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CORRIGENDUM 

Page 22—line 39 should read: 148°35'E; Smith & Green, 1961) and hyaloclastite (8°40'S, 
147°35'E). Higher 

Page 35—caption should read: Figs 8 and 9. Variation of MgO with A I 2 O 3 and 'FeO\ 

Page 42—line 6 should read: Basal Group Pillow lavas of altered basalt with many dykes 

Page 44—line 3 should read: the plutonic rocks has not been established (e.g. Bortolotti et aL, 
1969). 

Page 44—line 25 should read: much more complex structure 'probably formed by nearly solid 
penetrative flow*. 
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S U M M A R Y 

The Papuan Ultramafic Belt is a peridotite-gabbro-basalt complex which crops out over a 
length of 400 km (NW -SE) and a width of 40 km, on the northeastern side of the Owen 
Stanley Range in eastern Papua (7°-10°S, 147°-149°E). From top to bottom the complex 
consists of 

Basalt zone Basalt and spilite, massive and as pillow lavas, some dacite 4-6 km 

Gabbro zone High-level gabbro (ophitic), to 1 km 
Granular gabbro. some cumulates 4 km 

Ultramafic zone Cumulates, up to 0.5 km 
Noncumulates: harzburgite, etc., with metamorphic textures 4-8 km 

The basalts have tholeiitic affinities but contain more SiOo (52%) and less K 2 0 (.07%) 
than typical oceanic tholeiites. The gabbros are rich in CaO (14.5%) and MgO (12.2%) 
and poor in alkalis ( N a 2 0 .07%, K 2 0 .04%); Mg/Fe ratio is high. The cumulus ultra-
mafics have variable M g / F e in contrast with the noncumulus ultramafics which consist mainly 
of olivine F093 and enstatite En93. 

The complex may be part of an overthrust sheet of oceanic crust and mantle. The 
noncumulus ultramafics might represent pre-existing (convecting?) mantle, while the basalt, 
gabbro, and cumulus ultramafics are the products of intrusive-extrusive activity at a tensional 
zone in the ocean floor (e.g., a midocean ridge). If the basalt and gabbro are related, the 
parent magma must have been richer in Mg and poorer in alkalis than supposed typical 
tholeiite melts, and the basalts must have crystallized from residual liquids produced by 
crystal fractionation in the crust. 

Basalt, gabbro, and cumulus ultramafics crystallized probably in the Cretaceous and 
were intruded by tonalite in the Eocene. The complex was thrust over Cretaceous sediments 
in Eocene or Oligocene time, presumably as a result of interaction between Australian and 
Pacific plates. 
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Fig. 1 . Papuan Ultramafic Belt: location, map, and sections. 
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I N T R O D U C T I O N 

T h i s Bul le t in p r e sen t s p r e l i m i n a r y resul ts of an inves t iga t ion of the P a p u a n 
Ul t r amaf ic Bel t , a p e r i d o t i t e - g a b b r o - b a s a l t c o m p l e x which is t h o u g h t t o be p a r t of a 
p l a t e of C r e t a c e o u s ocean ic m a n t l e a n d crus t . A s u m m a r y of resul t s u p to 1 9 6 7 , 
wh ich inc ludes a brief rev iew of p r e v i o u s w o r k , has a l r eady been pub l i shed ( D a v i e s , 
1 9 6 8 ) . R . N . E n g l a n d is cu r ren t ly m a k i n g a de ta i led minera log ica l s tudy of t he 
pe r ido t i t e s a n d g a b b r o s . 

Location and access 
T h e Ul t r amaf ic Bel t is e x p o s e d over a length of 4 0 0 k m a n d a wid th of 

4 0 k m a long the n o r t h e r n flank of the O w e n Stanley R a n g e in e a s t e r n P a p u a 
( F i g . 1 ) . F o r e a se of d i scuss ion the Bel t m a y be d iv ided a long its length in to 
n o r t h e r n ( 7 ° S - 8 ° 1 0 ' S ) , cen t r a l ( 8 ° 1 0 ' S - 9 ° 1 5 ' S ) , a n d s o u t h e a s t e r n ( 9 ° 1 5 ' S -
1 0 ° S ) sec to rs , the who le a r ea is b o u n d e d by long i tudes 1 4 6 ° 5 5 ' E a n d 1 4 9 ° 1 0 ' E . 
T h e n o r t h e r n sec tor is m a d e u p of the B o w u t u M o u n t a i n s ; the cen t r a l sec tor of 
the O t a v i a , A j u r a Ku ja r a , a n d G u a v a R a n g e s ; a n d the s o u t h e a s t e r n sec to r of the 
S i b i u m , D i d a n a , K e m a n , a n d A w a r i o b o . R a n g e s . T h e s e r anges h a v e a v e r a g e e le ­
va t i ons of 1 2 0 0 - 1 5 0 0 m a n d p e a k s to 2 5 0 0 m a b o v e sea level ; p e a k s in t he 
O w e n Stanley R a n g e r e a c h 4 0 0 0 m. Majo r r ivers a r e t he W a r i a ( n o r t h e r n 
s e c t o r ) , G i r a - A i k o r a , M a m b a r e , a n d K u m u s i ( c e n t r a l s e c t o r ) , a n d M u s a ( s o u t h ­
e a s t e r n s e c t o r ) . M a i n s e t t l e m e n t s a r e G a r a i n a , K u i , a n d M o r o b e ( n o r t h e r n 
s e c t o r ) , I o m a , K o k o d a , a n d P o p o n d e t t a ( cen t r a l s e c t o r ) , a n d Afore a n d W a n i g e l a 
in t he sou theas t . A c c e s s is by boa t in t he n o r t h a n d by air e l s e w h e r e ; m o t o r 
vehic le r o a d s c o n n e c t K o k o d a a n d P o p o n d e t t a t o the coas t , a n d shor t logging r o a d s 
r a d i a t e f rom K u i . 

T h i s a c c o u n t of the geology is based on foot t r ave r ses ac ross t he Belt at 
6 t o 12 k m in te rva l s . 

R o c k s p e c i m e n s a n d th in sec t ions a re s to red at B u r e a u of Mine ra l R e s o u r c e s , 
C a n b e r r a . All spec imen n u m b e r s have the pro jec t prefix 6 5 5 2 . 

T E C T O N I C S E T T I N G 
J . E . T h o m p s o n ( p e r s . c o m m . , 1 9 5 7 ; T h o m p s o n & F i she r , 1 9 6 5 ) was t he 

first t o p r o p o s e t h a t t he P a p u a n Ul t r amaf ic Bel t migh t be a p l a t e of o c e a n i c c rus t 
a n d u p p e r m a n t l e t h ru s t s o u t h w e s t w a r d over t he sialic co re of eas t e rn P a p u a . 
A l t h o u g h it is no t yet conc lus ive ly p r o v e d , va r i ous l ines of ev idence s u p p o r t 
T h o m p s o n ' s concep t . T h e ev idence is e x a m i n e d in the fo l lowing p a r a g r a p h s . 

Evidence that the Belt is a plate dipping oceanward* 
Severa l wr i te rs have de sc r ibed u l t ramaf ic shee ts in cen t ra l a n d wes t e rn P a p u a -

N e w G u i n e a tha t d ip s o u t h w a r d s t o w a r d s t he A u s t r a l i a n c o n t i n e n t ( D o w et al . , 
1 9 6 8 ; Visse r & H e r m e s , 1 9 6 2 ) . T h e i n t e rp r e t a t i on t h a t t he P a p u a n U l t r a ­
mafic Bel t d ips a w a y f rom the A u s t r a l i a n c o n t i n e n t a n d t o w a r d s the ocean is b a s e d 
o n ( 1 ) the d i s t r ibu t ion of r ock types wi th in the Ul t ramaf ic Belt a n d ( 2 ) t h e 
p a t t e r n of B o u g u e r a n o m a l i e s . 

T h e d i s t r ibu t ion of pe r ido t i t e , g a b b r o , a n d basa l t within the c o m p l e x sugges ts 
* The term oceanward is used because the direction of dip is variable from northeast to 

southeast. For instance, in the northern part of the Bowutu Mountains dip is easterly at 
perhaps 30°; in the southern part of the Bowutu Mountains dip is southeasterly, and the 
greater widths of gabbro and basalt that are exposed indicate that the angle of dip is much 
lower, perhaps around 10°. 
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a c r u d e layer ing with per idot i te in land ( t o w a r d the Aus t r a l i an c o n t i n e n t ) , g a b b r o 
c e n t r e , a n d basa l t o c e a n w a r d . T h e classic in te rp re ta t ion of such layered sequences 
is tha t pe r ido t i t e is at the base a n d basal t at the t o p ; as a c o n s e q u e n c e , the s equence 
m u s t d i p o c e a n w a r d ( sec t ions , Fig. 1 ) . D i rec t ev idence , however , c a n n o t be 
o b t a i n e d from con tac t s and layered s t ruc tu res within the c o m p l e x . A t t i t ude of t he 
r a r e l ayer ing wi thin the per idot i te and g a b b r o is not consis tent ly in o n e d i rec t ion , 
a n d has p r e s u m a b l y been d i s tu rbed by m i n o r fault ing. Sequences of in te r layered 
mass ive lava a n d pil low lava in the basa l t of the B o w u t u M o u n t a i n s a re s u b -
hor i zon ta l o r have nor the r ly a n d eas ter ly d ips be tween 20° a n d 4 0 ° . 

T h e gravi ty ev idence for eas ter ly d i p was first r e co rded by St J o h n ( 1 9 6 7 , 
p p . 1 1 0 - 4 ) a n d has been amplified by Mi l som ( p e r s . c o m m . , 1 9 6 8 ) . It has been 
d i scussed e l sewhere (Dav i e s , 1 9 6 8 ) a n d will be r ecap i tu la ted he r e only briefly. 
B o u g u e r lows co inc ide with the o u t c r o p of the sialic m e t a m o r p h i c s ; B o u g u e r h ighs 
a r e a s soc ia ted with ul t ramafic o u t c r o p a reas bu t are consis tent ly offset o c e a n w a r d s 
from the o u t c r o p by 10 -20 k m . T h i s is t a k e n to ind ica te o c e a n w a r d d ip of t he 
u l t ramaf ic bod ies ( sec t ions , F ig . 1 ) . Ang les of d ip c o m p u t e d by St J o h n a re 
be tween 2 0 ° a n d 3 0 ° . 

T h e d ipp ing p la te is t hough t t o be c o n t i n u o u s wi th in situ ocean ic man t l e a n d 
c rus t , a sugges t ion tha t cou ld be tes ted by seismic refract ion s tudies and gravi ty 
m e a s u r e m e n t s at sea. O n the basis of o n s h o r e gravi ty St J o h n (loc. cit.) h a s 
p o s t u l a t e d th ick sialic c rus t s e a w a r d of t he Bel t . In view of t he regional geology 
this s e e m s un l ike ly ; p e r h a p s ins tead of sialic c rus t t he re are U p p e r T e r t i a r y sedi ­
men t s of g rea t e r th ickness and lower dens i ty t h a n St J o h n h a s a l lowed. 

Evidence of thrusting 

O v e r t h r u s t i n g is ev idenced by ( 1 ) direct surface m a p p i n g of the fault z o n e 
which b o u n d s the Ul t ramaf ic Bel t , a n d by ( 2 ) the m e t a m o r p h i c facies of rocks 
i m m e d i a t e l y be low, or west of, this fault zone . 

The fault system 

T h e fault system which b o u n d s the Ul t ramaf ic Bel t on the sou thwes t s ide 
c a n be t r a c e d for a s t ra ight l ine d i s t ance of 3 0 0 k m a n d is m a r k e d by a s inuous 
val ley wi th s teep sou thwes te rn face . F o r mos t of its length it ac tua l ly consis ts of 
t w o o r m o r e faults ( F i g . 1; PI . 1 ) : a ma jo r fault wh ich b o u n d s t he sialic m e t a ­
m o r p h i c s ( t h e O w e n Stanley F a u l t ) a n d a series of subs id ia ry faults wh ich b o u n d 
the u l t ramaf ics ( t h e T i m e n o F a u l t s y s t e m ) . In the n o r t h e r n B o w u t u M o u n t a i n s 
the t w o faults m e r g e , bu t e l sewhere they a re s e p a r a t e d by a fault slice, 5 -10 k m 
wide , of basa l t , m i n o r mar l , a n d g a b b r o which is p r o b a b l y Ul t ramaf ic Bel t ma te r i a l 
c a u g h t u p in the th rus t ing . 

T h e O w e n Stanley and T i m e n o Fau l t s a re m a r k e d by shea r zones be tween 
100 a n d 5 0 0 m wide . T h e T i m e n o shea r zone is shea r ed serpent in i te at 7 ° 5 5 ' S -
8 ° 0 0 ' S ; in s o m e o the r a reas it inc ludes zones of m e t a m o r p h i c s of amph ibo l i t e a n d 
g ranu l i t e facies (e .g . at 8 ° 1 8 ' S , 9 ° 0 8 ' S , 9 ° 1 4 ' S , 9 ° 4 7 ' S , a n d 9 ° 5 0 ' S ; F ig . 2 a n d 
PI. 2 , fig. 1 ) . In o the r localit ies the T i m e n o fault sys tem is m a r k e d by greenschis t -
facies r o c k s which g rade wes twards to p r ehn i t e -pumpe l ly i t e facies a n d vir tual ly 
u n m e t a m o r p h o s e d basa l t s of the fault slice. A zone of greenschis t - facies mylon i t e 
u p t o 1.5 k m wide is deve loped w h e r e the T i m e n o fault sys tem coincides wi th a 
ma jo r s t r ike-s l ip fault ( G i r a F a u l t ) ; d i s p l a c e m e n t is left- lateral a n d is of t h e o r d e r 
of 9 0 k m . 
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Fig. 2. Metamorphic rocks on the margin of the Papuan Ultramafic 
Belt. 

F o r m o s t of its length the O w e n Stanley fault a p p e a r s t o d ip b e t w e e n 7 0 ° E 
a n d ver t ica l , w h e r e a s if T h o m p s o n ' s t ec tonic c o n c e p t is co r rec t a d i p of a b o u t 
3 0 ° E migh t be e x p e c t e d . A d i p of 2 5 ° E w a s o b s e r v e d a t o n e local i ty ( 9 ° 2 0 ' S ) 
w h e r e high- level g a b b r o is faul ted over sialic m e t a m o r p h i c s . T h e s t eeper d ips 
o b s e r v e d e l s ewhere a r e p r o b a b l y s t r ike-s l ip a n d y o u n g e r n o r m a l faults which 
co inc ide wi th the sur face t r ace of t he th rus t p l a n e . 

T h e m e t a m o r p h i c s of a m p h i b o l i t e a n d g ranu l i t e facies a long the T i m e n o fault 
sys t em are i n t e r p r e t e d as the p r o d u c t s of high t e m p e r a t u r e s a n d p re s su re s gene ­
r a t e d d u r i n g t h rus t i ng (cf. Scot t & D r e v e r , 1 9 5 3 ; H s u , 1 9 6 9 ) . T h e granul i t es 
cons is t of b r o w n h o r n b l e n d e , p lag ioc lase , p y r o x e n e , a n d in o n e case ol iv ine (PI . 2 , 
fig. 1 ) . T h e c o m p o s i t i o n of o n e ana lysed g ranu l i t e ( s p e c i m e n 9 7 ) is i n t e r m e d i a t e 



b e t w e e n typ ica l g a b b r o a n d basa l t of t he U l t r amaf i c Bel t . A s a m p l e of g r e e n -
schis t m e t a m o r p h i c s f rom t h e T i m e n o faul t sys t em ( N o . 9 4 ) h a s a c o m p o s i t i o n 
n e a r t h a t of a v e r a g e U l t r amaf i c Bel t basa l t , excep t for h ighe r K 2 0 . 

Metamorphism below the thrust plane 

T h e genera l ly s ial ic r o c k s wes t a n d s o u t h w e s t of t he O w e n S tan ley F a u l t , i .e. 
i m m e d i a t e l y b e l o w t h e s u p p o s e d t h r u s t p l a n e , h a v e m e t a m o r p h i c m i n e r a l a s s e m ­
blages i n t e r m e d i a t e b e t w e e n b luesch is t a n d greensch is t facies . T h e s e a r e c h a r a c ­
te r ized by l a w s o n i t e a n d g l a u c o p h a n e b u t r a re ly t h e t w o t o g e t h e r . A typ ica l 
l a w s o n i t e - b e a r i n g schis t cons is t s of q u a r t z - c a l c i t e - l a w s o n i t e - g r a p h i t e - m u s c o v i t e -
a lbi te wi th , less c o m m o n l y , a c t i n o l i t e - g l a u c o p h a n e - c h l o r i t e - s t i l p n o m e l a n e - e p i d o t e -
p u m p e l l y i t e - s p h e n e - g a r n e t . T y p i c a l g l a u c o p h a n e - b e a r i n g r o c k s a r e m e t a b a s a l t s 
a n d m e t a g a b b r o s , s o m e of w h i c h a r e n o t sch is tose . G l a u c o p h a n e is c o m m o n l y 
assoc ia ted wi th p u m p e l l y i t e - e p i d o t e - c h l o r i t e - a l b i t e - q u a r t z - s p h e n e a n d re l ic t c l i n o -
p y r o x e n e , a n d , less c o m m o n l y , wi th s t i l p n o m e l a n e - m u s c o v i t e - l a w s o n i t e - g a r n e t . 
T e x t u r e s in m o s t of t he se r o c k s ind ica te a s e c o n d s tage of d e f o r m a t i o n after t h a t 
in w h i c h the m e t a m o r p h i c m i n e r a l s d e v e l o p e d . 

T h e s e m i n e r a l a s semb lages ind ica t e h i g h - p r e s s u r e l o w - t e m p e r a t u r e c o n d i t i o n s . 
S imi la r a s s e m b l a g e s h a v e b e e n f o u n d be low ma jo r t h rus t s in Ca l i fo rn ia a n d 
O r e g o n ( B l a k e et al . , 1 9 6 7 ) a n d in N e w C a l e d o n i a ( C o l e m a n , 1 9 6 7 ; B l a c k , 
1 9 6 9 ) . T h e c o n d i t i o n s m a y b e d u e to o v e r p r e s s u r e r e l a t ed t o t h r u s t i n g ( B l a k e 
et al . , 1 9 6 7 ; C o l e m a n , 1 9 6 7 ) o r t o i n c r e a s e d h y d r o s t a t i c p r e s s u r e in t h e 
d o w n t h r u s t p l a t e ( E r n s t , 1 9 6 5 , 1 9 6 9 ) . I n t h e case of t h e P a p u a n r o c k s o v e r ­
p r e s s u r e r e l a t e d t o t h r u s t i n g s e e m s m o r e l ikely . 

T h e P a p u a n r o c k s h a v e no t been m a p p e d in any de ta i l , a n d m a y well p r o v e 
t o be m u c h m o r e va r i ed in m e t a m o r p h i c g r a d e t h a n is sugges t ed in th is br ief 
s u m m a r y . H i g h - g r a d e b luesch i s t s a r e k n o w n f rom o n e a r ea ( 8 ° 0 1 ' S ) ; t he se a r e 
coa r se ly c rys ta l l ine ( g r a p h i t e ) - q u a r t z - m u s c o v i t e - l a w s o n i t e - g l a u c o p h a n e gneisses . 
G r e e n s c h i s t m e t a m o r p h i c s o c c u r i m m e d i a t e l y b e l o w the t h r u s t in a n o t h e r a r e a : 
this is s o u t h e a s t of M o u n t Suck l ing ( a t 9 ° 4 2 ' S , 1 4 9 ° E ) , w h e r e r a p i d e ros ion b y 
t h e I b i n a m b o R i v e r h a s e x p o s e d the c o n t a c t in a s t eep l ands l ide s c a r ( P L 2 , fig. 2 ) . 
M i n e r a l a s s e m b l a g e s in t w o r o c k s p e c i m e n s a re s p h e n e - q u a r t z - a l b i t e - e p i d o t e -
ac t inol i te ( 1 8 0 8 ) a n d e p i d o t e - g a r n e t - c h l o r i t e - m u s c o v i t e - q u a r t z ( 1 8 0 9 ) . T h e 
h i g h e r t e m p e r a t u r e s i n d i c a t e d by these a s semb lages m a y b e r e l a t e d t o e m p l a c e ­
m e n t of the n e a r b y g r a n o d i o r i t e p l u t o n . 

Evidence that the Papuan Ultramafic Belt is oceanic crust and mantle 

T h e P a p u a n U l t r a m a f i c Be l t m a y b e : 

( a ) p a r t of a f au l t ed p l a t e of o c e a n i c c rus t a n d m a n t l e ( T h o m p s o n & F i s h e r , 1 9 6 5 ; 
D a v i e s , 1 9 6 8 ) , 

( b ) a d i f ferent ia ted lopo l i th of t he B u s h v e l d type ( D o w & D a v i e s , 1 9 6 4 ) , or 

( c ) a th i ck d i f fe ren t ia ted seafloor ex t ru s ion f o r m e d in t he m a n n e r s o m e t i m e s p r o ­
p o s e d for M e d i t e r r a n e a n ophio l i t es ( D u b e r t r e t , 1 9 5 5 ; B r u n n , 1 9 5 6 , 1 9 6 0 ) . 
T h e a r g u m e n t s t h a t f avou r hypo thes i s ( a ) a r e : 
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1. I t p r o v i d e s t h e s imples t e x p l a n a t i o n in v iew of t h e r eg iona l s e t t i n g of 
sial ic c r u s t to t h e s o u t h w e s t a n d o c e a n i c c rus t t o t he n o r t h e a s t , a n d a c c o r d s wi th 
t h e e v i d e n c e of t h ru s t i ng a n d o c e a n w a r d d ip of t h e t h r u s t p l a t e . 

2 . T h e 8-10 k m t h i c k n e s s of t h e g a b b r o a n d basa l t zones m a t c h e s c rus t a l 
t h i cknes se s of 7 a n d 8 k m in t h e S o l o m o n Sea ( R o s e et al. , 1 9 6 8 ; K h a n & 
W o o l l a r d , 1 9 6 8 ) . 

3 . T h e r o c k types of t h e Be l t c a n be d u p l i c a t e d comple t e ly by r o c k s d r e d g e d 
f rom t h e p r e s e n t - d a y o c e a n f loors. 

4 . T h e Bel t c o r r e s p o n d s qu i t e well wi th o the r p r o p o s e d e x a m p l e s of e le ­
v a t e d o c e a n i c c rus t a n d m a n t l e , such as t he M e d i t e r r a n e a n oph io l i t e s a n d the 
T r o o d o s c o m p l e x of C y p r u s . 

5 . T h e u l t r amaf ic z o n e of t h e Bel t is s imi lar to a lp ine - type p e r i d o t i t e s 
( T h a y e r , 1 9 6 7 ; L o n e y , et a l . , i n p r e s s ) in r e g a r d t o its m i n e r a l o g y , r o c k t y p e s a n d 
re l a t ions b e t w e e n t h e m , a n d d e g r e e of d e f o r m a t i o n . Pe r ido t i t e s of th is t y p e a r e 
c o m m o n l y he ld t o b e fau l ted f r agmen t s of t h e u p p e r m a n t l e ( H i e s s l e i t n e r , 1 9 5 2 ; 
H e s s , 1 9 5 5 ; R o e v e r , 1 9 5 7 ) . 

