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Pla te s  

1 Tiputa ,  nor th  shore :  seaward sh ingle  r idge ,  smooth eros ion  ramp, 
and beachrock and rubble.  Rel ic t  beachrock on r e e f  f l a t  i n  background. 

2 Tiputa,  north shore ,  west end, looking towards Reporepo: s t e e p  
sh ingle  beach, erosion ramp, and conglomerate beachrock. 

3 Tiputa,  nor th  shore :  sh ingle  beach with massive beach-foot 
conglomeratic beachrock. Note the  narrowness of t h e  r e e f  f l a t .  

4 Tiputa-Tepaet ia  hoa: - view from t h e  lagoonward end, on Tiputa,  
towards the  seaward r e e f .  

5  Tiputa,  north shore :  beach-crest  vege ta t ion  hedge of Tournefor t ia  
and tiedyotis , showing d e f o l i a t i o n ,  with coconut palms. 

6 Tiputa,  south shore ,  e a s t  end, looking westwards: low sandy lagoon 
beach with coconut p l a n t a t i o n .  

7 Tepaet ia ,  south shore ,  west end, nea r  entrance t o  hoa: - outcrop of 
i s l a n d  conglomerate on a  sandy beach. Note t h e  absence of a  lagoon 
r e e f .  

8 Avatoru: markcage a t  west end of t h e  i s l a n d ,  looking nor th .  

9 Tepaet ia ,  nor th  shore ,  e a s t  end, view e a s t :  edge of  seaward r e e f  
f l a t  a t  low water:  pink a l g a l  zone on t h e  l e f t  (covered with water ) ,  
d i s sec t ed  orange zone i n  the center ;  drying reef  f l a t  t o  the  r i g h t .  

10 Tereiao,  west shore ,  view south :  edge of  seaward r e e f  f l a t  a t  low 
water:  d i s sec t ed  pink a l g a l  zone. 

11 Tereiao:  massive conglomerate a t  t h e  foot  of t h e  seaward beach. 

1 2  Tereiao:  f r e sh  co ra l  sh ingle  on t h e  c r e s t  of  t h e  seaward beach. 

13 Tereiao:  lagoon-side markcage with Cladiwn. 

14 Maeherehonae: l a rge  lagoon-side mare/cage with sandy lagoonward 
sand s t r i p  i n  t h e  foreground. 

15 Maeherehonae: view towards the  lagoon from t h e  sum111it of t h e  dunes, 
across  the  mar8cage. Pemphis, Pandanus and coconuts i n  the  fore-  
ground. 

16 Maeherehonae: a  recent ly-excavated - marae on top of t h e  lagoon-side 
dunes. 

17 Maeherehonae: conglomerate platform, with Pemphis ac idu la ,  a t  
water - leve l  between the  dunes. 



18 Maeherehonae, west shore ,  northern end: storm blocks on the  seaisard 
r e e f  f l a t ,  photographed from the  seaward beach. Note tile human 
f i g u r e  on the  l a r g e s t  block.  

19 Porahu, seaward shore :  - feo separa ted  by a narrow moat from t h e  
seaward shore of t h e  i s l a n d .  

20 Porahu: islandward margin of the  - f eo  shown i n  P la t e  1'3. Note tile 
narrow basa l  e ros ion  platform. 

21 Porahu, west shore :  i s l a n d  conglomerate unconforinably overlying 
t runca ted  reef  c o r a l s .  Seaward - f eo  i n  the  background. 

22 P e a r i :  seaward reef  edge with e x f o l i a t i n g  r e e f  rock on t h e  r e e f  f l a t  

23 P e a r i :  e x f o l i a t i n g  reef  rock on the  seaward r ee f  f l a t .  

24 Peari-Baihoa hoa: - i s l a n d  conglomerate outcropping i n  t h e  hoa - wal ls  
with seaward - feo i n  the  background. 

25 Vaihoa-Tuoto hoa: - small sand cay with Pandanus perched aga ins t  the  
seaward f eo .  - 

26 Utoto: - feo with Pempllis and perched beach, looking eastwards.  

27 Utoto: d i s sec t ed  seaward margin of t h e  - feo. 



IIECONNAISSANCE GEOMOI%PHOLOGY OF RANGIROA ATOLL, TUA- 
RIOTU AKCHIPELAGO 

by D .  R .  S toddar t  

I .  GENERAL DESCRIPTION 

A .  In t roduct ion  

liangiroa (Figure 1) i s  the  l a r g e s t  a t o l l  i n  t h e  Tuamotu Archipelago, 
and s ince  t h e  i n s t i t u t i o n  of a  r egu la r  a i r  s e r v i c e ,  t h e  most access ib l e ;  
y e t  i n  common with o t h e r  Tuamotuan a t o l l s  i t  has  r a r e l y  been v i s i t e d  
by s c i e n t i s t s  and i s  b a r e l y  mentioned i n  t h e  l i t e r a t u r e .  Dana (1849) 
published b r i e f  no te s  follor.iing the  Wilkes Expedition; but  the  only 
f u l l  account i s  t h a t  by Agassiz (1903). Agassiz 's  desc r ip t ions  a r e ,  
however, verbose and imprecise,  and marred by mis in t e rp re t a t ions  of  
major a t o l l  f e a t u r e s .  In  t h e  s tudy of  Tuamotuan a t o l l s ,  a  major r e f e r -  
ence poin t  i s  provided by the  r epor t s  of  t h e  1952 P a c i f i c  Science Board 
Expedition t o  Raroia A t o l l ,  l ed  by N .  D .  Newell. Major r epor t s  r e s u l t -  
ing from t h i s  expedi t ion  a re  those of Newel1 (1953, 1956) on geology 
and geomorphology; Doty and o thers  (1954), Doty and Morrison (1954), 
and blorrison (1954) on p l a n t  and animal sys temat ics  and ecology; Harry 
(1953) on ichthyology;  and Danielsson (1954, 1956) on c u l t u r e  and 
econoinic l i f e .  More r ecen t ly ,  Ranson (1962 and e a r l i e r  papers)  has 
published accounts o f l l i k u e r u  and o t h e r  a t o l l s ,  and d e t a i l e d  work has  
been c a r r i e d  out  i n  connection with t h e  French weapons t e s t s  a t  Mururoa 
a t  the  e a s t e r n  end of  t h e  archipelago (Lalou and o the r s  1966, Chauveau 
and o the r s  1967). Since Agassiz 's  work a t  Rangiroa, T e r c i n i e r  (1956) 
has published b r i e f l y  on s o i l s ,  and Ot t ino  (1965) and Garanger and 
Lavondes (1966) have i s sued  f i r s t  r epor t s  on c u l t u r e  h i s t o r y .  The 
a t o l l  has been r ecen t ly  v i s i t e d  by Dr. M.-H. Sachet i n  1963, and by 
Professor  A .  Guilcher  and the  present  w r i t e r  i n  1965. Aubert de l a  R G ~  
(1964) has published a  general  account of the  a t o l l s  of  t h e  Tuamotu 
Archipelago, though he d id  not v i s i t  Rangiroa. 

Because of  shortage of t ime, observat ions i n  1965 were l imi ted  t o  
the  s u p e r f i c i a l  morphology of  the  a t o l l  r i m  a t  a s e r i e s  of  sample 
loca t ions  chosen t o  i l l u s t r a t e  d iverse  exposure environments. These 
loca t ions  covered the  no r th ,  west and south rims of t h e  a t o l l .  No ob- 
se rva t ions  could be made a t  the  eas t e rn  end of  t h e  a t o l l ,  But Dr. Sachet 
spent  some time t h e r e  i n  1963, and thus information i s  ava i l ab le  f o r  
poin ts  on t h e  e n t i r e  perimeter .  'I'his r epor t  c o n s i s t s  of  t h r e e  p a r t s :  

(1; a  b r i e f  general  account of the  gross  form and environment of  
Rangiroa; 

( 2 )  the  systeinat ic  dcsc r ip t ion  of t r a n s e c t s  around t h e  a t o l l  rim, 
with emphasis on d e t a i l s  of morphology; and 



(3) a  summary of  a t o l l  geomorphology as known a t  p re sen t ,  with 
emphasis on t h e  na tu re  and form of carbonate rocks and uncon- , .  
s o l i d a t e d  sediments,  and a  suggested summary of  recent  
geomorphic development. 
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This s tudy would have been impossible without t h e  h o s p i t a l i t y  and 
a c t i v e  he lp  of  M. Maurice Pomier, Di rec tor  of t h e  Tiputa  s t a t i o n  of  the  
I n s t i t u t  de Recherches pour l e s  Huiles  e t  Ole'agineux (I.R.H.O.). 
M .  Pomier made i t  poss ib l e  t o  v i s i t  a l l  the  loca t ions  descr ibed  i n  t h i s  
r e p o r t ,  and gave a  g rea t  dea l  of  h i s  time i n  a s s i s t i n g  t h e  work. 
D r .  Mar i e -~k l&ne  Sachet f i rs t  drew my a t t e n t i o n  t o  Rangiroa, and was 
t i r e l e s s  i n  making arrangements f o r  my v i s i t .  F ina l ly ,  I thank t h e  
Royal Society of London, f o r  t h e  opportuni ty t o  v i s i t  French Polynesia 
following t h e  Royal Socie ty  Expedition t o  the  B r i t i s h  Solomon Is lands  
i n  1965. 

C. Gross Form of  Rangiroa 

Rangiroa i s  s i t u a t e d  towards the  northwestern end of  t h e  Tuamotu 
Archipelago, a  chain of  a t o l l s  600 miles  long i n  the  c e n t e r  of  t h e  
P a c i f i c  Ocean (Figure 1 ) .  According t o  Menard (1964) t h e  Tuamotus l i e  
on t h e  s i t e  of  p a r t  of  the  foundered Darwin Rise. Rangiroa i s  125 
miles  no r theas t  of T a h i t i ,  the  l a r g e s t  of  t h e  r ee f -enc i r c l ed  volcanic 
Socie ty  I s l ands .  Rangiroa i s  i t s e l f  l a rge  enough t o  e n t i r e l y  contain 
t h e  i s l a n d  of  T a h i t i  wi th in  i t s  lagoon: i t  has a  maximum length of 
54 miles  (northwest-southeast) and breadth  of 23 mi les .  Agassiz s t a t e s  
(1903, 33) t h a t  i t  i s  "somewhat pear-shaped" i n  o u t l i n e .  In  quan t i t a -  
t i v e  terms t h e  shape may be expressed i n  a  number of i nd ices ,  of  which 
t h e  E l l i p t i c i t y  Index i s  most u se fu l .  Table 1 gives c a l c u l a t e d  shape 
i n d i c e s  f o r  Rangiroa and f o r  a  sample of 99 o t h e r  a t o l l s .  Rangiroa i s  
thus r a t h e r  more e longate  o r  e l l i p t i c a l  than t h e  mean f o r  a t o l l s  s o  
f a r  measured. 

Table 1 -- 

Index Rangiroa Ato l l  - -- 1 / Mean values f o r  99 a to l l s -  

I e  3.59 2.87 (modal c l a s s  1.5-2.0) 
F 0.22 0.35 

Rc 0 .43  0.57 

Re 0.53 0.64 

1/ Stoddar t  (1966) 

The s i z e  of  Rangiroa (Figure 2) i s  i t s  most immediately s t r i k i n g  
c h a r a c t e r i s t i c :  the  pe r iphe ra l  r e e f  i s  137 miles  long, and t h e  a t o l l  
has  a  t o t a l  a r e a  of 633 square mi l e s .  This  compares with 189 miles  and 



902 square mi les ,  r e spec t ive ly ,  f o r  Kwajalein A t o l l  i n  t h e  Marshall 
I s l ands ,  t h e  world 's  l a r g e s t  a t o l l .  Dimentional s t a t i s t i c s  f o r  
Rangiroa, der ived  from the  1:100,000 cha r t  by L t .  d ' h g l e j a n  Chat i l lon ,  
Mission Hydrographique en Polyn6sie F r a n ~ a i s e  1959, t oge the r  with da ta  
f o r  Raroia and four  Marshall I s lands  a t o l l s ,  inc luding  Kwajalein, a r e  
given i n  Table 2. 

The pe r iphe ra l  r e e f  f l a t s  of  the a t o l l  vary considerably i n  width, 
being genera l ly  narrower on t h e  windward and wider on t h e  leeward s i d e s .  
On t h e  northern r i m  t h e  f l a t  i s  350-700 yards wide; on t h e  west r i m  
475-700 yards wide; and on t h e  south r i m  825-1175 yards wide. The 
g r e a t e s t  width is found a t  the  eas t e rn  end of t h e  a t o l l ,  where nor th  
and south rims meet i n  a sharp  angle.  In common with o t h e r  Tuamotu 
a t o l l s ,  much of t h e  r e e f  r i m  i s  covered with i s l a n d s .  As a t  Raroia, 
a t o l l  land i s  most continuous on the  narrowest r i m ,  and l e a s t  cont in-  
uous where t h e  r i m  i s  wides t ;  r i m  dimensions i n  both cases a re  s i m i l a r ,  
though o r i e n t a t i o n  i s  not  the  same (Newel1 1965, 330). The 1959 cha r t  
of  Rangiroa shows 241 i s l a n d s ,  of which a l l  except  10 a re  on the  periph-  
e r a l  r ee f  r i m .  I s lands  cover one-third of  the  a rea  of  t h e  per iphera l  
r i m ,  compared with 35% a t  Raroia,  and con t ra s t ing  with l e s s  than 10% 
on some Marshall I s l and  a t o l l s .  

There a re  two passes through the  r i m ,  both on t h e  no r th  o r  
windward s i d e .  Avatoru, t h e  widest ,  i s  400 yards wide, with depths of 
up t o  10 fathoms; i t  b i f u r c a t e s  lagoonward. Tiputa Pass i s  330 yards 
wide, with l e a s t  depths of  9 fathoms; i t  a l s o  has  a patch r ee f  with 
i s l a n d  on the  lagoon s i d e .  The passes a re  char ted  a t  a s c a l e  of 
1:15,000 i n  Admiralty Chart 1175. In both passes  t h e r e  a r e  s t rong and 
complex cu r ren t s ;  Agassiz found these  t o  reach 4-1/2 - 8 knots (Agassiz 
1903, 33-34). There i s  l i t t l e  information on t h e  lagoon f l o o r .  
Agassiz (1903, 36, 45) took soundings between Avatoru and Fenuaroa, and 
found a hard ,  f a i r l y  f l a t  f l o o r ,  reaching 14-16 fathoms i n  the  center ,  
with a wide a rea  l e s s  than 5 fathoms near  t h e  south r i m .  Within the  two 
passes t h e  f l o o r  l i e s  a t  depths of  10-15 fathoms. Sca t t e red  soundings 
during t h e  1959 survey gave f i v e  readings of more than 30 fathoms, with 
a maximum of 34.4 fathoms ; t h i s  compares with a maximum of 30.1 fathoms 
a t  Raroia. There seem t o  be few lagoon patch r e e f s  a c t u a l l y  breaking 
su r face  i n  the  c e n t r a l  p a r t  of the  lagoon, but  a g r e a t e r  number r i s i n g  
t o  about 5 fathoms. Patch r e e f s  a re  concentrated i n  t h e  narrow eas t e rn  
p a r t  of the  lagoon, and along the  western s i d e .  Apart from t h e  i s l ands  
on patches near  t h e  passes t h e r e  a re  seven smal l  i s l a n d s  on lagoon patch 
r e e f s .  

Soundings on t h e  o u t e r  s lopes  of the  a t o l l  average about 600 
fathoms a t  d i s t ances  of  2 t o  4 n a u t i c a l  miles  from t h e  r e e f .  Slopes 
a re  s t e e p e s t  t o  t h e  no r th  ( 1  i n  3 t o  1 i n  4 ) ,  e a s t  (1  i n  3 .6) ,  and 
south (1 i n  4 ) ,  and l e a s t  s t e e p  along the  west s i d e  (1  i n  6 t o  1 i n  7) .  
Soundings by Agassiz show t h a t  the  ou te r  s lopes  on both nor th  and 
south s i d e s  of t h e  a t o l l  a r e  s t e e p e s t  near  t h e  r e e f s ,  and become 
g e n t l e r  a t  depth. 



Atol l  Perimeter Length Breadth Total  a r e a  Lagoon a r e a  Reef a rea  I s l and  a rea  Number 
miles miles  miles sq .  miles sq .  miles  s q .  miles sq .  miles  o f  

i s l a n d s  

RANG I ROAL/ 137 5 4 2 3 633 583 50 16.6 241 

21 Raroia- 56 2 7 9 154 131 23 8 280 

3/ Kwajalein- 189 80- 41 20- 41 902- 4/ 880 (c. 22) 5 .& 9 2- 4/ 

3/ Ronge l a p  9 3 33 20 426- 4/ 396 34 2.5- 4/ 5 &/ 
3/ Eniwetok- 72 25 20 395- 41 36 0 32 2.5- 4/ 39- 4/ 

31 Bikini- 66 26 15 267- 243 30 2.8 2 9- 41 41 

Sources : 

L/ 1:100,000 char t  by L t .  d ' h g l e j a n  Chat i l lon ,  1959. 

2' Newell 1956, 329-330. 

3' Emery, Tracey and Ladd 1954, 22. 

41 Fosberg 1956, 34 and Figure 10. 



D .  Climate and t i d e s  -- 

The following summary of  wind condit ions i n  t h e  Taumotus i s  taken 
from t h e  Geographical Handbooks S e r i e s :  Pac i f i c  I s l ands ,  volume 2 
(1943), p .  195-196. 

"The t r ade  winds blow over the  archipelago throughout 
t h e  year  but  a re  o f t en  d is turbed;  they  a re  most r egu la r  
from May t o  October and then blow f r e s h l y .  Thei r  mean 
d i r e c t i o n  i s  e a s t ,  drawing t o  eas t -south-eas t  from June 
t o  October, and then t o  eas t -nor th-eas t  from November 
t o  May. A t  t h i s  l a t t e r  per iod  they a r e  o f t e n  l i g h t ,  and 
may a l t e r n a t e  with heavy uns table  s q u a l l s  from nor th  t o  
south-west,  t hese  s q u a l l s  being more f requent  by n ight  
than by day. Strong winds from the  south-eas t  a r e  l i a b l e  
t o  occur from May t o  September, but  e s p e c i a l l y  i n  August, 
when they a re  apt  t o  l a s t  from four  t o  e i g h t  days. From 
November t o  May, ga les  from nor th  t o  south-west a re  
r e l a t i v e l y  f requent ,  e spec ia l ly  i n  January t o  March. In  
January a ga l e  a r i s i n g  i n  the  north-west u sua l ly  s h i f t s  
t o  north and nor th-eas t ;  a t  o the r  t imes the  tendency i s  
f o r  i t  t o  s h i f t  from north-west t o  south-west.  

