o f  
which has n o t  y e t  been f u l l y  exp la ined .  The s o i l s  o f  
Nauru a re  be ing r a p j d l y  removed by phosphate m in ing  
ope ra t i ons .  A s t o c k p i  l e  o f  t opso i  1  i s  being accumulated 
and, a f t e r  t h e  complet ion o f  m in ing  a c t i v i t i e s  around 1995 
A . D . ,  may be spread over a  l i m i t e d  area and used f o r  smal l  
s ca le  a g r i c u l t u r a l  p roduc t i on  t o  suppor t  t h e  remain ing 
popu la t i on .  The t e r r a i n  remaining a f t e r  m in ing  i s  so 
rugged t h a t  an ex tens i ve  a g r i c u l t u r a l  development would be 
p r o h i b i t i v e l y  expensive. 

A r ecen t  s tudy has been made o f  t h e  s o i l s  i n  areas 
remaining und is tu rbed  (Manner and Mor r i son ,  unpubl ished 
d a t a ) .  Three separate  s o i l  s e r i e s  occupying s i g n i f i c a n t  
areas have been i d e n t i f i e d .  The f i r s t  s e r i e s  has a  dark 
epipedon o v e r l y i n g  a  l a y e r  o f  mixed su r face  m a t e r i a l  and 
broken l imes tone ,  which i n  t u r n  l i e s  on l imestone rock .  
Th is  p r o f i l e  has been c l a s s i f i e d  as a  L i t h i c  H a p l u s t o l l  
(Rendzina i n  '1938' system).  The second s e r i e s  has a  t h i n  
( < I 0  cm) dark  epipedon d i r e c t l y  o v e r l y i n g  t h e  l imes tone  
substratum and i s  c l a s s i f i e d  as L i  t h i c  U s t o r t h e n t  
( L i t h o s o l  ) .  The t h i r d  s e r i e s  occurs  i n  areas where t h e  
phosphat ic  ma te r i  a1 has accumulated between 1  imestone 
p innac les .  The phosphat ic  m a t e r i a l  i s  f r e q u e n t l y  r edd i sh  
ye l l ow  (7 .5  YR 7/4)  co loured  between 25 cm and 75 cm 
depth,  changing t o  p i n k i s h  gray ( 5  YR 7/2)  c o l o u r  a t  
g r e a t e r  depths.  The Bw ho r i zon  i s  o c c a s i o n a l l y  s tony o r  
bou ldery  w i t h  lumps o f  l imestone o c c u r r i n g  throughout .  
S o i l s  o f  t h i s  t h i r d  s e r i e s  have epipedons t h a t  meet t h e  
c r i t e r i a  f o r  m o l l i c ,  and have t h e r e f o r e ,  been c l a s s i f i e d  



as T y p i c  H a p l u s t o l l s .  There a r e  l i m i t e d  a reas  o f  s h a l l o w  
sand d e p o s i t s ,  p a r t i c u l a r l y  near  t h e  c o a s t ,  on wh ich  
L i t h i c  Ust ipsamments (Regoso ls )  o r  U s t o r t h e n t s  ( L i t h o s o l s )  
have formed.  I n  t h e  v e r y  l i m i t e d  wet  a reas  c l o s e  t o  t h e  
o l d  lagoon s h a l l o w  Tropaquents (Hydromorphic  s o i l s )  a r e  
found.  

