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E i g h t e e n  s h e r d s  w e r e  s e n t  f o r  e x a m i n a t i o n  i n  t h i n  s e c t i o n
by J u n  Takayama ( s e e  Ta k a y a m a ' s  p r e c e d i n g  a r t i c l e ,  p a g e  ) .  T h e
m a t e r i a l s  i n c l u d e  e l e v e n  s h e r d s  f r o m  N g u l u  a t o l l  ( s u r f a c e  s h e r d ,
#1; NLTO s i t e ,  # 2 ;  NLTG s i t e ,  # 3 - # 5 ;  N LTA s i t e ,  # 6 - # 11 ) ,  a n d  s e v e n
sherds ( # 1 2 - 4 1 8 )  f r o m  t h e  Pemrang s i t e  o n  Ya p .  O f  i n t e r e s t  i s  t h e
f a c t  t h a t  s h e r d s  f r o m  Pemrang may b e l o n g  t o  t h e  M a r i a n a s  P l a i n  w a r e
a n d / o r  Red  w a r e  t r a d i t i o n ( s ) .  A l s o ,  s e l e c t e d  N g u l u  s h e r d s  ( i . e . ,  # 8 )
c l o s e l y  r e s e m b l e  s e l e c t e d  Pemrang s h e r d s  ( i . e . ,  # 1 3 ) ,  e v e n  t h o u g h  t h e
two l o c a l e s  a r e  a b o u t  1 0 0  k m  a p a r t .

P e t r o g r a p h i c  a n a l y s i s  i n d i c a t e s  t h a t  none  o f  t h e  s h e r d s
examined c o n t a i n  t e m p e r s  s u g g e s t i v e  o f  d e r i v a t i o n  f r o m  t h e  M a r i a n a s .
However,  some N g u l u  s h e r d s  w i t h  b r o k e n  s h e r d  t e m p e r s  a r e
i n d i s t i n g u i s h a b l e  f r o m  s i m i l a r  P a l a u  s h e r d s .  O t h e r  N g u l u  s h e r d s
a lmos t  c e r t a i n l y  o r i g i n a t e d  o n  Ya p .

Temper Ty p e s

The f o l l o w i n g  n i n e  t e m p e r  t y p e s  c a n  b e  d i s t i n g u i s h e d  i n
the c o l l e c t i o n :

A. O n e  s h e r d  ( # 1 ,  N g u l u )  c o n t a i n s  a  t e m p e r  s a n d  d o m i n a t e d
by g r a i n s  o f  f o l i a t e d ,  p o l y c r y s t a l l i n e  m e t a v o l c a n i c  r o c k
c h a r a c t e r i s t i c  o f  temper  f r o m  Ya p .

B. T h r e e  s h e r d s  ( # 9 ,  # 1 0 ,  # 1 1 ,  N g u l u )  c o n t a i n  s i m i l a r  Ya p
m e t a v o l c a n i c  t e m p e r  a d m i x e d  w i t h  v a r i e d  b u t  s u b o r d i n a t e
p r o p o r t i o n s  o f  c a l c a r e o u s  g r a i n s  composed o f  r e e f  d e t r i t u s .

C. T w o  s h e r d s  ( # 1 4 ,  # 1 6 ,  Pemrang)  c o n t a i n  t e m p e r s  i n  w h i c h
c a l c a r e o u s  g r a i n s  a r e  d o m i n a n t ,  b u t  a r e  a d m i x e d  w i t h
m i n o r  amounts  o f  Ya p  m e t a v o l c a n i c  t e m p e r .

D. T w o  s h e r d s  ( # 2 ,  # 3 ,  N g u l u )  c o n t a i n  a  t e m p e r  s a n d  composed
m a i n l y  o f  p l a g i o c l a s e  a n d  c l i n o p y r o x e n e  g r a i n s ,  b u t  w i t h
s u b o r d i n a t e  p r o p o r t i o n s  o f  t h e  k i n d  o f  l i t h i c  f r a g m e n t s
c h a r a c t e r i s t i c  o f  t h e  Ya p  m e t a v o l c a n i c  t e m p e r .