"The Tuamotu group i s  sub jec t  t o  hu r r i canes ,  which occur 
as a r u l e  towards the  end of the  year ,  o r  i n  January 
o r  February. Normally, however, they occur l e s s  than 
once i n  two yea r s .  Hurricanes ( t r o p i c a l  cyclones) of 
p a r t i c u l a r  fo rce  have been recorded i n  September 1877, 
February 1878, January 1903, and February 1906." 

Climatic  da t a  f o r  the  I.R.H.O. S t a t i o n  a t  Tiputa ,  Rangiroa, a r e  
a v a i l a b l e  s i n c e  1959. The mean annual r a i n f a l l  f o r  1959-64 was 57 
inches (1449 nun), but  t h i s  f i g u r e  conceals considerable v a r i a t i o n  
from year  t o  year .  Ra in fa l l  tends t o  be h ighes t  i n  November-January, 
when i t  i s  a l s o  l e a s t  r e l i a b l e ,  and lowest i n  April-May and again i n  
September. The s c a t t e r  diagram of monthly r a i n f a l l  over t h e  period 
of record (Figure 3) shows t h i s  v i v i d l y .  The range of a c t u a l  monthly 
r a i n f a l l s  recorded i n  each month even over t h i s  s h o r t  per iod  gives a 
s i m i l a r  impression, as  shown i n  Table 3. Exceptional ly high monthly 
f igu res  appear t o  r e s u l t  l a rge ly  from t h e  r a i n f a l l  received during 
s i n g l e  storms: i n  each of the  years  of record t h e r e  was one storm 
y ie ld ing  more than 100 mm of  r a i n f a l l  i n  a s i n g l e  day, with a maximum 
of 159.1 nun i n  one day i n  January 1965. These except ional  storms a re  
we l l -d i s t r ibu ted  throughout t h e  year  (Figure 4 ) ,  though with minima i n  
May and September. 

Other c l ima t i c  da t a  a re  l e s s  complete. Mean annual temperature 
i n  1963 was 27.7'C and i n  1964, 27.6'C. The v a r i a t i o n  i n  monthly 
means i s  approximately 3'C: from a mini~num of 25.7-26.2" i n  J u l y  t o  
a maximum of 28.8-29.3"C i n  February-March. Inso la t ion  i s  g r e a t e r  
than 200 hours per  month i n  a l l  months except November and December, 
and t o t a l s  between 2500 and 3000 hours pe r  annum (1963: 2671 hours;  
1964: 2893 hours) .  No wind o r  pressure  records a re  kept  a t  Rangiroa. 



Table  &' -- 

Jan  Feb Mar APT May Jun J u l  Aug S e p t  Oct Nov De c 

-------  - - --- 
A:  370.8 292.5 224.5 212.5 340.2 248.0 98 .8  171.0  34.7  286.5 496.1  321.4 

B :  62 .5  44.3  54 .1  27.0 11.9 9 .0  11 .9  25.0 24.7 1 6 . 0  36 .4  33.7.  

- Source:  R a i n f a l l  r e c o r d s ,  I . R . H . O . ,  T i p u t a .  

A. Maximum recorded  f o r  each month, mm, 1959-65 

B.  Minimum recorded  f o r  each month, mm, 1959-65 



Newel1 (1956) summarized s e a  condit ions a f f e c t i n g  t h e  Tuamotu 
a t o l l s  as fol lows:  

(1) Prevai l ing  t r a d e  winds from the  e a s t  give heavy seas  on the  
nor theas t  o r  windward s i d e s  of  a t o l l s .  

(2) Southern Ocean swell  breaks heavi ly  on t h e  south  o r  swellward 
s i d e s  of a t o l l s .  

(3) Occasional hurr icanes  o r  t r o p i c a l  storms s t r i k e  a t o l l s  i n  
t h e i r  northwest o r  stormward q u a r t e r .  

This framework may be conveniently used f o r  ca tegor iz ing  t h e  rims of  
Rangiroa. 

According t o  Wiens (1962, 214) the  spr ing  t i d e  range a t  Rangiroa 
i s  2.1 f e e t ;  t h i s  compares c lose ly  with a  l i t t l e  under 2 f e e t  a t  
Raroia (Newel1 1956, 329). 

11. THE NORTHERN OR WINDWARD RIM 

A. General Charac te r i s t i c s  

The northern r ee f  f l a t  v a r i e s  i n  width from 350 t o  700 yards ,  
reaching a  maximum of 1050 yards a t  i t s  e a s t e r n  end. I t  i s  approx- 
imately 50 miles long, and i s  surmounted by i s l a n d s  f o r  some 85% of 
t h i s  length.  Five of the  i s l a n d s  a re  more than a  mile long: most of 
t h e  r e s t  a r e  between 200 and 600 yards i n  length ,  but  show c l e a r  evid- 
ence of  being d i s sec t ed  fragments of formerly longer  i s l a n d s .  The two 
deep-water passes (ava) - a r e  found on t h e  northern r i m ,  t o  t h e  west of 
t h e  i s l a n d s  of  Avatoru and Tiputa ,  r e spec t ive ly ;  on each o f  these  two 
i s l a n d s  t h e r e  i s  a  v i l l a g e  of  about 300 people. A t  t h e  lagoonward 
ent rance  of  each pass  t h e r e  i s  a  r e e f  patch with a  small i s l a n d .  The 
c h a r a c t e r i s t i c s  of  the  f l a t  a r e  described,  f i rs t ,  with an i s l a n d ,  and 
second, without .  

(1) Reef r i m  with i s l and .  

The c h a r a c t e r i s t i c s  of  the  r e e f  r i m  with i s l a n d  a r e  shown 
schematical ly i n  Figures 5 and 6A. A c ross-sec t ion  of  r e e f  r i m  with 
i s l a n d  f a l l s  i n t o  t h r e e  main d i v i s i o n s :  (a) t h e  seaward f l a t ,  (b) 
t h e  i s l a n d ,  and (c) t h e  lagoon r e e f .  The width of  t h e  seaward f l a t  
v a r i e s  from 50 t o  200 yards,  and occupies roughly o n e - f i f t h  of  the  
width of t h e  r i m .  I t  cons i s t s  of  a  r a i s e d  o u t e r  r i m ,  with surge 
channels and l i v i n g  Porol i thon t o  seaward ( the  "a lga l  ridge" - sensu 
l a t o )  : and a bare rock f l a t ,  p a r t l y  drying a t  low water .  Detai led - 
t r a n s e c t s  of t h e  seaward f l a t  a r e  given i n  Sect ion IIB. 

The i s l a n d s  (motu) a re  genera l ly  250 t o  400 yards wide. They a re  - 
b u i l t  almost e n t i r e l y  of sh ing le ,  with massive sh ingle  and rubble 
r idges  r i s i n g  t o  he igh t s  of 10-15 f e e t  above t h e  r ee f  f l a t  on t h e  sea-  
ward s i d e .  Lagoonward of  these  ramparts the  su r face  f a l l s  f a i r l y  
r ap id ly  t o  a  l eve l  of  6-8 f e e t  above t h e  f l a t ,  and dec l ines  lagoonwards. 



The lagoon s h o r e  i s  formed by s t e e p  r i d g e s  o f  f i n e r  s h i n g l e .  The lower 
p a r t  o f  t l ie seaward s h o r e  a lmost  i n v a r i a b l y  c o n s i s t s  of an e r o s i o n  ramp 
06 worn, smooth c o n g l m e r a t e ,  s l o p i n g  seawards  a t  a n g l e s  o f  5-7"  ( P l a t e s  
1 and 2 ) ,  and i n  many p l a c e s  o v e r l a i n  b y  t o p o g r a p h i c a l l y  r e c o g n i z a b l e  
beachrock ( P l a t e  3 ) .  'The beachrock,  w i t h  d i p s  o f  3-7' (maximum recorded  
11-20') normal ly  f o l l o w s  t h e  s h o r e ,  b u t  i n  p l a c e s  t r e n d s  a c r o s s  t h e  s e a -  
ward f l a t  a t  an a n g l e  t o  t h e  s h o r e  t o  form o u t l i e r s  up t o  80 y a r d s  
d i s t a n t  from i t .  Seaward beach a n g l e s  va ry  c o n s i d e r a b l y :  t h e  beach 
f a c e  o f  r u b b l e  beaches  may reach 14-18",  though a n g l e s  a s  s m a l l  a s  
6-1/2" were measured on s m a l l  p a t c h e s  o f  sand  beach .  011 t h e  lagoon 
s h o r e ,  though t h e  r e l i e f  i s  much l e s s ,  a n g l e s  remain s t e e p :  lagoon- 
f a c i n g  s l o p e s  o f  s u c c e s s i v e  beach r i d g e s  a t  T i p u t a  have a n g l e s  o f  
10-13', whi le  t h e  backs lope  o f  t h e  r i d g e s  r e a c h e s  19' i n  p l a c e s .  A t  
some p o i n t s  t h e  lagoon r i d g e s  a r e  b e i n g  overs teepened  by e r o s i o n ,  t o  
g i v e  a n g l e s  as h i g h  a s  39' on t h e  lagoon s h o r e  o f  b lahere te t i ae .  I n  many 
i s l a n d s ,  p a r t i c u l a r l y  towards t h e  wes t ,  t h e  s t e e p  lagoon r i d g e s  e n c l o s e  
a n  a r e a  o f  s t a n d i n g  w a t e r  o r  marshy ground ( t a i r u a  m): a t  Avatoru 
t h i s  nieasures 170 x  700 y a r d s  ( P l a t e  8 ) .  A f t e r  heavy r a i n  t l ie low-lying 
a r e a  s u r r o u n d i n g  tlie p o o l s  may b e  covered w i t h  two t o  t h r e e  i n c h e s  o f  
s t a n d i n g  w a t e r  f o r  a  p e r i o d  o f  days .  I n  a d d i t i o n  t o  t h e  poo ls  s u r f a c e  
xlepress ions  a r e  a l s o  found i n  t h e  form o f  t a r o  p i t s  ( m a i t e ) ,  - f o r i ~ i e r l y  
used  f o r  c u l t i v a t i o n  b u t  now s e r v i n g  a s  d e p o s i t o r i e s  f o r  o r g a n i c  rubb ish  
and t h e  growing o f  bananas  and o t h e r  p l a n t s .  

The i . s lands  a r e  s e p a r a t e d  by s h a l l o w ,  narrow channe l s  known a s  
hoa ( P l a t e  4 ) .  These a r e  c l e a r l y  e r o s i o n a l ,  and r e p r e s e n t  b r e a k s  i n  - 
fo rmer ly  more e x t e n s i v e  i s l a n d s .  I n  t h e  w a l l s  o f  i s l a n d s  t r a n s e c t e d  
by hoa ,  - conglomerate  rock i s  exposed u n d e r l y i n g  t h e  i s l a n d  c l a s t i c s  
and r i s i n g  above t h e  l e v e l  o f  t h e  r e e f  f l a t .  T h i s  conglomerate forms 
a ledge i n  t h e  w a l l s ,  and a l s o  f l o o r s  t l ie  hoa i t s e l f .  Channels c u t  i n  - 
t h e  conglomerate  by w a t e r  p a s s i n g  from s e a  t o  lagoon a r e  ex tend ing  
seaward by lieadward e r o s i o n ,  o f t e n  t e r m i n a t i n g  i n  snia l l  w a t e r f a l l s  
wi th  plunge p o o l s .  Eros ion  o f  t h e  congloinerate i s  g e n e r a l l y  f r o n t e d  
by a  f l a t  e r o s i o n  ramp r e p r e s e n t i n u  tlie e x t e n t  o f  marine  p l a n a t i o n .  

'? 
The l ieigli t  o f  t l ie conglomerate v a n e s :  between 'Tiputa and T e p a e t i a ,  
where tlie seaward beach r i d g e s  a r e  n o t  h i g h e r  t h a n  8 f t . ,  t h e  congloni- 
e r a t e  s t a n d s  t l i r e e  f e e t  above t h e  i n n e r  r e e f  f l a t  a t  t l ic  seaward end 
o f  t h e  l ioa,  - f a l l i n g  g r a d u a l l y  t o  1 f t .  a t  t h e  lagoonward end.  The 
g e n e r a l  d i p  of t h e  upper  s u r f a c e  o f  t h e  rock i s  about  0 .5 ;  a t  t h e  
seaward end,  s t r a t i f i c a t i o n  p l a n e s  i n  t l ie rock d i p  lagoonward a t  up 
t o  l o .  No seaward d i p s  were s e e n .  hiuch o f  t h e  rock s u r f a c e  i n  tlie 
Xoa - i s  undergoing onion-ski.n s p a l l i n g  o f  p l a t e s  l e s s  than  6 i n c h e s  i n  
t h i c k n e s s ,  wliich once l o o s e ~ i e d  a r e  a t  t i m e s  t o r n  o f f  b o d i l y  by wave 
a c t i o n .  N e i t h e r  t l ie conglomerate rock n o r  t h e  e r o s i o n  ramp immediately 
t o  seaward e x t e n d s  beyond tlie g e n e r a l  l i n e  o f  t h e  seaward o r  lagoonward 
s h o r e s  o f  i s l a n d s .  I n  p l a c e s  s i m i l a r  rock forms h o r i z o n t a l  o u t c r o p s  
1-2 f e e t  h i g h  and o f  s m a l l  e x t e n t  on t h e  lagoon s h o r e s  o f  i s l a n d s .  
The lagoonr>rard mouths of hoa a r e  o f t e n  a lmost  c l o s e d  by s p i t s  and b a r s  - 
o f  f r e s h  smal l  c o r a l  s h i n g l e .  On M a h e r e r e t i a t a e  a  r e l i c t  lioa was seen  - 
i n  t h e  p r o c e s s  o f  be ing  r e c o l o n i s e d  by v e g e t a t i o n ,  a f t e r  be ing  s e a l e d  
a t  bo th  ends by beacli r i d g e s .  

'The lagoon r e e f s  on t h c  n o r t h e r n  rim a r e  p o o r l y  developed.  A 
r a t h e r  s p a r s e  growt!~ o f  c o r a l s  cx tends  from t h e  beacli f o o t  t o  t h e  edge 



of t h e  lagoon s lope ,  a  d i s t ance  of  only 15-50 yards ,  where t h e  bottom 
f a l l s  s t e e p l y  t o  the  lagoon f l o o r  a t  depths o f  10-15 fathoiiis. 

(2) Reef r i m  without i s l a n d .  

Reef r i m  lacking i s l a n d  was inves t iga t ed  between Moao and Hararu. 
Although no land i s  shown on t h e  c h a r t ,  t h e  whole of t h i s  s e c t i o n  
resembles a  normal hoa. The seaward f l a t  i s  t h e  same as t h a t  o f f  - 
i s l a n d s ,  with seaward rim and bare rock-f loored r ee f  f l a t ,  t oge the r  
with occasional  la rge  r ee f  b locks .  The p lace  of the  i s l a n d  i s  taken 
by a  p la t form of conglomerate rock, with a  general  l e v e l  of  l e s s  than 
2  f e e t  above t h e  f l a t .  The seaward edge of  t h e  conglomerate forms a  
low c l i f f  overlooking an abrasion p la t form.  Channels through the  
conglomerate a re  shal lower and l e s s  c l e a r l y  defined than i n  the  hoa, and - 
a r e  o f t en  discontinuous;  near  t h e  lagoon edge, however, they may become 
deeper ,  V-shaped scour notches only p a r t l y  i n t e r r u p t e d  by b a r s .  Along 
t h e  seaward edge of the  conglomerate platform the re  i s  no accwnulation 
of  rubble o r  s h i n g l e ;  but  along the  lagoon edge t h e r e  i s  a  zone 50 
yards wide of  high s t e e p  sh ing le  r i d g e s .  The inne r  p a r t  of  the  conglom- 
e r a t e  p la t form and the  lagoonward r idges  a re  covered with vege ta t ion ,  
mainly Pemphis ac idula  and Suriana ~na r i t ima  growing d i r e c t l y  on t h e  
bare  rock su r face ;  the  p l an t  cover i s  s u f f i c i e n t l y  dense t h a t ,  seen 
from t h e  s e a ,  the  i n t e r - i s l a n d  f l a t  appears t o  b e  a  vegetated i s l a n d .  

This desc r ip t ion  app l i e s  s p e c i f i c a l l y  t o  the  1-1/2 miles  long 
Maoa-Hararu gap, which i s  one of  the  longest  on the  nor thern  r i m ;  
whether o t h e r  i n t e r - i s l a n d  areas  on t h i s  r i m  a r e  comparable remains 
t o  be seen.  

B .  Reef f l a t  p r o f i l e s  -- 

The nor thern  r i m  of  Rangiroa was inves t iga t ed  a t  Avatoru, Tiputa ,  
Tepaet ia ,  I\ , lahereretiatae, and eastwards t o  Hararu i n  the  Moao-I-lararu 
gap. Measured p r o f i l e s  of  the  seaward f l a t  a t  these  loca t ions  a re  
given i n  Figure 7. 

P r o f i l e  1 - 

Avatoru, no r th  shore ,  west end of  t h e  i s l a n d .  The reef  f l a t  has 
an average width of 170 yards ,  and t h e  seaward beach of 20 yards .  The 
fol lowing zones a r e  recognized: 

(a) Porol i thon zone of  encrus t ing  pink a lgae .  The algae forin a  ' p a i n t '  
over t h e  sur face  of surge channels and in ter -channel  a reas ;  t h e  chan- 
n e l s  themselves pass  seawards i n t o  t h e  r e e f - f r o n t  groove system. Apart 
from small  and s c a t t e r e d  Por i t e s  and Acropora i n  t h e  surge channels,  
c o r a l s  a re  absent .  S l a t e -penc i l  urchins  a re  conspicuous on the  a l g a l  
su r face .  In  the  channels the  Porol i thon forms smal l ,  smooth-surfaced 
bosses up t o  6 inches high and 6 inches i n  diameter;  t h e  channels them- 
s e l v e s  a r e  10-15 yards apa r t .  From the  inne r  l i m i t  of continuous 
Porol i thon t o  the  wave break l i n e  t h e  zone i s  30-40 yards wide. A t  low 
water t h e  zone emerges during backwash, but  i s  covered by up t o  2 f e e t  
of water during swash. 



(b) Orange zone. T h i s  name i s  given t o  a  h i g h l y  d i s t i n c t i v e  zone of  
e roded  rock a t  t h e  same l e v e l  as  o r  s l i g h t l y  h i g h e r  t h a n  t h e  P o r o l i t h o n  
zone;  it c o n s i s t s  o f  rimiiled p o o l s  and i ~ o l e s  c o a t e d  w i t h  an orange a l g a .  
Zones (a )  and (b) t o g e t h e r  comprise t h e  o u t e r  r i d g e  o r ,  i n  a  wide 
s e n s e ,  t h e  a l g a l  r i d g e ,  of  t h e  seaward f l a t .  The orange zone i s  20-25 
y a r d s  wide.  I t s  i n n e r  boundary i s  i r r e g u l a r ,  s e r r a t e d  by e r o s i o n  
channe l s  foriiled by w a t e r  pour ing  over  t h e  l i p  o n t o  t h e  f l a t  i t s e l f .  
There  a r e  no growing c o r a l s  i n  t h i s  zone.  