Chemical d a t a  f r o m  t h e  ana lyses  o f  some 50 Nauru s o i l  
samples ( M o r r i s o n  and Manner, u n p u b l i s h e d  d a t a )  show t h a t  
t h e  s o i l s  u s u a l l y  have pH (H20) v a l u e s  f r o m  6 . 0  - 8 . 0 ,  pH 
(KC1) v a l u e s  f r o m  5 .5  - 7 . 8  and f r e e  c a l c i u m  ca rbona te  was 
found i n  a l l  samples, t h e  e x t e n t  v a r y i n g  f r o m  2-2496, b e i n g  
h i g h e s t  i n  s u b s o i l s .  Organ ic  carbon c o n t e n t s  ranged f r o m  
1 - 1 1 %  f o r  t o p s o i l s ,  t h e  v a l u e s  v a r y i n g  w i d e l y  w i t h  t h e  
impac t  o f  m i n i n g .  For  s u b s o i l s  t h e  v a l u e s  f r o m  0 .1-1 .9%,  
dec reas ing  w i t h  d e p t h  i n  u n d i s t u r b e d  p r o f i l e s  b u t  v a r y i n g  
s i g n i f i c a n t l y  w i t h i n  t h e  mined a r e a s .  C : N  r a t i o s  f o r  
t o p s o i  1s ranged f r o m  7-24 w i t h  t h e  h i g h e s t  v a l u e s  b e i n g  
found on h i g h l y  d i s t u r b e d  s i t e s .  CEC v a l u e s  f o r  t o p s o i l s  
v a r i e d  f r o m  12-61 cmol /kg ,  w h i l e  f o r  s u b s o i l s  t h e  range 
was 4-21 cmol /kg .  There was a  reasonab le  c o r r e l a t i o n  
between CEC and o r g a n i c  m a t t e r  c o n t e n t s .  Exshangeabl e  
magnesium v a l u e s  ranged f r o m  5-14 cmol /kg  f o r  t o p s o i l s  and 
f r o m  0 .1-3  cmol /kg f o r  s u b s o i l s  w h i l e  exchangeable 
po tass ium \,>a?ues were unf form1 y low ( <  0 .5  c m o l / k g ) .  
T o t a l  p h o s p h ~ r u s  l e v e l s  v a r i e d  f r o m  2-18%, t h e  l o w e s t  
v a l u e s  b e i n g  found  i n  s o i l s  on t h e  f r i n g i n g  r e e f  
s u r r o u n d i n g  t h e  i s l a n d .  Phosphate e x t r a c t a b l e  s u l p h a t e  
v a l u e s  v a r i e d  f r c m  (1-90 mg/kg, b u t  most v a l u e s  were < 20 
mg/kg. The h i g h e s t  v a l u e s  werc found  f o r  u n d i s t u r b e d  
fsb-est s o i l s .  

M i n e r a l o g i c a l  a n a l y s i s  o f  a  l i m i t e d  number o f  samples 
showed a  dominance o f  f l u o r o a p a t i t e  and h y d r o x y a p a t i t e  
w i t h  l i m i t e d  amounts o f  c a l c i t e  and a r a g o n i t e  i n  t h e  s o i l s  
o f  t h e  f r i n g i n g  r e e f  s u r r o u n d i n g  t h e  i s l a n d .  The a p a t i t e s  
appeared v e r y  pu re  and c a r b o n a t e - a p a t i t e  was n o t  d e t e c t e d  
i n  any samples ( M o r r i s o n ,  u n p u b l i s h e d  d a t a ) .  I t  i s  
i n t e r e s t i n g  t o  n o t e  t h a t  one sample f r o m  Makatea i n  French 
P o l y n e s i a  (where phosphate d e p o s i t s  a r e  a l s o  l o c a t e d )  gave 
e f f e c t i v e l y  an i d e n t i c a l  m ine ra logy  t o  t h e  Nauru samples. 
The m ine ra logy  c l a s s  o f  most Nauru s o i l s  i s  mixed 
a c c o r d i n g  t o  t h e  c r i t e r i a  g i v e n  i n  S o i l  Taxonomy b u t  i t 
would appear t h a t  t h e  use o f  p h o s p h a t i c  o r  a p a t i t i c  would 
be more a p p r o p r i a t e .  