P o i n t s 3-5 a re e l a b o r a t e d in p a g e s 4 0 - 4 3 a n d fol lowing. 

Plate tectonics and emplacement of the Ultramafic Belt 

T h e t h ru s t e m p l a c e m e n t a n d s u b s e q u e n t s t r ike-s l ip faul t ing of t h e P a p u a n 
U l t r a m a f i c Bel t c a n b e e x p l a i n e d in t e r m s of p l a t e t ec ton ics ( L e P i c h o n , 1 9 6 8 ; 
I s a c k s et al . , 1 9 6 8 ) . P a p u a - N e w G u i n e a is on t h e n o r t h e r n edge of t h e A u s t r a l i a n 
p l a t e a n d s t r add les t h e c o n t a c t wi th t h e Pacific p l a t e ( D e n h a m , 1 9 6 9 ) . R e l a t i v e 
to a fixed A n t a r c t i c p l a t e , t h e A u s t r a l i a n p l a t e is cu r r en t ly m o v i n g n o r t h a n d t h e 
Pacif ic p l a t e m o v i n g wes t ( F i g . 3 ) . T h e s e re la t ive m o t i o n s h a v e p r o b a b l y c o n ­
t i n u e d s ince u p p e r E o c e n e t i m e . T h e n o r t h w a r d m o v e m e n t of t h e A u s t r a l i a n 
p l a t e c a u s e d n o r t h - s o u t h c o m p r e s s i o n in t h e P a p u a - N e w G u i n e a r eg ion . T h e m a i n 
resu l t w a s t he d e v e l o p m e n t of t he N e w Br i t a i n t r e n c h as a s ink for t h e A u s t r a l i a n 
p l a t e ; a subs id i a ry effect m a y well h a v e b e e n t h e t h rus t i ng of a p l a t e of o c e a n i c 
m a n t l e a n d c rus t ( t h e P a p u a n Ul t r amaf i c B e l t ) , s o u t h w a r d s over t h e C r e t a c e o u s 
geosync l ina l s e d i m e n t s of w h a t is n o w e a s t e r n P a p u a . W e s t w a r d m o v e m e n t of t he 
Pacif ic p l a t e u n d o u b t e d l y h a s c a u s e d eas t -wes t c o m p r e s s i o n a n d s in is t ra l t o r q u e 
in t h e P a p u a - N e w G u i n e a r eg ion . T h e m a i n resu l t h a s p r o b a b l y b e e n lef t - la tera l 
s t r ike-s l ip faul t ing a l o n g t h e S o l o m o n I s l a n d s - N e w I r e l a n d o u t e r m a r g i n ; a s u b ­
s id ia ry effect m a y well h a v e b e e n lef t - la teral s t r ike-s l ip fau l t ing of t h e P a p u a n 
U l t r a m a f i c Bel t t h ru s t shee t . T h e p r e s e n t r a t e a n d a z i m u t h of differential m o v e ­
m e n t b e t w e e n the A u s t r a l i a n a n d Pacific p la t e s in t h e N e w G u i n e a r e g i o n is 11 
c m / y e a r c o m p r e s s i o n o n a z i m u t h 0 6 9 ° ( c o m p u t e d for 3°S , 1 4 2 ° E ; L e P i c h o n , 
1 9 6 8 ) . 

Time of overthrusting 

T h e m a r i n e m a g n e t i c r e c o r d ( L e P i c h o n & He i r t z l e r , 1 9 6 8 ) a n d p a l e o m a g n e t i c 
m e a s u r e m e n t s on l a n d ( M c E l h i n n y & W e l l m a n , 1 9 6 9 ) i nd i ca t e t h a t A u s t r a l i a 
b e g a n t o m o v e n o r t h a w a y f r o m A n t a r c t i c a in t h e u p p e r E o c e n e , a b o u t 4 3 m . y . ago 
( A n o m a l y 1 7 ) . T h e N e w B r i t a i n T r e n c h p r o b a b l y d e v e l o p e d in t h e E o c e n e , for 
t h e o ldes t k n o w n r o c k s o n N e w Br i t a in a r e E o c e n e ( R . J . R y b u r n , p e r s . c o m m . , 
1 9 6 9 ) ; t h e i s land w a s p r o b a b l y c o n s t r u c t e d b y i s l and -a r c vo l can i c ac t iv i ty after 
t h e t r e n c h d e v e l o p e d . O v e r t h r u s t i n g of t he P a p u a n U l t r a m a f i c Be l t p l a t e a l s o t o o k 
p l a c e in ea r ly C a i n o z o i c t i m e . O v e r t h r u s t a n d u n d e r t h r u s t p la t e s i n c l u d e C r e t a -
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c e o u s r o c k s , a n d th rus t ing p r e c e d e d depos i t i on of lower M i o c e n e s e d i m e n t s . T h e 
mos t l ikely t i m e of o v e r t h r u s t i n g wou ld seem to be u p p e r E o c e n e or O l igocene . 

T h e eas t -wes t c o m p r e s s i o n c a u s e d by m o v e m e n t of the Pacific p la te was a lso 
p r o b a b l y ope ra t i ve in ear ly C a i n o z o i c t ime , a n d p e r h a p s p layed s o m e p a r t in t he 
ove r th ru s t i ng . T h e s t r ike-s l ip faul t ing c a u s e d by Pacific p la te m o v e m e n t a p p e a r s 
to p o s t d a t e the o v e r t h r u s t , a n d p r o b a b l y c o n t i n u e d in to the la te C a i n o z o i c . 

Post middle Miocene uplift 
V i g o r o u s ver t ica l m o v e m e n t s since m i d - M i o c e n e t ime h a v e been s u p e r i m p o s e d 

o n the th rus t a n d s t r ike-s l ip faul ts . J u d g i n g f rom gravi ty d a t a , these a r e no t s imple 
i sos ta t ic a d j u s t m e n t s ( J . S. M i l s o m , p e r s . c o m m . , 1 9 6 8 ) a n d a re p r o b a b l y bes t 
e x p l a i n e d as r e s p o n s e s to ho r i zon ta l c o m p r e s s i v e forces such as those d i scussed 
a b o v e . 

T h e M i d - M i o c e n e t o R e c e n t ver t ical m o v e m e n t s h a v e c a u s e d c o n t i n u i n g e le ­
va t ion of the O w e n Stanley R a n g e sialic co re a n d of the in land edge of t he U l t r a ­
mafic Bel t . T h e mos t s p e c t a c u l a r ev idence of uplift is s een in the sou theas t , w h e r e 
fault b locks of u n c o n s o l i d a t e d gravels in t he M u s a Va l l ey h a v e been recen t ly 
e l eva ted 3 0 0 m or m o r e , a n d fault s ca rps a n d t i l ted r iver grave ls a re c o m m o n . 
D e s p i t e t he field ev idence of c o n t i n u e d ver t ical m o v e m e n t s the a r ea is se ismical ly 
qu ie t . 

P A P U A N U L T R A M A F I C B E L T 
T h e P a p u a n Ul t ramaf ic Be l t m a y be subd iv ided i n t o an Ul t ramaf ic z o n e , a 

G a b b r o zone , a n d a Basa l t zone ( T a b l e 1 ) ; t he Basa l t zone overl ies the G a b b r o 
zone , wh ich in t u r n over l ies t he Ul t r amaf ic zone , a n d tona l i t e ( q u a r t z d i o r i t e ) 
i n t r u d e s at the g a b b r o - b a s a l t in ter face . T h e G a b b r o a n d Basa l t zones a re p r e ­
s u m e d to be o c e a n i c c rus t , a n d the Ul t r amaf ic zone ocean ic m a n t l e . A s s u m i n g a 
d ip of 30° for c ross - sec t ions at 7 ° 3 0 ' S a n d 8 ° 3 5 ' S , t he Ul t ramaf ic zone h a s a 
m i n i m u m th i ckness of a b o u t 4 k m , the G a b b r o zone a b o u t 4 k m , a n d the Basa l t 
z o n e 4 - 6 k m . 

TABLE 1. ROCK UNITS OF THE PAPUAN ULTRAMAFIC BELT 

Cretaceous 

Eocene 

Cretaceous? 

Cretaceous? 
and older 

Basalt 
zone 

Tonalite 
stocks 

Gabbro 
zone 

Ultramafic 
zone 

Basalt, spilite, lavas, pillow 
lavas, dacite in one area. 4-6 km 

High-level Gabbro: 
ophitic, may grade upwards 
into Basalt zone; up to 1 km 
thick. 

Granular Gabbro: allotrio- 4 km 
morphic granular, includes 
cumulates; grainsize 1-2 mm. 

Cumulus ultramafics: 
probably grade upwards into 
cumulus gabbros; up to .5 
km thick. 

Noncumulus ultramafics: 4-8 km 
harzburgite, dunite, enstatite 
pyroxenite; deformed meta­
morphic textures; grains 4-20 
mm. 

Interpreted as 
oceanic crust 

Interpreted as 
* oceanic 

mantle 
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T h e g a b b r o , basa l t , a n d u p p e r m o s t u l t ramaf ics m a y be cogene t i c , in the sense 
t h a t t he g a b b r o s a n d u p p e r m o s t u l t ramaf ics m a y r e p r e s e n t m a g m a rese rvo i r s for 
t he ba sa l t s . T h i s is sugges ted by c u m u l u s * t ex tu re s wi th in t h e g a b b r o s a n d u p p e r ­
m o s t u l t r amaf i c s , a n d by t h e h igh p r o p o r t i o n s of m a g n e s i u m a n d c a l c i u m in t h e 
g a b b r o s . T h e u n d e r l y i n g a n d g rea te r p a r t of t he U l t r amaf i c z o n e is p r o b a b l y n o t 
a p a r t of th i s m a g m a cyc le . M o s t p r o b a b l y it r e p r e s e n t s p re -ex i s t ing m a n t l e , 
a b o v e w h i c h t h e g a b b r o s a n d basa l t s w e r e i n t r u d e d a n d e x t r u d e d . 

Ultramafic zone 

U l t r a m a f i c r o c k s a r e e x p o s e d a long the i n l a n d side of t he Ul t r amaf i c Bel t 
for m o s t of i ts l eng th . I n t he n o r t h e r n B o w u t u M o u n t a i n s t hey fo rm a p o d a b o u t 
2 0 k m w i d e a n d 5 0 k m long , a n d in t he O t a v i a / A j u r a K u j a r a R a n g e s t hey fo rm 
a n e l o n g a t e l ens a b o u t 10 k m wide a n d 5 0 k m long . If an a v e r a g e d ip of 3 0 ° 
is a s s u m e d , t h e a p p r o x i m a t e t h i cknes s of u l t ramaf ics in t h e B o w u t u M o u n t a i n s is 
8 k m a n d in t h e A j u r a K u j a r a R a n g e is 4 k m . If d ips a r e flatter n e a r t he b a s a l 
fault , b e c a u s e of d r a g a long t h e faul t , t hese e s t ima tes of t h i cknes s m a y b e t o o h igh 
by p e r h a p s a f ac to r of 2 . I n t he e x t r e m e s o u t h e a s t t he u l t ramaf ics a re p r o b a b l y 
a re la t ive ly t h i n s u b h o r i z o n t a l shee t : they cove r a l a rge a r e a b u t t h e r e is n o a s s o ­
c ia ted pos i t ive g rav i ty a n o m a l y . E x p o s u r e s in t he K e m a n a n d A w a r i o b o R a n g e s 
ind ica te t h a t t h e t h ru s t shee t is at leas t 2 k m th ick . 

T h e U l t r a m a f i c z o n e is m a d e u p of ol ivine, p y r o x e n e , a n d c h r o m i t e ; w h a t 
l i t t le p l ag ioc l a se it inc ludes is conf ined t o g a b b r o p e g m a t i t e d y k e s a n d t o n g u e s of 
in t rus ive g a b b r o a n d tona l i t e n e a r t h e c o n t a c t wi th t h e G a b b r o z o n e . T h e c o m ­
p le t e a b s e n c e of p lag ioc lase in t he u l t r amaf ic r o c k s t h e m s e l v e s is n o t e w o r t h y as 
it sets t h e U l t r a m a f i c z o n e a p a r t f rom the u l t r amaf ic zones of t he g rea t l aye red 
in t rus ions s u c h as St i l lwater , B u s h v e l d , a n d G r e a t D y k e ( J a c k s o n , 1 9 6 7 ) a n d 
M u s k o x ( I r v i n e & S m i t h , 1 9 6 7 ) . 

N e a r t h e c o n t a c t wi th t he over ly ing G a b b r o z o n e s o m e of the u l t r amaf ic r o c k s 
h a v e c u m u l u s t e x t u r e s , a n d a r e i n c l u d e d in t he C u m u l u s m e m b e r of t he U l t r amaf i c 
z o n e . T h e g r e a t e r p a r t of the Ul t r amaf i c zone h a s n o r ecogn izab le c u m u l u s t e x ­
tu res a n d will b e ca l led t he N o n c u m u l u s m e m b e r . T h e C u m u l u s m e m b e r m a y 
well b e t h e b a s a l p a r t of t he g rea t pi le of g a b b r o i c c u m u l a t e s wh ich m a k e s u p 
m u c h of t h e G a b b r o z o n e . T h e N o n c u m u l u s m e m b e r p r o b a b l y o r ig ina t ed 
s epa ra t e ly as p r i m i t i v e m a n t l e m a t e r i a l wh ich f o r m e d the c o u n t r y - r o c k floor for 
the g a b b r o i c i n t r u s i o n s . If th is is t h e case , o n e w o u l d expec t to find a c o n t a c t 
w h e r e c u m u l a t e s res t on t he N o n c u m u l u s m e m b e r , o r p e r h a p s even a basa l t i c 
chil led m a r g i n , b u t n o e x p o s u r e of such a c o n t a c t h a s yet b e e n found . 

Noncumulus Member 

T h e N o n c u m u l u s m e m b e r m a k e s u p m o r e t h a n 9 0 p e r c e n t of the Ul t r amaf i c 
z o n e . I t cons i s t s of h a r z b u r g i t e , dun i t e , a n d o r t h o p y r o x e n i t e ; cons t i t uen t 
m i n e r a l s a r e : o l iv ine F o 1 ) 3 , ens ta t i t e E n < ) 3 ? a n d c h r o m i t e ; c l i n o p y r o x e n e o c c u r s 
on ly as e x s o l u t i o n l amel l ae in ens ta t i t e . H a r z b u r g i t e is t he m o s t c o m m o n r o c k 
t y p e ; it cons i s t s of ol ivine ( 6 0 - 8 0 % ) , ens ta t i t e , a n d accesso ry c h r o m i t e . M o s t 
h a r z b u r g i t e is h o m o g e n e o u s rock , wi th ens ta t i te d i s t r i bu t ed r a n d o m l y t h r o u g h o u t 

* I.e., textures which indicate accumulation of early-formed crystals on the floor of a magma 
chamber. 
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( P I . 3 , fig. 1 ) ; b u t s o m e is l aye red wi th a l t e rna t i ng ens ta t i t e - r i ch a n d e n s t a t i t e - p o o r 
h o r i z o n s (P I . 4 ) . D u n i t e is c losely a s soc i a t ed wi th h a r z b u r g i t e , e i ther in l aye r s 
as d e s c r i b e d a b o v e , in i r r egu la r in ter f inger ing masse s , or , less c o m m o n l y , as d u n i t e 
d y k e s a n d ve in s ; it cons is t s of ol ivine a n d accessory c h r o m i t e . E n s t a t i t e p y r o x e n i t e 
f o r m s ve ins , d y k e s , a n d i r r egu la r bod ie s u p to 5 m th ick , a lways in t rus ive i n t o t h e 
o t h e r r o c k s . 

I n h a n d s p e c i m e n d u n i t e a n d h a r z b u r g i t e a r e pa le g reen a n d v i t r eous , d a r k e r 
g r e e n wi th a w a x y a p p e a r a n c e if pa r t l y se rpen t in ized , a n d b r o w n o n w e a t h e r e d 
su r face . T h e d i s t r i b u t i o n of ens ta t i t e is be s t j u d g e d on w e a t h e r e d sur faces , w h e r e 
t h e p y r o x e n e s t a n d s o u t by r e a s o n of its c l e a v a g e a n d g rea t e r r e s i s t ance t o e r o s i o n . 
G r a i n s i z e s in h a r z b u r g i t e a n d d u n i t e a v e r a g e a b o u t 4 m m , wi th ind iv idua l g r a in s 
u p t o 1 or 2 c m a n d a few e v e n 10 c m . G r a i n s a r e in t e r lock ing a n h e d r a wi th 
v a r y i n g degrees of d e f o r m a t i o n (P I . 3 , fig. 2 ; PI. 5 ) . 

E n s t a t i t e p y r o x e n i t e is p a l e g rey ishye l low in h a n d s p e c i m e n . I t h a s t w o 
c o m m o n fo rms of o c c u r r e n c e : ( 1 ) as n a r r o w p l a n a r ve ins , 1-3 c m ac ros s , w h i c h 
c r i ss -c ross m o s t u l t r amaf ic o u t c r o p s , a n d ( 2 ) as c o a r s e - g r a i n e d i r r egu la r d y k e s 
u p t o 5 m th ick . T h e c o a r s e - g r a i n e d p y r o x e n i t e s h a v e b e e n f o u n d in on ly a few 
a r e a s , b u t wi th in t h e s e a r e a s t hey m a y a c c o u n t for 2 0 - 3 0 p e r c e n t of t h e t o t a l 
e x p o s e d r o c k . I nd iv idua l g ra ins a r e u p t o 10 cm ac ross a n d a re m o d e r a t e l y t o 
s t rong ly d e f o r m e d . M o s t of t h e c o a r s e - g r a i n e d p y r o x e n i t e s cons is t solely of 
ens t a t i t e a n d acces so ry c h r o m i t e , b u t o n e s a m p l e ( 2 6 , Saia R i v e r ; 7 ° 2 3 / S , 
1 4 7 ° 0 6 ' E ) inc ludes s o m e ol iv ine , b o t h i n t e r g r a n u l a r a n d as i r regu la r g ra ins w h i c h 
p e n e t r a t e t h e l a rge r p y r o x e n e g ra ins . T h e accessory c h r o m i t e in these r o c k s is 
a l so c o a r s e - g r a i n e d , c o m m o n l y a v e r a g i n g 8 -10 m m ins t ead of t h e 0 .1 or 0 . 2 m m 
c h a r a c t e r i s t i c of t h e d u n i t e a n d h a r z b u r g i t e . T h e c o a r s e - g r a i n e d ens ta t i t e p y r o ­
xen i t e s a p p e a r t o b e p e g m a t i t i c i n t r u s i o n s . Or ig in b y silica m e t a s o m a t i s m of 
o l iv ine- r ich r o c k s eems un l ike ly b e c a u s e m e t a s o m a t i s m w o u l d no t exp la in t h e 
c o a r s e r acces so ry c h r o m i t e , n o r w o u l d o n e expec t t h e s h a r p c o n t a c t s w h i c h 
c h a r a c t e r i z e t h e d y k e s . 

T h e bes t e x p o s u r e s of c o a r s e - g r a i n e d p y r o x e n i t e a r e in t he cen t r a l A j u r a 
K u j a r a R a n g e ( t h e O k a w u a n d O p i R i v e r h e a d w a t e r s a t a r o u n d 8 ° 4 4 ' S ) in r o c k s 
w h i c h a r e p r o b a b l y less t h a n 1 k m b e l o w the G a b b r o z o n e c o n t a c t . Cliffs o n 
t h e O p i R i v e r s h o w i r regu la r ly s h a p e d b o d i e s of c o a r s e - g r a i n e d p y r o x e n i t e i n t r u d i n g 
re la t ive ly c o a r s e - g r a i n e d ( 2 - 3 c m ) d u n i t e . 

Deformation 

D e f o r m a t i o n in r o c k s of t h e N o n c u m u l u s m e m b e r is u b i q u i t o u s b u t v a r i a b l e 
in in tens i ty . M o s t r o c k s s h o w m o d e r a t e d e f o r m a t i o n wi th k i n k - b a n d s i n b o t h 
o l iv ine a n d ens ta t i t e (PL 3 , fig. 2 ) . W i t h i n any o n e ol iv ine gra in , r o t a t i o n of 
ex t inc t ion angles b y k i n k i n g is u sua l ly a b o u t 10° or 1 5 ° . I n a n y o n e th in sec t ion 
t h e r e a r e usua l ly a n u m b e r of g ra ins in n e a r opt ica l c o n t i n u i t y ; t he se h a v e p r o b a b l y 
r e - o r i e n t e d u n d e r s t ress so t h a t c ry s t a l l og raph ic p l a n e s ( s l ip p l a n e s ) a r e pa r a l l e l 
t o t h e s t r a in d i r ec t ion , o r h a v e rec rys ta l l i zed in t h e s t r a in field. C o m m o n l y 
k i n k i n g h a s p r o g r e s s e d t o t h e p o i n t of r u p t u r e ; t hus figures o n ave rage g ra ins ize 
q u o t e d a r e p r o b a b l y m i n i m a . T h e l i ke l i hood t h a t l a rge g ra ins h a v e b r o k e n d o w n 
in to sma l l e r p r e s e n t s p r o b l e m s to fabr ic ana lys i s , as d o e s t h e c o a r s e g ra in of t h e 
r o c k s . 
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M o r e s t rong ly d e f o r m e d r o c k s a re f o u n d n e a r t he O w e n Stan ley a n d T i m e n o 
F a u l t s , w h e r e t e x t u r e s r a n g e f rom m o d e r a t e l y ca tac la s t i c t o m y l o n i t i c . Ca t ac l a s i t e s 
pe r s i s t ac ross a z o n e a b o u t 1 k m wide i m m e d i a t e l y eas t of t h e b a s a l faul t in t h e 
B i to i R i v e r , A i k o r a R i v e r , a n d L o g C r e e k sec t ions ( 7 ° 1 3 ' S , 8 ° 1 7 ' S , a n d 8 ° 3 3 ' S 
r e spec t ive ly ; PI . 5 , fig. 1 ) . In the n o r t h e r n G u a v a R a n g e ( 9 ° 0 0 ' - 9 ° 0 5 ' S ) t h e 
s t r o n g pa ra l l e l n o r t h w e s t e r l y l i n e a m e n t s w h i c h pa r t ly con t ro l d r a i n a g e a r e p r o ­
b a b l y s t ra in l i n e a m e n t s , r a t h e r t h a n faul ts , m a r k e d by subca tac la s i s c o m p a r a b l e 
to t e x t u r e s n e a r t h e ba sa l fault . 