( c )  Reef f l a t .  A r o c k - f l o o r e d  f l a t  deepening from l a n d  t o  s e a .  'rlie 
i n n e r  h a l f  d r i e s  comple te ly  a t  low w a t e r ,  when t h e  o u t e r  p a r t  s t i l l  
c a r r i e s  up t o  1 . 5  f e e t .  P o t h o l e s  n e a r  t l ie  j u n c t i o n  w i t h  zone (b) con- 
t a i n  a  few s m a l l  c o r a l s  such a s  P o c i l l o p o r a  and I ' o r i t e s ,  b u t  o t h e r w i s e  
t h e r e  a r e  no growing c o r a l s  on any p a r t  o f  t l ie  f l a t .  The p laned  rock 
s u r f a c e  i s  v e r y  s p a r s e l y  covered wi th  a  t h i n  l a y e r  o f  mobi le  sand .  
T o t a l  width  100-110 y a r d s .  

(d)  Beach-foot beachrock :  a  iiiassive congloinera te ,  d i p p i n g  seaward,  
forming a  p l a t e  5  y a r d s  wide and 1 . 5  f e e t  t h i c l t  a long  t h e  f o o t  o f  t h e  
beach;  r e s t i n g  on an i n c l i n e d  rock s u r f a c e  which p a s s e s  under  t h e  beach 
sed iments  and which i s  forined of a  s i i i i i l a r  conglomerate t o  t h e  beachrock.  

(e)  Beach f a c e :  w h i t e ,  unweathered c o r a l  s h i n g l e ,  14 y a r d s  wide and 
r i s i n g  t o  8 f e e t  above t h e  l e v e l  of  t l ie  i n n e r  f l a t .  

( f )  Beach c r e s t  o f  b lackened  s h i n g l e  w i t h  a  hedge of S u r i a n a  mar i t ima .  

P r o f i l e  2 - 

'Tiputa,  n o r t h  s h o r e ,  west  end o f  t h e  i s l a n d .  The r e e f  f l a t  i s  
on ly  90 y a r d s  wide,  and t h e  r u b b l e  beach i s  c o r r e s p o n d i n g l y  h i g h e r  
and s t e e p e r .  

( a )  l 'orol i thon zone o f  smooth pink e n c r u s t i n g  a l g a e  between s u r g e  
c h a n n e l s ,  wi th  s inal l  b o s s - l i k e  growths on channel  w a l l s .  No growing 
c o r a l s ;  a  few p a t c h e s  o f  g reen  a l g a e .  \+'hen obse rved  wave a c t i o n  was 
g r e a t c r  h e r e  t h a n  e l sewhere  on t h e  r e e f  edge :  i n  ve ry  calin c o n d i t i o n s  
waves a t  b r e a k i n g  r e a c h e d  h e i g h t s  o f  1 . 5  t o  2 y a r d s ,  a t  tiiiies throwing 
s p r a y  t o  h e i g h t s  of 6 y a r d s .  The zone i s  a t  l e a s t  30 y a r d s  wide. 

(b) Orange zone o f  e roded  rock w i t h  l a r g e  p o t h o l e s  and some s h a r p  
r e s i d u a l  p i n n a c l e s .  No p ink  a l g a e .  There  a r e  some c o r a l s  i n  t h e  
d e e p e r  p o t h o l e s .  The zone i s  10-25 y a r d s  wide,  and r i s e s  2  f e e t  
above t h e  o u t e r  r e e f  f l a t .  

( c )  Reef f l a t :  a  p l a n e d  rock f l o o r  w i t h  a  t h i n  d i s c o n t i n u o u s  cover  o f  
sand  and no c o r a l s .  S t r o n g  l o n g i t u d i n a l  c u r r e n t s  move westwards 
towards T i p u t a  p a s s  t o  remove w a t e r  p o u r i n g  o v e r  t h e  r a i s e d  r i m .  The 
f l a t  deepens s l i g h t l y  from l a n d  t o  s e a ,  and t h e  i n n e r  p a r t  d r i e s  a t  low 
w a t e r ,  35 y a r d s  wide.  

(d) beach- foo t  beach cong lomera te :  a  r a t h e r  h e a v i l y  e roded  massive 
conglomerate ,  d i p p i n g  seaward,  5  ya rds  wide.  



(e) Beach f ace ,  12 yards wide, r i s i n g  s t eep ly  t o  10 f e e t  above t h e  
f l a t ;  b u i l t  of  white sh ing le  w i t 1 1  pockets of  foramini fera1  sand i n  
tlie l e e  of  tlie beachrock. 

( f )  Beach c r e s t  of dark unvegetated sh ing le  - mostly co ra l  fragments 
3-9 inches long, recognisable t o  genus. The su r face  s lopes  gent ly  
uvwards from t h e  ton of  the  beach face  t o  a  c r e s t  17 vards i n l a n d .  and 
then f a l l s  landwards t o  the  vegeta t ion  hedge of  Tournefor t ia  a rgentea  
and Sur iana  maritima. 

P r o f i l e  3  - 

'Tiputa, e a s t  of P r o f i l e  2 ,  where the  r e e f  f l a t  narrows t o  
approxi~;iately 65  yards.  

(a) Porolit l lon zone and surge channels.  No co ra l s  

(b) Orange zone of eroded rock; zones (a) and (b) t oge the r  Form a  rim 
a t  l e a s t  30 yards wide (P la t e  9 ) .  

(c) Rock-floored r e e f  f l a t ,  poss ib ly  j u s t  drying i n  p laces  a t  low 
water .  Xo co ra l s  on t h e  rock su r face .  In  p l aces  ti iere a re  l i n e a r  
r e s i d u a l s  o f  rock which a re  probably o l d  patches o f  beachrock. Width 
35 yards .  

(ci) Ueach-foot beaclirock (P la t e  3 ) :  a  sn!ootli i nc l ined  p l a t e  r i s i n g  
up t o  3 f e e t  above the  inne r  f l a t  l e v e l  and passing under bench sedim- 
e n t s .  The rock contains l a rge  co ra l  fragments,  bu t  hand specimens 
liave tlie appearance of moderately i n f i l l e d  beachrock. S t r u c t u r a l  d ip  
seawards. 

(e) Beach f ace :  a  r a t h e r  complex f e a t u r e  30-40 yards wide, r i s i n g  t o  
a  maximum lieight of 15 f e e t  above the  inne r  f l a t ,  mostly formed of  grey 
sh ing le  4-6 inclies long, with sand on t h e  lower face .  

( f )  Beach c r e s t  of  dark sh ing le ,  coarsening landwards. Declining i n  
he ight  towards the  vegeta t ion  hedge which he re  cons i s t s  mainly of  
'Tournefortia a rgentea ,  with coconuts f a r t h e r  i n l and .  

P r o f i l e  4  - 

Tepaet ia ,  nor th  shore ,  midway along the  i s l a n d .  The p r o f i l e  i s  
narrow and comparable t o  P r o f i l e  3. 

(a) Porol i thon zone of pink encrus t ing  a lgae  25 yards wide, with 
surge cliannels 5-10 yards apa r t .  

(b)  Orange zone, width 30 yards .  The o u t e r  two-thirds of  t h i s  zone 
i s  s i m i l a r  t o  t h a t  i n  P r o f i l e s  1-3: smoothly rounded potholes  and 
r idges  a r e  covered with an orange-colored a lga .  The inne r ,  landward 
t h i r d  i s  formed of sharper  pinnacles  and r i d g e s ,  w i t 1 1  a  l oca l  r e l i e f  
of 3-6 inches .  



(c) Bare rock r e e f  f l a t ,  25-30 yards wide, lacking growing co ra l s  o r  
o t h e r  la rge  co lonia l  organisms, with only a t h i n ,  discontinuous 
sediment cover.  

(d) Beach-foot beachrock: a massive, very s tony conglomerate i n  two 
d i s t i n c t  bands, each with 2-3 l a y e r s ,  dipping seaward, 8-10 yards wide, 
and r i s i n g  up t o  1 .5  f e e t  above the  inne r  f l a t .  

(e) Seaward beach f ace :  a sh ingle  beach 15 yards wide, with most 
p a r t i c l e s  l e s s  than 2 inches long, and patches of foramini fera1  sand, 
p a r t i c u l a r l y  i n  the  lower p a r t .  

( f )  Beach c r e s t ,  forming a wide f l a t  of sh ing le ,  with p a r t i c l e  length 
g r e a t e r  than 9 inches ,  mostly co ra l s  but  with blocks of beach conglom- 
e r a t e ,  presumably c a r r i e d  by storm waves. The c r e s t  s tands  9 f e e t  
above the  inne r  f l a t  l e v e l .  Tlle ou te r  p a r t  of  t h e  c r e s t  i s  covered 
with a low hedge of Suriana maritima: 35-40 yards in l and  t h i s  i s  
replaced by a s o l i d  s t and  of Guettarda spec iosa .  

P r o f i l e  5 - 

i - lahereret iatae,  nor th  shore ,  west end of t h e  i s l a n d .  The reef  
f l a t  here  i s  wide (160-180 yards)  and thus comparable t o  P r o f i l e  1. 

(a) Porol i thon zone of  pink a lgae  with many c l o s e - s e t  groove-l ike 
surge cliannels averaging only 4 yards apa r t .  Nodular Porol i thon i s  
conspicuous a t  lower l e v e l s .  

(b) Orange zone, 25 yards wide: the  landward edge potholed and 
grooved, and c l e a r l y  undergoing eros ion .  

(c) Rock-floored r e e f  f l a t  with a t o t a l  width of 115 yards .  I t s  outer  
p a r t  l i e s  2 f e e t  below t h e  l e v e l  of t h e  orange zone, but  r i s e s  land- 
ward. No co ra l s .  

(d2) In  p laces  on t h e  r e e f  f l a t  t he re  i s  a discontinuous zone of rock 
up t o  1 .5  f e e t  high,  jagged and eroded, forming narrow l i n e a r  bands 
p a r a l l e l  with t h e  shore.  No s t r u c t u r e  i s  apparent ,  bu t  t hese  a re  
probably r e l i c t  bands of beachrock. 

(g) The inner  p a r t  of t h e  r e e f  f l a t  i s  formed by a dark-colored bare 
rock platform, drying a t  low water ,  20-25 yards wide, and of  e ros ional  
o r i g i n .  I t  s tands  up t o  1 f t .  above t h e  general  l e v e l  of t h e  reef  
f l a t ,  but  t he re  i s  not  sharp  l i n e  of demarcation between t h e  two. 

(d) Beach-foot beachrock: a conglomerate rock overlying the  erosion 
platform; 4-5 yards wide, up t o  1.5 f e e t  h igh ,  and dipping seawards. 

(e) Beach face ,  20 yards wide and 6 f e e t  high froin t h e  inne r  f l a t  t o  
t h e  f i r s t  vegetat ion hedge. The lower p a r t  of t h e  face  i s  sand and 
f i n e  gravel ;  t h e  upper p a r t  of  mediun sh ing le .  



( f )  Beach c r e s t :  a  f l a t  expanse of  very coarse blackened rubble 40- 
50 yards wide and up t o  9 f e e t  above t h e  f l a t ,  separa ted  from the  
beach face by a  narrow hedge of Suriana maritima and disappearing i n -  
land under a  t h i c k e t  of  Tournefor t ia ,  Guettarda,  Scaevola and Hedyotis. 

P r o f i l e  6 - 

Mahereret iatae,  nor th  shore,  e a s t  end of t h e  i s l a n d .  The r e e f  
f l a t  i s  again wide and comparable with P r o f i l e  5 .  

(a)  Porol i thon zone: as i n  P r o f i l e  5.  

(b) Orange zone: as  i n  P r o f i l e  5.  

(c) Rock-floored r e e f  f l a t ,  90 yards wide, 1.5-2 f e e t  below t h e  l e v e l  
of t h e  orange zone i n  i t s  ou te r  h a l f ,  and r i s i n g  towards the  shore.  
There a re  some l a rge  r e e f  blocks of  s torm-tossed o r i g i n ,  up t o  5 f e e t  
high and 18 f e e t  long on the  f l a t  from Mahereret iatae eastwards; one 
r ee f  block i n  t h i s  p r o f i l e  s tands  110 yards from t h e  r e e f  edge. There 
a re  no growing co ra l s  on the  f l a t .  

(g) Tile inne r  p a r t  of t h e  r ee f  f l a t  i s  covered with co ra l  rubble t o  
form a boulder  ca rpe t  up t o  25 yards wide, over ly ing  t h e  e ros iona l  rock 
platform seen i n  P r o f i l e  5 .  

(d) Beach-foot beachrock, here a  degraded conglomerate outcrop only 
5 yards wide, with no c l e a r  forin o r  s t r u c t u r e ,  and l a rge ly  covered with 
rubble blocks up t o  1 .5  f e e t  i n  diameter.  

(e) Beach face  and c r e s t .  The unvegetated beach area  he re  has a  t o t a l  
width of up t o  170 yards .  The ou te r  f ace ,  6 f e e t  high and 12 yards 
wide, i s  b u i l t  of  coarse sh ingle  of 3-12 inch c a l i b r e ;  i t  i s  topped by 
a  discontinuous f r i n g e  of Suriana and Tournefor t ia .  A 50 yard wide 
back s lope  of  grey rubble,  ho r i zon ta l  and unvegetated, i s  followed by 
a  s t eep  r i s e  t o  a  second r idge ,  6  f e e t  h ighe r  than the  f i r s t ,  of 
blackened rubble .  The backslope of t h i s  has a  s l i g h t  landward s lope ,  
and i s  formed of  rough l a rge  co ra l  b locks ,  t i g h t l y  packed. The vegeta- 
t i o n  hedge (Tournefor t ia ,  Guettarda, Hedyotis and some Pandanus) l i e s  
60-100 yards back from t h e  second beach c r e s t .  

111. THE WESTERN OR LEEWARD RIM 

A. General c h a r a c t e r i s t i c s  

The western r i m  of Rangiroa i s  17 miles  long: of t h i s  d is tance  
60% i s  covered with i s l a n d s .  The b a s i c  p a t t e r n  i s  s i m i l a r  t o  t h a t  on 
the  northern r i m ,  with t h e  d iv i s ion  i n t o  seaward f l a t ,  i s l a n d ,  and 
lagoon r e e f .  Typical  condit ions were seen a t  Motut i i  and Tereiao 
(Section I I I B ) .  IIere the  seaward f l a t ,  with a  t o t a l  width of about 
120 yards ,  c o n s i s t s  of  an outer  r a i sed  rim, bounding a rock-floored 
r ee f  f l a t  which towards t h e  seaward shore of  t h e  i s l a n d  i s  covered by 
a  platform of conglomerate rock. The i s l ands  a r e  approximately 500 
yards wide; f i v e  of them a re  considerably longer  than t h e  r e s t ,  which 



a r e  separa ted  by hoa. The seaward beach r idges ,  facing away from the  - 
preva i l ing  winds, a r e  lower, l e s s  s t e e p ,  and b u i l t  of f i n e r  debr is  
than t h e  ran~par ts  on t h e  northern r i m .  '13~s a t  Plotutii  t h e  beach of 
f i n e  sh ing le  r i s e s  t o  4-7 f e e t  above t h e  f l a t  and has a mean s lope  of 
6-9". In  p laces  where the  shore approaches c l o s e r  t o  t h e  r ee f  edge, 
llowever, as  on p a r t s  of Tereiao,  the  seaward r idge  is h igher  (up t o  
10 f e e t ) ,  s t e e p e r  ( i n  p laces  up t o  20'1, ant1 b u i l t  of coa r se r  sh ing le .  
Lagoonward of the  seaward beach c r e s t ,  the  su r face  dec l ines  f a i r l y  
gent ly  towards the  lagoon shore :  the  seaward p a r t  i s  b u i l t  of 
blackened gravel ,  the  lagoonward p a r t  of  sand. The lagoon beach i s  
low and narrow, of e i t h e r  sand or  f i n e  sh ing le ,  and may enclose a 
narrow pool o r  marshy area  (P la t e  13) .  The main c o n t r a s t  i n  i s l a n d  
form between the  northern and western r ims,  t h e r e f o r e ,  i s  i n  the  
absence of sand-s ize  ma te r i a l  i n  the  f o r ~ ~ i e r  and i t s  iiiiportance i n  tile 
l a t t e r .  A f u r t h e r  major d i f f e rence  is i n  the  na ture  of t h e  lagoon r ee f .  
On t h e  western rim the  lagoon r e e f s  face  10-20 miles  of open lagoon, 
i n  con t ra s t  t o  t h e  s h e l t e r e d  leeward lagoon r e e f s  of t h e  northern r i m .  
On t h e  west r i m  t h e  lagoon r e e f s  form a sandy s h e l f  a t  l e a s t  1 foo t  
deep a t  low water ,  edged with l i v i n g  c o r a l ,  and up t o  200 yards wide. 

A t  the  a reas  inves t iga t ed ,  the  i s l a n d s  a re  separa ted  by !lea i n  the  
s i d e s  of  which conglomerate platforms outcrop. These a r e  c lose ly  com- 
parable  t o  s i m i l a r  f ea tu res  on the  northern r i m .  Thus a t  Motut i i ,  
where t h e  seaward beach i s  6 f e e t  high,  the  conglomerate platform 
underlying i t  stands 1 foot  above the  f l a t .  To t h e  sou th ,  on Tereiao,  
wilere t h e  seaward beach reaches 10 f e e t  i n  h e i g h t ,  t h e  conglomerate 
platform r i s e s  t o  3 f e e t  a t  i t s  seaward edge. In  both cases  t h e  rock 
su r face  dec l ines  lagoonward. No conglomerate rock o r  beachrock was 
seen on the  lagoon sllore h e r e ;  but  a t  'I'ivaru, wlrere t h e  lagoon shore 
i s  sandy and up t o  5 f e e t  h igh ,  t h e r e  a re  outcrops of beacllrock t rending 
a t  a s l i g h t  angle t o  the  modern beach. 

This desc r ip t ion  app l i e s  t o  ' t y p i c a l '  i s l ands  of t h e  western rim. 
This r i m ,  however, i s  sub jec t  t o  l lurr icanes and r e s u l t i n g  ca t a s t roph ic  
modif icat ion.  Such changes were seen a t  Maeherehonae, and may e x i s t  
elsewhere. Here the  seaward f l a t  (Sect ion I IB) ,  of normal width, i s  
l i t t e r e d  f o r  a d i s t ance  of 1 mile with la rge  reef  blocks ( P l a t e  18 ) .  
Most of these  a re  6-10 f e e t  h igh;  the  l a r g e s t  i s  a huge fragment of 
r e e f  rock 18 f e e t  lligll, 18 f e e t  long, and 15 f e e t  wide. Tile seaward 
beach i s  formed by a sh ing le  rampart 6 f e e t  high,  and t h e  seaward 
hundred yards of t h e  i s l a n d  su r face  by a sea  of boulders and coarse 
rubble ,  probably hurr icane-deposi ted.  The r e s t  of t h e  i s l a n d  sur face ,  
almost t o  the  lagoon shore ,  i s  formed by a f l a t  p l a i n ,  p a r t l y  of 
s t r i p p e d  conglomerate rock (exposed by overt ipping wave s c o u r ? ) ,  p a r t l y  
of t h i n  sand and gravel  with discontinuous vegeta t ion .  