A ma jo r  p rob lem t h a t  has a r i s e n  i n  t h e  c l a s s i f i c a t i o n  
o f  s o i l s  o f  Nauru i s  t h e  d e t e r m i n a t i o n  o f  t h e  s o i l  
m o i s t u r e  reg ime.  No d i r e c t  measurements o f  s o i l  m o i s t u r e  
a r e  a v a i l a b l e  and t h e  e s t i m a t i o n  o f  s o i l  m o i s t u r e  regimes 
has t o  be based on m e t e o r o l o g i c a l  d a t a .  Data f o r  Nauru 
( 4 0  y e a r s )  show a  mean annual p r e c i p i t a t i o n  o f  2000 mm 



w i t h  4  months hav ing  r a i n f a l l  below 100 mm. Annual 
r a i n f a l l  has,  however, v a r i e d  f r o m  280 mm t o  4500 mm. A i r  
t empera tu res  range f r o m  23-32OC w i t h  t h e  r e l a t i v e  h u m i d i t y  
ave rag ing  71%. Nauru i s  p e r i o d i c a l l y  a f f e c t e d  by d r o u g h t s  
and s e v e r a l  d rough ts  o f  more t h a n  12 months d u r a t i o n  have 
been recorded t h i s  c e n t u r y .  However, t a k i n g  t h e  average 
r a i n f a l l  d a t a  a v a i l a b l e  and assuming e v a p o t r a n s p i r a t i o n  
r a t e s  a v e r a g i n g  4  mm pe r  day i n  t h e  non-drought  yea rs  i t  
would appear t h a t  t h e  s o i l s  o f  Nauru n o t  i n f l u e n c e d  by t h e  
e f f e c t s  o f  groundwater  f i t  b e s t  i n t o  t h e  u s t i c  m o i s t u r e  
regime ( u d i c  t r o p u s t i c  i n  t h e  t e n t a t i v e  s u b - d i v i s i o n s  o f  
m o i s t u r e  regimes proposed by ICOMMORT (Van Wambeke, 
1981) ) .  

The s o i  
a r e a  259 km2 
Westerndorp, 

1s o f  N iue  ( l g O S ,  16g054'W), a  r a i s e d  a t o l l  o f  
have been e x t e n s i v e l y  s t u d i e d  ( W r i g h t  and Van 

1965; L e s l i e ,  1985) .  The r o c k s  a t  t h e  
s u r f a c e  and around t h e  c l i f f  c o a s t l i n e  a r e  a l l  c o r a l  r e e f  
l i m e s t o n e .  There i s  c o n s i d e r a b l e  ev idence o f  pas? changes 
i n  sea l e v e l ,  w i t h  s h e l l y  and s o f t  makatea* fo rms i n  
c e r t a i n  areas  o f  t h e  i s l a n d ,  i n d i c a t i n g  t h a t  t h e  sea 
p r o b a b l y  covered a l l  o f  t h e  i s l a n d  a t  some t i m e .  The 
l imes tone  and makatea have been covered by a  t h i n  l a y e r  o f  
submari ne sed imentary  m a t e r i a l  ( P .  Ranki t i ,  pe rsona? 

Thus l i m e s t o n e ,  makatea and sed imentary  
p a r e n t  m a t e r i a l s  f c r  Niuean s o j l s .  The 

i a l  has been v e r y  s t r o n g l y  weathered and 
been c o n v e r t e d  t o  c x i d e s .  

communi c a t i  on ) . 
m a t e r i a l s  a r e  t h e  
sed imentary  mater  
has v i r t u a l l y  a l l  

The b a s i c  so 
o f  t h e  main s o i l  
e x i s t i n g  w i t h i n  

i? p a t t e r n  i s  b a s i c a l l y  a  c o n c e n t r i c  s e t  
groups w i t h  a  more comp l i ca ted  p a t t e r n  

t h e  b rcader  one due i n  p a r t  t o  t h e  
occurence o f  makatea o r  c c r a l  l i m e s t o n e  p i n n a c l e d  
o u t c r o p s .  Three o r d e r s  o f  S o i l  Taxonomy ( S o i l  Survey 
S t a f f ,  1975) have been i d e n t . i f  i e d  on N iue .  The Fonuakula 
s e r i e s  w i t h  an o x i c  h o r i z o n  i s  found i n  areas  o f  deeper 
accumu la t i on  o f  t h e  h i g h l y  weathered sed imentary  m a t e r i a l .  
T h i s  s o i l  meets t h e  c r i t e r i a  f o r  an O x i s o l  and s i n c e  N iue  
has an u s t i c  s o i l  m o i s t u r e  regime and an i s o h y p e r t h e r m i c  
s o i l  t empera tu re  regime i s  p laced  i n  t h e  Ustox suborde r .  
S ince  t h e  base s a t u r a t i o n  i n  t h e  major  p a r t  o f  t h e  o x i c  
h o r i z o n  i s  g r e a t e r  t h a n  50% t h e  Fonuakula s e r i e s  meets t h e  