I n t he e x t r e m e s o u t h e a s t ( K e m a n a n d A w a r i o b o R a n g e s ) d e f o r m a t i o n is 
gene ra l ly m o r e s eve re t h a n e l sewhere in t h e Ul t r amaf i c Bel t , a n d mylon i t e s a n d 
ca tac las i t e s a r e re la t ive ly c o m m o n . O n e m y l o n i t e s p e c i m e n ( N o . 6 2 4 f r o m 
9 ° 5 4 / S , 1 4 9 ° 0 4 ' E ) cons is t s of ol ivine a n d ens t a t i t e f r agmen t s u p t o 1 or 2 m m 
l o n g e m b e d d e d in a finely g r a n u l a t e d ( 0 . 0 1 m m ) ol ivine a n d ens ta t i t e m a t r i x . 
T h e overa l l h ighe r d e g r e e of d e f o r m a t i o n in t h e sou theas t a c c o r d s wi th the i n t e r ­
p r e t a t i o n t h a t t h e t h r u s t shee t h e r e is re la t ive ly th in . 

T h e least d e f o r m e d N o n c u m u l u s u l t r amaf ics a re in t he t h i ck lenses of u l t r a ­
mafics in t he B o w u t u a n d A j u r a K u j a r a m o u n t a i n r anges , a n d pa r t i cu la r ly t o w a r d s 
t he e a s t e r n edge o r t o p of the lenses . T h e s e lenses or p o d s a p p e a r to h a v e a c t e d 
as cohes ive s t r u c t u r a l un i t s , wi th d e f o r m a t i o n c o n c e n t r a t e d a t the i r m a r g i n s a n d , 
in t h e ca se of t h e A j u r a K u j a r a R a n g e , a long sca t t e r ed n o r t h w e s t e r l y shea r s . T h e 
leas t d e f o r m e d u l t r amaf ic s a m p l e is a c o a r s e - g r a i n e d h a r z b u r g i t e (P I . 5 , fig. 2 ) 
co l l ec t ed 3 k m wes t of t h e g a b b r o c o n t a c t on t he P a i a w a R i v e r ; g ra ins 10 a n d 
2 0 m m across a r e ba re ly k i n k e d a n d m a x i m u m r o t a t i o n of ex t inc t ion in any o n e 
g r a i n is 2 ° . H o w e v e r , t h e m a n y t r ip le -g ra in j u n c t i o n s in t h e th in sec t ion sugges t 
t h a t t h e t e x t u r e m a y b e d u e to a n n e a l i n g a n d gra in g rowth f rom a p r ev ious ly 
d e f o r m e d r o c k . 

Evidence for separate origin of the Noncumulus ultramafics 

1. C o m p l e t e l ack of c u m u l u s t ex tu re s sets the N o n c u m u l u s u l t r amaf ics 
a p a r t f rom t h e over ly ing c u m u l u s u l t ramaf ics a n d g a b b r o s . 

2 . A l t h o u g h c u m u l u s t ex tu re s a r e n o t easy to r ecogn ize in o l iv ine-r ich 
o l iv ine -ens ta t i t e r o c k s , t h e c o m p l e t e l ack of p l ag ioc la se or a n y m i n e r a l s o t h e r t h a n 
o l iv ine , ens ta t i t e , a n d c h r o m i t e , m a k e s c u m u l u s or igin especial ly unl ike ly . P l a g i o -
c lase-f ree c u m u l a t e s a r e k n o w n f rom the grea t l aye red in t rus ives , bu t no t wi th 
t h i cknes se s a n y w h e r e n e a r 4 k m . 

3 . A t t h e p r e s e n t s t age of m i n e r a logical inves t iga t ion t h e r e s eems to b e a 
b r e a k i n c h e m i c a l c o m p o s i t i o n b e t w e e n N o n c u m u l u s a n d C u m u l u s ol ivine a n d 
ens ta t i t e ( R . N . E n g l a n d , pe r s . c o m m . , 1 9 6 9 ) , bu t this is no t yet definitely 
e s t ab l i shed . 

4 . T h e gra ins ize of N o n c u m u l u s r o c k s is cons ide rab ly c o a r s e r t h a n t h a t of 
t h e over ly ing c u m u l a t e s a n d g a b b r o s , 4 - 1 0 m m as agains t 1-2 m m . 

5 . T h e r a t i o of u l t r amaf ic r o c k s to g a b b r o a n d basa l t is t o o h igh , at 1 :2 , for 
t h e u l t ramaf ics t o h a v e d e v e l o p e d b y c rys ta l se t t l ing f rom g a b b r o i c o r ba sa l t i c 
l i qu id s . R a t i o s of u l t ramaf ics t o g a b b r o in the grea t l aye red in t rus ions a r e 
b e t w e e n 1:4 a n d 1:6 ( J a c k s o n , 1 9 6 7 , p p . 2 5 - 6 ) . 
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6. T h e r e is n o t nea r ly e n o u g h felsic e n r i c h m e n t in t h e g a b b r o s t o b a l a n c e t he 
m a l i c e n r i c h m e n t of t h e U l t r a m a f i c z o n e . 

7 . T h e p r e s e n c e of d u n i t e dykes a n d c o a r s e - g r a i n e d p y r o x e n i t e d y k e s ind i ­
ca t e s t h a t t h e N o n c u m u l u s u l t ramaf ics h a v e b e e n he ld at t e m p e r a t u r e s n e a r 
1 5 0 0 ° C at s o m e s tage in the i r evo lu t ion (cf L o n e y et a l , in p r e s s ) . T e m ­
p e r a t u r e s of f o r m a t i o n of l a y e r e d in t rus ives of t h e S t i l lwate r - type a re n e a r 1 2 0 0 ° C 
( H e s s , 1 9 6 0 ; J a c k s o n , 1 9 6 1 ) . 

8. N o n c u m u l u s u l t ramaf ics a re genera l ly m o r e severe ly d e f o r m e d t h a n the 
C u m u l u s u l t r amaf ics . A l t h o u g h this m i g h t b e e x p l a i n e d by the p r o x i m i t y of t he 
N o n c u m u l u s m e m b e r to t h e ba sa l faul t , it is t a k e n to imply t h a t a p e r i o d of 
d e f o r m a t i o n s e p a r a t e d t he t w o m e m b e r s . 

Noncumulus member as primitive upper mantle 

If t h e N o n c u m u l u s u l t ramaf ics h a v e n o gene t i c l ink w i t h t h e ove r ly ing r o c k s , 
it is m o s t l ikely t h a t t hey r e p r e s e n t p a r t of a p re -ex i s t ing , i.e. p r e - C r e t a c e o u s , 
u p p e r m a n t l e . T h e y a r e s imi la r in all r e g a r d s t o typ ica l a lp ine pe r ido t i t e s ( H e s s , 
1 9 5 5 ; T h a y e r , 1 9 6 0 , 1 9 6 7 ; L o n e y et al . , in p r e s s ) , a n d a lp ine pe r ido t i t e s 
h a v e l o n g b e e n s u p p o s e d to b e d i s m e m b e r e d p a r t s of t h e u p p e r m a n t l e ( H i e s s -
le i tner , 1 9 5 2 ; H e s s , 1 9 5 5 ; R o e v e r , 1 9 5 7 ) . G r e e n & R i n g w o o d ( 1 9 6 7 ) sugges t 
t h a t u l t r amaf i c s of this t y p e ( l o w C a , A l , e t c . ) r e p r e s e n t r e f r ac to ry m a n t l e f rom 
w h i c h b a s a l t i c m a g m a h a s b e e n g e n e r a t e d by pa r t i a l me l t i ng . P a r t i a l m e l t i n g of 
t he se r o c k s t o g e n e r a t e t h e C r e t a c e o u s l avas is un l ike ly , for a t t h a t t ime t h e y w e r e 
on ly 1 0 - 1 5 k m be low the o c e a n floor, a n d it is i m p r o b a b l e t ha t t e m p e r a t u r e at 
this d e p t h w o u l d b e h igh e n o u g h for pa r t i a l fus ion. If t hey a r e a r e f r ac to ry 
r e s i d u e t h e y p r o b a b l y y ie lded the i r basa l t c o m p o n e n t at g rea t e r d e p t h , a n d well 
be fo re C r e t a c e o u s t ime . 

The Cumulus member 

T h e C u m u l u s m e m b e r fo rms the u p p e r m o s t p a r t of t he U l t r a m a f i c z o n e a n d 
is a p p r o x i m a t e l y 1 0 0 - 5 0 0 m th ick . I t cons is t s of u l t r amaf ic c u m u l a t e s w i t h n o 
p l ag ioc l a se ; t h e c o m p o n e n t m i n e r a l s a r e o l iv ine , o r t h o p y r o x e n e , c l i n o p y r o x e n e , a n d 
c h r o m i t e . E a c h o c c u r s as a c u m u l u s p h a s e in s o m e r o c k , s epa ra t e ly o r w i th t he 
o t h e r m i n e r a l s . T h e m e m b e r is d i s t ingu i shed f rom t h e N o n c u m u l u s m e m b e r b y the 
p r e s e n c e of c u m u l u s t e x t u r e s , by its genera l ly l ower d e g r e e of d e f o r m a t i o n , b y its 
gene ra l ly , b u t n o t inva r i ab ly , finer gra ins ize , a n d by t h e p r e s e n c e of c l i n o p y r o x e n e 
as a m a j o r m i n e r a l p h a s e . I t is d i s t ingu ished f rom ove r ly ing G a b b r o z o n e c u m u ­
la tes b y its c o m p l e t e l a c k of p lag ioc lase . 

T h e e x t e n t a n d th i ckness of the C u m u l u s m e m b e r a re n o t k n o w n . R o c k s of 
this t y p e h a v e b e e n f o u n d n e a r the c o n t a c t b e t w e e n t h e U l t r a m a f i c a n d G a b b r o 
zones a t s c a t t e r e d local i t ies t h r o u g h o u t t he U l t r a m a f i c Bel t . O n p r e s e n t ev idence 
it s e e m s un l ike ly t h a t t h e C u m u l u s m e m b e r is c o n t i n u o u s a l o n g this c o n t a c t b u t 
r a t h e r t h a t it is well d e v e l o p e d in s o m e a r e a s a n d a b s e n t in o t h e r s . O n e of t he 
p r o b l e m s in def ining t h e ex t en t of t he c u m u l a t e s is t h e gene ra l difficulty in r ecog ­
n i z ing o l iv ine- r ich c u m u l a t e s , especia l ly in t h e field. E v e n in th in sec t ion good 
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crys ta l s h a p e s of se t t l ed ol ivine gra ins a r e readi ly d i sgu ised by p o s t c u m u l u s 
o l iv ine o v e r g r o w t h o r by r e a c t i o n wi th p o s t c u m u l u s ens ta t i t e . O l iv ine c u m u l a t e s 
c a n b e r e c o g n i z e d by fab r i c analys is ( J a c k s o n , 1 9 6 1 ) a n d s h a p e s tud ies m a y 
u l t ima te ly b e t h e bes t w a y to define t he C u m u l u s m e m b e r . A l t e rna t ive ly , t h e 
c o m p o s i t i o n of t h e o l iv ine m a y p r o v e to be d iagnos t i c . 

T h e bes t sec t ion of u l t r amaf ic c u m u l a t e s (P I . 6 ) is in t he s o u t h a r m of t h e 
We le R i v e r in t h e B o w u t u M o u n t a i n s ( 7 ° 4 2 ' S , 1 4 7 ° 0 7 ' E ) . R o c k types inc lude 

o l i v i n e - h y p e r s t h e n e * - a u g i t e c u m u l a t e l a y e r e d c u m u l a t e 

o l i v ine - ch romi t e c u m u l a t e ( N o . 1 5 4 8 ) 

o l i v i n e - h y p e r s t h e n e - a u g i t e c u m u l a t e ( 1 5 5 4 ) 

o l iv ine-augi te c u m u l a t e ? ( 1 5 5 6 ) 

h y p e r s t h e n e - a u g i t e c u m u l a t e ? ( 1 5 5 8 ) 

A l a y e r e d c u m u l a t e f rom the west side of the G u a v a R a n g e ( 9 3 ; 9 ° 1 3 ' S , 
1 4 8 ° 0 6 ' E ) cons is t s of l aye r s a b o u t 1 c m th ick of the fo l lowing se t t led p h a s e s : 
o l ivine, c h r o m i t e , o l i v i n e - h y p e r s t h e n e , o l iv ine . T h e c u m u l u s a s s e m b l a g e s o l iv ine-
augi te a n d h y p e r s t h e n e - a u g i t e suggest affinities to t he M u s k o x p a r a g e n e s i s , r a t h e r 
t h a n t h a t of t he S t i l lwa te r -Bushve ld ( J a c k s o n , in p r e s s ) . 

Serpen tinization 

M o s t of t he U l t r a m a f i c z o n e rocks a re se rpen t in ized t o s o m e ex ten t ; an 
e s t i m a t e d a v e r a g e figure for t he en t i re zone is a b o u t 2 0 p e r c e n t . Se rpen t in i za t ion 
is r e l a t e d t o shea r ing , b u t s o m e s h e a r zones a r e free of s e r p e n t i n e . F o r e x a m p l e , 
the T i m e n o faul t sy s t em at t h e A i k o r a R i v e r ( 8 ° 1 8 ' S ) i nc ludes u n s e r p e n t i n i z e d 
ol ivine m y l o n i t e . Se rpen t in i za t i on of u l t ramaf ic r o c k s a p p e a r s to i nc rease n e a r 
c o n t a c t s wi th g a b b r o i c r o c k s , a n d definitely increases n e a r tona l i t e in t rus ions . 
S o m e se rpen t in i za t ion m a y a lso be r e l a t ed to g r o u n d w a t e r m o v e m e n t , as h a s b e e n 
sugges ted in w e s t e r n N o r t h A m e r i c a ( B a r n e s et al . , 1 9 6 7 ; B a r n e s & O 'Ne i l , 
1 9 6 9 ) . A r e l a t i o n s h i p wi th g r o u n d w a t e r m o v e m e n t or w e a t h e r i n g is sugges ted 
for t h e P a p u a n u l t r amaf i c s b e c a u s e t he bes t e x p o s u r e s of u n s e r p e n t i n i z e d u l t r a ­
mafic r o c k a r e f o u n d in r ap id ly e r o d e d gorges , e.g. P a i a w a ( 7 ° 3 5 / S ) , A i k o r a 
( 8 ° 1 7 ' S ) , u p p e r O p i ( 8 ° 4 3 ' S ) , N i a ( 9 ° 0 5 , S ) , D u u b a ( 9 ° 4 8 ' S , 1 4 8 ° 5 5 ' E ) , 
a n d A d a u ( 9 ° 5 0 ' S , 1 4 8 ° 4 4 / E ) . A n excep t ion is the M a m b a r e G o r g e ( 8 ° 3 7 ' S ) , 
w h e r e r o c k s a r e m o d e r a t e l y se rpen t in i zed . T h u s , a l t h o u g h ove ra l l s e rpen t in i za t ion 
is e s t i m a t e d a t 2 0 p e r c e n t at t he p r e s e n t sur face , it is p r o b a b l y c o n s i d e r a b l y less 
a t d e p t h , w h e r e o n e m i g h t e x p e c t shea r s t o b e less c o m m o n , a n d w a t e r t o b e 
genera l ly s ca rce . T h e r e is ce r ta in ly n o ev idence of t he se rpen t in i t e l ayer p r o p o s e d 
by H e s s ( 1 9 5 5 ) in a m o d e l of o c e a n i c m a n t l e a n d crus t . 

T h e s e r p e n t i n e m i n e r a l s a p p e a r t o be mos t ly o r ent i re ly ch ryso t i l e a n d l i za rd-
ite e x c e p t in the M o u n t Suck l ing a rea ( a b o u t 9 ° 4 0 ' S , 1 4 9 ° E ) , w h e r e an t igor i te is 
c o m m o n (op t i ca l i d e n t i f i c a t i o n ) . G r e e n ( 1 9 6 1 ) n o t e d an t igor i t e in t he u l t ramaf ic 
b recc ias of t he M u s a val ley , 15 k m n o r t h w e s t of M o u n t Suck l ing . 

* Hypersthene = orthopyroxene E n 7 0 _ 9 0 . 
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Gabbro* zone 

T h e G a b b r o z o n e c r o p s o u t b e t w e e n p e r i d o t i t e to t h e w e s t a n d b a s a l t t o t h e 
eas t for m o s t of t he l eng th of the Ul t r amaf i c Bel t . T h e z o n e h a s a n ave rage 
t h i cknes s of a b o u t 4 k m . M a p p a b l e uni t s a r e : 

Rock unit 
High-level 
Gabbro 
member 
Granular 
Gabbro 
member 

Cumulus 
Gabbro 
submember 

Thickness Description Grainsize 
1 km appr. Ophitic or subophitic texture, and/or zoned 1-2 mm. 

plagioclase laths 

3 km appr. Granular allotriomorphic or hypidiomorphic 1-2 mm. 
texture. Rock types include 
(1) cumulus gabbro, 
(2) homogeneous intrusive gabbro, 
(3) streaky gabbro, and, less commonly, 
(4) very fine-grained gabbro, and 
(5) gabbro pegmatite 

up to 3 km Where cumulus gabbros could be easily 1-2 mm, 
recognized in the field, and are present in some coarser 
sufficient quantity, they have been mapped 
as a separate submember of the Granular 
Gabbro member 

Granular Gabbro member 

T h e G r a n u l a r G a b b r o m e m b e r i nc ludes a w i d e va r i e ty of g a b b r o i c r o c k s 
wh ich a r e c h a r a c t e r i z e d b y a l l o t r i o m o r p h i c or h y p i d i o m o r p h i c g r a n u l a r t e x t u r e , 
w i th o r w i t h o u t s o m e d e g r e e of p l a n a r o r l inear fabr ic . M i n e r a l s a r e aug i te , 
h y p e r s t h e n e , b y t o w n i t e , a n d in s o m e r o c k s ol iv ine . P r i m a r y h o r n b l e n d e is r a r e . 
O p a q u e i ron ox ides a n d s u l p h i d e s a r e l ack ing in m o s t of t h e g r a n u l a r g a b b r o s , b u t 
m a k e u p as m u c h as 10 p e r c e n t by v o l u m e of s o m e of t h e ve ry f ine-gra ined 
g a b b r o s . C h r o m i t e a n d ru t i l e a r e r a r e accessor ies in s o m e c u m u l u s g a b b r o s . 

Cumulus Gabbro submember 

C u m u l u s g a b b r o s a r e m u c h m o r e c o m m o n t h a n w a s p rev ious ly r e p o r t e d 
( D a v i e s , 1 9 6 8 ) : as m a n y as 3 0 p e r c e n t of t he th in sec t ions of r o c k s of t h e 
G a b b r o z o n e s h o w d i agnos t i c c u m u l u s t ex tu re s (P I . 9 ; PL 1 0 ; PL 1 1 , fig. 2 ) . 
O t h e r g a b b r o s wi th o r i e n t e d fabr ic m a y or m a y n o t be c u m u l a t e s ; s o m e o w e the i r 
fabr ic t o flow d u r i n g c rys ta l l i za t ion , b u t o the r s m a y be 3 - p h a s e c u m u l a t e s (e .g . 
a u g i t e - h y p e r s t h e n e - b y t o w n i t e c u m u l a t e s ) in w h i c h t h e d i agnos t i c c rys t a l s h a p e s 
a n d s e d i m e n t a r y t e x t u r e h a v e b e e n d isguised by o v e r g r o w t h o n all t h r e e set t led 
p h a s e s . W h e r e t h e c u m u l u s g a b b r o s c a n b e readi ly r e co g n i zed in t h e field a n d 
c r o p o u t ove r a sufficiently l a rge a r ea , t hey h a v e b e e n di f ferent ia ted f rom t h e o t h e r 
g r a n u l a r g a b b r o s as a C u m u l u s G a b b r o s u b m e m b e r . 

T h e c u m u l a t e s w h i c h a r e m o s t easi ly r ecogn ized in t h e field a r e t h o s e wh ich 
a r e l aye red , especia l ly w h e r e t h e l aye r ing inc ludes s e d i m e n t a r y s t r u c t u r e s such as 
g r a d e d b e d d i n g ( P L 7 , fig. 2 ; PL 8, fig. 1 ) a n d scour-and-f i l l s t r u c t u r e s ( P L 8, 
fig. 2 ) . T h e g r a d e d b e d s cons i s t of mafic m i n e r a l s at t h e b o t t o m a n d p lag ioc lase 
a t t h e t o p of e a c h b e d ; th is h a s b e e n ca l led r h y t h m i c l aye r ing ( W a g e r & D e e r , 

* Gabbro is used in a broad sense to include norite, picrite, troctolite, and other gabbroic 
rocks. 
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PLATE 1 

Waria valley looking northwest. Owen Stanley Range (sialic metamorphics) is on the left, 
Bowutu Mountains (gabbro and some ultramafics) on the right. The valley floor is bounded 
by the Owen Stanley and Timeno Faults (on left and right sides respectively) and includes 
some outcrop of Cretaceous(?) basalt and marl. Obliaue air-photograph taken from about 

8°S, 147'15'E, and 7200 multitude. 



PLATE 2 

Figure 1. Olivine-homblende-pyroxene-labradorite granulitic gneiss from south of 
Mt Avuru (9°47'S, 148°42'E). Photomicrograph with plane light shows equi-
granular (0.1 mm) red-brown hornblende (dark), clino- and orthopyroxene, several 

larger pyroxene oikocrysts, and plagioclase. 

Figure 2. Thrust contact between ultramafics above (lighter colour) and basic 
greenschist facies metamorphics (darker), in the head of the Ibinambo River at 
9°42'S, 149°E. The contact and the schistosity in the metamorphics dip 60°SE, 

away from the viewer. 



PLATE 3 

Figure 1. Typical harzburgite of Noncumulus member ultramafics; enstatite 
grains (lighter) are randomly distributed in olivine-rich rock. 

Figure 2. Typical harzburgite; shows interlocking anhedra of olivine and enstatite 
(minor); both minerals show strain lamellae. The larger grains are about 4 mm 

across. Crossed nicols. 



PLATE 4 

Layered harzburgite of Noncumulus member ultramafics. Duuba-Adau 
confluence; 9°47'S, 148°45'E. 



PLATE 5 

Figure 2. Harzburgite, No. 507 from Paiawa River (7°35'S, 147°06'E). 
Unlike most other peridotite samples, the olivine grains are not kinked. 
However, the many triple-grain junctions suggest that the present texture 
is due to annealing and grain growth from a previously deformed rock. 

The large grain is about 15 mm across. Crossed nicols. 



PLATE 6 

Layered ultramafic cumulate, Wele River South, 7 42'S, 147°07'E; cumulus phases are olivine, chromite, hypersthene, and augjte; 
postcumulus phases are hypersthene and augite. The sequence contains no plagioclase. Pyroxene-rich layers are more resistant 

to erosion. 
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Figure 1. Contact between olivine-chromite cumulate 
(below) and hypersthene-olivine-augite cumulate; same out­
crop as Plate 6. Overgrowth by reaction with intercumulus 
liquid has disguised the cumulus grains; cumulus origin is 
suggested by the orientation of the (-axis of the ortho-
pyroxene parallel to the phase contact. Average grainsize 
1 mm at top and 5-7 mm at bottom. Specimen 1548. 

Crossed nlcols. 