The lagoon shore of Maeherehonae i s  of e spec ia l  i n t e r e s t .  As a t  
'Tereiao i t  is sandy, faces  a wide lagoon sand f l a t  edged w i t 1 1  r e e f ,  
and encloses an extensive marsh a rea ,  up t o  75 yards wide, with s tanding 
brackish  t o  f resh  water (P la t e  14) .  A t  a d is tance  of 150-200 yards 
from t h e  lagoon shore,  however, t h e r e  i s  an extensive a r e a  of high 
dunes (one t e i t e i ) ,  probably reaching a height  of 30 f e e t  and thus 
forming the  h ighes t  land on t h e  a t o l l  (P la t e s  15 and 16) .  Congloill- 
e r a t e  rock paveiiients can be seen beneath the dunes ( P l a t e  17 ) ,  and i n  



places  i n  t h e  pools near  t h e  lagoon shore ;  and f a r t h e r  cemented hor- 
izons can be seen i n  swales (of ten  containing water) within t h e  dune 
system i t s e l f .  Gaps i n  t h e  dunes a re  f loored  by sh ing le  overlying t h e  
conglomerate platform. No lagoon shore dunes have been seen elsewhere. 
The dunes a re  vegetated,  with Pandanus and Tournefor t ia ,  but  with no 
continuous ground cover except dead Pandanus leaves .  'The Maeherehonae 
dunes thus  r ep resen t  an addi t ion  t o  t h e  genera l ized  i s l a n d  type shown 
i n  Figures 5  and 6 .  

No i n t e r - i s l a n d  sec t ions  of r e e f  f l a t  (o the r  than hoa) were seen - 
on t h e  west r i m .  

B .  Reef f l a t  p r o f i l e s  (Figure 8) -- 
P r o f i l e  7 - 

Tereiao,  west shore ,  near  t h e  north end o f  t h e  i s l a n d .  

(a) Porol i thon zone, up t o  60 yards wide ( P l a t e  10) .  Three subzones 
can be d i s t ingu i shed :  a  lower p a r t  with grooves i n  t h e  a rea  of wave- 
break;  a  seaward-sloping sec t ion  30 yards wide of r a t h e r  i r r e g u l a r  
topography, with e ros iona l  p i l l a r s  and potholes  and l o c a l  r e l i e f  of 
1 f o o t ,  covered i n  pink algae but  lacking surge  channels;  and a  f l a t ,  
r egu la r ,  uneroded pink a l g a l  pavement 25 yards wide, w i t 1 1  many s c a t t e r e d  
small  encrus t ing  P o r i t e s .  The surge channels a r e  he re  c l e a r l y  much l e s s  
ex tens ive  i n  t h e  upper,  i nne r  p a r t  of t h e  Porol i thon zone than they a r e  
on the  nor thern  r i m .  

(b) Orange zone, 40 yards wide. The ou te r  t e n  yards (b2) i s  a  s t r i p  
of  bare rock, without pink algae but  with orange coloration; t h e  r e s t  
i s  t y p i c a l l y  i r r e g u l a r ,  with potholes  and r i d g e s .  

(c) Ilock-floored r e e f  f l a t  95 yards wide, with no growing co ra l s  but  
with a  sparse  gravel  and sand cover. 

(d)  Conglo~nerate rock platform, 45 yards wide, r i s i n g  up t o  3  f e e t  
above the  inne r  f l a t ,  and passing landward beneath t h e  seaward beach. 
The rock i s  ho r i zon ta l  and shows no seaward d i p  (P la t e  11) .  

(e) Seaward beach face ,  up t o  7 f e e t  high and 20 yards wide, of f i n e  
white sh ing le .  

( f )  Seaward beach Eres t ,  of blackened gravel  (P la t e  12) ,  mean length 
about 6 inches ,  f a l l i n g  s l i g h t l y  lagoonward, with a  covering of 
Guettarda and Tournefor t ia  and a  seaward f r i n g e  of  Suriana and 
s c a t t e r e d  Scaevola. I-leight 4-9 f e e t .  

P r o f i l e  8  - 

klaeherehonae, northwest shore ,  near  the  no r th  end of  t h e  i s l a n d .  
This p r o f i l e  d i f f e r s  considerably from the o the r s  repor ted  here ,  pre-  
sumably as  a  r e s u l t  of  hurr icane  e f f e c t s .  



(a) Reef edge. The margin here  i s  very i r r e g u l a r  and broken: t he re  
a r e  no surge channels and no a l g a l  r idge  o r  s i m i l a r  f e a t u r e .  The 
su r face  l i e s  a t  a  lower l e v e l  than i n  o t h e r  p r o f i l e s ,  and i s  covered 
with dead Poci l lopora colonies  coated with pink a lgae ,  t o  a  d i s t ance  of 
30 yards from the  edge. 

(c) Reef f l a t .  The r ee f  f l a t  proper  i s  about 100 yards wide. I t  i s  
l i t t e r e d  with la rge  r ee f  blocks jumbled together ;  the  l a r g e s t  i s  18 
f e e t  h igh ,  tile r e s t  mostly 6-10 f e e t  h igh .  Between the  blocks the  
su r face  i s  covered with l i v i n g  Poci l lopora  growing s o  c lose ly  together  
t h a t  i t  i s  d i f f i c u l t  t o  see  t h e  underlying su r face .  To landward of 
t h e  b locks ,  i n  calmer water ,  the  Poci l lopora  i s  replaced by encrus t ing  
Acropora and Por i t e s  covering perhaps 10% of the  t o t a l  a r ea .  

(e) Seaward beach, 25 yards wide, b u i l t  of boulders and s h i n g l e ,  
r i s i n g  6-9 f e e t  above t h e  f l a t .  There i s  no beach-foot beachrock o r  
conglomerate. 

( f )  Beach c r e s t :  a  boulder  f i e l d  with s c a t t e r e d  Tournefor t ia .  

IV. THE SOUTHERN OR SWELLWARD RIM 

A .  General c h a r a c t e r i s t i c s  

The southern r i m  of the  a t o l l ,  fac ing  the  Southern Ocean swe l l s ,  
i s  57 miles long; only one- th i rd  of t h i s  length i s  covered by i s l a n d s ,  
t h e  sma l l e s t  proport ion of t h e  t h r e e  a t o l l  rims. The southern rim, i n  
add i t ion ,  has c h a r a c t e r i s t i c s  not  found a t  o t h e r  p a r t s  of  Rangiroa: 
t hese  a r e  shown schematical ly i n  Figures 9  and 6B, and e labora ted  i n  
t h e  d e t a i l e d  p r o f i l e s  9-11 (Section IVB; Figure 10) .  

(1) Reef r i m  with i s l a n d  

From observat ions a t  Porahu, P e a r i ,  Vaihoa and Utoto, a  b a s i c  
f o u r f o l d  d iv i s ion  may be made i n  the  morphology of r e e f  rims with 
i s l a n d s  on the  south s i d e  of Rangiroa, i n t o  (a) the  seaward r e e f  f l a t ;  
(b) t h e  feo ;  (c) the  i s l and ;  and (d) t h e  lagoon f l a t  and r e e f .  The - 
southern  rim is  appreciably wider than tile northern one, ranging from 
800 t o  almost 1200 yards.  The seaward r e e f  f l a t  i t s e l f  i s  100-120 
yards wide: i t s  ou te r  edge, with i t s  Porol i thon and Orange zone 
margin, i s  s i m i l a r  t o  t h a t  elsewhere; but  t h e r e  i s  no well-developed 
rock-f loored r e e f  f l a t  a t  o r  near  low water  l e v e l ,  as  on t h e  nor th  and 
west rims. Ins tead ,  t h e  inne r  p a r t  of  t h e  r ee f  f l a t  i s  occupied by 
bare  swe l l s  of e x f o l i a t i n g  reef  rock,  s p a l l i n g  of f  concent r ic  shee t s  
up t o  1 foot  i n  thickness (P la t e s  22 and 2 3 ) .  This i s  seen on a  much 
sma l l e r  s c a l e  on conglomerate rock i n  some of the northern hoa.  - The 
e x f o l i a t i n g  rock r i s e s  perhaps 2-3 f e e t  above low water  l e v e l ,  and i s  
succeeded landward by a  narrow and discontinuous rock-f loored moat. 
The f e o ,  lagoonward of  t h e  seaward f l a t ,  i s  a  s t r i p  of e l eva ted  r e e f  - 
rock 80-120 yards wide, which evident ly  extends along t h e  whole of t h e  
southern  r i m  of  t h e  a t o l l  (P la t e s  19, 20, 26, 27).  I t  i s  deeply and 
i n t r i c a t e l y  eroded, and i n t e r s e c t e d  by narrow, deep and winding channels. 
The genera l  l e v e l  of i t s  swnmit i s  6  f e e t  above the  f l a t ;  some pinnacles  



reach 9 f e e t .  C h a r a c t e r i s t i c a l l y ,  on i t s  seaward s i d e  t h e r e  i s  a  low 
platform 10-45 yards wide of  eroded feo ,  presumably cut  down towards - 
t h e  l e v e l  of t h e  f l a t  by marine eros ion .  The seaward f l a t  and the  f eo  - 
t oge the r ,  with a  width of  more than 200 ya rds ,  account f o r  about a  
q u a r t e r  of  t h e  t o t a l  width of  the  southern rim. 

Is lands  account f o r  r a t h e r  l e s s  than h a l f  t h e  width of  the  rim 
where observed (though some of the  l a r g e r  i s l a n d s ,  such as  Fenuaroa, 
Otepipi  and Ovete a r e  much wider ) .  The seaward beach i s  usua l ly  lodged 
on t h e  upper su r face  of  the  feo (P la t e  261, though in f r equen t ly ,  as  i n  - 
P r o f i l e  9 ,  t h e r e  i s  a  low a rea  of rock-f loored moat between feo and - 
i s l a n d  (P la t e  1 9 ) .  The seaward beach i s  u sua l ly  narrow, low and 
sandy: i n c i p i e n t  dunes were seen capping i t  a t  Utoto, where t h e  c r e s t  
r i s e s  t o  about 13 f e e t  above the  r e e f  f l a t .  The i s l a n d  su r face  and 
lagoon shore a re  mainly sandy, with f i n e  gravel  i n  p l aces .  A t  Porahu, 
under dense vegeta t ion ,  t h e  su r face  i s  covered with 3-6 inches of  
humus overlying phosphate rock within 40 yards of  t h e  shore .  In  t h e  
noa between i s l a n d s ,  conglomerate rock i s  exposed i n  t h e  wa l l s ,  - 
dipping gent ly  lagoonward, as  elsewhere on t h e  a t o l l  r i m .  In the  
Peari-Vaihoa hoa ( P l a t e  24) t h i s  conglomerate rock reaches t o  wi th in  - 
60 yards of  the  - f eo ,  and outcrops i n  the  hoa wal l s  f o r  some 500 yards .  - 
The i s l a n d s  themselves a re  genera l ly  low, and t h e  conglomerate platform 
i s  consequently a  foo t  o r  l e s s  i n  he igh t .  Beach rock i s  found on the  
lagoon shore i n  p l aces ,  though probably o f t en  covered by f r e s h  sand 
s p i t s  and b a r s .  Pools of s tanding  water a re  ponded i n  p laces  by t h e  
lagoon beach r idges .  

'The lagoon r e e f  f l a t  i s  except ional ly  wide, reaching 250 yards:  
co ra l  grows over much of  i t s  su r face ,  and edges t h e  f l a t .  Tlie approach 
t o  the  i s l ands  i s  consequently d i f f i c u l t .  

(2) Reef r i m  without i s l a n d .  

The only extens ive  i n t e r - i s l a n d  t r a c t  seen was t h a t  between Porahu 
and T o p i t i i t i .  ilere t h e  seaward f l a t  and feo a r e  t h e  same as  elsewhere - 
on the  southern r i m ,  bu t  the  r e s t  of the  r i i n  s u r f a c e  c a r r i e s  a t  l e a s t  
2  f e e t  of water a t  low t i d e ,  has a  sandy bottom, and i s  covered with 
l a rge  in icroa to l l s .  Near t h e  lagoon edge the  f l o o r  shoa l s  and i s  
covered with l i n e a r  sandbores.  This i s  t h e  only s e c t o r  of  r ee f  f l a t  
seen on the  Kangiroa r i m  with appreciable co ra l  growth and no conglom- 
e r a t e  platform. 

B .  Reef f l a t  p r o f i l e s  (Figure 10) -- 

P r o f i l e  9 - 

Porahu, south coas t ,  west end of the  i s l a n d  

(a)  Poro l i t l~on  zone, with grooves outs ide  t h e  wave-break l i n e  and 
small  surge channels i n s i d e  i t .  The pink a lgae  form both small knobs 
and a  p a i n t - l i k e  coa t ing  on the  su r face ;  s c a t t e r e d  l a rge  gastropods 
a re  a l s o  coated with pink a lgae .  Tlie inner  p a r t  of  t h e  zone forms a  
s l i g h t  iiioat. Width 35 yards .  



(b) Orange zone, 25 yards wide, r i s i n g  about 1 foot  above the  Porol i thon 
zone: t h e  su r face  i s  i r r e g u l a r ,  with r idges  and potholes ,  and sinuous 
deeper channels c u t t i n g  back i n t o  and through the  zone from t h e  seaward 
s i d e .  

( j )  Zone of  smooth exfioliating r e e f  rock, l i g h t  grey i n  c o l o r ,  wi th  
white patches where s p a l l i n g  rock s h e l l s  have been dislodged by wave 
ac t ion .  Width 50 yards.  

(k) Narrow, rock-floored moat 5 yards wide and up t o  1 .5  f e e t  deep: 
no c o r a l s .  

(h2) Zone of  abraded - f eo ,  44 yards wide, forming a low, rough-surfaced 
p la t form up t o  3 f e e t  i n  he ight ,  extending upwards from t h e  moat t o  the  
feo proper .  - 
(hl) - Feo, zone of  e leva ted  r e e f  rock ( P l a t e  20) ,  d i s sec t ed  by deep 
through-channels, and i n t r i c a t e l y  eroded i n t o  s p i r e s  and p innacles .  
The general  e l eva t ion  of t h e  tops of  t h e  s p i r e s  i s  6 f e e t ;  some r i s e  
t o  9 f e e t .  Width 55 yards.  

(h2) Narrow zone of  degraded - f eo ,  12 yards wide, lagoonward of the  
feo s i m i l a r  t o  t h a t  on the  seaward s i d e .  - 

(c) Moat, 40 yards wide and up t o  1 foo t  deep a t  low water .  The f l o o r  
i s  bare rock with patches of  gravel  and numerous black holo thur ians ;  
t h e r e  a re  no growing co ra l s  (P la t e  19 ) .  

(g) I n t e r t i d a l  conglomerate platform with small patches of  mobile 
sand, drying a t  low water ,  and pass ing  in l and  beneath t h e  beach. 55 
yards wide. 

(e) Seaward beach face ,  14 yards wide, sandy i n  i t s  lower p a r t ,  
topped by coarser  gravel ,  with a  hedge of  Scaevola, Tournefor t ia  and 
Guettarda. 

P r o f i l e  10 - 

P e a r i ,  south shore,  near  the  c e n t e r  of the  i s l and .  

(a) Porol i thon zone of  knobby and p a i n t - l i k e  a lgae .  40 yards wide 
from t h e  wave-break l i n e .  Surge channels a r e  present  but  a r e  very 
narrow; they a r e  spaced 4-5 yards apa r t .  

(b) Orange zone. This zone i s  he re  narrow (14 yards wide) and 
undergoing a c t i v e  d i s sec t ion .  

(bl) Inner  p a r t  of t h e  Orange Zone. Width 11 yards.  This has a  
rough microtopography, with potholes  up t o  4.5 f e e t  i n  diameter and 
1.5 f e e t  deep: the  ac tua l  orange a rea  (mainly on the  rims) i s  thus 
much reduced. 



( j )  Zone of  smooth e x f o l i a t i n g  r ee f  rock, 38 yards long, s tanding  2-3 
f e e t  above t h e  Porol i thon zone (P la t e s  22 and 23).  

(k) Rock-floored moat, containing water  a t  low t i d e ,  but  without 
c o r a l s ;  width 30 yards .  

(h2) Zone of  degraded f e o  40 yards wide, s i m i l a r  t o  t h a t  i n  P r o f i l e  9. - 
(h) Feo: zone of  e leva ted  r e e f  rock up t o  9 f e e t  h igh .  Bare rock i s  - 
exposed f o r  a  width of  54 yards :  on the  inne r  p a r t  t h e r e  a re  s c a t t e r e d  
shrubs o f  Pemphis ac idu la  growing d i r e c t l y  on t h e  rock. 

(e) Seaward beach face., perched on the  - feo ,  with p innacles  of r e e f  
rock pro t ruding  through t h e  beach sands.  The beach is b u i l t  of  sand 
with some sh ing le  and i s  20 yards wide. On t h e  face  i t s e l f  t h e r e  a re  
s c a t t e r e d  Pemphis and Guettarda;  and a t  the  c r e s t  a  hedge of Guettarda 
and Scaevola. 

P r o f i l e  11 - 

Utoto, south shore ,  cen te r  of  the  i s l and .  

(a) Porol i thon zone, 35 yards wide, with c lose ly  spaced surge  channels,  
s i m i l a r  t o  P r o f i l e  10. 

(b) Orange zone, 21 yards wide, and a t  t h e  same l e v e l  as  t h e  i n n e r  
Porol i thon zone. Unusually the  rims and potholes  a r e  absent ,  and 
i n s t e a d  t h e r e  i s  a  f l a t  pavement, through which a  few surge channels 
extend i n t o  zone (b l ) .  

(bl) High f r e t t e d  zone, separa ted  from zone (b) by a  sca l loped  c l i f f l e t  
1 foo t  h igh:  t h e  su r face  i s  rough and eroded. 25 yards wide. 

( j )  Zone of smooth e x f o l i a t i n g  r e e f  rock. Doming i s  very pronounced, 
but  a t  t h i s  po in t  the  zone i s  only 1 2  yards wide. Occasional r e e f  
blocks up t o  4.5 f e e t  high and 9 f e e t  long a re  found along t h e  r e e f  
edge. 

(k) Rock-floored moat, wi th  up t o  1 foo t  of water  a t  low t i d e ,  bu t  
with no l i v i n g  co ra l s ;  width 40 yards .  