E. O n e  s h e r d  ( # 1 5 ,  Pemrang)  c o n t a i n s  d o m i n a n t l y  c a l c a r e o u s
temper s a n d  w i t h  w h i c h  p l a g i o c l a s e  a n d  c l í n o p y r o x e n e  g r a i n s
are m i x e d .
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F. T h r e e  s h e r d s  ( # 4 ,  # 7 ,  # 8 ,  N g u l u )  c o n t a i n  b r o k e n  s h e r d
temper i n d i s t i n g u i s h a b l e  f r o m  t e m p e r  o f  s i m i l a r  o r i g i n  i n
sherds f r o m  P a l a u .

G. O n e  s h e r d  ( # 1 8 ,  Pemrang)  c o n t a i n s  b r o k e n  s h e r d  t e m p e r  i n
which m e t a v o l c a n i c  l i t h i c  f r a g m e n t s  i n d i s t i n g u i s h a b l e  f r o m
those o f  Ya p  m e t a v o l c a n i c  t e m p e r  a l s o  o c c u r .

H. F o u r  s h e r d s  ( # 5  f r o m  N g u l u  a n d  # 1 2 ,  # 1 3 ,  # 1 7 ,  Pemrang)
c o n t a i n  b r o k e n  s h e r d  t e m p e r  i n  w h i c h  q u a r t z o s e  a n d  c h e r t y
g r a i n s  a r e  a b u n d a n t .

I .  O n e  s h e r d  ( # 6  f r o m  N g u l u )  c o n t a i n s  a  q u a r t z o s e  t e m p e r  whose
g r a i n  t y p e s  i n c l u d e  m a i n l y  q u a r t z  a n d  p o l y c r y s t a l l i n e
q u a r t z - a l b i t e  l i t h i c  f r a g m e n t s  w i t h  m i c r o g r a n u l a r  t e x t u r e ,
a l t h o u g h  a l b i t e ,  e p i d o t e ,  a n d  c l i n o p y r o x e n e  g r a i n s  a r e  a l s o
p r e s e n t .

Temper I n t e r p r e t a t i o n s

Type A  f r o m  N g u l u  was p r e s u m a b l y  d e r i v e d  f r o m  Ya p ,  f o r  n o
s i m i l a r  t e m p e r  s a n d s  h a v e  b e e n  o b s e r v e d  e l s e w h e r e .  T h e  o c c u r r e n c e
o f  t h i s  Ya p  m e t a v o l c a n i c  t e m p e r  o n  N g u l u  a t o l l  i s  t h u s  e v i d e n c e  f o r
t r a n s p o r t  o f  c e r a m i c  w a r e s  o r  m a t e r i a l s  f r o m  Yap  t o  N g u l u .  T y p e  B
f rom N g u l u  a n d  Ty p e  C  f r o m  Pemrang t o g e t h e r  f o r m  a  g r a d a t i o n a l
spec t rum o f  h y b r i d  t e m p e r s  f o r m e d  b y  c o a s t a l  o r  a r t i f i c i a l  m i x i n g
o f  Ya p  m e t a v o l c a n i c  t e m p e r  w i t h  c a l c a r e o u s  r e e f  d e t r i t u s .  T y p e  D
f rom N g u l u  a n d  Ty p e  E  f r o m  Pemrang a p p a r e n t l y  a l s o  r e p r e s e n t  s p e c i a l
v a r i a n t s  o f  Ya p  m e t a v o l c a n i c  t e m p e r .

Type F  f r o m  N g u l u  may w e l l  h a v e  b e e n  d e r i v e d  f r o m  P a l a u ,
the o n l y  p l a c e  w h e r e  b r o k e n  s h e r d  t e m p e r  h a s  b e e n  o b s e r v e d
p r e v i o u s l y .  H o w e v e r ,  t h e  e x i s t e n c e  o f  Ty p e  G  f r o m  Pemrang shows
t h a t  b r o k e n  s h e r d  t e m p e r s  w e r e  a l s o  u s e d  o n  Ya p .  T y p e  H  t e m p e r s
are o f  u n c e r t a i n  d e r i v a t i o n  whose i n f e r r e d  o r i g i n  depends  u p o n  how
Type I  i s  i n t e r p r e t e d ,  f o r  t h e  m i n e r a l  g r a i n s  i n  t h e  b r o k e n  s h e r d s
o f  Ty p e  H  a r e  a n a l o g o u s  t o  t h e  s p e c i e s  d o m i n a n t  i n  Ty p e  I .