Figure 2. Mineral graded bedding (rhythmic layering) in a 
hypersthene-bytownite-augite cumulate; specimen 764, 

Duuba River (9°48S, 148 46 E) . 



PLATE 8 

Figure 1. Mineral graded bed­
ding in a plagioclase-olivine 
cumulate with postcumulus 
clinopyroxene oikocrysts. Eight 
or nine mineral graded beds, 
1-3 cm thick, make up a larger 
mineral graded unit 10 or 14 
cm thick (see text); specimen 
1979, Sivai Creek; 9°34'S, 

148°52'E. 

Figure 2. Scour-and-fill struc­
tures in mineral graded hyper-
sthene-bytownite-augjte cumu­
late; Wele River South; 7°42'S, 

147°13'E. 



PLATE 9 

Figure 1. Hypersthene cumulate—not obviously layered in hand specimen. Hyper­
sthene grains are mostly 0.2-0.3 mm across and up to 1.5 mm long; postcumulus 
bytownite oikocrysts are 5-10 mm across. Specimen 560; Waki Creek; 9°53'S, 

148°55'E. Plane light. 

Figure 2. Hypersthene cumulate. Close packing of hypersthene subhedra suggests 
that intercumulus fluid was squeezed o i l ' : there is a little postcumulus clinopyroxene 
and plagioclase. Specimen 528; Sou River; 7°35'S, 147°13'E. Grain lengths are 

1-2 mm. Crossed nicols. 



PLATE 10 

Figure 1. Reaction between cumulus olivine and postcumulus hypersthene. Olivine 
grains enclosed in hypersthene have irregular embayed shapes; those enclosed in 
plagioclase are subhedral, e.g. upper and centre right. Olivine grains are 1 mm 

across. Specimens 1150; 14715 Creek; 7 38 S, 147°15E. Crossed nicols. 

Figure 2. Reaction between cumulus olivine and postcumulus clinopyroxene (e.g. 
upper right), and lack of reaction between cumulus plagioclase and postcumulus 
clinopyroxene. Cumulus grains are 1 mm across; clinopyroxene oikocrysts are up 
to 10 mm. Specimen 429; coast near Lake Salus; 7°10'S, 147°10'E. Crossed nicols. 



PLATE 11 

Figure 1. Olivine cumulate with postcumulus plagioclase and poikilitic ortho-
pyroxene. This is texturally similar to the poikilitic harzburgite (olivine cumulate) 
of the Ultramafic zone of the Stillwater Complex. Wele River West; 7°42'S, 

147°08'E. 

Figure 2. Bytownite cumulate with postcumulus green hornblende. The largest 
plagioclase grains are 3 mm across. Specimen 1137; Sisa tributary; H 37'S, 

147°49'E. Crossed nicols. 



PLATE 12 

Figure 2. Streaky gabbro. Melagabbro, probably a cumulate, with irregular 
subparallel leucogabbro veins. Waki Creek; 9°53'S, 148°55'E. 



PLATE 13 

Figure 1. Streaky gabbro in this case may be a deformed layered cumulate. 
Wele River West; 7°42'S, 147°08'E. 

Figure 2. Very fine-grained gabbro dyke (grainsize 0.2 mm) in cocrser (0.5-
1.0 mm) gabbro. The dyke rock has oriented fabric due to flow; opaque iron 
oxides make up 10-15 percent of the mode. Specimen 38; Paiawa River; 7 34'S. 

147°13'E. Crossed nicols. 



PLATE 14 

A deformed layered olivine gabbro which may or may not be a cumu­
late. Specimen 844; Musia Creek; 9°25'S, 148°25'E. 



PLATE IS 

Figure 1. Deformed layered olivine gabbro (sp. 844, PI. 14). The section was cut 
normal to the layering. Plagioclase subhedra and larger kink-banded olivine oriented 
with their long axes in the layering plane. Another thin section cut parallel to the 
layering shows that the fabric is planar rather than linear. If this was a cumulate 
the original olivine grain shapes have been modified by plastic flow under stress. 

Plagioclase grainsize is around 1 mm. Crossed nicols. 

Figure 2. Layered gabbro, probably a cumulate. Olivine-rich layers are 
serpentinized and subsequently sheared. Athoro River; 8°50'S, 148°20'E. 



PLATE 16 

The eastern Bowutu Mountains, looking northwest. The ridge in the left foreground has the 
distinctive concave slopes of the Basalt zone. 



1939) o r m i n e r a l g r a d e d b e d d i n g ( J a c k s o n , 1967, t ab le 1). E a c h b e d s u p p o s e d l y 
r e p r e s e n t s a s h o w e r of c rys ta l s . R a t e s of se t t l ing a re p r o p o r t i o n a l t o t h e dens i t y 
of t h e g ra in a n d t o t h e s q u a r e of its s ize, a n d t h u s t h e mafic g ra ins se t t le o u t first, 
p r o v i d e d t h a t t hey a r e as l a rge as , o r l a rge r t h a n , t he p lag ioc la se g ra ins . L a y e r s 
in g a b b r o 1979 (PL 8, fig. 1 ) a r e success ively p o o r e r in mafic m i n e r a l s f r o m t h e 
b o t t o m t o t h e t o p of a n e igh t - l ayer s e q u e n c e . T h i s sugges ts t h a t t h e r e a r e t w o 
m e c h a n i s m s con t ro l l i ng t h e d e v e l o p m e n t of l ayers , o n e wi th a l o n g p e r i o d a n d 
t h e o t h e r a s h o r t o n e . P e r h a p s t h e l o n g - p e r i o d even t is t h e p r e c i p i t a t i o n of a 
s h o w e r of c rys ta l s , a n d t h e s h o r t - p e r i o d even t s a r e pu lses of m o v e m e n t in t h e 
m a g m a . T h e scour-and-f i l l s t r u c t u r e s seen e l s ewhere (PL 8, fig. 2) i nd i ca t e t h a t 
c u r r e n t s d i s t u r b e d t h e floor of t he m a g m a c h a m b e r f rom t ime t o t ime . 

B r o a d e r sca le l aye r ing m a y j u x t a p o s e t w o comple t e ly different r o c k t y p e s ; for 
i n s t a n c e , a 4 0 - c m h o m o g e n e o u s l ayer of ol ivine c u m u l a t e m a y b e ove r l a in w i t h 
s h a r p c o n t a c t by a c l i n o p y r o x e n e - p l a g i o c l a s e c u m u l a t e p e r h a p s 30 c m th ick . T h i s 
is a p h a s e c o n t a c t ( J a c k s o n , 1967, t ab l e 1 ) a n d ind ica tes a c rys ta l l i za t ion h i a t u s 
fo l lowed by a s u d d e n a n d u n e x p l a i n e d c h a n g e in t h e n a t u r e of t h e c rys ta l l i za t ion 
p r o d u c t s . A n o t h e r t y p e of l aye r ing involves s u d d e n changes in gra ins ize a t w h a t 
J a c k s o n w o u l d t e r m f o r m c o n t a c t s . T h u s in a s a m p l e f rom the A w a r i o b o R a n g e 
( s a m p l e 713, D o r i r i C r e e k , 9 ° 5 r S , 148°45'E) h y p e r s t h e n e c u m u l a t e is o v e r l a i n 
by ve ry fine-grained h y p e r s t h e n e - b y t o w n i t e c u m u l a t e wh ich b e c o m e s p rogress ive ly 
coa r se r a n d r i c h e r in p l ag ioc la se u p w a r d s . 

T h e b e s t e x p o s u r e s of t he l a y e r e d c u m u l a t e s a re in the s o u t h e r n S i b i u m a n d 
t h e D i d a n a R a n g e s (9°20'-9°35'S) a n d w e r e init ially m a p p e d a n d d e s c r i b e d b y 
S m i t h & G r e e n (1961) a n d G r e e n (1961). T h e l aye red c u m u l a t e s a r e e x p o s e d in 
a r e a s u p t o 4 k m ac ros s a n d 15 k m long . By p lo t t ing a v e r a g e w i d t h a n d a v e r a g e 
d i p of t h e l aye r s w e c a n e s t ima te a t h i c k n e s s of 1-3 k m , b u t t he se figures s h o u l d 
b e a c c e p t e d wi th c a u t i o n , for d ips a r e r a t h e r va r i ab l e a n d t h e r e is s o m e e v i d e n c e 
of faul t ing . I n d i v i d u a l l ayers h a v e n o t b e e n t r a c e d b e y o n d t h e l imits of o u t c r o p 
in a n y o n e s t r e a m b e d . W i t h carefu l m a p p i n g it m igh t be poss ib l e t o es tab l i sh 
w h e t h e r t h e s a m e s t r a t i g r aph i c success ion e x t e n d s for d i s t ances of u p t o 15 k m . 
M y i m p r e s s i o n is t h a t it d o e s n o t . 

Loca l i t i e s of t h r e e c o m m o n types of r h y t h m i c l aye r ing a r e s u m m a r i z e d in t h e 
fo l lowing t a b l e : 

Cumulus phases Localities 

Olivine, clinopyroxene, plagioclase Sibium and Didana Ranges 
Inaf Creek 9°25'S, 148°20 ,E 
Musia Creek 9°25'S, 148°25'E 
Nr Mamama Creek 9°30'S, 148°43 'E 

Ajura Kujara Range 
Athoro River 8°50'S, 147°48'E 

Bowutu Mountains 
Morobe River 7°48'S, 147°17'E 

Orthopyroxene, clinopyroxene, plagioclase Keman-Awariobo Ranges 
Duuba River 9°47'S, 148°46'E 

Bowutu Mountains 
Wele River 7°42'S, 147° 13'E 

Orthopyroxene, plagioclase Bowutu Mountains 
Saru River 7°56'S, 147°14'E 
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C u m u l a t e s w h i c h s h o w n o obv ious l aye r ing in o u t c r o p or h a n d s p e c i m e n 
( P i s 9 a n d 1 0 ) a r e a t leas t as c o m m o n as t h e l a y e r e d c u m u l a t e s . A g o o d i l lus t ra ­
t i on is in t h e S i b i u m R a n g e ( 9 ° 2 0 / S , 1 4 8 ° 2 5 ' E ) n o r t h of t h e l a y e r e d c u m u l a t e s . 
A b o u t 2 0 s a m p l e s of a p p a r e n t l y h o m o g e n e o u s g a b b r o w e r e co l lec ted in this a r e a 
a n d m o s t of t h e s e w e r e s u b s e q u e n t l y found to h a v e c u m u l u s t e x t u r e s . 

P o s t c u m u l u s m i n e r a l p h a s e s in different r o c k s a r e c l i n o p y r o x e n e , o r t h o p y r o ­
x e n e , a n d p l ag ioc l a se , singly o r in va r ious c o m b i n a t i o n s ; p o s t c u m u l u s h o r n b l e n d e 
h a s b e e n f o u n d in a few s a m p l e s f rom n e a r t he t o p of t h e G r a n u l a r G a b b r o m e m b e r , 
a c c o m p a n i e d , in o n e i n s t a n c e , by b io t i te , q u a r t z , a n d a n d e s i n e ( 9 2 5 ; 8 ° 2 5 / S , 
1 4 7 ° 3 8 ' E ) . T h e g e n e r a l scarc i ty of p o s t c u m u l u s b io t i t e , q u a r t z , sod ic p l ag ioc l a se , 
a n d h o r n b l e n d e ind ica te s e i the r t h a t a ve ry efficient m e c h a n i s m r e m o v e d in te r -
c u m u l u s fluid, o r t h a t t h e m a g m a was init ially p o o r in s o d a , p o t a s h , a n d w a t e r , a n d 
t h e p a t h of c rys ta l l i za t ion d id n o t t e n d to en r i ch si l ica in t h e r e s t m a g m a . Such 
a c rys ta l l i za t ion p a t h w o u l d r e q u i r e a b a l a n c e b e t w e e n t h e c rys ta l l iza t ion of s i l ica-
r i ch m i n e r a l s s u c h as h y p e r s t h e n e , a n d t h a t of s i l i ca -poor m i n e r a l s such as 
b y t o w n i t e a n d o l iv ine . 

R e a c t i o n b e t w e e n se t t led ol ivine a n d p o s t c u m u l u s ens ta t i t e (P I . 1 0 ) i nd ica t e s 
t h a t p r e s s u r e d u r i n g c rys ta l l i za t ion was less t h a n 5-7 k i l oba r s , if, as s e e m s l ikely 
f r o m t h e m i n e r a l o g y , t he i m m e d i a t e e n v i r o n m e n t w a s a n h y d r o u s ( B o y d et a l . , 
1 9 6 4 ; K u s h i r o , 1 9 6 9 ) . 

P r e s e n t k n o w l e d g e of t h e d i s t r ibu t ion of t h e different types of c u m u l a t e s is 
sufficient for on ly a few g e n e r a l s t a t e m e n t s . C u m u l a t e s w h i c h a p p r o a c h u l t r amaf i c 
b u l k c o m p o s i t i o n s t e n d to be a t t h e b o t t o m of t h e G r a n u l a r G a b b r o m e m b e r , 
w h e r e t h e y g r a d e ( w i t h d i s a p p e a r a n c e of p l a g i o c l a s e ) i n t o t he c u m u l a t e s of t h e 
U l t r a m a f i c z o n e . A typ ica l r o c k in this g r a d a t i o n a l c a t e g o r y is ol ivine c u m u l a t e 
t h a t c o n t a i n s p o s t c u m u l u s h y p e r s t h e n e o ikoc rys t s a n d p lag ioc lase ( P L 1 1 , fig. 1 ) . 
T h e s e r o c k s a r e t ex tu ra l ly s imi la r t o t he poik i l i t ic h a r z b u r g i t e (o l iv ine c u m u l a t e ) 
of t h e U l t r a m a f i c z o n e of t h e St i l lwater C o m p l e x ( J a c k s o n , 1 9 6 1 ) . 

T h e l a y e r e d c u m u l a t e s a r e p e r h a p s bes t d e v e l o p e d in t he l ower half of t h e 
G a b b r o z o n e , b u t c u m u l a t e s of all k i n d s , i nc lud ing o l iv ine a n d h y p e r s t h e n e c u m u ­
la tes , a r e f o u n d t h r o u g h o u t t h e G r a n u l a r G a b b r o m e m b e r , r ight u p t o t h e c o n t a c t 
wi th t h e H i g h - L e v e l G a b b r o . N o overa l l u p w a r d e n r i c h m e n t in p lag ioc lase h a s 
b e e n r e c o g n i z e d , b u t it m a y b e significant t h a t t h e few p u r e p lag ioc lase c u m u l a t e s 
f o u n d a r e f r o m n e a r t he t o p of t he un i t (PL 1 1 , fig. 2 ) . 

Homogeneous intrusive gabbro 

H o m o g e n e o u s g a b b r o wi th a l l o t r i o m o r p h i c o r h y p i d i o m o r p h i c g r a n u l a r t e x ­
t u r e is t h e o t h e r m a i n r o c k t y p e of t h e G r a n u l a r G a b b r o m e m b e r . I t is cons i s t en t ly 
fine-grained ( 1 - 2 m m ) a n d usua l ly shows s o m e d e g r e e of p l a n a r o r l inear f ab r i c 
in th in sec t ion . I n s o m e e x p o s u r e s it is c lear ly in t rus ive i n t o c u m u l u s r o c k s . I n 
o t h e r s it c o n t a i n s xeno l i th s of a ve ry fine-grained g a b b r o t h a t will b e d i scussed 
l a t e r . T h e h o m o g e n e o u s g a b b r o s a re s imi lar t o c u m u l u s g a b b r o s in c h e m i s t r y a n d 
m i n e r a l o g y : b o t h c o n t a i n b y t o w n i t e , b r o w n h y p e r s t h e n e , g reen aug i t e , a n d , in 
s o m e ca se s , o l iv ine . Ol iv ine w h e r e p r e s e n t is c o m m o n l y pa r t l y o r c o m p l e t e l y 
enc losed b y h y p e r s t h e n e . B y t o w n i t e typical ly s h o w s C a r l s b a d a n d A lb i t e t w i n n i n g . 
O p a q u e s a r e gene ra l ly a b s e n t . 
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Streaky gabbro 
T h i s t e r m is u s e d for a va r ie ty of g a b b r o s c h a r a c t e r i z e d by d i s c o n t i n u o u s 

l en t i cu l a r l aye r s , c o m m o n l y cu t b y g a b b r o ve ins . S o m e s t r e a k y g a b b r o s a r e 
g a b b r o i c c u m u l a t e s wi th s u b p a r a l l e l wavy l e u c o g a b b r o veins (P I . 12 , fig. 2 ) , o t h e r s 
m a y h a v e t he s a m e or ig in b u t h a v e b e e n modif ied by l a t e r flowage (P I . 1 3 , fig. 1 ) , 
a n d still o t h e r s m a y s imply b e d e f o r m e d l aye red c u m u l a t e s ( P i s 14 a n d 1 5 ) . 

S t r e a k y g a b b r o p r o d u c e d by c o n c o r d a n t in t rus ions of la ter g a b b r o i n t o ear l ie r 
c u m u l a t e is e x p o s e d in t h e O p i R i v e r ( 3 7 3 - 3 8 0 ; 8 ° 4 1 ' S , 1 4 7 ° 5 1 , E ) . T h e h o s t 
r o c k is va r ious ly ol iv ine , o l iv ine -by towni t e , or o l iv ine -by towni t e -aug i t e c u m u l a t e 
wi th p o s t c u m u l u s h y p e r s t h e n e . T h e s a m e four m i n e r a l s , in different p r o p o r t i o n s , 
m a k e u p t h e in t rus ive g a b b r o . Sills of in t rus ive g a b b r o a re a b o u t 1.5 m th ick , 
a n d a r e sl ightly finer at m a r g i n s ( 1 m m ) t h a n at cen t re s ( 1 - 2 m m ) ; t e x t u r e s a re 
h y p i d i o m o r p h i c g r a n u l a r wi th s o m e degree of flow-induced o r i e n t a t i o n . T h e 
o r i e n t a t i o n of t he in t rus ive sills was p r o b a b l y g o v e r n e d by l aye r ing in t h e hos t 
c u m u l a t e , r a t h e r t h a n s t ress . 

Very fine-grained gabbro 
T h e s e g a b b r o s h a v e a v e r a g e gra ins ize of 0 . 2 - 0 . 3 m m , a n d o c c u r as b o t h 

d y k e s ( P I . 1 3 , fig. 2 ) a n d xeno l i ths in t he c o a r s e r g a b b r o s . T h e d y k e s h a v e 
h y p i d i o m o r p h i c flow-oriented t e x t u r e , whi le t h e xenol i ths a re g r a n u l a r a n d in s o m e 
cases hornfe l s ic . W h e r e a s t he c o a r s e r g a b b r o s con t a in n o o p a q u e s , the ve ry fine­
g r a i n e d g a b b r o s c o m m o n l y con t a in u n u s u a l l y l a rge a m o u n t s of m a g n e t i t e , u p t o 
10 p e r c e n t by v o l u m e . T h e xeno l i ths a n d o the r b o u l d e r s of u n c e r t a i n or ig in c o n ­
ta in m u c h m a g n e t i t e , n i c k e l - p o o r p y r r h o t i t e , pyr i te , a n d in s o m e cases c h a l c o p y r i t e . 
I n s o m e s a m p l e s m i n e r a l i z a t i o n is a ssoc ia ted with q u a r t z - h o r n b l e n d e m e t a s o m a t i s m 
s t e m m i n g f rom the in t rus ive tona l i t e s , bu t in o the r s it l ooks as t h o u g h t h e xeno l i t h s 
h a v e b e e n foci for p r ec ip i t a t i on of meta l l i c su lph ides a n d oxides f rom t h e in t rus ive 
g a b b r o i c me l t . 

Gabbro pegmatite 
T h i s r o c k fo rms i r r e g u l a r c o a r s e r p h a s e s in s o m e g a b b r o e x p o s u r e s , a n d 

d y k e s u p t o 5 0 c m wide a t a few local i t ies in t h e Ul t r amaf i c z o n e n e a r t h e c o n t a c t 
w i t h t h e G a b b r o z o n e . B y t o w n i t e a n d p y r o x e n e gra ins u p t o 10 c m l o n g h a v e 
b e e n n o t e d . 

High-level Gabbro member 
T h e High- l eve l G a b b r o m e m b e r is c h a r a c t e r i z e d by s u b o p h i t i c a n d oph i t i c 

t e x t u r e a n d b y z o n e d p l ag ioc la se l a t h s ; gra ins ize is 1-2 m m a n d less c o m m o n l y 
3 m m . M i n e r a l s a r e aug i t e a n d / o r h y p e r s t h e n e , b y t o w n i t e or l a b r a d o r i t e , a n d , 
less c o m m o n l y , h o r n b l e n d e a n d g r a n o p h y r i c q u a r t z a n d alkali f e ldspa r ; t i t an i fe rous 
m a g n e t i t e is accessory . 

M o s t o u t c r o p s of H i g h - l e v e l G a b b r o a re n e a r t h e co n t ac t b e t w e e n G a b b r o 
a n d B a s a l t z o n e s ; th is , t o g e t h e r wi th t ex tu ra l , mine ra log ica l , a n d c h e m i c a l e v i d e n c e , 
i nd ica te s tha t t h e H igh - l eve l G a b b r o m a y b e a chi l led p h a s e t r a n s i t i o n a l f r o m 
t h e G r a n u l a r G a b b r o m e m b e r t o t h e Basa l t z o n e . O t h e r o u t c r o p s of h igh- leve l 
g a b b r o w h i c h a r e no t obv ious ly n e a r t h e con t ac t b e t w e e n G a b b r o a n d B a s a l t z o n e s 
( a ) m a y poss ib ly b e i m m e d i a t e l y be low a n i r regu la r p a r t of the c o n t a c t wh ich 
h a s s ince b e e n r e m o v e d b y e ro s ion , or ( b ) m a y r ep re sen t m a r g i n a l p h a s e s of 
i n t ru s ions of g r a n u l a r g a b b r o w h i c h c o n t r i b u t e d t o t he d e v e l o p m e n t of t h e 
G r a n u l a r G a b b r o m e m b e r . 
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Alteration 

A s m a l l p r o p o r t i o n of t h e g a b b r o s a r e u ra l i t i zed a n d saussu r i t i zed . Ol iv ine 
g a b b r o s , espec ia l ly c u m u l a t e s , typical ly s h o w s o m e a l t e r a t ion of o l iv ine t o s e r p e n ­
t ine , a n d s o m e c o r r e s p o n d i n g desi l icif icat ion of t h e a s soc ia t ed p l ag ioc la se to f o r m 
h y d r o g r o s s u l a r , p r e h n i t e , e t c . M o s t g a b b r o o u t c r o p s a r e c r i s s -c rossed by fine ve in -
le ts ( a b o u t 2 m m t h i c k ) of h o r n b l e n d e f o r m e d by m e t a s o m a t i c r e a c t i o n o n jo in t 
faces . S imi la r ly , m e t a s o m a t i c r e ac t i on n e a r tona l i t e i n t ru s ions c o m m o n l y h a s 
p r o d u c e d h o r n b l e n d e o ikoc rys t s in t h e g a b b r o s . 