(hZ) S t r i p  of  degraded - f eo  15 yards wide. 

(h) High f eo ,  35 yards wide and up t o  9 f e e t  h igh ,  with s c a t t e r e d  - 
Pemphis ac idu la ,  passing landward under beach sands ( P l a t e s  26 and 
27) .  

(e)  Seaward beach f ace ,  perched on the  - feo ,  35 yards wide, and 
r i s i n g  t o  13  f e e t  above t h e  f l a t .  The beach is sandy. toaoed bv " . . *. 
i n c i p i e n t  dunes, with a  vege ta t ion  cover of Scaevola, Pandanus, 
Guettarda and coconuts. 



V . PIZOBLEMS OF RANGIROA GEO>1ORPHOLOGY 

A. Consolidated sediments 

1. The problem of the  Feo. - 
In t h e  h i s t o r y  of  the su r face  f e a t u r e s  of Rangiroa, the  problem of 

t h e  na ture  and o r i g i n  of the f eo  i s  c r u c i a l .  'rlie ch ie f  f a c t s  about the  - 
f eo  a r e  as fol lows:  - 

(1) I t  i s  r e s t r i c t e d  t o  the  southern rim of the  a t o l l ,  where i t  i s  
repor ted  t o  extend from a t  l e a s t  Tehaare i n  the  west t o  t h e  e a s t e r n  
end of  the  southern r i m ,  a  d is tance  of  44 mi les :  it i s  not  found on 
the  northern o r  western rims. 

(2) I t  i s  r e s t r i c t e d  t o  a  narrow band with a  ]?lean width of about 120 
yards ,  s i t u a t e d  on the  outer  p a r t  of  t h e  r ee f  r i m  some 120 yards from 
t h e  reef  edge. 

(3) The mean he ight  of t h e  upper p a r t  of the  f eo  i s  6-7 f e e t  above the  - 
i nne r  r e e f  f l a t  (approximate low water l e v e l ) ,  and the  h ighes t  p a r t s  
10 f e e t .  

(4) Since exposure, marine abrasion has formed Ioruer e ros ional  platforms 
up t o  50 yards wide on the  seaward s i d e  of  the  - feo and up t o  10 yards 
wide on t h e  lagoon s i d e .  

(5) The 111ain body of t h e  - feo has been eroded i n t o  a  tough d e l i c a t e  
t r ace ry  of s p i r e s  axid p innacles .  IVhen s t r u c k  with a  haminer, the  rock 
r ings .  In  hand specinlens the  rock i s  s o  r e c r y s t a l l i z e d  as t o  be 
s t r u c t u r e l e s s .  

'The Rangiroa - f eo  was described by Dana (1849, 75), who s t a t e d  t h a t  
"the r e e f  s tood e i g h t  f e e t  or  s o  out of  water,  and was worn i n t o  a  
range of columns, o r  excavated with caverns,  so as t o  look very much 
broken, though q u i t e  r egu la r ly  even i n  t h e  l eve l  of the  top l i n e . "  
Agassiz l a t e r  described it as "a wall  o f  o ld  r e e f  rock from 10 t o  14 
f e e t  i n  he ight  . . . (which) va r i e s  i n  width f ro~n  250 t o  500 f e e t "  (1903, 
45) .  Elsewhere he gives the  he ight  as  "from 8 t o  15 f e e t "  (1903, SO), 
"12 t o  14 f e e t "  (1903, 16 ) ,  and "15 t o  16 f e e t "  (1903, 20) .  Agassiz 
s tud ied  the  feo a t  Fenuaroa, where - 

". . . t h e  g rea t  wall  of ancient  e l eva ted  r e e f  rock . . . was f u l l y  
1 2  f e e t  h igh ,  and is the  reinnant of  t h e  ancient  c o r a l l i f e r o u s  
liniestone r idge  which f lanked t h e  southern s i d e  of  Kangiroa. . . .  
This o ld  ledge i s  deeply p i t t e d  and lloneycombed and eroded i n t o  
a l l  kinds of f a n t a s t i c  s p i r e s  and p innacles  and walls  cu t  
t l~rough by crevasses extending frorn low-water mark t o  the  
summit, which i s  more or  l e s s  covered by t!ie Ilig11 sand beach 
accumulated behind it on t h e  lagoon s i d e .  This  beach colnpletely 
conceals t h e  extension of the  o ld  ledge under the  i s land"  (1903, 46) 

Recently T e r c i n i e r  (1956, 39) published a  s e c t i o n  showing t h e  - f eo  
outcropping near  t h e  seaward sllore of an i s l a n d  and continuing lagoonward 



beneath t h e  i s l a n d  s u r f a c e ,  well  above s e a  l e v e l  f o r  t h e  g r e a t e r  p a r t  
of  t h e  width of the  i s l a n d .  

The i d e n t i f i c a t i o n  of  t h e  f eo  as  ancient  e l eva ted  r e e f  rock i s  - 
probably c o r r e c t .  In  hand-specimen c h a r a c t e r i s t i c s  and e ros iona l  
f e a t u r e s  i t  i s  c lose ly  comparable t o  the  rock of  undoubted e l eva ted  
r e e f s  a t  New Georgia, Solomon I s l ands ,  where, however, s i n i i l a r  
e ros iona l  f r e t t i n g  only occurs i n  a reas  sub jec t  t o  s a l t  spray  (Stoddart ,  
i n  l i t t . )  Agassiz 's  specu la t ions  t h a t  t h e  f e o  i s  a  reinnant of  a  pre-  -- - 
vious a to l l -wide  o r  even archipelago-wide s h e e t  of  T e r t i a r y  limestone 
lacks  evidence; and the  suggest ion by both Agassiz and T e r c i n i e r  t h a t  
the  f eo  under l ies  most of t h e  i s l a n d  su r faces  on t h e  southern  r i m  
seeins t o  be mistaken; Agassiz i n  p a r t i c u l a r  wrongly i d e n t i f i e s  f e o  and - 
i s l a n d  conglomerate as t h e  same. The narrowness of t h e  f eo  i s  one of - 
i t s  most s t r i k i n g  c h a r a c t e r i s t i c s :  approached from t h e  lagoon s i d e  it 
p resen t s  a  wall  as s t eep  as t h a t  on the  seaward s i d e .  l~lence i t  does 
not  form a  cues ta  t i l t e d  lagoonward; and the  small  width of t h e  abrasion 
platform on i t s  lagoonward s i d e  demonstrates t h a t  i t s  form has  n o t  
been g r e a t l y  modified by recent  marine eros ion .  This narrowness, and 
i t s  l o c a l i z a t i o n  on the  f l a t ,  toge ther  foriii the  ch ie f  probleni of t h e  
f e o ;  no e ros iona l  mechanism seems t o  expla in  i t  adequately.  - 

The second proble~n of  t h e  - f eo  i s  i t s  r e s t r i c t i o n  t o  t h e  southern 
riii~. Three a l t e r n a t i v e  i~iodels may be proposed t o  account f o r  t h i s :  

( I )  Feo formerly e x i s t e d  a l l  around the  a t o l l  rim, as  a  r e s u l t  - 
of r e l a t i v e  movement of land and sea ,  but  has  s ince  been e n t i r e l y  
removed on t h e  windward s i d e  by ~nar ine  e ros ion .  S t  i s  no t  poss ib l e  
t o  exp la in  t h e  coniplete absence of - f eo  on the west riiii by t h i s  model, 
f o r  a p a r t  from storms t h e  west rim i s  the  iiiost p ro tec t ed  s i d e  of t h e  
a t o l l .  

(2) S l i g h t  l oca l  t i l t  of the  a t o l l  r a i s e d  tlic southern rim: 
s o l u t i o n  f r e t t i n g ,  r e c r y s t a l l i z a t i o n  and case-hardening of  t h e  emerged 
reef  l i~ncs tone  was followed by inarine abras ion  on both sealward and 
lagoomiard ( i . .  - - windward) s i d e s ,  before i s l a n d  c l a s t i c s  began t o  
accuniulate. Such loca l  inoveinent would expla in  the  absence of  f co  e l s e -  - 
where on t h e  r i m ;  bu t  t h e  explanat ion  of t h e  ~ ~ a r r o w n e s s  of t h e  f eo  i s  - 
s t r a i n e d .  Observations i n  t h e  Bahanias (Newell 1961) and the  Soloiiions 
suggest  t h a t  t h e  amplitude of i~iarine e ros ion  of  l imestones i s  very 
l imi t ed .  

(3) Regional t i l t i n g  within t h e  Tuainotu Archipelago. Feo i s  - 
repor ted  elsewhere i n  the  Tuamotus, p a r t i c u l a r l y  on the  south  s i d e  of 
t h e  cha in ,  as  a t  Anaa, where t h e  feo reaches 18 f e e t  (Newel1 1956, - 
3261, Kaukura ( I S  f e e t :  Ranson 1962, 181, and o the r  a t o l l s .  In o the r  
p l aces ,  as a t  the  i n t e n s i v e l y  inves t iga t cd  Karoia, f eo  i s  absent .  The - 
ex i s t ence  of feo a t  d i f f e r e n t  he igh t s  on seve ra l  a t o l l s ,  t h e  loca l i zed  - 
d i s t r i b u t i o n  of feo r i i th in  ind iv idua l  a t o l l s ,  and i t s  nonoccurrence - 
on o the r s  render  unl ike ly  a  s i n ~ p l e  c u s t a t i c  s ea - l eve l  s h i f t  as an 
explanat ion  of i t s  o r i g i n .  iiiore da t a  a re  requi red  on tile d i s t r i b u t i o n  
of - f eo  i n  the  Tuaiiiotus before  r eg iona l  explanat ions  can be  accepted. 



2 .  Problem of  i s l a n d  o r  motu conglomerate. 

Second t o  t h e  problem of the  feo i s  t h a t  of the  o r ig in  of the  sheets  - 
of conglomerate which under l ie  many of t h e  i s l a n d s  and c h a r a c t e r i s t i c a l l y  
outcrop i n  t h e  wal l s  of  every hoa. The r e l a t i o n s h i p  of these shee t s  - 
and the  f eo ,  with r e e f - f l a t  r ee f  rock, and with beachrock requi re  - 
c l a r i f i c a t i o n .  Wherever seen,  the  motu conglomerate cons is ted  of worn 
co ra l  fragments i n  a sandy matr ix;  i t  i s  a d e t r i t a l  rock, and i s  i n  no 
sense a r e e f  rock which has su f fe red  r e l a t i v e  e l eva t ion .  Agassiz i s  
wrong when he s t a t e s  t h a t  t h i s  conglomerate, t oge the r  with the  feo,  i s  - 
"the remnant o f  a bed of  t e r t i a r y  c o r a l l i f e r o u s  limestone which a t  one 
time covered t h e  g r e a t e r  p a r t  of the  a rea  of t h e  lagoon" (1903, 16; 
a l s o  44); it i s  hard  t o  s e e  how he could have reached t h i s  conclusion. 
Ranson (1962) a l s o  mistakenly s t a t e s  t h a t  the  conglomerate ind ica t e s  a 
former h igher  s e a  l e v e l .  

In no p l ace  was t h e  conglomerate seen  i n  contact  with the  feo.  - 
In  the  Peari-Vaihoa - hoa conglomerate i s  found i n  the  i s l a n d  walls  only 
53 yards from t h e  - f eo  wall (P la t e  24) .  Conglomerate i s  in t imate ly  
assoc ia ted  with i s l a n d s :  i t  i s  not  found e i t h e r  seaward o r  lagoonward 
of t h e  general  width of the  i s l a n d s ,  except  i n  p laces  where recent  
shore e ros ion  i s  reasonably i n f e r r e d  (P la t e s  3 and 11) .  This i s  
s t r i k i n g l y  shown i n  the  hoa, where the  i s l a n d  sediments have been - 
eroded, leaving t h e  underlying conglomerate (P la t e  4 ) .  The conglomerate 
i s  formed of  s i m i l a r  ma te r i a l s  t o  the  i s l a n d s  themselves, genera l ly  
becoming f i n e r  lagoonward, and nowhere conta ins  co ra l s  i n  the  pos i t i on  
of  growth o r  indeed any sedimentary s t r u c t u r e s  i n d i c a t i v e  of submarine 
depos i t ion .  On t h e  west shore of Porahu the  conglomerate s tands  up t o  
2 f e e t  above s e a  l e v e l ,  and unconformably o v e r l i e s  an eroded r e e f  
su r face ,  with t runcated  co ra l s  s eve ra l  f e e t  i n  diameter s tanding about 
s i x  inches above low water  l eve l  (P la t e  21) .  The e l eva t ion  of the  top 
of t h e  conglomerate platform everywhere s t r i k i n g l y  follows t h a t  of  the  
i s l a n d  s u r f a c e s ,  being h igher  t o  seaward and dec l in ing  gradual ly lagoon- 
ward. Typica l ly  i t s  seaward edge forms a low c l i f f  up t o  3 f e e t  high;  
lagoonward it  f a l l s  t o  t h r e e  f e e t  o r  l e s s .  

The Rangiroa i s l a n d  conglomerate appears s i m i l a r  t o  t h a t  
described by Newel1 a t  Raroia, where t h e  pakaota i s  

" c l ea r ly  b i o c l a s t i c  throughout and does not  conta in  i n  s i t u  -- 
r ee f  ma te r i a l .  I t  i s  not an e l eva ted  platform of  p lana t ion ,  a 
r ee f  f l a t ,  bu t  it i s  a depos i t ional  su r face  . . . (which) could 
have been formed a t  o r  near  the  e x i s t i n g  s e a  level"  (Newel1 
1956, 332). 

The formation of  conglomerate platforms beneath i s l a n d s  and t h e i r  
subsequent exposure by eros ion  and shore l ine  migrat ion,  as  ou t l ined  by 
Newel1 (1961, 103-4),  appears adequately t o  expla in  a l l  f ea tu res  of  
the  Rangiroa conglomerate, though Newell does not  d iscuss  mechanism. 
The conglomerate i s  probably a water - tab le ,  calcite-cemented rock, 
forming beneath i s l a n d s  a t  the  present  t ime.  Newell's excavations a t  
Garumaoa, Raroia,  f a i l e d  t o  demonstrate i n c i p i e n t  rock. A t  Rangiroa, 
however, an I.R.11.0. s o i l  p i t  a t  Tepaet ia ,  dug t o  a depth of 2 meters,  
wholly i n  coarse co ra l  rubble,  some of i t  apparent ly imbr ica te ,  



revea led  t h a t  t h e  top meter was uncemented, t h e  next 80 cm moderately 
cemented, and the  l a s t  20 cnl above the  water t a b l e  very well  cemented. 
A p i t  dug a t  Tiputa during the  cons t ruc t ion  of the  scl~oolhouse a l s o  
showed t h e  fol lowing s e c t i o n :  

0 - 1 meter unconsolidated rubble 
1 - 1 m 50 cemented rubble 

l m 5 0 - 2 m  unconsolidated rubble 
2 m +  cemented rubble ( a t  water  t a b l e ) .  

The widespread ex i s t ence  of  the  conglomerate platform beneath i s l a n d s  
i s  shown by the  su r face  sand s t r i p p i n g  a t  Maeherehonae. 

I n  topography and probably o r i g i n  the  Rangiroa conglomerate i s  
s i m i l a r  t o  t h e  cay sandstones ( c a l c a r e n i t e s  r a t h e r  than c a l c i r u d i t e s )  
previous ly  described i n  the  Caribbean (Stoddart  (1963, 108-110) and 
t h e  Maldive Is lands  (Stoddart ,  Davies and Keith 1966). 

3 .  Problems of  beachrock. 

A d i s t i n c t i o n  i s  made he re  between t h e  i s l a n d  conglomerate and 
beachrock, although the  two a r e  s i m i l a r  i n  l i t ho logy  and o f t e n  r a t h e r  
d i f f i c u l t  t o  d i s t ingu i sh  i n  the  f i e l d .  Beachrock i s  i nva r i ab ly  found 
forming a s t r i p  5-10 yards wide a t  t h e  foot  of seaward beaches, dipping 
seaward a t  5-10" and even occas ional ly  a t  up t o  20'. I t  i s  usua l ly  a 
conglomerate with two o r  t h r e e  l a y e r s ,  and o v e r l i e s  a smooth rock p l a t -  
form of s i m i l a r  composition and appearance but  doubtful  s t a t u s  which 
passes under t h e  beach sediments .  I n  t h e  en t rances  t o  hoa ,  - t h e  
s t r a t i g r a p h i c  d i s t i n c t i o n  between seaward-dipping beachrock and t h e  
underlying planed r ee f  f l a t  i s  c l e a r :  but  no s a t i s f a c t o r y  and c r u c i a l  
exposures were seen of the  r e l a t i o n s h i p  between t h e  beachrock and the  
i s l a n d  conglomerate. Beachrock i s  genera l ly  absent w i th in  t h e  hoa - 
i t s e l f .  

As a t  Raroia,  r e l i c t  beachrock i s  found, e s p e c i a l l y  on t h e  
nor thern  r i m  of  Rangiroa, - e . g . ,  - a t  Tiputa ,  t rending  a t  an angle t o  t h e  
p resen t  beach and i s o l a t e d  on the  seaward r ee f  f l a t ,  i n d i c a t i n g  recent  
r e t r e a t  of  t h e  shore l ine .  Very l i t t l e  f r e sh  beachrock was seen ,  and 
much was q u i t e  heav i ly  eroded. Almost no beachrock was seen on lagoon 
shores  (one case was seen a t  T iva ru ) ,  perhaps because these  a re  gener- 
a l l y  prograding. The ho r i zon ta l  outcrops of  rock found on many lagoon 
shores up t o  2 f e e t  above low water  l e v e l ,  as a t  Mahereret iatae,  
Tepaet ia  and Tiputa ,  a r e  a l l  i s l a n d  conglomerate r a t h e r  than beachrock 
( P l a t e  7 ) .  

4 .  Other l i t h i f i e d  sediments a t  Rangiroa. 

Phosphate rock was seen underlying raw humus wi th in  40 yards of  
the  shore  at: Porahu, on the  southern  r i m  of  t h e  a t o l l .  I t  i s  here  
d i s tu rbed  by human a c t i v i t y  and i s  on the  s i t e  of an o ld  s e t t l e m e n t .  
Phosphate i s  a l s o  repor ted  from Putehue, Ahorehore and Tepau, on t h e  
southern  rim, and a t  Maufano a t  the" eas t e rn  end of the  a t o l l .  According 
t o  M. Pomier, P isonia  grandis  i s  present  a t ,  o r  has r ecen t ly  been 
c l ea red  from a l l  of these  loca t ions .  Fur ther  s tudy i s  needed of  the  



nature  of the  phosphate, i t s  vegeta t ional  a s s o c i a t i o n s ,  and i t s  apparent 
r e s t r i c t i o n  t o  t h e  southern rim [and e a s t  end--Ed.] a t  Rangiroa. 