* makatea: A r a i s e d  r e e f  becomes s e v e r e l y  eroded w i t h  
l o n g  exposure because o f  t h e  s o l u b i l i t y  o f  
t h e  l i m e s t o n e  i n  r a i n w a t e r .  The s u r f a c e  
becomes rough,  rugged, f u l l  o f  p i n n a c l e s  
and s o l u t i o n  h o l e s  and t h e  l i m e s t o n e  
becomes cavernous and porous.  T h i s  
l and fo rm i s  c a l l e d  'makatea'  i n  P o l y n e s i a  
( l i t e r a l l y  ' w h i t e  r o c k '  o r  ' w h i t e  c l i f f ' ) .  



requirements f o r  i n c l u s i o n  i n  t h e  Eutrusto:.  g rea t  group 
and i s  a  Typ ic  Eut'rustox ( L a t e r i t e  s o i l s  i n  t h e  '1938' 
system). The f a m i l y  des igna t i on  i s  c layey ,  g i b b s i t i c ,  
isohyper thermic .  

Two s o i l  s e r i e s ,  Avate le  and Tafolomahina, a r e  
c l a s s i f i e d  as Ust ropepts  (La toso l s  i n  '1938' system) a t  
t h e  g rea t  group l e v e l  on account o f  hav ing o c h r i c  
epipedons and cambic hor i zons  and base s a t u r a t i o n  g rea te r  
than 50% i n  a l l  ho r i zons .  The Avate le  s a t i s f i e s  c r i t e r i a  
f o r  Typ ic  Ust ropepts  ( f a m i l y  des igna t i on  f i n e ,  o x i d i c  
calcareous,  i sohyper thermic ) ,  w h i l e  t h e  Tafolomahina 
' s o i l s  hav ing a  L i t h i c  con tac t  w i t h i n  50 cm o f  t h e  s o i l  
su r face  and a  r e l a t i v e l y  low CEC ( <  24 cmol/kg) a re  
c l a s s i f i e d  as v e r y - f i n e ,  g i b b s i t i c ,  Oxic L i t h i c  
Ust ropepts .  

The g r e a t  m a j o r i t y  o f  t h e  s o i l s  o f  Niue a re  M o l l i s o l s  
(10 ou t  o f  13 s e r i e s )  i n  t h a t  they have m o l l i c  epipedons 
o v e r l y i n g  base- r i ch  subsurface m a t e r i a l s .  A t  t h e  suborder 
l e v e l  they a r e  a l l  U s t o l l s  (Niue has an u s t i c  s o i l  
mo is tu re  regime) and a re  c l a s s i f i e d  as H a p l u s t o l l s  a t  t h e  
g r e a t  group l e v e l  s ince  they  l ack  o the r  d i a g n o s t i c  
f ea tu res .  However, none meet t h e  c r i t e r i a  de f i ned  f o r  t h e  
Typ ic  subgroup o f  H a p l u s t o l l s .  Some l ack  s o f t  powdery 
l ime  and a re  t h e r e f o r e  Udic H a p l u s t o l l s ,  o the rs  l ack  s o f t  
powdery l ime  and do n o t  have a  cambic ho r i zon  and are 
t h e r e f o r e  Udo r then t i c  H a p l u s t o l l s .  The presence o f  l i t h i c  
con tac ts  w i t h i n  50  cm leads,  toge ther  w i t h  o the r  c r i t e r i a  
t o  i n c l u d i n g  s e r i e s  i n  t h e  L i t h i c  Rup t i c -En t i c  and Rupt i c -  
L i t h i c  Udo r then t i c  subgroups. Low CEC values i n  t h e  
subso i l s  o f  some s e r i e s  lead  toge ther  w i t h  o the r  da ta  t o  
t h e i r  i n c l u s i o n  i n  t h e  Oxic Udo r then t i c  and Oxic Rupt ic -  
L i t h i c  Udo r then t i c  subgroups. 