Deformation 

M o s t of t h e g a b b r o s a r e n o t obv ious ly d e f o r m e d , b u t t h e p r e v a l e n c e of s t r o n g 
jo in t ing is p roo f t h a t t h e y h a v e b e e n sub jec ted to s t ress . ( A s a c o n s e q u e n c e of 
th i s s t r o n g jo in t ing , g a b b r o o u t c r o p a r ea s a r e c h a r a c t e r i z e d b y l ands l ides a n d 
b o u l d e r - s t r e w n p l a n a r s lopes , in a r ea s w h e r e r a t e of e r o s i o n ex ceed s r a t e of 
w e a t h e r i n g . P e r i d o t i t e o n t h e o the r h a n d is n o t s t rongly j o in t ed , a n d pe r ido t i t e 
o u t c r o p a r e a s a r e c h a r a c t e r i z e d by gorges a n d c o n v e x s lopes . ) T h e l a c k of s t ress 
effects in t h e f ab r i c of t h e typ ica l g a b b r o s p r o b a b l y reflects t he i n h e r e n t s t r eng th 
of t h e s e r o c k s , d u e t o fine gra ins ize a n d in t e r lock ing g r a n u l a r t e x t u r e . By w a y 
of c o n t r a s t t h e c o a r s e r m i n e r a l g ra ins of t he g a b b r o p e g m a t i t e s a r e , in m o s t cases , 
d e f o r m e d . L a y e r e d g a b b r o s c o m m o n l y s h o w signs of slip a l o n g o l iv ine- r ich l aye r s , 
a p p a r e n t l y d u e t o f lowage of t he ol ivine u n d e r s t ress ( P L 1 4 ; PL 15 , fig. 1 ) . T h e 
w e a k n e s s of t h e o l iv ine- r ich layers is i nc reased , in s o m e i n s t a n c e s , by s e rpen t i n i za ­
t i on ( P L 1 5 , fig. 2 ) . S o m e s t r eaky g a b b r o s (PL 1 3 , fig. 1 ) a r e p r o b a b l y d e f o r m e d 
l a y e r e d c u m u l a t e s . 

A few s a m p l e s of h o m o g e n e o u s g a b b r o f rom the n o r t h e r n B o w u t u M o u n t a i n s 
h a v e t e x t u r e s w h i c h sugges t pa r t i a l rec rys ta l l i za t ion . P l ag ioc l a se g ra ins , in p a r t i ­
cu la r , t e n d t o w a r d s u n t w i n n e d p o l y h e d r a wi th a p p a r e n t 120° t r i p l e -po in t j u n c t i o n s 
( e .g . 4 5 8 ; 7 ° 2 8 ' S , 1 4 7 ° 0 9 ' E ) . 

G a b b r o m y l o n i t e s c r o p o u t on t h e G i r a F a u l t at 8 ° 1 2 ' S , a n d at severa l 
local i t ies in t h e A w a r i o b o R a n g e n e a r 9 ° 5 0 ' S . 

Pulses of gabbro intrusion 

T h r e e i n t ru s ive r e l a t i onsh ip s h a v e b e e n o b s e r v e d wi th in t h e G a b b r o z o n e : 

1. H o m o g e n e o u s g a b b r o i n t r u d e s c u m u l u s g a b b r o 

2 . H o m o g e n e o u s g a b b r o i n t r u d e s ve ry f ine-gra ined g a b b r o 

3 . V e r y f ine -gra ined g a b b r o i n t r u d e s h o m o g e n e o u s g a b b r o . 

T h u s , after t h e f o r m a t i o n of t h e first c u m u l a t e s t h e r e w e r e at l ea s t t w o m a g m a t i c 
even t s , p r o b a b l y m o r e . T h e fine gra ins ize ( 1 - 2 m m ) of t h e c u m u l u s a n d 
h o m o g e n e o u s g a b b r o s sugges ts t h a t b o t h m a y h a v e b e e n e m p l a c e d as a success ion 
of sma l l r a p i d l y c o o l e d i n t ru s ions . O n the o t h e r h a n d the c o n c e n t r a t i o n of ea r ly 
c rys ta l l iz ing c u m u l u s p h a s e s (o l iv ine , p y r o x e n e ) in t he l o w e r levels of t h e G r a n u l a r 
G a b b r o m e m b e r , a n d of l a t e crys ta l l iz ing p o s t c u m u l u s p h a s e s ( h o r n b l e n d e a n d , 
i n o n e i n s t a n c e , q u a r t z , b io t i t e , a n d a n d e s i n e ) in t h e h i g h e r levels , sugges ts c rys ta l ­
l i za t ion of t h e c u m u l a t e s f r o m a s ingle l a rge ( 3 - 4 k m t h i c k ) i n t r u s i o n . 
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Contact between Ultramafic and Gabbro zones 

C o n t a c t s a r e of t h r e e t y p e s : 

1. in t rus ive , g a b b r o i n t r u d i n g u l t ramaf ics , o r 

2 . fau l ted , o r 

3 . t r ans i t i ona l f rom g a b b r o i c c u m u l a t e in to u l t ramaf ic c u m u l a t e . 

I n t r u s i v e c o n t a c t s h a v e b e e n o b s e r v e d at t h r e e loca l i t ies : P a i a w a R i v e r ( 7 ° 3 4 / S , 
1 4 7 ° 0 8 ' E ) , O p i R i v e r ( 8 ° 4 3 ' S , 1 4 7 ° 5 0 ' E ) , a n d A d a u R i v e r ( 9 6 5 3 ' S , 
1 4 8 ° 5 8 ' E . I n e a c h case m e t a s o m a t i c a l t e r a t ion of t he h o s t r o c k h a s m a d e it 
difficult to d e t e r m i n e w h e t h e r t he h o s t u l t ramaf ics a r e C u m u l u s o r N o n c u m u l u s 
m e m b e r . T h e c o n t a c t is fau l ted in t h e A w a r i o b o R a n g e a t 9 ° 5 4 ' S , 1 4 8 ° 5 1 ' E , 
a n d is p r o b a b l y fau l ted in t he A j u r a K u j a r a R a n g e a n d O t a v i a R a n g e a t 8 ° 3 5 ' S -
8 ° 4 5 ' S . T r a n s i t i o n a l c o n t a c t s h a v e n o t b e e n seen in p l ace , b u t c a n b e in fe r red 
f rom t h e s imi la r m i n e r a l o g y of g a b b r o i c a n d u l t ramaf ic c u m u l a t e s , a n d t h e 
p r o x i m i t y of o u t c r o p s of t h e t w o types , for i n s t ance , in t h e W e l e R i v e r ( 7 ° 4 2 ' S ) . 

S h a l l o w - d i p p i n g c o n t a c t s c an b e a s s u m e d at severa l local i t ies w h e r e c r e e k 
b e d o u t c r o p is u l t r amaf i c a n d b o u l d e r s f rom ad jacen t hi l ls ides a r e g a b b r o i c ; p o o r 
o u t c r o p m a k e s it difficult t o define c o n t a c t s be t t e r t h a n th is . A t r a v e r s e ac ross t h e 
A j u r a K u j a r a R a n g e a t 8 ° 4 3 ' S t o u c h e d t h e c o n t a c t at t w o p o i n t s and , if w e 
a s s u m e t h a t t h e c o n t a c t is p l a n a r , t h e s e p o i n t s i nd ica t e a d ip of 1 5 ° E . A l t h o u g h 
t h e overa l l d ip m a y b e co r rec t , it is un l ike ly t h a t t h e c o n t a c t is p l a n a r in de ta i l ; 
in p l a n v iew it is ve ry i r r egu la r ( s ee M a p ) . 

Contact between Gabbro and Basalt zones 

T h e b o u n d a r y is b a s e d o n ( a ) t h e c h a n g e f rom basa l t a n d do le r i t e ( typ ica l ly 
u ra l i t i zed a n d silicified) to ophi t i c g a b b r o ( f ine-gra ined , b u t w i th n o m i c r o c r y s t a l -
l ine g r o u n d m a s s ) ; a n d ( b ) t he t o p o g r a p h y of t h e B a s a l t z o n e wi th its d is t inc t ive 
cliffs, d ip - s lopes , a n d s h a r p r idges wi th c o n c a v e s lopes (PI . 1 6 ) . T h e b o u n d a r y 
c a n b e sha rp ly def ined in s o m e a r e a s , b u t in o the r s it m a y b e g r a d a t i o n a l . I t is 
c o m m o n l y o b s c u r e d b y l a t e r t ona l i t e i n t ru s ions , o r a l t e ra t ion a s soc ia t ed wi th t h e s e 
i n t ru s ions . T h e c o n t a c t c o m m o n l y d ips at an e s t ima ted 3 0 ° E , b u t f lat tens in t h e 
s o u t h e r n B o w u t u M o u n t a i n s ; for i n s t a n c e , p i l low l avas n e a r t h e c o n t a c t o n t h e 
W a r i a R i v e r a p p e a r t o b e a l m o s t h o r i z o n t a l . A t o n e p o i n t i n t h e Sak ia R i v e r 
( 7 ° 4 1 ' S , 1 4 7 ° 1 7 ' E ) , p i l low l avas f o r m cliffs a t a b o u t 1 0 0 0 m a b o v e sea level 
a n d g a b b r o i n t r u d e d b y tona l i t e c r o p s o u t in t h e r iver bed , 8 0 0 m b e l o w . 

I t h a s b e e n p r e v i o u s l y r e p o r t e d t h a t g a b b r o in t rudes basa l t ( D a v i e s , 1 9 6 8 ) , 
b u t th is m a y n o t b e t r u e . F i n e - g r a i n e d xeno l i th s in g a b b r o h a v e b e e n f o u n d t o 
h a v e g r a n u l a r t e x t u r e a n d , t h o u g h it is poss ib le t h a t t hey a re rec rys ta l l i zed b a s a l t , 
t hey m a y equa l ly wel l b e ve ry fine-grained g a b b r o . 

Basalt zone 

T h e Basa l t z o n e cons is t s p r e d o m i n a n t l y of mass ive basa l t a n d of basa l t i c a n d 
spil i t ic s u b m a r i n e l a v a s . I n t h e B o w u t u M o u n t a i n s it g r ades u p w a r d i n t o dac i t i c 
py roc la s t i c s , a n d in o t h e r a r ea s it i nc ludes s o m e fine-grained c a l c a r e o u s s e d i m e n t s . 
T h e s e vo lcan ic a n d s e d i m e n t a r y un i t s a r e p r o b a b l y C r e t a c e o u s in age . T h e u n i t s 
h a v e f o r m a l s t r a t i g r a p h i c n a m e s ( S m i t h & G r e e n , 1 9 6 1 ; D o w & D a v i e s , 1 9 6 4 ) , b u t 
t he se will b e i g n o r e d h e r e for t h e s a k e of s impl ic i ty , a n d t o a c c e n t m y i n t e r p r e t a -
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tion that the volcanics are an integral part of the Papuan Ultramafic Belt. The 
Basalt zone extends for the full length of the Ultramafic Belt but is partly concealed 
by middle Miocene and younger volcanics and sediments. Some of the middle 
Miocene volcanics* are difficult to distinguish from Cretaceous Basalt zone rocks, 
but the latter may be recognized by greater alteration, the presence of Eocene 
tonalite intrusions, and, in a very few localities, diagnostic foraminifera in asso­
ciated sediments. 

Age 

The age of the Basalt zone rocks is probably Cretaceous or Upper Cretaceous. 
R. W. Page (pers. comm., 1968) has established an age of 116 m.y. (lower mid­
Cretaceous) for pyroxenes from a coarse-grained basaltic lava flow in the Waria 
River (sample 972; 8°01 'S, 147"34'E). He regards this as a maximum age 
because the mineral has low potassium content (0.067%) and possibly contains 
excess radiogenic argon. The basalts are older than the Eocene tonalite 
(50-55 m.y.), which intrudes them, and thus are probably Cretaceous. D. J. 
Belford (pers. comm., 1966) has found possible Upper Cretaceous foraminifera 
remnants in sheared marl at 8°07'S, 147°20'E and Upper Cretaceous Globo­
truncana in marl associated with pillow lavas in the extreme southeast at 9°58'S, 
148°54'E. 

Thickness 

The average thickness of the Basalt zone is 4-6 km if one assumes an overall 
easterly dip of 30°. Observed dips of lava surfaces range from horizontal to 40° 
north and eas! and probably reflect minor block-faulting superimposed on an 
overall easterly dip. The computed thickness is in rough agreement with partial 
sections observed in the field. Cliff sections in the Lower Waria River (8°00'S, 
147"28'E) consist of a thickness of about 1 km of pillow and massive lavas, and 
field observations north and east of these cliffs suggest another 1-2 km of basaltic 
lavas. 

Stratigraphic succession 

The lower part of the Basalt zone is massive dolerite and basalt in some areas 
(e.g. Sisa River, 8°37'S, 147"50'E), dolerite intruded by parallel basalt dykes 
in one area (8°30'S, 147°47'E), and simply pillow lavas in another (the Lower 
Waria River). Pillow lavas are the predominant rock type of the Basalt zone and 
are particularly well exposed in the southeastern Bowutu Mountains. Compo­
sitions are basaltic and spiIitic. Thickness of flows is difficult to determine except 
where pillows are interbedded with massive lava, e.g. Mo River (7°52'S, 
147°28'E). In that area flows are typically about 6 m thick. Less common 
rock types are autobreccia (7"41'S, 147°20'E), agglomerate (9°22'S, 
148°35'E; Smith & Green, 1961) and hyaloclistite (8°40'S, 147°35'E). Highe~ 

* Jointed lava and pillow lava south and southeast of the Papuan Ultramafic Belt (Mp on 
PI. 1, 9°25'_10 0 S) are now thought to be Eocene rather than Miocene. This follows a 
revision by D. J. Belford of previous microfossil determinations. 

t D. J. Belford has identified probable Eocene planktonic foraminifera in sediments associated 
with the dacitic volcanics. It follows that some or all of the dacitic volcanics may be 
Eocene and may be genetically related to the Eocene tonalite intrusions. 

22 



in t h e sec t ion o n e finds r a r e k e r a t o p h y r e a n d , in p a r t of t h e B o w u t u M o u n t a i n s 
( 7 ° 3 2 ' - 8 S ) , a n i n c r e a s i n g p r o p o r t i o n of dac i t ic l ava , a g g l o m e r a t e , a n d tufff. 
L i m i t e d o b s e r v a t i o n s in t he A i w a C r e e k / M a i a m a a r e a ( 7 ° 3 8 ' S ) sugges t t h a t 
dac i t e m a y f o r m as m u c h as 5 0 p e r c e n t of t he sec t ion t h e r e . I n o t h e r p a r t s of t h e 
B o w u t u M o u n t a i n s a n d t h r o u g h o u t the r e m a i n d e r of t he U l t r a m a f i c Bel t it s e e m s 
to b e c o m p l e t e l y a b s e n t . 

F i n e - g r a i n e d c a l c a r e o u s s e d i m e n t s a r e ma in ly res t r ic ted t o t h e i m b r i c a t e d faul t 
slice b e t w e e n t h e m a i n b o d y of the U l t r amaf i c Be l t a n d the u n d e r l y i n g sialic m e t a ­
m o r p h i c s , w h i c h sugges t s they m a y or iginal ly h a v e b e e n d e p o s i t e d in only t h e 
w e s t e r n o r n e a r - s h o r e p a r t of t h e B a s a l t z o n e . 

T h e vo l can i c s m a y h a v e e r u p t e d f rom fissures or p i p e s . I n c o m p l e t e c i r cu l a r 
d r a i n a g e p a t t e r n s w h i c h m a y ou t l ine smal l e r o d e d vo lcan ic c o n e s h a v e b e e n n o t e d 
in t w o a r ea s ( 7 ° 4 8 ' S , 1 4 7 ° 2 8 ' E a n d 8 ° 1 3 ' S , 1 4 7 ° 4 0 ' E ) ; t h e y a r e 2 a n d 3 k m 
ac ros s . O n t h e o t h e r h a n d , pa ra l l e l basa l t dykes s u c h as m i g h t a c c o m p a n y a 
fissure e r u p t i o n h a v e b e e n f o u n d at 8 ° 3 0 ' S , 1 4 7 ° 4 7 ' E . A few b a s a l t d y k e s c u t 
t h e G a b b r o z o n e a n d , in one a r ea , the U l t r amaf i c z o n e . T h e s e m a y b e r e l a t ed t o 
t h e C r e t a c e o u s B a s a l t z o n e v u l c a n i s m or t o m i d d l e M i o c e n e a n d y o u n g e r vo l can i c s . 

Alteration and metamorphism 

M o s t of t h e B a s a l t z o n e r o c k s a re a l t e red t o s o m e ex ten t . M o s t a r e u ra l i t i zed , 
a n d m a n y a r e silicified, saussur i t i zed , ch lor i t ized , ep ido t i zed , o r a lb i t ized t o v a r y i n g 
deg rees . M u c h of t h e a l t e r a t ion m a y be deu t e r i c o r f rom r e a c t i o n wi th s ea w a t e r . 
O n t h e o t h e r h a n d t h e i n t r o d u c t i o n of silica, e p i d o t e , py r i t e , a n d c h a l c o p y r i t e is 
p r o b a b l y r e l a t e d t o t h e la te r tona l i t e i n t ru s ions . 

M o s t of t h e B a s a l t z o n e r o c k s h a v e n o t b e e n sub jec t ed to r eg iona l m e t a ­
m o r p h i s m h i g h e r t h a n zeol i te facies , e x c e p t t h a t the basa l t s c a u g h t u p in t h e faul t 
slice b e t w e e n t h e U l t r amaf i c Bel t a n d the sialic m e t a m o r p h i c s a re pa r t l y m e t a ­
m o r p h o s e d t o p r e h n i t e - p u m p e l l y i t e facies , and , a long the T i m e n o faul t sys t em, t o 
g reensch i s t , a m p h i b o l i t e , a n d g ranu l i t e facies . 

Tonalite 

T o n a l i t e ( h o r n b l e n d e - q u a r t z d io r i t e ) i n t r u d e s G a b b r o a n d Basa l t z o n e r o c k s 
as s tocks u p t o 5 k m ac ross in t h e B o w u t u M o u n t a i n s a n d as sma l l e r s tocks 
t h r o u g h o u t t h e l eng th of t he Ul t r amaf i c Bel t . T h e i n t r u s i o n s a r e c o m m o n l y 
loca l ized on t h e g a b b r o - b a s a l t con t ac t as t h o u g h t h e b a s a l t h a d ac t ed as a n 
i m p e r m e a b l e c a p r o c k for t he a s c e n d i n g tona l i t i c m a g m a . 

S o m e o r all of t h e tona l i t es a r e E o c e n e ( 5 0 - 5 5 m . y , ) in age , a n d t h u s a r e 
p r o b a b l y n o t gene t ica l ly r e l a t ed to the o the r U l t r amaf i c Bel t r o c k s . T h e E o c e n e 
age is b a s e d o n four K - A r d e t e r m i n a t i o n s ( A . W . W e b b , p e r s . c o m m . , 1 9 6 6 ; 
R . W . P a g e , p e r s . c o m m . , 1 9 6 8 ) on p lag ioc lase a n d h o r n b l e n d e m i n e r a l s e p a r a t e s 
f rom s a m p l e s of t w o s tocks 3 0 k m a p a r t ( s a m p l e 2 1 : 7 ° 2 9 ' S , 1 4 7 ° 1 3 ' E ; s a m p l e 
1 2 2 8 : 7 ° 4 8 ' S , 1 4 7 ° 2 4 ' E ) . I t is poss ib le t h a t the tona l i t es a r e r e l a t e d t o t h e 
dac i t i c vo lcan ics of t h e B a s a l t z o n e , for t h e dac i tes co u l d c o n c e i v a b l y b e E o c e n e 
ins t ead of C r e t a c e o u s . I t is a l so poss ib le t h a t s o m e of t he s ma l l e r tona l i t e s tocks 
a r e C r e t a c e o u s r a t h e r t h a n E o c e n e , a n d r e p r e s e n t i n t e r c u m u l u s fluid sqeezed off 
f r o m t h e g a b b r o c u m u l a t e s . O n e a r e a w h e r e this is sugges t ed is a t 8 ° 2 5 ' S , 
1 4 7 ° 4 5 ' E , w h e r e n o r i t e w i th p o s t c u m u l u s h o r n b l e n d e - a n d e s i n e - q u a r t z - b i o t i t e -
m u s c o v i t e ( s a m p l e 9 2 5 ) gives w a y t o tona l i t e wi th a lbi t ized p l ag ioc l a se ( s a m p l e s 
1 0 8 6 - 1 0 9 0 ) o v e r a d i s t ance of a b o u t 1 k m . 
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T y p i c a l tona l i t e cons i s t s of z o n e d a n d e s i n e o r o l igoc lase ( s o m e t i m e s a lb i ­
t i z e d ) , q u a r t z , a n d g reen h o r n b l e n d e in va r i ab l e p r o p o r t i o n s , wi th p l ag ioc l a se a n d 
h o r n b l e n d e t e n d i n g t o b e e u h e d r a l . T i t an i f e rous m a g n e t i t e m a y fo rm l a rge ske le ta l 
a n h e d r a , a n d a few s a m p l e s c o n t a i n z i rcon a n d a p a t i t e . A l i t t le b io t i t e is p r e s e n t 
in t w o s a m p l e s . Severa l t h in sec t ions con t a in q u a r t z p h e n o c r y s t s w i th t h e h i g h -
t e m p e r a t u r e f o r m ; the i r p r e s e n c e ind ica tes r ap i d chi l l ing of a c r y s t a l - b e a r i n g silicic 
m a g m a , a n d a r g u e s aga ins t g r a n o p h y r i c or i n t e r c u m u l u s or ig in . 

X e n o l i t h s in tona l i t e a r e silicified a n d mafic m i n e r a l s t e n d to b e m a d e o v e r 
t o h o r n b l e n d e ; s o m e xeno l i th s h a v e hornfe ls ic t e x t u r e . A c o m m o n c o n t a c t effect 
in t h e g a b b r o a n d basa l t c o u n t r y r o c k is t h e g r o w t h of h o r n b l e n d e o i k o c r y s t s . 
Q u a r t z - e p i d o t e - p y r i t e - c h a l c o p y r i t e m i n e r a l i z a t i o n in basa l t is t h o u g h t t o b e r e l a t e d 
t o t h e tona l i t e s , b e c a u s e t h e s a m e m i n e r a l s a r e seen as l a te - s tage a l t e r a t i on of, a n d 
veins in, t h e tona l i t e s t ocks , for e x a m p l e a t K u i . 

Basic tonalite and diorite. 