Cemented horizons i n  the  sand dunes a t  &Iaeherehonae add a f i f t h  
type of l i t h i f i e d  mater ia l  a t  llangiroa. These a re  probably assoc ia ted  
with loca l  water  t a b l e s  i n  the  dunes, a r e  t h i n  and f r i a b l e ,  and, unusu- 
a l l y  a t  Kangiroa, a r e  c a l c a r e n i t e s .  

B. Surface f ea tu res  of  t h e  seaward r e e f  f l a t s  -- -- 

There a r e  broad s i m i l a r i t i e s  between a l l  t h e  seaward r ee f  f l a t s  
a t  Kangiroa. The f l a t  i t s e l f  i s  a  rock-f loored f e a t u r e ,  s loping  
gradual ly from t h e  seaward shores of tlie i s l a n d s  towards t h e  r a i sed  
r i m .  Growing co ra l s  a re  everywhere s c a r c e ,  even i n  t h e  deeper seaward 
s e c t i o n ,  and t h e r e  i s  only an i n t e n n i t t e n t  and t h i n  cover of mobile 
sand and gravel .  The growth of small a lgae  gives the  submerged f l o o r  
a  pink co lo r ,  i n  con t ra s t  t o  the  h igher  inne r  p a r t ,  o f t en  drying a t  
low water ,  which i s  dark brown. The h ighe r ,  more exposed p a r t s  of  the 
f l a t  of ten  show t runcated  co ra l s  i n  s e c t i o n ,  t oge the r  with co ra l  
branches weathering o u t :  the f l a t  i s  c l e a r l y  e ros iona l ,  deriving from 
a previously h igher  l eve l .  The s t r eng th  of l ong i tud ina l  water cu r ren t s  
produced by water  pouring over the rim i n  tlie process of  draining out 
suggests  t h a t  lowering i s  s t i l l  i n  progress .  No p a r t s  of the  reef  f l a t  
as here  defined r i s e  more than a  few inches above low water l e v e l .  

Tlie r a i s e d  r i m  a t  t h e  seaward edge of  t h e  f l a t  (Guilcher and 
o the r s  1966) i s  a  problematical  f e a t u r e .  I t  corresponds i n  loca t ion  
and i n  general  form with t h e  Lithothamnion o r  a l g a l  r idge  described 
from o the r  P a c i f i c  a t o l l s .  Living pink algae a re  r e s t r i c t e d ,  however, 
t o  t h e  ou te r  face  of the  r i m ,  which s lopes  seaward a t  about 5" and i s  
furrobred by surge channels.  This i s  normally 30-50 yards wide. The 
r e s t  of the  rim, of a  s i m i l a r  width, has been h e r e  termed the  Orange 
Zone, because of tlie d i s t i n c t i v e  color  given t o  it by a l g a l  growth. 
The topography of  the  Orange Zone i s  q u i t e  c l e a r l y  e ros iona l  (P la t e s  
9 and 10) :  i t  i s  furrowed by grooves and cut  by potholes ,  of ten  
leaving only a  t r a c e r y  of curving sharp  r i d g e s .  The i n n e r ,  landward- 
fac ing  edge of the  Orange Zone, l o c a l l y  r i s i n g  2-3 f e e t  above the  r ee f  
f l a t  f l o o r ,  i s  c l e a r l y  being cut  back by e ros ion ,  g iv ing  a  grooved and 
sca l loped  p a t t e r n  i n  p lan .  The rock underlying t h e  Orange Zone, where 
sampled, appears t o  contain more r e c r y s t a l l i z e d  co ra l  than a lga l  
ma te r i a l .  In  p laces  co ra l  fragments a r e  recognizable i n  t h e  weathering 
p a t t e r n s .  This i s ,  t he re fo re ,  not  a  t r u e  a l g a l  r i d g e ,  a t  l e a s t  as t h i s  
term i s  understood i n  the  P a c i f i c  l i t e r a t u r e :  it i s  r a t h e r  a  r e l i c t  
rim of r e e f  rock,  which has been colonized and presumably added t o  on 
i t s  seaward s i d e  by pink a lgae ,  a t  t h e  same time undergoing continuous 
eros ion  on i t s  upper su r face  and inne r  edge by marine a c t i o n .  The 
upper p a r t  of t h e  Orange Zone cu r ren t ly  l i e s  t oo  high f o r  co loniza t ion  
by pink a lgae .  On t h i s  i n t e r p r e t a t i o n ,  the  o r i g i n  of t h e  abrupt break 
of s lope  between the  r idge  and the  reef  f l a t  f l o o r  i s  of  i n t e r e s t :  pre-  
sunably s o l u t i o n  and inechanical e ros ion  a r e  deepening tlie f l a t  and 
c u t t i n g  back t h e  r i m  from land t o  s e a ,  and as  t h e  f l a t  i s  i t s e l f  
deepened t h e  break of s lope  forins au tomat ica l ly .  



On t h e  southern r i m  a  f u r t h e r  f e a t u r e  of  i n t e r e s t  i s  the  zone of 
e x f o l i a t i n g  r e e f  rock (P la t e s  22 and 23)  t ens  of yards i n  width 
between t h e  Orange Zone and t h e  - f eo ,  from which it i s  s epa ra t ed  by a  
moat. The phenomenon of  e x f o l i a t i o n  i n  r e e f  l imestones does not  seem 
t o  have been c lose ly  s tud ied :  he re  it  i s  s t r i k i n g ,  and has t h e  appear- 
ance of  an e x f o l i a t i n g  igneous rock. Ten ta t ive ly ,  it may be i n t e r p r e t e d  
as  p a r t  o f  t h e  s l i g h t l y  r a i s e d  r e e f  rock not  y e t  removed by marine 
e ros ion :  t h e  d i f f e rence  between nor thern  and southern rims being the  
r e s u l t  of t h e  g r e a t e r  exposure and hence more r a p i d  eros ion  on t h e  
former . 

The s i m i l a r i t y  of su r face  f e a t u r e s  of  the  seaward f l a t s  implies  
a  common h i s t o r y ,  and the  widespread evidence o f  v e r t i c a l  e ros ion  c a l l s  
f o r  a  f a i r l y  recent  s l i g h t  negat ive  s h i f t  i n  t h e  r e l a t i v e  l e v e l  of 
land and s e a .  

Other su r face  f ea tu res  of the  r e e f s  were not  c lose ly  inves t iga t ed .  
Surge channels were found, passing seaward i n t o  spur-groove systems, 
on a l l  s i d e s  of  t h e  a t o l l ,  though developed most s t rong ly  on t h e  
nor thern  s i d e ,  where the  r e e f  f r o n t  i s  a l s o  s a i d  t o  s lope  more s t e e p l y  
than on t h e  south .  Newell found spur-groove systems around the  whole 
a t o l l  per imeter  a t  Raroia a l so .  The g rea t  v a r i a t i o n  i n  development 
of lagoon r e e f s ,  between t h e  narrow f r i n g e  on t h e  nor thern  r i m  ( fac ing  
leeward) and t h e  200-300 yard wide platforms on the  west and south 
rims ( fac ing  windward) i s  a l s o  noteworthy. S imi l a r  v a r i a t i o n s  a r e  
described from some of  the  Marshall I s l and  a t o l l s  (Emery, Tracey and 
Ladd 1954). 

C .  Unconsolidated sediments 

The unconsol idated sediments of  the  i s l a n d s  a t  Rangiroa a r e  
overwheliningly coarse.  On the  nor thern  r i m  co ra l  sh ing le  i s  dominant 
across  t h e  whole width of i s l a n d s ,  while elsewhere on t h e  r i m  sh ing le  
forms t h e  seaward beaches and t h e  seaward p a r t  of t h e  i s l a n d  su r face .  
On t h e  beach face  i t s e l f  the  ma te r i a l  i s  genera l ly  f r e sh ,  white  i n  
co lo r ,  and f i n e ,  with longest  dimensions of l e s s  than 6 inches ;  but  on 
the  beach c r e s t ,  e s p e c i a l l y  on the  nor th  s i d e ,  the  longest  dimension 
of t h e  rough blackened co ra l  blocks i s  co~nmonly g r e a t e r  than 12 inches .  
No more d e t a i l e d  observat ions were made on s h i n g l e - c a l i b e r  ma te r i a l .  
Sand-size sediments a re  r e s t r i c t e d  on the  nor thern  rim t o  pockets  o f  
sand along t h e  seaward beach, o f t en  s h e l t e r e d  by outcrops of  beachrock, 
and a l s o  along the  lagoon beach. Elsewhere on t h e  a t o l l  r i m  t h e  lagoon 
beach of  i s l a n d s  and the  lagoonward p a r t  of t h e  i s l a n d  su r face  i s  
dominantly sandy, with patches of s h i n g l e .  Nine sand samples were 
taken from t h e  seaward and lagoonward beaches of  Tiputa on t h e  nor thern  
r i m .  Median diameter ([016+050+084]/3) var ied  from -1.180 (very f i n e  
gravel )  t o  +1.050 (medium sand) ,  and averaged 4 . 4 8 0 .  A l l  samples had 
a  high foramini fera1  content : the  coa r ses t  sands are  dominated by a  
white d i s c o i d  foram, and the  f i n e  ones by a  small  brown foram which 
gives t h e  sand a d i s t i n c t  co lor  c a s t .  Sor t ing  (uI = [g84+@16]/4 + 
[095+05]/6.6) i s  moderately good (0.45 t o  0.90 0 ) ,  averaging 0.75. 



D .  Tenta t ive  geomorphic h i s t o r y  - of Rangiroa 

Evidence f o r  t h e  recons t ruc t ion  of  t h e  geomorphic h i s t o r y  of  
Rangiroa i s  spa r se ,  and much d e t a i l e d  work remains t o  be  done. Agassiz, 
f o r  example, r e p o r t s  many da ta  from t h e  i s l a n d s  i n  t h e  lagoon which, i f  
confirmed, would m a t e r i a l l y  a f f e c t  a  geomorphic chronology. Because 
many of h i s  observat ions and i n t e r p r e t a t i o n s  a re  doubtful ,  t h i s  s ec t ion  
at tempts  t o  p lace  only my own observat ions i n t o  l o g i c a l  order .  The 
observat ions repor ted  h e r e  c l e a r l y  do not  do j u s t i c e  t o  t h e  complexity 
of s o  l a rge  an a t o l l ,  and on many aspec ts  of a t o l l  geomorphology, such 
as t h e  lagoon f l o o r  and submarine topography, we have v i r t u a l l y  no da ta  
a t  a l l .  There i s  need not  only f o r  t h e  checking of Agassiz 's  observa- 
t i o n s  bu t  f o r  t h e  extension of those repor ted  i n  t h i s  paper.  

The e a r l y  h i s t o r y  of the'Tuamotu a t o l l s  on t h e  Darwin Rise i s  a t  
present  l a r g e l y  con jec tu ra l :  t he re  i s  no reason t o  doubt t h e  applicab- 
i l i t y  of  Darwin's own subsidence model, which was i n  f a c t  being 
formulated as  he  s a i l e d  through t h e  Tuamotus i n  1835 (Darwin 1962). 
Deep d r i l l i n g  a t  Mururoa Ato l l  i n  the  Southeast Tuamotus has  revealed 
a  b a s a l t  s u b s t r a t e  t o  co ra l  limestone a t  depths of  438 and 415 meters,  
c l e a r l y  demonstrating subsidence (Lalou and o the r s  1966, Chauveau and 
o the r s  1967) : presumably Rangiroa s i m i l a r l y  was formed and achieved i t s  
p re sen t  p lan  through t h e  T e r t i a r y .  Subsequent h i s t o r y  based on known 
geology and geomorphology may be summarized as  fo l lows:  

(1) The f i rs t  event t o  a f f e c t  t h e  present  su r face  f e a t u r e  of  
t h e  a t o l l  was t h e  formation and exposure of t h e  f e o .  The d i s t r i b u -  - 
t i o n  of  - f eo  on the  a t o l l  and through t h e  archipelago sugges ts  t h a t  i t s  
u p l i f t  was caused by t i l t i n g  of reg ional  ex ten t  but  of l o c a l l y  va r i ab le  
amplitude. Exposure was followed by case-hardening and r e c r y s t a l l i z a -  
t i o n  of  the  l imestones,  marine abrasion of t h e  margins, and t h e  
beginning of s u p e r f i c i a l  s a l t - sp ray  s o l u t i o n .  I'he t o t a l  u p l i f t  a t  
Rangiroa cannot have been g r e a t l y  i n  excess of  10 f e e t .  Veeh (1965, 
53; 1966) has r e c e n t l y  published uranium-series da t e s  on e l eva ted  reef  
liinestones from Anaa A t o l l ,  Tuamotus, s tanding  2-4 meters above mean 
low t i d e  land, which range from 80,000 t o  150,000 y e a r s .  However, 
da t ing  of t h e  cores from Mururoa Atol l  has  revealed a  major d iscont in-  
u i t y  a t  -20 meters ,  below which the  limestone ages a re  g r e a t e r  than 
500,000 yea r s ,  and a t  -6 meters ,  overlying limestones 100,000 2 10,000 
years  o ld .  Limestones above -6 meters ,  have ages of  l e s s  than 5,000 
yea r s .  The lower d i s c o n t i n u i t y  i s  r e f e r r e d  t o  t h e  penult imate i n t e r -  
g l a c i a l ,  and t h e  h ighe r  t o  the  l a s t  i n t e r g l a c i a l ;  t h e  h ighe r  c o r r e l a t e s  
i n  depth and age with t h a t  described froin Eniwetok i n  t h e  Marshall 
I s lands  (Thurber and o the r s  1965). The emerged - f eo  da ted  a t  80,000 
years  by Veeh may thus  c o r r e l a t e  with t h e  l a s t  i n t e r g l a c i a l  d iscont in-  
u i t y  found i n  cores  and dated a t  100,000 yea r s :  i f  s o ,  it would form 
an uneroded r e s i d u a l  b l anke t t ed  by r ecen t  ( l e s s  than 5,000 years)  r ee f  
l imestones.  

(2) Following the  exposure of t h e  f eo ,  which i n  ex ten t  of - 
l i t h i f i c a t i o n  and eros ion  i s  probably t h e  o ldes t  rock on Rangiroa, 
t h e  r e e f  r i m  of the  a t o l l  was exposed, more o r  l e s s  uniformly,  by a  
r e l a t i v e  change i n  l e v e l  of  land and s e a .  This r e s u l t e d  i n  t h e  



forination of  r a i s e d  reef  f l a t s  up t o  about 2 f e e t ,  aerhaps l e s s ,  
above low water .  Af ter  e l eva t ion ,  p l ana t ion  by marine eros ion  began, 
and has proceeded f a r t h e s t  on the  windward s i d e .  Here rock-f loored 
f l a t s  have been cut  below present  low water  l e v e l ,  leaving r e s idua l  
edge riins now p a r t l y  coated with pink a lgae .  On t h e  leeward s i d e ,  
l a rge  a reas  of s l i g h t l y  r a i s e d  e x f o l i a t i n g  r e e f  rock remain. Radio- 
me t r i c  da t ing  has been used a t  Mururoa t o  argue f o r  a  p o s t - g l a c i a l  
high s t and  of  t h e  s e a  reaching +4 meters (12 f e e t )  a t  3,000 years  B . P . ,  
which could account f o r  the  high r e e f - f l a t s  a t  Rangiroa (Lalou and 
o the r s  1966). 

(3) I s l and  formation has taken p lace ,  probably following t h e  
e ros ion  of t h e  e leva ted  f l a t s  t o  present  l e v e l s ,  though evidence he re  
i s  s p a r s e .  Some sediments may have accumulated before t h e  f l a t s  were 
r a i s e d ,  but  t h e r e  i s  c e r t a i n l y  no s i g n  of e l eva ted  r e e f  rock surv iv ing  
under t h e  p resen t  i s l a n d s ,  though as  Newell has  pointed ou t ,  it would be 
unwise t o  assume t h a t  r e e f  f l a t s  a re  n e c e s s a r i l y  under la in  by r e e f  rock 
i n  the  narrow sense .  D e t r i t a l  i s l a n d s  probably formed a nea r ly  cont in-  
uous chain around the  windward r i m  of  the  a t o l l ,  except f o r  t h e  deep 
passes ,  and a l s o  along niuch of the  southern r i m .  With the  accumulation of  
sediments,  t h e r e  followed t h e  formation of p l a t e s  of conglomerate rock 
a t  i s l a n d  water  t a b l e s .  

(4) The phase of aggradation has been followed by one of e ros ion ,  
r e s u l t i n g  i n  t h e  r e t r e a t  of seaward beaches, exposing beachrock and 
leaving pa tches  of r e l i c t  beachrock on seaward r e e f  f l a t s ,  and i n  t h e  
c u t t i n g  of nunlerous - hoa and the  fragmentation of formerly continuous 
land.  This i s  documented by t h e  ex ten t  of  i s l a n d  conglomerate between 
i s l a n d s .  I t  might be poss ib l e  t o  argue t h a t  hoa formation and c losu re  - 
i s  a  cont inuing process ,  and t h a t  as one hoa i s  being cut  another  i s  - 
being f i l l e d .  I f  t h i s  were s o ,  s t ages  (3) and (4 )  could be synchronous. 
liowever, eroding hoa - a re  s o  cominon, and i n f i l l i n g  hoa - s o  r a r e  (only one 
was seen a t  Mahereret iatae)  t h a t  t h e  in fe rence  of success ive  occurrence 
i s  thought t o  be j u s t i f i e d .  No d e t a i l e d  at tempt can be made t o  l i n k  
these  observed changes with known Ple is tocene  events ,  though da ta  from 
Mururoa i s  sugges t ive .  I t  should be noted t h a t  the  evidence f o r  
changes i n  l e v e l  used he re  i s  not t h a t  used by Agassiz; and t h a t  t h e  
evidence which he used t o  demonstrate s e a - l e v e l  changes, - i . e . ,  - the  
i s l a n d  conglomerate, i s  here  used as evidence of  recent  s t a b i l i t y .  

There seems t o  be no simple and s a t i s f a c t o r y  explanat ion of the  
narrowness of  r ee f  f l a t s  and concent ra t ion  of land on the  windward s i d e  
of the  a t o l l ,  and t h e  width of the  f l a t  and t h e  r e l a t i v e  absence of 
land on t h e  leeward s i d e .  Newell's explanat ion  of a  s i m i l a r  s i t u a t i o n  
a t  Raroia,  t h a t  t h e  s t r e n g t h  of the southern swe l l  sending a  continuous 
shee t  of water  over t h e  leeward f l a t  prevented the  accumulation of 
deb r i s  (Newel1 1956, 330), c l e a r l y  w i l l  no t  ho ld  a t  Rangiroa, where 
such a  inechanisin i s  i n h i b i t e d  by the  - f e o .  Sediment production may be 
r e l a t i v e l y  g r e a t e r  on the  windward s i d e ,  where continuous eros ion  a l s o  
l i m i t s  t h e  width of t h e  f l a t .  