Type I  f r o m  N g u l u  i s  t h e  same k i n d  o f  q u a r t z o - f e l d s p a t h i c
temper o b s e r v e d  p r e v i o u s l y  i n  s u b o r d i n a t e  s h e r d s  f r o m  Ya p .  I t s
o r i g i n  i s  p r o b a b l y  f r o m  r a r e  i n t r u s i v e  r o c k  e x p o s e d  l o c a l l y  o n  Ya p ,
b u t  much l e s s  a b u n d a n t  t h a n  t h e  m e t a m o r p h i c  r o c k s  t h a t  g i v e  r i s e  t o
the c h a r a c t e r i s t i c  Ya p  m e t a v o l c a n i c  t e m p e r .  I f  n o t  d e r i v e d  f r o m  Ya p ,
Type I  t e m p e r  may r e p r e s e n t  i m p o r t a t i o n  f r o m  t h e  P h i l i p p i n e  I s l a n d s ,
f o r  s a n d s  o f  s u c h  a  c o m p o s i t i o n  w o u l d  n o t  b e  e x p e c t e d  o n  v o l c a n i c
i s l a n d s  l i k e  P a l a u  o r  t h e  M a r i a n a s .
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Summary

Most o f  t h e  s h e r d s  f r o m  t h e  Pemrang s i t e  ( 1 4 ,  1 5 ,  1 6 ,  1 8 )
c o n t a i n  t e m p e r  g r a i n  t y p e s  i n t e r p r e t e d  a s  d i a g n o s t i c  o f  common Ya p
bed rock  s o u r c e s ,  a n d  t h e  o t h e r  Pemrang s h e r d s  ( 1 2 ,  1 3 ,  1 7 )  p r o b a b l y
r e f l e c t  d e r i v a t i o n  o f  t h e i r  t e m p e r  s a n d s  f r o m  more l o c a l  s o u r c e s
on Ya p .

Most o f  t h e  s h e r d s  f r o m  N g u l u  a t o l l  ( 1 ,  2 ,  3 ,  5 ? ,  9 ,  1 0 ,
11) c o n t a i n  t e m p e r  s a n d s  i n d i c a t i v e  o f  d e r i v a t i o n  f r o m  Ya p .  T h r e e
Ngulu s h e r d s  ( 4 ,  7 ,  8 )  c o n t a i n i n g  b r o k e n  s h e r d  a g g r e g a t e  a s  t e m p e r
may h a v e  come f r o m  P a l a u ,  b u t  t h e r e  i s  n o  c o n c l u s i v e  e v i d e n c e  t o
s u p p o r t  s u c h  a n  i n f e r e n c e .  T h e  r e m a i n i n g  N g u l u  s h e r d  ( 6 )  c o n t a i n s
a t e m p e r  known t o  o c c u r  a l s o  i n  s h e r d s  f r o m  Ya p ,  a n d  p r o b a b l y
i n d i g e n o u s  t o  Ya p .  C o n c e i v a b l y ,  h o w e v e r ,  t h e  Ya p  a n d  N g u l u  w a r e s
c o n t a i n i n g  t h i s  anoma lous  q u a r t z o s e  t e m p e r  c o u l d  h a v e  b e e n
manu fac tu red  i n  t h e  P h i l i p p i n e  I s l a n d s  t o  t h e  w e s t .  I f  s u c h  a n
u n l i k e l y  d i s t a n t  s o u r c e  p r o v e s  v a l i d ,  t h e n  some o f  t h e  b r o k e n - s h e r d
temper w i t h  p r o m i n e n t  q u a r t z o s e  componen ts  ( 5 ,  1 2 ,  1 3 ,  1 7 )  m a y  h a v e
had s i m i l a r  o r i g i n s .

The d a t a  t h u s  i n d i c a t e :  ( 1 )  t h a t  a l l  t h e  Pemrang s h e r d s
are p r o b a b l y  i n d i g e n o u s  t o  Ya p ,  ( 2 )  t h a t  m o s t  o r  a l l  t h e  N g u l u
sherds  o r i g i n a t e d  o n  Ya p ,  ( 3 )  t h a t  some N g u l u  s h e r d s  may h a v e  come
f rom P a l a u ,  a n d  ( 4 )  t h a t  some N g u l u  a n d  Pemrang s h e r d s  c o n c e i v a b l y
may h a v e  h a d  a  P h i l i p p i n e  o r i g i n ,  a l t h o u g h  s u c h  a  d i s t a n t  s o u r c e
i s  u n l i k e l y .
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