B a s i c tona l i t e is f o u n d o n U r i w a a n d E t e w a r a C r e e k s ( 8 ° 3 8 ' S , 1 4 7 ° 2 3 / E ; 
8 ° 4 4 ' S , 1 4 7 ° 2 6 ' E ; s a m p l e 1 5 2 3 ) , w h e r e it a p p e a r s t o g r a d e t o d io r i t e ( s a m p l e 
1 5 3 2 ) . T h e m a j o r m i n e r a l s a re e u h e d r a l aug i te a n d l a b r a d o r i t e a n d m a t r i x 
m i n e r a l s a r e q u a r t z - a l b i t e g r a n o p h y r e , ch lor i t e , e p i d o t e , a n d , ve ry r a r e ly , a l i t t le 
p o t a s h fe ldspa r . T h e d io r i t e h a s c h e m i c a l affinities wi th t he C r e t a c e o u s b a s a l t s 
( T a b l e 2 ) , a n d is p e r h a p s a g r a n o p h y r i c different ia te . T h e bas i c t ona l i t e m i g h t 
a l so b e a g r a n o p h y r i c d i f ferent ia te of t h e basa l t s , or , a l t e rna t ive ly , a h y b r i d p r o ­
d u c e d w h e n C r e t a c e o u s ( ? ) d io r i t e w a s ass imi la ted by E o c e n e tona l i t e . 

C H E M I S T R Y A N D P E T R O G E N E S I S 

I n v i e w of t he g r ea t s ize of t h e P a p u a n U l t r a m a f i c Bel t t h e 3 2 c h e m i c a l 
ana lyses ( T a b l e s 2 a n d 3 ) s h o u l d b e r e g a r d e d as a c h e m i c a l r e c o n n a i s s a n c e r a t h e r 
t h a n a t h o r o u g h c h e m i c a l s u r v e y . P l u t o n i c r o c k s a r e a d e q u a t e l y r e p r e s e n t e d b y a 
va r i e ty of r o c k s f rom all p a r t s of t h e c o m p l e x , b u t r o c k s t r ans i t i ona l f r o m p l u t o n i c 
to vo lcan ic ( t h e h igh- leve l g a b b r o s a n d the doler i fes of t h e B a s a l t z o n e ) a r e r e p ­
r e s e n t e d b y on ly o n e s a m p l e , a n d 8 ou t of 9 s a m p l e s of t h e B a s a l t z o n e a r e f rom 
o n e g e n e r a l a r e a , t he B o w u t u M o u n t a i n s ( s ee F ig . 4 ) . T h e s e i n a d e q u a c i e s of 
s a m p l i n g s h o u l d b e b o r n e in m i n d in t he fo l lowing d i scuss ion of c h e m i c a l t ra i t s 
a n d p e d o g e n e s i s . 

T h e n o n c u m u l u s u l t r amaf i c s a r e chemica l ly typ ica l of a lp ine p e r i d o t i t e s , wi th 
h igh M g / F e a n d l o w C a O a n d A 1 2 0 3 ( b o t h less t h a n 1 p e r c e n t ) . T h e c u m u l u s 
u l t ramaf ics h a v e h ighe r C a O ( u p t o 2 p e r c e n t ) a n d A 1 2 0 3 ( u p t o 1.6 p e r c e n t ) 
a n d d is t inc t ly l ower b u t v a r i a b l e M g / F e . 

T h e g a b b r o s a r e r i ch in C a a n d M g a n d p o o r in a lka l i s , espec ia l ly K ( T a b l e s 
2 a n d 3 ) ; in this t h e y r e s e m b l e g a b b r o s f rom o t h e r a lp ine - type p e r i d o t i t e - g a b b r o 
c o m p l e x e s ( T h a y e r & H i m m e l b e r g , 1 9 6 8 ; T h a y e r , 1 9 6 9 b ) . T h e r e a r e n o o b v i o u s 
c h e m i c a l differences b e t w e e n s a m p l e s f rom different p a r t s of t h e c o m p l e x , n o r 
b e t w e e n s u c h d ive r se r o c k t y p e s as h o m o g e n e o u s in t rus ive g a b b r o ( 5 3 2 ) , c u m u l u s 
g a b b r o ( 8 6 2 ) , p a r t l y r ec rys ta l l i zed g a b b r o ( 4 5 8 ) , a n d p e g m a t i t i c g a b b r o ( 1 2 3 ) . 
T h e on ly g a b b r o s w h i c h differ m a r k e d l y f rom t h e a v e r a g e g a b b r o c o m p o s i t i o n 
a r e t h e m e l a n o r i t e , 2 7 ( p o s s i b l y a c u m u l a t e ) , a n d t h e h igh- leve l g a b b r o , 1 4 4 . T h e 
h igh- leve l g a b b r o h a s l o w e r M g / F e a n d h i g h e r N a c o n t e n t . 
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T A B L E 2 . C H E M I C A L A N A L Y S E S A N D C I P W N O R M S 

3 A 4 6 0 8 110 117 122 15 27 123 144 145 

SiOo . 37 .8 4 2 . 8 55 .2 54 .3 54 .1 55 .3 48 .7 52.5 4 9 . 8 50.5 4 8 . 6 

T i 0 2 
. — .02 .02 .07 .05 .04 .07 .11 .09 .13 .11 

A l 2 6 3 
.50 .23 .71 1.59 1.17 .99 19.4 9.7 14 .4 18.3 17 .2 

F e 2 0 3 . 2 .30 .99 3.0 3.05 2 .15 1.03 1.32 3.6 .55 .94 4.1 

F e O 5.15 6.45 3.9 8.65 9.95 7.15 3.7 3.9 4 .75 5.55 .8 

M n O .10 .10 .16 .23 .18 .19 .10 .17 .13 .13 .09 

M g O . 4 6 . 0 4 8 . 0 34.1 28 .8 30 .0 32.1 9 .75 19.5 14.7 9 .05 10.0 

C a O .68 .55 1.96 2 .0 1 .10 1.36 14.1 8.95 13.9 12.8 15.4 

N a 2 0 .07 .07 .05 .07 .02 .04 .81 .55 .5 1 .49 .01 

K 2 0 .03 .01 .02 .11 .01 .01 .02 .02 .09 .03 .08 

P 2 0 5 .01 — .01 .01 .01 .01 .01 .01 .01 .01 .01 

H 2 0 + 6 .40 .24 1.04 .42 .42 1 .07 .96 .29 1.26 .70 2 . 8 0 

H 2 0 - .34 .19 .08 .13 .14 .11 .33 .22 .2 .08 .23 

c o 2 .26 .05 .06 .76 .06 .11 .11 .08 — .04 .57 

9 9 . 6 4 9 9 . 7 0 100 .31 100 .19 9 9 . 3 6 9 9 . 5 0 100 .01 9 9 . 6 0 1 0 0 . 3 8 9 9 . 0 3 1 0 0 . 0 0 

S i 0 2 . 40 .8 43 .1 55 .7 54 .9 54 .8 56 .3 49 .7 53 .0 50 .3 51.1 50 .4 

T i 0 2 
. — .02 .02 .07 .05 .04 .07 .11 .09 .13 .11 

A 1 2 0 3 .54 .23 .72 1.61 1.18 1.01 19.8 9.8 14 .6 18.5 17.8 

F e 2 0 3 2 .48 1.00 3 .02 3 .08 2 .18 1.05 1.35 3 .64 .56 .95 4 .35 

F e O 5.56 6 .50 3.93 8.75 10.07 7 .28 3 .78 3 .94 4 . 8 0 5.61 .83 

M n O .11 .10 .16 .23 .18 .19 .10 .17 .13 .13 .09 

M g O . 49 .7 4 8 . 4 34 .4 29 .1 30 .4 32.7 9.95 19 .70 14 .86 9.15 10 .37 

C a O .73 .55 1.98 2 .02 1.11 1.38 14.4 9 .04 14 .05 12 .94 15 .98 

N a 2 0 .08 .07 .05 .07 .02 .04 .83 .56 .51 1.51 .01 

K 2 0 .03 .01 .02 .11 .01 .01 .02 .02 .10 .03 .08 

Q 

c 
• — — — 2 .353 — — 1.219 3 .642 — .967 7 .783 

or . 

ab 

an . 

w o 

e n 

fs . 

.187 

.627 

1.020 

.311 

2 . 6 8 9 

.168 

f o 8 3 . 2 1 4 

fa . 

m t 

il .. 

ap 

.059 

.593 

.285 

.891 

10 .725 

1 .012 

7 6 . 4 5 8 

7 .951 

1 .439 

.038 

0 2 5 — 

5 .745 

3 .535 

.118 

.424 

1.658 

3 .191 

8 3 . 7 4 9 

4 . 4 8 6 

.963 

.057 

4 . 3 6 0 

.038 

.024 

.651 

.593 

3 .710 

.566 

7 1 . 9 1 4 

13 .889 

4 . 4 3 4 

.133 

.024 

.060 

.171 

3 .104 

.818 

7 4 . 5 9 6 

17 .073 

.613 

.155 

3 .149 

.096 

.024 

.060 

.344 

2 .533 

1.483 

7 9 . 9 2 1 

12 .703 

.922 

.162 

1.517 

.077 

.024 

.120 

6 .981 

5 0 . 1 5 3 

8 .484 

2 4 . 7 3 3 

5 .828 

1.949 
.135 
.024 

.119 

4 .684 

2 4 . 0 9 9 

8 .360 

4 8 . 8 8 8 

4 . 2 1 2 

5 .254 

.210 

.024 

.537 

4 . 2 7 6 

3 7 . 1 7 6 

13 .551 

3 1 . 2 2 5 

7 .161 

4 . 0 4 8 

1.023 

.806 

.173 

.024 

.177 

12 .649 

4 3 . 2 9 9 

8 .389 

2 2 . 6 1 4 

9 .473 

1.367 

.248 

.024 

.487 

.087 

4 8 . 1 0 4 

1 1 . 2 2 9 

2 5 . 6 8 1 

2 . 6 6 5 

.215 

. 024 

0 3 A D u n i t e , 3 0 % serpent in i zed ; B u i a w i m River , 7 ° 0 4 ' S , 1 4 7 ° 0 4 ' E . 
4 6 H a r z b u r g i t e ; P a i a w a River , 7 ° 3 4 ' S , 1 4 7 ° 1 2 ' E . 
08 O r t h o p y r o x e n i t e , s o m e o l iv ine ; B i to i River , 7 ° 1 3 ' S , 1 4 7 o 0 1 ' E . 

1 1 0 O r t h o p y r o x e n i t e ; S E o f U m w a t e , 9 ° 1 7 ' S , 1 4 8 ° 1 5 ' E . 
117 O r t h o p y r o x e n i t e ; D a i u w a River , 9 ° 1 9 ' S , 1 4 8 ° 1 6 ' E . 
1 2 2 O r t h o p y r o x e n i t e ; D a i u w a River , 9 ° 1 9 ' S , 1 4 8 ° 1 7 ' E . 

15 G a b b r o ; B u i a s i n Creek , 7 ° 1 0 ' S , 1 4 7 ° 0 2 ' E . 
2 7 G a b b r o ; S a i a River , 7 ° 2 3 ' S , 1 4 7 ° 0 6 ' E . 

123 P e g m a t i t i c p h a s e in l a y e r e d g a b b r o ; D a i u w a C r e e k , 9 ° 1 9 ' S , 1 4 8 ° 1 7 ' E . 

144 H i g h - l e v e l g a b b r o ; I m o R i v e r h e a d w a t e r s , 9 ° 1 7 / S , 1 4 8 ° 2 4 ' E . 

145 G a b b r o , s o m e prehn i t e - ca l c i t e a l terat ion; I m o R i v e r , 9 ° 1 7 ' S , 1 4 8 ° 2 4 ' E . 
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T A B L E 2 . C H E M I C A L A N A L Y S E S A N D C I P W N O R M S ( c o n t i n u e d ) 

3 5 3 3 8 4 4 5 8 5 3 2 5 8 2 8 6 2 1591 1 14 176 1 1 3 9 
SiOo . 50 .5 4 8 . 1 4 8 . 3 50 .3 4 9 . 5 5 1 . 0 4 9 . 3 4 9 . 6 4 8 . 4 50 .3 5 4 . 7 
T i 0 2 .14 .10 .13 .11 .13 .19 .06 1.36 1.45 1.44 .70 

A l o 6 s 
. 15.5 16.5 16.7 15 .0 19.8 13.8 17.0 13.5 12.5 13.5 14.5 

F e 2 0 3 
.54 .69 1.45 1.95 1.50 1.02 .76 2 .15 2 . 4 0 2.5 4 .15 

F e O 3 .80 3.35 3.25 4 .85 3 .50 5 .10 3.15 8.85 9.45 7 .65 6 .40 
M n O .11 .08 .09 .13 .10 .13 .11 .18 .21 .21 .10 
M g O . 11.5 11.9 11.1 12.4 8 .70 13.6 12.7 7.85 7.9 7 .55 5 .45 
C a O 16.6 16.9 17.6 13.7 14.2 13 .0 14 .6 10 .6 11 .0 8.9 9 .65 
N a 2 0 .76 .55 .66 .75 1.26 .92 .38 3.0 1.99 3.65 2 . 8 0 

K.,6 .03 .06 .02 .02 .01 .03 .01 .13 .04 .03 .09 

P2O5 .01 .02 .01 .01 .01 .01 .01 .13 .12 .12 .08 
H 2 0 + .15 1.25 .45 .49 .86 .91 1.36 2 .20 3 .70 3 .50 .94 
H 2 0 .19 .07 — — .14 .15 .16 .57 .34 .30 .10 
c o 2 . 02 .11 .03 .07 .08 .01 .13 .16 .16 .08 .03 

9 9 . 8 5 9 9 . 6 8 9 9 . 7 9 9 9 . 7 8 9 9 . 7 8 9 9 . 8 7 9 9 . 7 2 100 .28 9 9 . 6 6 9 9 . 7 3 9 9 . 6 9 

SiQ 2 .. 5 0 . 8 4 9 . 0 4 8 . 6 50 .7 50 .2 5 1 . 6 5 0 . 3 51 .0 50 .8 52 .5 55 .5 
T i 0 2 .. .14 .10 .13 .11 .13 .19 .06 1.40 1.52 1.50 .71 
A 1 2 0 3 15.6 16.8 16.8 15.1 20 .1 14 .0 17.3 13.9 13.1 14.1 14 .7 
F e 2 0 3 .54 .70 1.46 1.97 1.52 1.03 .77 2 .21 2 . 5 2 2 .6 4 .21 
F e O 3 . 8 0 3.41 3 .27 4 .88 3.55 5 .16 3.21 9 .10 9 .91 7 .99 6 .49 
M n O • 11 .08 .09 .13 .10 .13 .11 .19 .22 .22 .10 
M g O . 11.5 12 .11 11 .18 12.5 8.81 13.8 12.9 8.07 8.3 7 .89 5 .53 
C a O 16 .7 17.2 17.7 13.8 14.4 13.2 14 .9 10.9 11.5 9.3 9 .79 
N a 2 0 .76 .56 .67 .76 1.28 .93 .39 3.1 2 . 0 9 3 .81 2 . 8 4 
K 2 0 .03 .06 .02 .02 .01 .03 .01 .13 .04 .03 .09 

Q — — — 1.371 1.177 .28 .643 — 2 . 1 2 6 — 1 0 . 7 4 6 

c 
o r .178 .356 .119 .119 .060 . 179 .060 .787 .246 . 184 .539 
ab 6 . 4 6 2 4 . 6 7 2 5 .621 6 .391 10 .801 7 .879 3 .274 2 5 . 9 9 3 17 .588 3 2 . 2 2 2 2 4 . 0 2 4 
an 3 8 . 9 8 4 4 2 . 5 4 2 4 2 . 8 2 4 3 7 . 7 7 2 4 8 . 9 7 8 3 3 . 8 4 3 4 5 . 4 6 5 2 3 . 5 3 7 2 6 . 1 7 2 2 1 . 2 4 5 2 7 . 1 0 5 
w o 18 .197 17 .035 1 8 . 7 0 8 12 .597 9 .351 1 3 . 0 9 7 1 1 . 4 3 4 1 1 . 8 6 0 1 2 . 0 8 9 1 0 . 0 2 2 8 .730 
en 2 8 . 0 3 4 2 1 . 8 8 4 2 0 . 9 5 4 31 .103 2 1 . 9 5 3 3 4 . 2 8 2 3 2 . 2 0 6 1 6 . 2 3 6 2 0 . 5 5 0 1 8 . 0 9 2 1 3 . 7 6 3 
fs 6 . 3 6 7 4 . 1 0 9 3 .593 7 .408 5 .227 8 .553 5 .358 10 .348 1 3 . 8 8 0 9 . 6 1 7 7 .457 
f0 . 524 5 .514 4 . 8 1 6 — — — — 2 .651 — 1.069 — 

fa .131 1.141 . 9 1 0 — — — — 1.862 — . 6 2 6 — 

m t .787 1.004 2 . 1 1 6 2 .847 2 .203 1.497 1.122 3 . 1 9 2 3 . 6 3 4 3 . 7 8 2 6 .101 
il . 267 . 190 .248 . 210 . 250 .365 .116 2 .645 2 . 8 7 6 2 . 8 5 3 1.348 

ap . 0 2 4 .047 . 024 .024 — . 0 2 4 . 024 .315 .297 . 2 9 6 .192 

353 In trus ive g a b b r o near u l tramaf lc contac t ; O p i R iver , 8 ° 4 3 ' S , 1 4 7 ° 5 0 ' E . 
3 8 4 O l i v i n e g a b b r o ; O p i R iver , 8 ° 4 1 ' S , 1 4 7 ° 5 1 ' E . 
4 5 8 G r a n o b l a s t i c g a b b r o ; B o l u C r e e k , 7 ° 2 9 ' S , 1 4 7 ° 1 0 ' E 
5 3 2 In trus ive g a b b r o ; S o u River , 7 ° 3 5 , S , 1 4 7 ° 1 3 ' E . 
5 8 2 G a b b r o , i g n e o u s flow tex ture ; 9 ° 5 2 ' S , 1 4 9 ° 5 9 ' E . 
8 6 2 G a b b r o , 3 p h a s e c u m u l a t e ; S i s i w o r o River , 9 ° 2 1 ' S , 1 4 8 ° 2 7 ' E . 

1591 G a b b r o ; O p i R iver h e a d w a t e r s , 8 ° 4 5 ' S , 1 4 7 ° 4 8 ' E . 
01 B a s a l t , s o m e prehni te , p u m p e l l y i t e ; S a l a m a u a , 7 ° 0 4 ' S , 1 4 7 ° 0 4 ' E . 
14 B a s a l t ; B u i a s i n R iver , 7 ° 1 0 ' S , 1 4 7 ° 0 2 ' E . 

176 B a s a l t , p i l l o w l a v a ( ? ) ; G i u m u River , 8 ° 0 8 ' S , 1 4 7 ° 2 2 ' E . 
1 1 3 9 B a s a l t , ural i t ized* si l icif ied; S i sa River , 8 ° 3 7 ' S , 1 4 7 ° 5 0 ' E . 
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T A B L E 2. C H E M I C A L A N A L Y S E S A N D C I P W N O R M S ( c o n t i n u e d ) 

1254 1578 1586 94 97 21 1523 1576 1585 1532 987 

S i O . 50.5 49.9 49.5 47.7 48.6 60.8 56.7 65 . 2 58.9 54.3 64.3 

T i 0 2 .75 1.49 1.24 1.7 .7 .41 .25 .39 .55 .55 .3 

A l o 6 : l 13.5 13.7 13.6 14.2 14.7 16.2 17.7 14.5 15.0 14.2 14.7 

F e , , 0 3 4.6 4.8 5.8 8.55 1.05 1.5 1.45 2.35 3.8 3.0 2.4 

F e O 7.9 8.5 6.7 3.4 7.85 5.4 5.75 2.40 5.1 7.25 1.98 

M n O .22 .20 .12 .18 .17 .14 .10 .06 .14 .17 .07 

M g O 7.3 6.75 7.8 5.95 9.10 3.35 3.6 3.0 3.25 6.05 3.7 

C a O 11.1 10.9 8.4 11.4 13.2 7.65 8.6 5.1 6.9 .88 1.87 

Na...O 1.79 2.10 3.45 2.5 1.65 2.9 2.6 4.2 4.05 3.15 5.25 

K. .O .03 .06 .11 1.33 .11 .34 .42 1.11 .32 .08 1.12 

P2O, .05 .12 .11 .16 .05 .07 .03 .11 .20 .05 .06 

HoO 1 1.78 1.11 2.75 2.25 2.3 8.2 2.25 1.25 1.22 2.10 2.95 

E U O - .20 .05 .47 .19 .24 .27 .29 .13 .38 .27 1.18 

c a , .05 .01 .06 .34 — .12 .04 .01 .01 .01 .20 

99.77 99.68 100.11 99.85 99.72 99.97 99.78 99.80 99.81 99.97 100.08 

SiO u , 51.7 50.7 51.2 49.2 50.0 61.6 58.4 66.3 60.1 55.7 67.2 

T i 0 2 .77 1.51 1.28 1.8 .7 .42 .26 .40 .56 .56 .31 

AUO:i 13.8 13.9 14.1 14.7 15.1 16.4 18.2 14.7 15.3 14.6 15.4 

F e , 0 3 4.7 4.9 6.0 8.83 1.08 1.5 1.49 2.39 3.9 3.08 2.5 

F e O 8.1 8.6 6.9 3.5 8.08 5.5 5.92 2.44 5.2 7.43 2.07 

M n O .23 .20 .12 .19 .18 .14 .10 .06 .14 .17 .07 

M g O 7.5 6.86 8.1 6.14 9.37 3.39 3.7 3.05 3.31 6.20 3.9 

C a O 11.4 11.1 8.7 11.8 13.6 7.75 8.9 5.2 7.0 9.0 1.95 

N a 2 0 1.83 2.13 3.57 2.6 1.70 2.9 2.7 4.3 4.13 3.23 5.49 

K . O .03 .06 .11 1.37 .11 .34 .43 1.13 .33 .08 1.17 

Q 6.724 5.618 1.396 2.648 — 19.674 13.755 22.451 15.186 7.550 20.932 

c .. 

o r .181 .360 .671 8.067 .668 2.029 2.494 6.664 1.925 .484 6.897 

a b 15.496 18.036 30.148 21.714 14.365 24.779 22.113 36.110 34.894 27.309 46.298 

a n 29.377 28.196 21.995 24.221 33.315 30.477 35.566 17.713 22.202 24.970 7.943 

w o 11.119 10.813 8.476 12.757 14.083 2.764 2.867 3.033 4.728 8.111 — 

e n 18.601 17.064 20.062 15.211 18.881 8.425 9.012 7.591 8.242 15.438 9.604 

fs 10.105 9.698 5.873 — 10.601 8.209 9.181 1.964 5.679 10.494 1.342 

f o . — — — — 3.110 — — — — — — 
fa — — — — 1.925 — — — — — — 

m t 6.824 7.064 8.685 6.825 1.566 2.196 2.113 3.462 5.610 4.457 3.627 

il 1.457 2.872 2.432 3.314 1.368 .786 .477 .752 1.064 1.070 .594 

ap .121 .288 .269 .389 .122 .167 .071 .265 .482 .121 .148 

1254 Basa l t , ural i t ized, p i l l o w s ( ? ) ; War ia River, 8 ° 0 2 ' S , 1 4 7 ° 2 7 ' E . 
1578 Basa l t , ural i t ized, spi l i t ic; Jema vi l lage, bldrs , 8 ° 0 3 ' S , 1 4 7 ° 2 7 ' E . 