NOTES ON LAiUD VEGETATION OF RANGIROA 

On uncu l t iva t ed  i s l a n d s  t h e  dominant vege ta t ion  i s  Guettarda 
f o r e s t  extending from t h e  backslope of t h e  seaward r idge  t o  t h e  lagoon 
beach. On the  seaward beach c r e s t  Sur iana  niaritinia i s  everywhere dom- 
inan t  i n  the  most exposed s i t u a t i o n s ,  with Pemphis ac idu la  much l e s s  
common; Scaevola i s  absent  i n  such s i t u a t i o n s .  In some p laces  
(Mahereret iatae,  Tepaet ia)  wind-trimmed clumps of  Tournefor t ia  and 
I-ledyotis a r e  found near  t h e  beach c r e s t  i t s e l f .  The main vegeta t ion  
hedge, s i t u a t e d  on the  backslope some d i s t ance  landward of  the  seaward 
beach c r e s t ,  cons i s t s  of  Guettarda and Tournefor t ia ,  with occasional  
Pandanus, and o f t e n  much Cassytha. On t h e  lagoon beach Sur iana  i s  
again dominant, growing low on t h e  beach; Pemphis i s  seen only r a r e l y  - . - 
l e .  e .  , Tivaru.  lvlahereretiatael . ~mmediatelv landward t h e r e  i; t a l l  . . - -  - - 
Tournefor t ia  and Guettarda (Porahu, T iva ru ) ,  and sonietimes low Scaevola 
(Tepaet ia ,  Tivaru) .  In  t h e  Guettarda woodlands, Morinda c i t r i f o l i a  i s  
not  abundant, and t r e e s  normally a s soc ia t ed  with se t t l emen t  a re  r a r e .  
'The f l o r a  i s  a  small  one, and the  number of important spec ie s  very few. 
The importance of  Sur iana  ~nari t inia  i s  s u r p r i s i n g  coinpared with i t s  r o l e  
i n  t h e  Caribbean and t h e  Maldives; and s o  i s  the  unimportance of  
Scaevola (an unusually small va r i e ty )  compared with i t s  importance i n  
t h e  Maldives and tile Melanesian a rea .  

On c u l t i v a t e d  i s l a n d s  the  b a s i c  p a t t e r n  i s  much t h e  sane ,  but  the  
Guettarda f o r e s t  has  been replaced  by coconut p l a n t a t i o n s ,  t h e r e  a re  
many introduced weeds, and a l s o  numbers of c u l t i v a t e d  and decora t ive  
p l a n t s  i n  t h e  v i l l a g e s .  On the  seaward r idges  Suriana maritima i s  dom- 
i n a n t ,  with some Pemphis; and between t h e  beach and the  p l a n t a t i o n  
t h e r e  i s  inva r i ab ly  a  dense t h i c k e t  of Tournefor t ia  and Guettarda,  with 
occasional  Panclanus. In  t h e  coconut p l a n t a t i o n  both Guettarda speciosa 
and Morinda c i t r i f o l i a  a re  common ( including many juveni les )  : t h e r e  -- 
i s  a ground cover of S tachytarpheta ,  Cassytha, f e r n s  and Lepturus, and 
occasional  low bushes of  Scaevola. The most s t r i k i n g  undergrowth 
beneath the  coconuts,  however, i s  Euphorbia a t o t o ,  growing a t  l e a s t  
t o  he igh t s  of 3 f e e t ,  and on Avatoru t o  more than 6 f e e t .  The lagoon 
beach again has Suriana and Tourne fo r t i a .  

I n  the  v i l l a g e s  of Tipu ta  and Avatoru t h e r e  a re  t a l l  t r e e s  of 
Cordia subcordata,  l l ibiscus t i l i a c e u s ,  Casuarina and Coccoloba along 
the  shore ,  with i l ibiscus rosa - s inens i s ,  f r ang ipan i ,  Car ica  papaya and -- 
Artocarpus l i n i n g  the  s t r e e t s .  In  the  t a r o  p i t s ,  root  crops such as 
Colocasia ,  Xanthosoma and Cyrtosperma a r e  no longer grown; b r e a d f r u i t ,  
bananas and melons a re  grown ins t ead .  Tacca was a l s o  formerly c u l t i v -  - 
a t e d ,  but  was not  seen.  Limes a re  grown but  a re  not  common. 

Several  h a b i t a t s  have d i s t i n c t i v e  vege ta t ion ,  and may be b r i e f l y  
noted.  On t h e  - f eo ,  a t  P e a r i  and Utoto, Peinphis ac idu la  i s  dominant, 
with a  l i t t l e  Suriana.  On s t r i p p e d  i s l a n d  conglomerate s u r f a c e s ,  a t  
Maeherehonae and i n  t h e  Moao-llararu gap, t h e r e  i s  a  spa r se  vegeta t ion  
dominated by Pemphis, t oge the r  with Sur iana  and I-Iedyotis: with very 
in f r equen t ly  Tournefor t ia  and even r a r e  Morinda, Guettarda and Scaevola. 
I n  t h e  - hoa between i s l a n d s ,  both Pemphis and Sur iana  l i n e  t h e  edges of 
channels,  o f ten  growing d i r e c t l y  on t h e  rock su r face .  Around t h e  mar- 
g ins  of  pools near  the  lagoon shores  of  i s l a n d s  sedges a r e  common: a t  



Avatoru and T e r e i a o  t h e r e  i s  a dense b e l t  o f  C lad iun .  On t h e  sand 
dunes o f  Naeherehonae v e g e t a t i o n  i s  r e s t r i c t e d  t o  Pandanus and 
T o u r n e f o r t i a .  O t t i n o  (1965, 9)  p o i n t s  o u t  t h a t  o l d  s e t t l e m e n t  s i t e s  
may o f t e n  b e  recognized  by t h e  c o n c e n t r a t i o n  t h e r e  o f  Pandanus, 1-libiscus 
t i  l i a c e u s  , Casuar ina ,  Calophy llun and Cord ia .  

There i s  a marked absence a t  Rangiroa o f  a p i o n e e r  s t r a n d  
v e g e t a t i o n  comparable t o  t h e  Sesuviun-Ipo~noea s t r a n d  v e g e t a t i o n  o f  t h e  
Car ibbean;  Ipomoea was n o t  seen  a t  a l l ;  and t h e  p i o n e e r  seems t o  be  
a s h r u b ,  S u r i a n a  mar i t ima .  
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LIST OF VASCULAR FLORA OF RANGIROA 

by Marie-1l6l&ne Sachet 

Botanis t s  from var ious  expedit ions through t h e  South P a c i f i c  have 
on occasion c o l l e c t e d  a  few p l a n t s  on Rangiroa, as  f o r  ins tance  
W .  B .  Jones of the  lVhitney Expedition which stopped f o r  two days i n  
August 1922, and E .  H .  Quayle i n  1923. These p l a n t s  a r e  repor ted  on by 
F. B .  tl. and E .  D .  W. Brown i n  the  Flora of Southeastern Polynesia 
(Bishop Museum Bul l e t in s  84:  1931, 89: 1931, 130: 1935). However, no 
in t ens ive  i n v e s t i g a t i o n  of the f l o r a  has ever  been made. In  1963 I  was 
i n v i t e d  t o  spend a week a t  the  coconut research s t a t i o n  of  t h e  IKtIO 
( I n s t i t u t  de Recherches pour I e s  l lui les  e t  Oldagineux) i n  order  t o  make 
some bo tan ica l  observat ions and a co l l ec t ion  of p l a n t s  f o r  the  use of 
the  s t a t i o n .  The d i r e c t o r  of the  s t a t i o n ,  M .  Po~nier showed me various 
p a r t s  of t h e  a t o l l .  Iiis he lp  and h o s p i t a l i t y  made t h e  v i s i t  very p ro f -  
i t a b l e  and enjoyable and 1 am glad t o  express  my apprec ia t ion  t o  hiin 
and t o  t h e  IRHO. 

One s e t  of  the  p l a n t s  co l l ec t ed  was l e f t  a t  Tiputa f o r  ready 
reference ,  and one a t  t h e  Department of Agr icul ture  of  T a h i t i .  Other 
s e t s  a r e  intended f o r  t h e  ~ u s k u m  d ' l - l i s to i re  Na tu re l l e  i n  P a r i s ,  
B .  P .  Bishop bluseum i n  Honolulu and U .  S. National Museum. 

The 70 specimens co l l ec t ed ,  as well  as some s i g h t  records,  a r e  
l i s t e d  below, with b r i e f  notes  on occurrence. The determinat ions were 
v e r i f i e d  by F. R .  Fosberg. An a s t e r i s k  * before  a  name i n d i c a t e s  t h a t  
the  spec ies  i s  not  indigenous i n  Rangiroa. Synonyms a r e  given only when 
they have been widely used i n  the  a rea .  

PSILOTACEAE 

PSILOTUM NUDUM (L.) Beauv. 
'Tepaetia i s l e t ,  l o c a l l y  abundant a t  base of coconut palm and 
shrubs,  Sachet 1356. 

POLYPODIACEAE 

ASPLENILih! NIDUS L .  
Porahu i s l e t ,  common loca l ly  i n  shady Guettarda f o r e s t ,  Sachet 
1384. 

NEPtIROLEPIS BISERRATA (Schwartz) Schot t  
Porahu i s l e t ,  common loca l ly  i n  t a l l  Guettarda f o r e s t ,  i n  shade, 
Sachet 1382. - 

POLYPODILJM SCOLOPENDRIA Burn). f .  
Tiputa v i l l a g e ,  very common everywhere on ground, Sachet - 1344. 



PANDANUS TECTORIUS Park. 
Common over much of a t o l l ;  s p i n e l e s s  v a r i e t y  seen i n  Tiputa 
v i l l a g e .  

GRAMINEAE 

"CENCIIRUS EC1-IINATUS L .  
T iputa  v i l l a g e ,  co~nmon l o c a l l y  i n  weedy area  back of  v i l l a g e ,  
Sachet 1375. - 

*CYNODON DACTYLON ( L .  ) Pers.. 
T iputa  v i l l a g e ,  forming lawn; very common, Sachet - 1350. 

LIIGITARIA STENOTAPtIRODES (Nees) S tap f .  
Avea i s l e t ,  occasional  on bare  g rave l  i n  a rea  c leared  f o r  p lan t ing  
of  coconut palms, Sachet 1378. - 

*ELEUSINE I N D I C A  (L.) Gaertn. 
Tiputa v i l l a g e ,  common i n  weedy a r e a  back of v i l l a g e ,  Sachet - 1371. 

TRAGROSTIS PILOSA Beauv. 
Tiputa v i l l a g e ,  very abundant i n  weedy area  back of  v i l l a g e ,  Sachet 
1370. - 

LEPTURUS REI'ENS var .  REPENS (Fors t .  f .  ) R .  B r .  
'Tepaetia i s l e t ,  t u f t s  a t  top of  ocean beachridge, Sachet 1360. 

PASPALW DISTICtIlJM L.  
P .  vaginatum Sw. - 

Avatoru i s l e t ,  Avatoru v i l l a g e ,  forming wide zone i n  weedy area 
arowtd pond, Sachet 1385. - 

*SACCI-IARUI4 OFFICINARUM L. 
' l ' iputa, a few p l a n t s  seen i n  v i l l a g e  

*SPOROBOLUS AFRICANUS (Po i r . )  Rob. & Tourn. 
Avatoru v i l l a g e ,  weed i n  v i l l a g e ,  coianlon, Sachet - 1389. 

CYPERACEAE 

CLAD1 UI\I JAblAICENSE Crant z 
Avatoru v i l l a g e ,  forming dense patches a t  edge of  marshy a rea  
around pond, Sachet 1386. This p l a n t  has yellowish achenes varying 
froin ovoid t o  e l l i p s o i d ,  and froiii 2 t o  2 . 5  mm i n  l eng th .  I t  does 
not  f i t  e i t h e r  var .  ch ine l~se  (Nees) Koy. o r  v a r .  j a~naicense ,  but  
exac t ly  connects the  two. 

CYPERUS JAVPLVICUS iloutt  . 
Tiputa  v i l l a g e ,  conirnon l o c a l l y  i n  low area  i n  weedy a r e a  back of  
v i l l a g e ,  Sachet 1374. - 



*CYPERUS KYLLINGIA Endl .  
T i p u t a  v i l l a g e ,  common weed i n  v i l l a g e ,  Sache t  1395. 

*CYPERUS POLYSTACtiYOS Rot tb .  
T i p u t a  v i l l a g e ,  o c c a s i o n a l  a long road i n  weedy a r e a  back of v i l l a g e ,  
Sache t  1373. 

"CYPERUS ROTUNDUS L.  
T i p u t a  v i l l a g e ,  o c c a s i o n a l  weed i n  lawns,  Sache t  - 1402. 

FIHBKISTYLIS CYMOSA R .  Br. 
Avatoru v i l l a g e ,  o c c a s i o n a l  on d r y  ground a t  edge o f  marshy a r e a ,  
Sache t  1387. ' l l~is  c o l l c c t i o n  has  conlpact, b u t t o n - l i k e  h e a d s ,  
s t y l e s  wi th  e i t h e r  2 o r  3 b ranches ,  predominant ly  3, achenes 
n ~ o s t l y  t r i g o n o u s ,  smooth. 

PALMAE 

"COCOS NUCIFERA L .  
P l a n t e d  o v e r  most o f  a t o l l .  

* U n i d e n t i f i e d  palm, p o s s i b l y  Caryota  s p  
P l a n t e d .  

*COh@IELINA s p .  
T i p u t a ,  seen  i n  v i l l a g e  

*RHOEO SPATEIACEA (SW.) S t e a r n  
Avatoru,  c u l t i v a t e d  i n  v i l l a g e .  

LI LIACEAE 

*CORDYLINE FRUTICOSA (L. ) Goepp. 
Porahu, p e r s i s t i n g  i n  former i n h a b i t e d  s i t e .  

*CRINUM s p .  
T i p u t a ,  s e e n  i n  v i l l a g e .  

*ZEPI-IYRANTtiES ROSEA (Spreng . ) L i n d l .  
T i p u t a ,  p l a n t e d  i n  v i l l a g e .  



DIOSCOREACEAE 

*DIOSCOREA BULBIFERA L.  
Porahu i s l e t ,  occasional  i n  shady f o r e s t ,  Sachet - 1383, probably 
remaining from c u l t i v a t i o n .  

TACCACEAE 

TACCA LEONTOPETALOIDES ( L . )  0 .  Ktze. 
Tiputa  v i l l a g e ,  occasional  i n  abandoned yards and i n  p l a n t a t i o n ,  
Sachet 1341. 

MUSACEAE 

*hlUSA sp .  
Tiputa ,  p l an ted  i n  v i l l a g e .  

CANNACEAE 

*CANNA s p .  
Tiputa ,  p lan ted  i n  v i l l a g e .  

CASUARINACEAE 

*CASUARINA EQUISETIFOLIA L .  
T iputa ,  p l an ted  i n  v i l l a g e .  

MORACEAE 

*ARTOCARPUS ALTILIS (Park. ) Fosb . 
Tiputa ,  Avatoru, p lan ted  i n  v i l l a g e s .  

URTICACEAE 

LAPORTEA RUDERALIS (For s t . )  Chew 
Fleurya r u d e r a l i s  (For s t . )  Gaud. ex Wedd. 

Vahi tur i  i s l e t ,  common i n  open areas  i n  coconut p l a n t a t i o n ,  - Sachet 
1397. - 

PIPTUKUS ARGENTEUS (Fors t . )  hledd. 
Tiputa v i l l a g e ,  occasional  i n  scrub  f o r e s t  between v i l l a g e  and 
ocean, Sachet 1367. 

POLYGONACEAE 

*ANTIGONON LEPTOPUS 1V.  6 A.  
T iputa ,  c u l t i v a t e d  i n  v i l l a g e .  



*COCCOLOBA UVIFERA L .  
Tiputa v i l l a g e ,  p lan ted  i n  v i l l a g e ,  Sachet 1334. 

NYCTAGINACEAE 

BOERIIAVIA TITRANDRA Fors t .  
Tepaet ia  i s l e t ,  occasional  i n  coconut p l a n t a t i o n ,  Sachet 1358; 
Vahi tur i  i s l e t ,  common i n  open arcas  i n  coconut p l an ta t ion ,  
Sachet 1398; P a i t i a  i s l e t ,  occasional  i n  open coconut p l a n t a t i o n ,  
Sachet 1401. 

*bIIRABILIS JALAPA L. 
T iputa ,  p lan ted  i n  v i l l a g e  and escaped. 

PISONIA GRANDIS R .  R r .  
Pai . t ia  i s l e t ,  a few t r e e s  l e f t  i n  scrub  f o r e s t ,  Sachet 1400; 
Kaorafara i s l e t ,  small  grove i n  cen te r  of  i s l e t ,  Sachet 1399. 

ACHYRANTI-IES CANESCENS R .  B r .  
Moore 204 (US) -- 

PORTULACACEAE 

PORTULACA J O H N 1 1  v .  Poel ln .  
Pear i  i s l e t ,  conmion on sandy ground i n  open coconut p l a n t a t i o n ,  
Sachet 1381. Known previously from t h e  Tuamotus, Austral  I s . ,  and 
Christmas I s l and .  This spec ie s ,  i n  h a b i t  resembling P .  o le racea  L .  
bu t  with t h e  f lowers,  "open around 10 a.m. t i l l  2 o r  3 p.m."; 
stamens "30-40"; seeds more o r  l e s s  g los sy ,  with i n t e r d i g i t a t i n g  
s ta r -shaped,  s l i g h t l y  r a i sed  t e s s e l a e .  

LAURACEAE 

CASSYTliA FI1,IFORMIS L .  
Tiputa v i l l a g e ,  abundant l o c a l l y  climbing over shrub i n  scrub 
f o r e s t  between v i l l a g e  and ocean, Sachet 1366. 

CRUCIFEME 

LEPIDILJM BIDENTATUM Montin 
Tiputa v i l l a g e ,  comnlon l o c a l l y  i n  weedy a r e a  back of v i l l a g e ,  
Sachet 1372. 



CRASSULACEAE 

*KALANCIIOE PINNATA (Lam. ) Pers . 
Tiputa ,  seen i n  v i l l a g e .  

*CASSIA OCCIDENTALIS L.  
Avatoru, seen i n  v i l l a g e .  

*DESMODIWI TRIFLORLDI (L.) DC. 
Utoto, seen i n  c l ea red  coconut p l a n t a t i o n .  

*INOCARPUS EDULIS (Park.) Fosb. 
Kaorofara, one seen p e r s i s t i n g .  

"LEUCAENA LEUCOCEPHALA (Lam.) delVit 
L .  glauca of au thors ,  non (L.) Benth. - 

Tepaet ia  i s l e t ,  one shrub seen i n  scrub ,  Sachet 1355. 