Most o f  t h e  s o i l s  o f  Niue a re  s t r o n g l y  weathered and 
t h e  dominant m inera ls  a re  g i  bbs i  t e ,  g o e t h i t e  and 
c r a n d a l l i t e  (Ca, S r ,  Pb)2A17 (PO4 ) 3  (OH)16 .3H2O w i t h  a  
v i r t u a l  absence o f  s i l i c a t e  m a t e r i a l s .  The presence of 
l a r g e  amounts o f  c r a n d a l l i t e  i n  some s o i l s  has l e d  L e s l i e  
(1985) t o  propose t h a t  a  c r a n d a l l i t i c  mineralogy c l a s s  be 
es tab l i shed  i n  S o i l  Taxonomy. To q u a l i f y  f o r  des igna t i on  
as having a  c r a n d a l l i t i c  s o i l  mineralogy c l a s s  s o i l s  would 
have t o  con ta in  more than h a l f  c r a n d a l l i t e  by weight  i n  
t h e  c o n t r o l  s e c t i o n .  

M i c r o n u t r i e n t  d e f i c i e n c i e s  have been i d e n t i f i e d  i n  a  
number o f  crops grown on Niue ( M i l l e r ,  1980). The h i g h l y  
weathered na tu re  o f  t he  Niue s o i l s  means t h a t  those t h a t  
a r e  n o t  ca lcareous (hav ing s i m i l a r  problems t o  those o f  
low a t o l l  s o i l s  discussed e a r l i e r )  a r e  o x i d i c  o r  
c r a n d a l l i t i c  be ing dominated by m a t e r i a l s  having ext remely  



l i m i t e d  s u p p l i e s  o f  t r a c e  e lements l i k e  z i n c  and manganese 
r e q u i r e d  f o r  good c rop  p roduc t i on .  

CONCLUSION 

I n  t h i s  paper i n f o r m a t i o n  on s o i l s  o f  some low and 
r a i s e d  a t o l l s  i n  t h e  South P a c i f i c  has been reviewed.  For 
t h e  low a t o l l s  many s i m i l a r i t i e s  a r e  observed i n  t h a t  t h e  
s o i l s  show minimal  p r o f i l e  development and a r e  h i g h l y  
ca lca reous  and h i g h l y  dependent on o rgan i c  ma t t e r  f o r  
mo i s tu re  and n u t r i e n t  r e t e n t i o n  and a v a i l a b i l i t y .  i h e  
s o i l s  a r e  u s u a l l y  E n t i s o l s  (Regosols o r  L i t h o s o l s ) ,  t h e  
major  d i f f e r e n c e s  be ing  i n  t h e  s o i l  mo i s tu re  regime and 
t h e  p a r t i c l e  s i z e  c l a s s .  M i c r o n u t r i e n t  and potassium 
d e f i c i e n c i e s  a r e  encountered w i d e l y .  

The r a i s e d  a t o l l s  show much g r e a t e r  v a r i a b i l i t y  i n  
s o i l s  due a t  l e a s t  i n  p a r t  t o  t h e  a d d i t i o n s  o f  non- 
ca lcareous m a t e r i a l s .  The s o i  1  p a t t e r n s  a re  usual  1  y  more 
complex than  on t h e  low a t o l l s .  Whi le  S o i l  Taxonomy can 
be u t i l i z e d  q u i t e  s u c c e s s f u l l y  i n  t h e  c l a s s i f i c a t i o n  o f  
a t o l l  s o i l s  some m o d i f i c a t i o n s  may be r e q u i r e d  t o  f u l l y  
accommodate t h i s  unique group o f  sma l l  i s l a n d  s o i l s .  
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