1 5 8 6 Basa l t , ural i t ized; Eia River, 8 ° 0 6 ' S , 1 4 7 ° 3 7 ' E . 

94 Bas i c greensch i s t f r o m T i m e n o Fault Sys tem; Labai Creek , 9 ° 1 3 ' S , 1 4 8 ° 0 6 ' E . 

9 7 A m p h i b o l i t e f r o m T i m e n o Fau l t S y s t e m ; D i Creek, 9 ° 1 4 ' S , 1 4 8 ° 0 8 ' E . 

21 T o n a l i t e ; near K u i , 7 ° 3 0 ' S . 1 4 7 ° 1 3 ' E . 
1523 Bas ic tonal i te with augi te; U r i w a C r e e k , 7 ° 3 8 ' S , 1 4 7 ° 2 3 ' E . 

1 5 7 6 T o n a l i t e ; J e m a vi l lage bldr, 8 ° 0 3 ' S , 1 4 7 ° 2 7 ' E . 
1585 T o n a l i t e ; Eia River , 8 ° 0 6 ' S , 1 4 7 ° 3 6 ' E . 

1 5 3 2 D i o r i t e with augi te and labradori te; Etewara Creek, 7 ° 4 0 ' S , 1 4 7 ° 3 0 ' E . 

9 8 7 D a c i t e lava; W o i b a Is land, 7 ° 3 3 ' S , 1 4 7 ° 2 4 ' E . 
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TABLE 3 . AVERAGE ANALYSES 

Gabbro High-level Basalt Tonalite 
(average Gabbro (average (average 

of 12) (sample 144) of 7 ) of 4 ) 

SiOo 50.48 51.1 51.91 61.6 
l i O - .11 .13 1.24 .41 
A | . .0 : i 16.35 18.5 13.94 16.2 
Fe.O., 1.56 .95 3.88 2.32 
FeO 3.85 5.61 8.16 4.77 
MnO .11 .13 .18 .11 
MgO 12.24 9.15 7.46 3.36 
CaO 14.53 12.94 10.38 7.2 
Na-O .73 1.51 2.77 3.51 
K.O .04 .03 .07 .56 

100.00 100.05 99.99 100.04 

T h e basa l t s h a v e definite tholeii t ic affinities, but con ta in m o r e SiOj and less 
T i 0 2 t h a n M a n s o n ' s ( 1 9 6 7 , p . 2 2 3 ) average ocean ic thole i i te ; they a re n e a r e r in 
c o m p o s i t i o n to M a n s o n ' s ave rage con t inen ta l tholei i te , especial ly the ave rage for 
Aus t r a l i a . L i k e the g a b b r o s , the basa l t s have anoma lous ly low K ; . 0 . Similarly 
the ave rage K 2 0 con ten t of the tonal i tes is dist inctly low for rocks so silicic. 

Pedogenesis 

It has a l ready been c o n c l u d e d tha t the n o n c u m u l u s ul t ramafics p r o b a b l y r e p ­
resen t p re -ex i s t ing m a n t l e , a n d that some or all of the tonal i tes are m u c h y o u n g e r 
t h a n a n d p r o b a b l y u n r e l a t e d t o the basa l t s a n d g a b b r o s . T h e ques t ion r e m a i n s : 
a re t he basa l t s , g a b b r o s , and c u m u l u s ul t ramafics re la ted and if so h o w ? 

F ie ld re la t ions suggest tha t they are re la ted . C u m u l a t e s a re over la in by m o r e 
rap id ly coo led g a b b r o (High- leve l G a b b r o ) which is in tu rn over la in by doler i te 
a n d basa l t , a n d con tac t s be tween these rock uni ts a p p e a r to be t rans i t iona l . T h e 
chemica l ana lyses , however , s h o w that the g a b b r o s a n d basal ts a re no t s imilar 
excep t for the i r low K L . O con ten t . T h e pu rpose s of the fol lowing discuss ion a re 
t o d e t e r m i n e 
( 1 ) w h e t h e r these diss imilar rocks might have a c o m m o n pa ren t , 
( 2 ) if so , w h a t the c o m p o s i t i o n of the pa ren t might be , and 
( 3 ) h o w it was differentiated. 

A FM diagram 

T h e t r i angu la r d i a g r a m ( F i g . 5 ) is a weight pe rcen t p lo t of N a . , 0 + K L . O , 
M g O , a n d M n O - p l u s - t o t a l - i r o n - a s - F e O . T h e A F M d i a g r a m was i n t roduced by 
W a g e r & D e e r ( 1 9 3 9 ) and has been general ly a d o p t e d to i l lustrate f rac t ionat ion 
t r ends in basa l t ic m a g m a (e .g . H e s s , 1960 , pi . 1 1 ) . As n o r m a l f rac t iona t ion 
p rogresses , basa l t ic mel t b e c o m e s r icher in alkal is a n d in iron wi th r e spec t to 
magnes ia , as s h o w n in s o m e typical t r ends in F igure 6. W a g e r & Dee r , Hess , and 
o the r s h a v e used F e O ra the r t h a n t o t a l - i r o n - a s - F e O ; this is sat isfactory for p lu ton ic 
rocks w h e r e mos t i ron is fer rous a n d the f e r rous / f e r r i c ra t io r e m a i n s c o n s t a n t or 
dec reases systemical ly with f rac t iona t ion . In the P a p u a n Ul t ramaf ic Belt , h o w ­
ever , s o m e of the basa l t s con ta in cons ide rab le ferric iron a n d the f e r rous / f e r r i c 
r a t io is va r i ab le , so t o t a l - i r o n - a s - F e O is p re fe r red . Th i s has been ca lcu la ted as 
F e O + 0 . 9 F e L , 0 3 . 
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Fig. 5. AFM diagram: Papuan rocks. 

A n a l y s e s of r o c k s of the P a p u a n Ul t ramaf ic Bel t a r e p lo t t ed on F igu re 5. 
T h e g a b b r o s p lo t in a l inear g r o u p which is a l igned be tween the c lus ter of basa l t 
ana lyses a n d those of t he c u m u l u s o r t h o p y r o x e n i t e s . Th i s l inear t r end p e r m i t s 
one t o specu la t e tha t t h e r e m a y be a genet ic r e l a t i onsh ip b e t w e e n the g a b b r o s , 
o r t h o p y r o x e n i t e s , a n d basa l t s . G a b b r o s which plot nea re s t t he u l t ramaf ics w o u l d 
be those m o s t en r i ched in e a r l y - f o r m e d crys ta ls such as ol ivine a n d o r t h o p y r o x e n e ; 
t hose which plot nea res t t he basa l t s a r e least e n r i c h e d . A p p r o p r i a t e l y , t he g a b b r o 
wh ich p lo ts nea re s t t he basa l t s is the o n e s a m p l e of high-level g a b b r o ( N o . 1 4 4 ) . 

If, for the m o m e n t , it is a s s u m e d tha t the u l t ramaf ic c u m u l a t e s , g a b b r o s , a n d 
basa l t s a re cogene t i c , a n d d e v e l o p e d by crys ta l f rac t iona t ion from a single p a r e n t 
m a g m a , wha t is the mos t l ikely c o m p o s i t i o n of tha t p a r e n t ? T h r e e possibi l i t ies a r e 
d i scussed : 

1. B e c a u s e a b o u t equa l v o l u m e s of basa l t a n d g a b b r o a re p r e sen t in the 
P a p u a n Ul t ramaf ic Bel t , it migh t be a r g u e d tha t a p a r e n t wou ld have a c o m p o s i t i o n 
a b o u t m i d w a y be tween a v e r a g e g a b b r o and ave rage basa l t ; th is ca lcu la tes ou t t o a 
c o m p o s i t i o n nea r tha t of the high- level g a b b r o , N o . 144 ( F i g . 5 ) . A p a r e n t of 
this c o m p o s i t i o n a l lows a chemica l ba l ance be tween the g r a n u l a r g a b b r o s , which 
a re r icher in C a a n d M g , a n d the basa l t s , which a re p o o r e r . 

2 . It cou ld be a r g u e d that t he undi f ferent ia ted p a r e n t m a g m a w o u l d be 
r e p r e s e n t e d by the c h e m i s t r y of the basa l t l avas . If the v o l u m e s of basa l t a n d 
g a b b r o d e d u c e d from sur face e x p o s u r e a r e co r r ec t , this w o u l d no t p e r m i t a 
chemica l b a l a n c e . T h e on ly r o c k s p o o r e r in C a a n d M g t h a n the basa l t s a r e the 
B o w u t u M o u n t a i n s dac i t e s , but ( a ) these a r e p r o b a b l y no t p r e s e n t in g rea t 
v o l u m e a n d d o no t e x t e n d a long the length of the Ul t ramaf ic Bel t , a n d ( b ) they 
a re no t l ikely e n d - p r o d u c t s of f rac t iona t ion of g a b b r o in r ega rd to SiOL>, ' F e O ' , o r 
T i 0 2 (F ig s 9 , 1 1 , 1 4 ) . 
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3 . It is poss ib le tha t the p a r e n t was different ia ted at subcrus ta l levels in to 
basa l t ic a n d g a b b r o i c s u b - p a r e n t s , a n d these m o v e d i n d e p e n d e n t l y t o the c rus t , 
w h e r e they were e m p l a c e d at different levels . H o w e v e r , this wou ld m a k e the 
s imple s t rat i f icat ion of the P a p u a n Ul t ramaf ic Belt an i m p r o b a b l e co inc idence , 
a n d wou ld no t exp la in the a p p a r e n t t r ans i t ion from basal t t h r o u g h do le r i t e to 
g a b b r o . 

Comparison with basalt and ophiolite fractionation trends 

F i g u r e 6 is an A F M d i a g r a m which c o m p a r e s the P a p u a n r o c k s wi th the 
f rac t iona t ion t r e n d s of basa l t ic mel t s in t he S k a e r g a a r d in t rus ion , H a w a i i a n 
tholei i t ic a n d a lka l ic l avas , a n d T a s m a n i a n do le r i t e . T h i s i l lus t ra tes the po in t t ha t 
the P a p u a n r o c k s d o not fo rm a typical o r c o m p l e t e basa l t f rac t iona t ion ser ies . 
In F i g u r e 7 the P a p u a n r o c k s a re c o m p a r e d wi th t w o M e d i t e r r a n e a n ophio l i t e 
s e q u e n c e s a n d the T r o o d o s C o m p l e x of C y p r u s . I n e a c h of these c o m p l e x e s t he 
basa l t s a re t h o u g h t to be re la ted to t he p lu ton i c r o c k s , wi th g r a d a t i o n a l c o n t a c t s 
b e t w e e n basa l t a n d g a b b r o at least in the case of t he t w o ophio l i t es . T h e P a p u a n 
t r e n d is s imi lar t o t h a t of the t w o oph io l i t e s , a n d defines w h a t migh t be t e r m e d an 
ophio l i t e t r e n d . T h e ophio l i t e t r e n d has h igher M g / F e a n d lower alkal is t h a n the 
typica l basa l t ic t r e n d s . T h i s ind ica tes e i ther ( a ) t h a t t he p a r e n t m a g m a h a d 
h ighe r M g / F e a n d lower a lkal is t h a n typical undi f ferent ia ted basal t , o r ( b ) t h a t 
t h e i ron a n d especia l ly the a lka l i - r ich r e s idua of t he ophio l i tes have been m y s ­
ter ious ly r e m o v e d . 

T h a y e r ( 1 9 6 7 ) h a s sugges ted tha t the ophio l i t e t r e n d differs f rom the typ ica l 
basa l t t r e n d b e c a u s e , in t he case of the oph io l i t e s , t he m a g m a different ia ted by 
c rys ta l set t l ing at m a n t l e , r a t h e r t h a n c rus ta l , levels , a n d the different iated p l u t o n 
w a s then e m p l a c e d in t he c rus t as a crysta l m u s h . H o w e v e r , this wou ld no t 
exp l a in the cons i s t en t spa t ia l , a n d poss ib ly gene t ic , a ssoc ia t ion of basa l t s with t he 
p l u t o n i c r o c k s . N o r wou ld it exp la in the a b s e n c e of i ron a n d a lkal i - r ich r e s idua . 

MgO variation diagrams 

Figures 8 -14 a re p lo ts of each of the ma jo r r o c k - f o r m i n g e l emen t s aga ins t 
M g O (af te r P o w e r s , 1 9 5 5 ) . T h e s e d i a g r a m s will be used to eva lua te t he ro le of 
crys ta l set t l ing of ea r ly - fo rmed m i n e r a l s in the evo lu t ion of the P a p u a n r o c k s , 
a n d , in pa r t i cu l a r , t o assess high-level g a b b r o 144 as a poss ib le p a r e n t for bo th 
basa l t and g a b b r o . 

M i n e r a l s wh ich a r e k n o w n to o c c u r as c u m u l u s p h a s e s in the g a b b r o s a r e 
by towni t e , h y p e r s t h e n e , c l i n o p y r o x e n e , ol ivine, a n d c h r o m i t e . T h e p r o b l e m is t o 
asce r ta in w h e t h e r it is poss ib le to p r o d u c e a l iquid of typical basa l t c o m p o s i t i o n 
( e .g . t he c o m p o s i t i o n of basa l t O l ) f rom p a r e n t 1 4 4 by r e m o v a l , in r e a s o n a b l e 
p r o p o r t i o n s , of by town i t e , h y p e r s t h e n e , c l i n o p y r o x e n e , o l iv ine , a n d c h r o m i t e . T h e 
so lu t ion , if t h e r e is o n e , shou ld s h o w the different m i n e r a l s set t l ing ou t in p r o p o r ­
t ions c o m m e n s u r a t e wi th t he mine ra l p r o p o r t i o n s o b s e r v e d in the G a b b r o z o n e in 
t h e field, n a m e l y b y t o w n i t e p r e d o m i n a n t , c l i n o p y r o x e n e a n d o r t h o p y r o x e n e a b o u t 
e q u a l , and ol ivine m i n o r . C h r o m i t e is r a r e a n d , wi th in the l imits of e r r o r of th is 
m e t h o d , it c a n be neg lec ted . T h e so lu t ion shou ld a lso s h o w an a p p r o x i m a t e l y 
equa l split of the p a r e n t in to c u m u l a t e ( g a b b r o ) a n d res idua l l iquid ( b a s a l t ) 
b e c a u s e g a b b r o a n d basa l t v o l u m e s , as j u d g e d from field m a p p i n g , a re a b o u t e q u a l . 
T h e p r o b l e m m a y be a p p r o a c h e d g raph ica l ly as fol lows. 
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1. O n e a c h of t he M g O v a r i a t i o n d i a g r a m s c o m p o s i t i o n s of t he four m i n e r a l 
p h a s e s a re p l o t t e d . T h e s e a re t a k e n f rom R . N . E n g l a n d ' s ( p e r s . c o m m . , 1 9 6 9 ) 
p r e l i m i n a r y r e su l t s of e lec t ron m i c r o p r o b e analys is , excep t in t h e case of b y t o w n i t e , 
w h i c h is c a l c u l a t e d as 8 0 p e r c e n t ano r th i t e 2 0 p e r c e n t a lb i te , an a p p r o x i m a t e 
a v e r a g e c o m p o s i t i o n b a s e d on m e a s u r e m e n t s of ex t inc t ion angles in C a r l s b a d -
A l b i t e twins . 

2 . L i n e s a r e d r a w n f rom e a c h m i n e r a l c o m p o s i t i o n ( o r f rom a m e a n c o m ­
pos i t i on w h e r e m o r e t h a n o n e analys is is ava i l ab l e ) t h r o u g h t h e po in t 1 4 4 . T h e s e 
l ines m a y b e t e r m e d the ol ivine con t ro l , h y p e r s t h e n e c o n t r o l , e t c . , b e c a u s e they 
ind i ca t e t h e d i r e c t i o n in which t h e m a g m a c o m p o s i t i o n will m o v e if t h a t p a r t i c u l a r 
m i n e r a l is r e m o v e d . If t w o or m o r e m i n e r a l s a re r e m o v e d s imu l t aneous ly , o r 
ove r a p e r i o d of t i m e , t he n e w c o m p o s i t i o n of t h e me l t c a n b e f o u n d by s u m m i n g 
t h e vec to r s g r a p h i c a l l y . T h e d i r ec t ion of t he vec to r for any m i n e r a l is a lways 
d r a w n pa ra l l e l to t h e l ine c o n n e c t i n g t ha t m i n e r a l a n d 1 4 4 , a n d the l eng th of t h e 
vec to r is p r o p o r t i o n a l t o the q u a n t i t y of t ha t m i n e r a l w h i c h is r e m o v e d , a n d t h e 
weigh t p e r c e n t of t he absc issa a n d o r d i n a t e ox ides ( M g O a n d , for e x a m p l e , 
A 1 2 0 3 ) w h i c h t h e m i n e r a l c o n t a i n s . T h u s , if t he r e m o v a l of h y p e r s t h e n e c a u s e s 
the mel t to b e c o m e x weight p e r c e n t p o o r e r in M g O , a n d h y p e r s t h e n e con t a in s 
3 0 we igh t p e r c e n t M g O , t h e n the a m o u n t of h y p e r s t h e n e r e m o v e d is i . 1 0 0 
p e r c e n t . 3 0 

3 . O n F i g u r e 8, l ines a r e d r a w n f rom O l para l le l t o o l iv ine a n d h y p e r s t h e n e 
con t ro l . T h e s e in t e r sec t b y t o w n i t e c o n t r o l a t A a n d B respec t ive ly . T h i s c o n ­
s t ruc t ion s h o w s t ha t , wi th r e spec t to A l 2 O a a n d M g O , c o m p o s i t i o n Ol c a n be 
r e a c h e d f rom c o m p o s i t i o n 1 4 4 by r e m o v a l of b y t o w n i t e a n d ol ivine or b y t o w n i t e 
a n d h y p e r s t h e n e a l o n e . W h e n t h e equ iva l en t l ines a re p l o t t e d o n t h e S i 0 2 d i a g r a m 
( F i g . 1 1 ) it is f o u n d t h a t r e m o v a l of b y t o w n i t e a n d h y p e r s t h e n e a lone p r o d u c e s a 
r o u g h fit, b u t r e m o v a l of b y t o w n i t e a n d ol ivine a lone does no t . T h e C a O d i a g r a m 
( F i g . 1 0 ) , in t u r n , c a n n o t b e so lved unless s o m e c l i n o p y r o x e n e is a l so r e m o v e d , 
a n d t h e bes t fit for t h e ' F e O ' d i a g r a m ( F i g . 9 ) is r e a c h e d w h e n a smal l a m o u n t 
of ol ivine is r e m o v e d as well . 

4 . T h u s by m o v i n g f rom o n e p lo t t o a n o t h e r , a n d r e t u r n i n g to e ach severa l 
t imes , a bes t fit is even tua l ly r e a c h e d wh ich is r e p r e s e n t e d by t h e vec to r s p lo t t ed 
o n t h e d i a g r a m s . T h i s m a y t h e n b e c h e c k e d by a s i m p l e ca l cu l a t i on b a s e d on t h e 
s imilar SiOo c o n t e n t of 1 4 4 a n d O l ( a n d , inc identa l ly , of a v e r a g e g a b b r o a n d 
a v e r a g e b a s a l t ) . B e c a u s e b o t h 1 4 4 a n d O l h a v e silica c o n t e n t s a r o u n d 51 p e r c e n t 
( 5 1 . 1 a n d 5 1 . 0 r e s p e c t i v e l y ) , r e m o v a l f rom 144 of s i l i ca -poor m i n e r a l s ol ivine 
( 4 2 p e r c e n t s i l i ca ) a n d b y t o w n i t e ( 4 8 p e r c e n t s i l ica) m u s t h a v e b e e n b a l a n c e d 
by r e m o v a l of s i l ica-r ich h y p e r s t h e n e ( 5 7 p e r c e n t s i l i c a ) . R e m o v a l of c l ino­
p y r o x e n e ( 5 1 . 6 p e r c e n t s i l ica) w o u l d have h a d little effect a n d is i gno red h e r e . 
I n t e r m s of si l ica c o n t e n t , ol ivine, b y t o w n i t e , a n d h y p e r s t h e n e differ f rom the p a r e n t 
m a g m a by — 9 , — 3 , a n d + 6 we igh t p e r c e n t un i t s respec t ive ly . T o m a i n t a i n 
c o n s t a n t silica c o n t e n t , o n e we igh t p e r c e n t uni t of h y p e r s t h e n e m u s t set t le ou t 
for each t w o we igh t p e r c e n t un i t s of b y t o w n i t e , a n d t h r e e we igh t p e r c e n t un i t s of 
h y p e r s t h e n e for e a c h of ol ivine. 
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F r o m t h e g r a p h i c a l m e t h o d a n d this ca l cu la t ion t he fo l lowing p r o p o r t i o n s of 
se t t led m i n e r a l s c a n b e d e d u c e d : 

m i n e r a l we igh t p e r c e n t 

b y t o w n i t e 30 

h y p e r s t h e n e 19 

c l i n o p y r o x e n e 6 

ol iv ine 2 

T h e figures a r e on ly a p p r o x i m a t e b e c a u s e ( a ) t h e r e a r e n o t e n o u g h b a s a l t a n a l y s e s 
t o d e m o n s t r a t e t h a t O l is a typ ica l basa l t , a n d ( b ) t h e r e a r e no t e n o u g h m i n e r a l 
ana lyses t o e n s u r e t h a t t h o s e s h o w n in t h e d i a g r a m a r e r e p r e s e n t a t i v e . 

W h e n the se p r o p o r t i o n s a r e p l o t t e d on the N a 2 0 d i a g r a m ( F i g . 12) t h e r e is 
a misfit w h i c h c a n b e r e so lved on ly b y r e m o v i n g c rys ta l s of a n o r t h i t e A n 9 1 i n s t e a d 
of b y t o w n i t e A n 8 0 f rom the me l t . Poss ib ly s o m e of t h e e a r l y - f o r m e d p l a g i o c l a s e 
w a s a n o r t h i t e . ( T h e n a t u r e of t h e p lag ioc lase h a s b e e n r o u g h l y e s t a b l i s h e d by 
e s t i m a t i n g t h e ref rac t ive i n d e x a n d d e t e r m i n i n g the op t i c s ign; this m e t h o d d o e s n o t 
d i s t ingu ish b y t o w n i t e f rom a n o r t h i t e . W h e r e c o m p o s i t i o n s w e r e d e t e r m i n e d f rom 
ex t inc t ion angles of C a r l s b a d - A l b i t e twins they w e r e genera l ly a r o u n d A n 8 0 . ) 
A l t e r n a t i v e l y t h e r ea l p a r e n t was r i che r in N a 2 0 t h a n is g a b b r o 144. Misfi ts 
in t h e K 2 0 a n d TiOo p lo t s sugges t t h a t t he a c t u a l p a r e n t w a s r i che r in t h e s e e le ­
m e n t s t h a n is g a b b r o 144, o r t h a t s o m e m e c h a n i s m o t h e r t h a n c rys ta l f r a c t i o n a t i o n 
c a u s e d K 2 0 a n d TiOo t o c o n c e n t r a t e in t h e r e s i d u a l l iquid . T h e re l a t ive e n r i c h ­
m e n t of T i 0 2 in t h e basa l t s is pa r t i cu l a r l y s t r ik ing , a l t hough , c o m p a r e d wi th w o r l d ­
w i d e a v e r a g e s , t h e basa l t s a r e n o t r i ch in t i t a n i u m . 