*MIblOSA PUDICA L. 
Utoto, Tuhere P a r i ,  small  pa tches  seen i n  ho le s  f i l l e d  with 
s o i l  from T a h i t i .  

SESBANIA SPECIOSA var .  TUNIOTENSIS F. Brown 
Avea i s l e t ,  one clump seen (occasional  on o the r  i s l e t s )  i n  area 
c l ea red  f o r  p l an t ing  of coconut palms, Sachet 1380. 

*VIGNA MARINA (Burm. ) Merr. 
'Tuhere P a r i ,  a few c h l o r o t i c  v ines  seen i n  ho le  f i l l e d  with 
s o i l  from 'Tahit i .  

KUTACEAE 

*CITRUS AURANTIFOLIA (Christm.) Swingle 
Tiputa ,  i n  v i l l a g e ;  Porahu i s l e t ,  p e r s i s t i n g ,  s eve ra l  f l ou r i sh ing  
t r e e s .  

*CITRUS sp .  
Tiputa ,  one t r e e  of "painplemousse" seen i n  v i l l a g e .  

SURIANACCAE 

SURIANA PlAIIITIi\lA L .  
T iputa  v i l l a g e ,  abundant, forming s t r i p  a t  edge of  scrub  f o r e s t  a t  
top of ocean beach r idge ,  Sachet 1376. 

"ACALYPIIA spp . 



Tiputa ,  s eve ra l  forms (red-leaved,  green-and-white-leaved 
and f r i l l e d )  c u l t i v a t e d  i n  v i l l a g e .  

EUPHORBIA ATOTO Fors t .  
Tiputa v i l l a g e ,  Sachet - 1333; very abundant everywhere. 

*EUPI~IOKBIA IIIRTA L.  
Avatoru v i l l a g e ,  very common weed i n  v i l l a g e ,  Sachet 1390. 

"EUPI-IORBIA PROSTRATA A i t  . 
Avatoru v i l l a g e ,  common l o c a l l y  as  weed i n  v i l l a g e ,  Sachet - 1391. 

*EUPWOKBIA sp .  
Tiputa ,  succulent  Euphorbia seen i n  v i l l a g e  

*PEDILANTHUS 'TITHYMALOIDES ( L . )  Po i t  . 
Tiputa ,  p lan ted  i n  v i l l a g e .  

*PliYLLANTllUS AMARUS Schum. & Thonn. 
Tiputa v i l l a g e ,  conunon weed i n  yards ,  Sachet - 1346, and i n  p l an ta -  
t i o n .  

*RICINUS CObMUNIS L .  
Tiputa,  p lan ted  i n  v i l l a g e  

ANACARDIACEAE 

*MANGIFERA INDICA L.  
Tiputa,  2 small t r e e s  p lanted  a t  e a s t  end of  v i l l a g e .  

SAPINDACEAE 

*POMETIA PINNATA Forst .  
'I'iputa, p lan ted  i n  v i l l a g e .  

VITACEAE 

*VITIS sp .  
Tiputa,  p lan ted  i n  v i l l a g e .  

TILIACEAE 

*&1UN'TINGIA CALABURA L.  
T iputa ,  planted as s t r e e t  t r e e ,  very abundant. 

'TIIIUMFE'TTA PROCLIMBENS Fors t .  
Tiputa v i l l a g e ,  abundant i n  ground-cover i n  scrub f o r e s t  between 
v i l l a g e  and ocean, Sachet 1365. 



MALVACEAE 

ABUTILON ASIATICUM var .  ALBESCENS (Miq.) Fosb. 
Tiputa v i l l a g e ,  weed i n  abandoned a rea ,  Sachet 1337. 

"GOSSYPIWf s p  . 
Avatoru, seen i n  v i l l a g e .  

HIBISCUS TILIACEUS L .  
Tiputa v i l l a g e ,  common l o c a l l y  i n  scrub f o r e s t  between v i l l a g e  
and ocean, Sachet 1369. 

*MIBISCUS, ornamental hybrids 
Tiputa ,  Avatoru, p lan ted  i n  v i l l a g e s .  

*MALVAS'TRUM COROMANDELIM'U'UM (L.) Garcke 
Tiputa v i l l a g e ,  common l o c a l l y  i n  abandoned yards ,  Sachet 1352. 

*MALVAVISCUS s p .  
Tiputa ,  p lan ted  i n  v i l l a g e .  

*SIDA RHOMBIFOLIA L .  
Avatoru v i l l a g e ,  weed i n  v i l l a g e ,  common, Sachet 1388, 

THESPESIA POPULNEA (L.) Sol .  ex Correa 
Tiputa,  Kaorofara, p lan ted  o r  p e r s i s t i n g .  

BOMBACACEAE 

*CEIBA PENTANDRA (L.) Gaertn. 
Avatoru, seen i n  v i l l a g e .  

STERCULIACEAE 

*IVALTIIERIA INDICA L .  
Tiputa v i l l a g e ,  occasional  weed i n  p l a n t a t i o n  and yards ,  Sachet 
1339. - 

GUTTIFERAE 

CALOPHYLLUM INOPHYLLUM L. 
Tiputa v i l l a g e ,  only a  few t r e e s  seen ,  perhaps p lanted ,  i n  scrub 
f o r e s t  between v i l l a g e  and ocean, Sachet 1368. 

CARICACEAE 

*CARICA PAPAYA L .  
T iputa ,  p l an ted  i n  v i l l a g e ,  o f t e n  i n  foundat ions of ruined 
houses. 
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PASS1 FLOIUCEAE 

*PASSIFLORA FOETIDA L.  v a r .  FOETIDA 
T i p u t a  v i l l a g e ,  common weed i n  abandoned ga rden ,  Sache t  1335, a l s o  
i n  p l a n t a t i o n .  The t y p i c a l  v a r i e t y  o f  P. f o e t i d a ,  widespreaJ  i n  
t h e  Car ibbean and South America h a s  p r e ~ i o u s l y  n o t  been r e p o r t e d  
from t h e  P a c i f i c  I s l a n d s .  The v a r i e t i e s  known froin t h e r e  a r e  
v a r .  h i s p i d a  and v a r .  g o s s y p i f o l i a .  The p r e s e n t  m a t e r i a l ,  because  
of i t s  long ,  yel low s c a r c e l y  g l a n d u l a r  sten1 pubescene,  seems c l o s e r  
t o  v a r .  f o e t i d a  t h a n  t o  v a r .  g o s s y p i f o l i a .  I t s  n o n - i n t e r l a c e d ,  
non-matted i n v o l u c r a l  b r a c t s  d i s t i n g u i s h  i t  from v a r .  h i s p i d a .  

LYTHRACEAE 

PEblPIIIS ACIDULA Fors t . 
T i p u t a  v i l l a g e ,  o c c a s i o n a l  (common e l sewhere )  i n  s c r u b  f o r e s t  a t  
t o p  o f  ocean beach r i d g e ,  Sache t  1377. 

*TERIIIINALIA s p .  
T i p u t a ,  p l a n t e d  i n  v i l l a g e .  

MYRTACEAE 

*EUGENIA CUMIN1 L .  
T i p u t a ,  l a r g e  t r e e  p l a n t e d  i n  v i l l a g e .  

*PSIDIWI s p .  
T i p u t a ,  Avatoru ,  s e e n  i n  v i l l a g e ;  Porahu i s l e t ,  p e r s i s t i n g .  

CACTACEAE 

*OPUNTIA s p .  
T i p u t a ,  s e e n  i n  v i l l a g e .  

ARALIACEAE 

*BMSSAIA ACTINOPHYLLA End1 . 
T i p u t a ,  p l a n t e d  i n  v i l l a g e  

*POLYSCIAS s p p .  
T i p u t a ,  s e v e r a l  s p e c i e s  p l a n t e d  i n  v i l l a g e .  

APOCYNACEAE 

*ALLAiiDA s p .  
T i p u t a ,  p l a n t e d  i n  v i l l a g e  



*CATHARANTfIUS ROSEUS (L. ) G . Don 
Tiputa v i l l a g e ,  Sachet - 1340, common escaped from c u l t i v a t i o n .  

*NERIUM sp .  
Tiputa,  p lan ted  i n  v i l l a g e .  

"PLUMERIA RUBRA L .  
Tiputa,  planted i n  v i l l a g e .  

ASCLEPIADACEAE 

*ASCLEPIAS CURASSAVICA L.  
Avatoru, seen i n  v i l l a g e .  

CONVOLVULACEAE 

*IPOMOEA BATATAS (L.) Lam.  
Tiputa,  p lan ted  i n  v i l l a g e ,  i n  foundations of ruined houses 

*IPOMOEA OBSCURA (L.) Ker. 
Tiputa v i l l a g e ,  weed i n  yard,  Sachet 1353. 

IPOMOEA TUBA (Schlecht . )  Don 
Porahu, i n  mixed scrub  on lagoon s i d e  

BORAGINACEAE 

CORDIA SUBCOKDATA Lam. 
Tiputa v i l l a g e ,  p lan ted  i n  v i l l a g e ,  Sachet 1396. 

HELIOTROPIUM ANOMALUM M. 4 A. var .  ANOMALUb1 
Avea i s l e t ,  occasional  on bare  sand,  forming wide patch i n  a rea  
c leared  fo r  p l an t ing  of  coconut palms, Sachet 1379. 

TOURNEFORTIA ARGENTEA L.f .  
'Tiputa v i l l a g e ,  conrmon i n  scrub  f o r e s t  between v i l l a g e  and ocean, 
Sachet 1363. - 

*LANTANA CAMARA var .  ACULEATA (L.) Moldenke 
Tepaet ia  i s l e t ,  a few p l a n t s  seen i n  scrub,  Sachet 1359. 

NESOGENES EUPHRASIOIDES (I-I. & A.) A. UC. 
Tepaet ia  i s l e t ,  l o c a l l y  abundant i n  scrub,  Sachet - 1361. 

*STACNYTARPHETA URTICIFOLIA Sims 
Tiputa v i l l a g e ,  occasional  weed i n  abandoned yards ,  Sachet 1347. 



LABIATAE 

*OCIMUM BASILICUM L .  
Avatoru v i l l a g e ,  occasional  i n  v i l l a g e ,  probably escaped from 
c u l t i v a t i o n ,  Sachet 1392. 

*OCIMUM sp .  
Tiputa ,  some dried-up p lan t s  seen i n  v i l l a g e .  

SOLANACEAE 

*CESTRUM DIUIbVUPl L .  
Tiputa v i l l a g e ,  p lan ted  i n  garden, Sachet - 1336. 

*DATURA METEL L .  
Tiputa v i l l a g e ,  a few p lan t s  escaped from c u l t i v a t i o n ,  Sachet - 1342. 

SCROPHULARIACEAE 

*RUSSELIA EQUISETIFORMIS L .  
Avatoru, c u l t i v a t e d  i n  v i l l a g e .  

*PSEUDERANTtlE!!lUbI CARRUTHERSII var .  ATROPURPUREWI (Bull) Fosb. 
Tiputa v i l l a g e ,  p lan ted  i n  v i l l a g e ,  Sachet 1393. 

IIUBIACEAE 

*GARDENIA TAITENSIS DC. 
Tiputa,  c u l t i v a t e d  i n  v i l l a g e .  

GUETTARDA SPECIOSA L .  
Tiputa v i l l a g e ,  abundant i n  scrub f o r e s t  between v i l l a g e  and ocean, 
Sachet 1364. 

I-IEDYOTIS ROHANZOFFIENSIS (C. & S. )  Fosb. 
Tepaet ia  i s l e t ,  only a few p l a n t s  seen i n  sc rub ,  Sachet 1357. 

*IXORA spp. 
Tiputa,  s eve ra l  spec ie s  p lanted  i n  v i l l a g e .  

MORINDA CITRIFOLIA L .  
Tiputa v i l l a g e  -- Sachet 1338, common i n  scrub around v i l l a g e .  

*PENTAS LANCEOLATA (Forsk. ) Schum. 
Tiputa v i l l a g e  - -  Sachet 1362, planted.  



TIMONIUS POLYGAiMA Forst .  
Tiputa v i l l a g e ,  very common i n  scrub  around v i l l a g e  and i n  
p l a n t a t i o n ,  Sachet 1343 (s taminate) ,  1348 ( p i s t i l l a t e ) .  , ' - - 

GOODENIACEAE 

SCAEVOLA TACCADA var .  TUAMOTUENSIS S t .  John 
S. s e r i c e a  Vahl, commonly mis iden t i f i ed  as S. f ru tescens  (Mi l l . )  Krause. - 

Tiputa v i l l a g e ,  very common i n  scrub  and-in p l a n t a t i o n s ,  -- Sachet 
1345. - 

COMPOSITAE 

*BIDENS PILOSA L .  
T iputa  v i l l a g e ,  occasional i n  yards  and on roadside,  Sachet - 1349. 

"ELEPHANTOPUS SPICATUS I-IBK. 
Tiputa,  seen i n  v i l l a g e .  

*EMILIA JAVANICA (Burn1.f.) C .  B .  Rob. 
Tiputa v i l l a g e ,  occasional weed i n  roads ide ,  Sachet - 1354. 

*SYNEDRELLA NODIFLORA (L.) Gaertn. 
Tiputa v i l l a g e ,  weed i n  v i l l a g e ,  Sachet - 1394. 

*VERNONIA CINEREA var .  PARVIFLORA (Bl.) D C .  
T iputa  v i l l a g e ,  occasional weed, Sachet - 1351. 
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Fig. 1 Loca t ion  of Rang i roa  Atoll 



Fig. 2 'Wgi roa  A t o l l  
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Fig. 3 Rangiroa r a i n f a l l  1959-65: monthly totals 
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Fig. h Rangiroa rainfall 1960-65 : single-day maxima 
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Fig. 6 Schematic sections of is lands on north and south rims 
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Fig. 7 Profiles 1-6, northern rim 
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Fig, 8 Frofi les  7-8, western rim 
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Fig. 9 Sc!imatic diagram of southern rim with islands 
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Fig. 10 Profiles 9-11, southern rim 



1 T i p u t a ,  nortl l  s h o r e :  seaward s h i n g l c  r i d g e ,  smoatii e r o s i o n  ramp, 
and beachrock and r u b b l e .  R e l i c t  beaclirack on r e c f  f l a t  i n  background 

2 ' i ' iputa,  n o r t h  s h o r e ,  w e s t  end,  looking towards Reporepo: s t e e p  
s l i ing le  beach,  e r o s i o n  ramp, and conglomerate  beachrock.  



3 T i p u t a ,  norti i  s h o r e :  s h i n g l e  beach i c i t i i  iiiassivc beacli-foot 
conglonlcra t ic  beachrock.  Note tile narrowness  o f  t l ie r e e f  f l a t  

4 T i p u t n - r c p a e t i a  &: view from t h e  1agoonii;ird cnd,  on T i p u t a ,  
toiiards t h c  scaii'ard r c e f .  



5 T i p u t a ,  no r th  strorc: beact , -cres t  v e g e t a t i o n  thcdge o f  i ' o u r n c f a r t i a  
arid i i edyo t i s ,  showing d e f o l i a t i o n ,  i < i t l i  coconut p a l e s .  

6 i ' i p u t a ,  soutii  s i lore ,  e a s t  end,  looking 1les t i~ 'ards :  loti sandy lagoon 
beacti wi th  coconut p l a n t a t i o n .  



7 Tepaetia, south shore, !vest end, near entrance to hoa :  outcrop of 
island conglomerate on a sandy beach. Notc thc a b G c e  of s lagoon 
reef .  

8 Avatoru: mar6cage at ircst end of the island, looking north. 



9 'Tepaetia,  nortl i  s l iore ,  e a s t  end,  V i e w  e a s t :  edge of s c a w a r d  r e e f  
f l a t  a t  low )ca te r :  p i n k  a l g a l  zone oil tile l e f t  (covcrcd with  w a t e r ) ,  
d i s s e c t e d  orangc zone i n  t h e  c e n t c r ;  d ry ing  r c c f  f l a t  t o  t h e  r i g h t .  

1 0  Tere iao ,  ~ c s t  s i lore ,  view soutlr:  edge of seaward r e e f  f l a t  a t  low 
\ea te r :  d i s s c c t c d  p i n k  a l g a l  zone .  



11 Terc iao :  :inssivc congloilieratc a t  tlic foot  o f  tlic scaivard beach 

12 Ycreiao:  f resh  cora l  sl1iiiglc oil tlrc cres t  o i  tile scairard lbcacix 



13 Tcrciao:  l agoon-s ide  inarbcage i i i t l i  Clscliuis. 

1:l ?l;leIicrclion;ic: l a r g e  l a g ~ ~ , ~ - s i d e  iiiar6c;igc i<i th  sandy iagooi i~iard  
sand s tr ip i n  t l ~ c  i'ori~groiiiid. 



15 Maelicrclionae: vioiv toirards t h c  lagoon from t h e  sumiiiit o f  t h e  dunes ,  
a c r o s s  t h e  mardcagc. 3, Pandanus and coconuts  i n  t h e  f a r e -  
ground.  

16 blaelicrehonac: s r cccn t ly -cxcnva ted  marae on t o p  of t h e  lagoon-s ide  
dunes.  

- 



18 biacherchonae, west s l io rc ,  northern) end:  s torm b l o c k s  on t h e  seaivard 
recf f l a t ,  p l~otograpl ied frolii t h e  scaiuard bcach .  Note t i>c human 
f i g u r e  on t h e  l a r g e s t  b l o c k .  

17 biueherchonac: conglonierate pla t forni ,  ti.ith a c i d u i a ,  a t  
\ \ , a t c r - l c v e l  between t h e  dunes .  

- 



19 P o r a l ~ u ,  scagiard s l iorc :  fco separated by a li;irrox moat from t h e  
seaward shorc OF t h c  i s l a .  

20 Poralru: i s l n ~ i d i r a r d  ~ i , a r g i i ~  o f  t h c  f c o  slioi.'n i i i  I ' la tc  19.  Note t h e  - 
narroi? basal  e r o s i o n  p ia t fo r i s .  



2 1  I'oraliu, west s i iore :  i s l a n d  conglolilerstc uncoiifonsably o v e r l y i n g  
t rul lcate t i  r c e f  c o r a l s .  Scawarii fco i n  t h c  background. 

2 2  Pear i :  seaward reef erlgc wi th  e x f o l i a t i n g  r e e f  rack oil tile r e e f  f i a t .  



2 3  Pea r i :  e x f o l i a t i n g  reef  rock on t h c  scai<ard rccf  f l a t  

24 Peari-Baihoa +: i s l a n d  conglomevatc  o u t c r o p p i n g  i n  the ihoa - w a l l s  
w i t 1 1  seaivard f e o  i n  t h c  backg round .  - 



25 Vaihoa-'ruoto &: s inal l  sand cay wi th  Pandanus perclicd a g a i n s t  t h e  
scaward feo. 

26 Utoto:  feo w i t 1 1  Peniphis and perched beach ,  looking cas twards  



27  U to to :  d i s sec ted  seaward niargiii o f  tile 