T h e exerc i se s h o w s t h a t 144 is a poss ib le p a r e n t for Ol , e x c e p t in r e g a r d to 
K 2 0 , TiOo, a n d poss ib ly N a 2 0 . 

T h e re la t ive p r o p o r t i o n s of t h e different c u m u l u s m i n e r a l s a r e in r o u g h a g r e e ­
m e n t w i th t h e p r o p o r t i o n s o b s e r v e d in t he field, e x c e p t for t h e p r e d o m i n a n c e of 
o r t h o p y r o x e n e ove r c l i n o p y r o x e n e . T h e to t a l we igh t p e r c e n t of c u m u l u s c rys ta l s , 
a t 57 p e r c e n t , is sl ightly h i g h e r t h a n s h o u l d b e t h e c a s e if e q u a l v o l u m e s of g a b b r o 
a n d b a s a l t w e r e t o b e p r o d u c e d . T h i s t oge the r wi th t h e a p p a r e n t def ic iencies in 
a lka l i s a n d TiOo sugges ts t h a t t h e a c t u a l p a r e n t m a g m a is n o t 144 b u t h a s a c o m ­
pos i t i on s o m e w h e r e b e t w e e n 144 a n d a v e r a g e basa l t , a n d t h a t s a m p l e 144 is 
itself a p a r t l y f r ac t i ona t ed r o c k . T h i s m u s t r e m a i n a h y p o t h e t i c a l so lu t ion unt i l 
f u r the r s a m p l i n g of t h e h igh- leve l g a b b r o s a n d over ly ing dole r i tes e s t ab l i shes 
w h e t h e r a c o m p l e t e l y sa t i s fac tory p a r e n t exis ts . 

Discussion 
F i e l d r e l a t ions p o i n t t o w a r d s de r iva t ion of u l t ramaf ic c u m u l a t e s , g a b b r o s , 

a n d ba sa l t s by c rys ta l f r ac t iona t ion of a single p a r e n t m a g m a at c rus t a l a n d u p p e r ­
m o s t m a n t l e levels ( less t h a n 10 k m be low sea floor). T h e A F M d i a g r a m ( F i g . 5) 
a c c o r d s w i t h th is conc lu s ion . A c o m p a r i s o n us ing t h e A F M d i a g r a m ( F i g s 6 
a n d 7) s h o w s t h a t t h e P a p u a n Ul t r amaf i c Bel t a n d t w o M e d i t e r r a n e a n oph io l i t e s 
d o n o t fol low typ ica l b a s a l t f r ac t iona t ion t r e n d s , b u t r a t h e r h a v e a d i s t inc t ive 
t r e n d w i t h genera l ly h ighe r M g / F e a n d lower a lka l i s . T h i s ind ica tes e i t he r ( a ) 
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MgO 

Figs 8 and 9. Variation of MgO with AC-.>0» and 'FeO'. 
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Figs 10 and 11. Variation of MgO with CaO and SiOj. 
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Fig 12 far 
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Figs 12, 13, and 14. Variation of MgO with N a 2 0 , K 2 0 , and TiCfc. 
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tha t t he p a r e n t m a g m a h a d h ighe r M g / F e a n d lower alkal is t h a n typica l undif feren­
t ia ted basa l t ic m a g m a , or ( b ) tha t t he i ron a n d a lkal i - r ich res idua in the ophio l i t e 
a n d P a p u a n Ul t r amaf ic Belt sy s t ems h a v e been mys te r ious ly r e m o v e d . G r a p h i c a l 
ana lys i s us ing M g O var ia t ion d i a g r a m s d e m o n s t r a t e s tha t typical basa l t cou ld h a v e 
been de r ived from a p a r e n t m a g m a a little m o r e ' basa l t i c ' t h a n the high-level 
g a b b r o s a m p l e 144 . 

T h e weight of ev idence t hus seems to po in t t o w a r d s the de r iva t i on of t he 
P a p u a n basa l t s a n d g a b b r o s f rom a basa l t ic m a g m a , r ich in C a a n d M g , by f rac­
t i o n a t i o n a t c rus ta l levels . T h e r e a r e , howeve r , four ob jec t ions t o th is h y p o ­
t h e s i s : 

1. T h e s u p p o s e d p a r e n t is no t k n o w n t o be r e p r e s e n t e d in the over ly ing lavas . 

2 . If t he basa l t s a r e r e s idua l l iquids they migh t be e x p e c t e d to con ta in 
p h e n o c r y s t s or xenol i ths of d i s t inc t ive c u m u l u s crysta l p h a s e s , such as by towni t e 
a n d h y p e r s t h e n e . In fact, n o n e h a s been found . 

3 . T h e s u p p o s e d p a r e n t h a s h igher M g / F e a n d lower alkal i c o n t e n t t h a n 
o t h e r c o m m o n l y accep t ed e x a m p l e s of undi f ferent ia ted basa l t i c m a g m a ( F i g . 6 ) . 

4 . T h e hypo thes i s does no t exp la in why g a b b r o which i n t r u d e d the ear l ie r -
f o r m e d c u m u l a t e s ( e .g . N o . 5 3 2 ) h a s a c o m p o s i t i o n very close t o t h a t of g a b b r o 
wi th c u m u l u s t ex tu re (e .g . N o . 8 6 2 ) . 

A m o r e t h o r o u g h s a m p l i n g of the lavas m a y r e m o v e the first ob jec t ion . A 
t rue p a r e n t a l rock need no t be especia l ly a b u n d a n t , for the h y p o t h e s i s p e r m i t s 
m o s t of the lavas to be res idua l l iquids de r ived by f rac t iona t ion of p a r e n t m a g m a . 
O t h e r s w o r k i n g with u l t ramaf ic c u m u l a t e s have inferred tha t s u p p o s e d l y assoc ia ted 
vo lcan ic r o c k s mus t be res idua l l iqu ids , for e x a m p l e B r o w n ( 1 9 5 6 ) o n the i s land 
of R h u m , a n d Chal l i s ( 1 9 6 5 ) in N e w Z e a l a n d ; a n d O ' H a r a ( 1 9 6 5 ) h a s c o n c l u d e d 
t h a t m o s t basa l t s h a v e c h e m i c a l c o m p o s i t i o n s a n d exhibi t c rys ta l l i za t ion s e q u e n c e s 
d e t e r m i n e d by low-p re s su re c rys ta l f r ac t iona t ion . 

T h e second ob jec t ion c a n be a c c o u n t e d for if it is a s s u m e d t h a t e m p t y i n g of 
the m a g m a c h a m b e r d u r i n g an e r u p t i o n was not unusua l ly forceful , a n d p e r m i t t e d 
any s u s p e n d e d crys ta l s of b y t o w n i t e , h y p e r s t h e n e , e tc . , to set t le f rom the mel t 
before e r u p t i o n . F o r b e s & K u n o ( 1 9 6 5 ) a n d J a c k s o n ( 1 9 6 8 ) h a v e p o i n t e d o u t 
t ha t t he tholei i t ic m a g m a s a r e n o t a b l y p o o r in xeno l i ths . 

T h e th i rd ob jec t ion migh t be exp l a ined as a resul t of u n u s u a l o r cu r ren t ly 
u n e x p e c t e d cond i t i ons at t he sou rce of the p a r e n t m a g m a in t he m a n t l e . P e r h a p s 
a m a g m a of this c o m p o s i t i o n cou ld be f o r m e d by a high d e g r e e of pa r t i a l me l t ing 
of, for i n s t ance , a c l i n o p y r o x e n e - r i c h m a n t l e rock . Al t e rna t ive ly , u n u s u a l c o n d i ­
t ions migh t h a v e p reva i l ed a t the t i m e of par t i a l mel t ing wi th r e g a r d to p r e s s u r e , 
t e m p e r a t u r e , or avai labi l i ty of wa t e r (cf. G r e e n . 1 9 6 9 , p . 4 0 9 ) . 

T h e four th ob jec t ion migh t be exp la ined by s u p p o s i n g ( a ) t h a t t h e la ter 
in t rus ive g a b b r o was he ld l iquid a t c rus ta l levels long e n o u g h to b e c o m e e n r i c h e d 
in C a a n d M g by inges t ion of c rys ta l s set t l ing f rom a b o v e , o r ( b ) tha t the s a m e 
p r o c e s s o p e r a t e d as t he m a g m a was r is ing t h r o u g h the u p p e r m a n t l e a n d lower 
c rus t , o r ( c ) tha t the in t rus ive g a b b r o is a c u m u l u s g a b b r o wh ich w a s r emob i l i z ed 
by a loca l inc rease in t e m p e r a t u r e . T h e s imi la r m ine ra logy a n d c h e m i s t r y of t he 
in t rus ive a n d c u m u l u s g a b b r o s w o u l d suggest t ha t they a r e closely r e l a t ed . 
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Evolution of the Papuan Ultramafic Belt 

I t s e e m s poss ib le , a n d i n d e e d p r o b a b l e , t h a t t he P a p u a n u l t r amaf i c c u m u l a t e s , 
g a b b r o s , a n d basa l t s a re di f ferent ia tes f rom a single p a r e n t m a g m a . T h e s e r o c k s , 
t o g e t h e r wi th t he u n d e r l y i n g n o n c u m u l u s u l t ramaf ics , m a k e u p a s ec t ion of p r o ­
b a b l e o c e a n i c m a n t l e a n d c rus t . H o w did it d e v e l o p ? T h e m o d e l p r o p o s e d h e r e 
is t h a t t he u l t r amaf ic c u m u l a t e s a n d g a b b r o s r e p r e s e n t fo rmer m a g m a r e se rvo i r s 
f rom w h i c h t h e basa l t i c vo l can i c s w e r e e r u p t e d . T h e re se rvo i r s w e r e fed b y a 
c o n t i n u i n g supp ly of basa l t i c m a g m a f rom a m a n t l e sou rce . R e s e r v o i r s w e r e 
b e t w e e n 4 a n d 10 k m b e l o w t h e sea floor w h e n act ivi ty ceased , a n d m a y h a v e 
b e e n less t h a n 4 k m b e l o w t h e sea floor w h e n vo lcan ic act ivi ty first s t a r t e d . T h i s 
c o m p a r e s wi th t h e d e p t h of 3 k m t o t h e rese rvo i r u n d e r K i l a u e a v o l c a n o in H a w a i i , 
w h i c h F i s k e & K i n o s h i t a ( 1 9 6 9 ) h a v e d e d u c e d f rom tilt m e a s u r e m e n t s . T h e 
m o d e l is s imi la r t o t h a t w h i c h Cha l l i s ( 1 9 6 5 ) h a s p r o p o s e d for t h e N e w Z e a l a n d 
u l t r amaf ics a n d P e r m i a n vo l can i c s , wi th t he difference t h a t in t he P a p u a n c o m p l e x 
t h e r e is n o e v i d e n c e of c o n t i n e n t a l c o u n t r y r o c k . T h e l ack of n o r m a l b a s e m e n t 
m a k e s it difficult t o env i sage t h e ini t ia l s tages in t h e d e v e l o p m e n t of t h e P a p u a n 
c o m p l e x , b u t n o d o u b t t h e p r o c e s s is bes t seen as o n e of c o n t i n u i n g g e n e r a t i o n 
of o c e a n i c c rus t , such as is be l i eved t o b e t a k i n g p l a c e at t h e m i d o c e a n r idges 
t o d a y ( H e s s , 1 9 6 2 ; D ie t z , 1 9 6 1 ; L e P i c h o n , 1 9 6 8 ; I s a c k s e t a l . , 1 9 6 8 ) . I n 
this case t he c o u n t r y r o c k m i g h t bes t be t h o u g h t of as ea r l i e r - fo rmed o c e a n i c c rus t 
w h i c h m o v e d a w a y f rom t h e r idge a t a r a t e of 2 -5 c m a y e a r . T h e g a b b r o a n d 
b a s a l t w o u l d t h e n h a v e filled t h e t ens iona l z o n e a l o n g t h e axis of t h e r i d g e . T h e 
n o n c u m u l u s pe r ido t i t e w o u l d r e p r e s e n t m a n t l e m a t e r i a l t h a t m o v e d in t h e solid 
s t a t e , p e r h a p s b y syn tec ton ic rec rys ta l l i za t ion . T h i s w o u l d init ial ly h a v e f o r m e d 
a floor for t h e g a b b r o i c i n t r u s i o n , t h e n w o u l d h a v e m o v e d wi th it, as a r ig id p l a t e , 
a w a y f rom t h e m i d o c e a n r i dge . 

W h e t h e r o r n o t t h e P a p u a n Ul t r amaf i c Bel t d e v e l o p e d a t a m i d o c e a n r idge , 
t h e p r o b a b l e c o u r s e of even t s in t h e d e v e l o p m e n t of t h e c o m p l e x i s : 

1. A t ens iona l z o n e d e v e l o p e d in t he e a r t h ' s c rus t in an o c e a n i c a r e a suffi­
c ient ly far f rom any e r o d i n g l a n d m a s s t o b e free of de t r i ta l s e d i m e n t . 

2 . B a s a l t m a g m a w a s g e n e r a t e d in t h e m a n t l e ( p r e s u m a b l y a t 5 0 - 1 0 0 k m 
d e p t h ) , rose to c rus ta l levels , i n t r u d e d the t ens iona l zone , a n d r e a c h e d t h e o c e a n 
floor. 

3 . T h e t o p m o s t levels c o o l e d rap id ly as p i l low lavas a n d m a s s i v e basa l t , 
g r a d i n g d o w n w a r d s in to do le r i t e a n d the 'h igh- level g a b b r o ' . L o w e r in t h e c rus t 
m a g m a rese rvo i r s coo led m o r e s lowly : ea r ly - fo rmed crys ta ls of o l iv ine , o r t h o ­
p y r o x e n e , a n d c l i n o p y r o x e n e se t t led to fo rm first u l t r amaf ic a n d t h e n g a b b r o i c 
c u m u l a t e , as p lag ioc lase j o i n e d the o the r c u m u l u s p h a s e s . 

4 . Crys ta l - se t t l ing d e p l e t e d t h e r e s idua l l iquid at t h e t o p of t he c h a m b e r in 
M g , C a , a n d A l . F r o m t i m e to t i m e th is l iqu id w a s expel led t h r o u g h the ove r ­
ly ing basa l t a n d doler i te t o e r u p t as lava u p o n t h e o c e a n floor. 

5 . Pe r iod ica l ly m o r e m a g m a a r r ived f rom the m a n t l e s o u r c e e i ther t o 
r ep l en i sh t h e exis t ing m a g m a c h a m b e r , o r t o f o rm a n e w c h a m b e r b y i n t r u d i n g 
a l ready-sol id i f ied c rus t . T h e s e p roce s se s c o n t i n u e d un t i l t he g a b b r o i c a n d basa l t i c 
l ayers w e r e e a c h bui l t u p t o a t h i ckness of a b o u t 4 k m . 
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T h e fine g ra in s i ze of t h e g a b b r o s m i g h t ind ica te t ha t t he g a b b r o z o n e is m a d e 
u p of a g rea t m a n y sma l l i n t rus ions , a n d th is is s u p p o r t e d t o s o m e ex t en t by t h e 
m a n y field o b s e r v a t i o n s of g a b b r o i n t r u d i n g g a b b r o . If th is is so , r e se rvo i r s 
w o u l d p r o b a b l y h a v e m i g r a t e d u p w a r d s as the over ly ing l avas b e c a m e th i cke r , as 
F i s k e & K i n o s h i t a ( 1 9 6 9 ) h a v e sugges ted for K i l a u e a . O n t h e o t h e r h a n d , t he 
a p p a r e n t c o n c e n t r a t i o n of u l t ramaf ic c u m u l a t e s n e a r t he b o t t o m of t he z o n e , a n d 
t h e a p p a r e n t c o n c e n t r a t i o n of w a t e r a n d po t a sh - r i ch i n t e r c u m u l u s m a t e r i a l in t he 
t o p of t h e z o n e ( i n t h e few ins t ances w h e r e such m a t e r i a l h a s b e e n f o u n d ) , w o u l d 
sugges t t h a t in a n y o n e a r e a t h e i n t ru s ion w a s a s ingle lopo l i th u p t o 4 k m th ick . 
M o r e de ta i l ed m a p p i n g s h o u l d reso lve this ques t ion . 

D I S C U S S I O N 

T h e P a p u a n U l t r a m a f i c Bel t is s imi la r t o M e d i t e r r a n e a n oph io l i t e s , a l p ine - type 
p e r i d o t i t e - g a b b r o c o m p l e x e s , a n d r o c k s b e n e a t h t h e o c e a n s , as far as c a n b e 
j u d g e d f rom s a m p l e s ava i l ab le . T h e s e s imilar i t ies a re d i s cus sed be low, a n d s o m e 
h y p o t h e s e s of or ig in of oph io l i t e a n d a lp ine - type c o m p l e x e s briefly r ev i ewed . 

Comparison with ocean-floor samples 

W i t h i n t h e las t few yea r s d r e d g e h a u l s f rom the o c e a n floors h a v e r e c o v e r e d 
all t h e m a i n r o c k t ypes t h a t m a k e u p the P a p u a n U l t r amaf i c Bel t . T h a y e r ( 1 9 6 9 a ) 
d i scussed s o m e of t h e s a m p l e s a n d n o t e d the i r s imilar i ty t o r o c k s of t h e p e r i d o t i t e -
g a b b r o c o m p l e x e s . O t h e r d iscover ies wh ich s h o w s imi lar i t ies specifically t o t he 
P a p u a n r o c k s a r e : 

1. C r o s s - f r a c t u r e s o n t h e M i d - A t l a n t i c R i d g e b e t w e e n 2 ° N a n d 2 ° S s h o w 
pe r ido t i t e on l o w e r s lopes , basa l t on u p p e r s lopes , a n d g a b b r o a n d g reensch i s t 
b e t w e e n . A t h i c k n e s s of 3 5 0 0 m of u l t ramaf ics is e x p o s e d in p a r t of o n e of 
these , t h e R o m a n c h e F r a c t u r e ( B o n a t t i , 1 9 6 8 ) . 

2 . A l s o in t h e R o m a n c h e F r a c t u r e , g a b b r o a s soc ia t ed wi th pe r ido t i t e h a s 
c u m u l u s t e x t u r e ; u l t r amaf i c r o c k s f rom this a n d o the r N o r t h A t l a n t i c local i t ies 
l o o k l ike 'ma in ly m o b i l i z e d nea r ly crys ta l l ized c u m u l a t e s ' ( M e l s o n , 1 9 6 9 ) . 

3 . A t 4 5 ° N in t h e A t l a n t i c t h e Geo log ica l Survey of C a n a d a h a s d r e d g e d 
d u n i t e , h a r z b u r g i t e , g a b b r o , t roc to l i t ic g a b b r o , a n d a m p h i b o l i c pe r ido t i t e , m a n y of 
w h i c h s h o w c rys t a l l a y e r i n g ; a lso h o r n b l e n d e - r i c h q u a r t z d io r i t e a n d ' a l m o s t h o r n ­
b l ende - f r ee t r o n d h j e m i t e ' ( A u m e n t o , 1 9 6 9 a , 1 9 6 9 b ) . 

4 . O n t h e M i d - I n d i a n r idge se rpen t in i zed pe r ido t i t e is i n t r u d e d by do le r i t e 
a n d g a b b r o ; t h e m a i n u l t r amaf ic r o c k t ype is s e rpen t in i zed a n d f r ac tu red h a r z ­
bu rg i t e ( U d i n t s e v , 1 9 6 9 ) . 

5 . A d r e d g e h a u l f r o m the E a s t Pacif ic R i s e c o n t a i n s b o t h typ ica l thole i i t ic 
b a s a l t a n d a 'd i f fe rent ia ted andes i t i c va r i e ty ' ( H a r t , 1 9 6 9 ) , w h i c h t o j u d g e f r o m 
H a r t ' s p a r t i a l ana lys i s m i g h t be t t e r b e t e r m e d dac i t e . 

M e t a m o r p h o s e d ba sa l t s of g reenschis t , a m p h i b o l i t e , a n d h i g h e r g rades h a v e 
b e e n f o u n d o n t h e floor of t h e N o r t h A t l a n t i c a n d I n d i a n O c e a n s ( M e l s o n & V a n 
A n d e l , 1 9 6 6 ; M i y a s h i r o , 1 9 6 9 ; C a n n , 1 9 6 9 ; A u m e n t o , 1 9 6 9 b ) . T h e s e a r e t h o u g h t 
t o b e up - f au l t ed b l o c k s of m a t e r i a l w h i c h h a s b e e n sub j ec t ed t o s i m p l e b u r i a l 
m e t a m o r p h i s m , t h o u g h s o m e s h e a r i n g a n d mylon i t i za t ion is n o t e d b y M e l s o n & 
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V a n A n d e l . M e t a m o r p h o s e d basa l t s of g reensch i s t , a m p h i b o l i t e , a n d p y r o x e n e 
g r anu l i t e facies a r e f o u n d a long t h e basa l T i m e n o fault s y s t e m of t he P a p u a n 
U l t r amaf i c Bel t , b u t t he se a re p r o d u c t s of d y n a m i c r a t h e r t h a n b u r i a l m e t a ­
m o r p h i s m . 

Comparison with Mediterranean ophiolites 

T h e oph io l i t e sui te defined in T u s c a n y by S t e i n m a n n ( 1 9 2 7 ) consis ts of 
basa l s e rpen t in i t e ove r l a in by g a b b r o , which is in t u r n ove r l a in by d iabase-sp i l i t e 
wi th s o m e pi l low s t r u c t u r e s . T h e sui te was e x t e n d e d a n d e l a b o r a t e d by A u b o u i n 
( 1 9 6 5 ) , in a r e v i e w of t h e ophio l i t es of G r e e c e , T u r k e y , a n d Syr ia . A u b o u i n ' s 
t a b u l a t i o n of t h e oph io l i t e s e q u e n c e is r e p r o d u c e d b e l o w ; un i t s a r e l is ted in 
d e s c e n d i n g o r d e r , a n d a p p r o x i m a t e typical th icknesses ( A . N i c o l a s , p e r s . c o m m . , 
1 9 6 8 ) a r e s h o w n . 

1. Fine-grained rocks: 

2. Medium-grained rocks: 

3. Coarse-grained rocks: 

Basalt, spilite, pillow lavas 300-400 m 

Dolerite 500-1000 m 

Quartz diorite (occasionally) 
Diorite 
Gabbro 1000 m 
Pyroxeno-peridotite ] 
Pyroxenite [ 2000-2500 m 
Peridotite J 

T h e r o c k types a n d the s e q u e n c e a re s imi lar t o the P a p u a n U l t r a m a f i c Bel t , bu t the 
typ ica l to ta l t h i c k n e s s , 4 - 5 k m , is m u c h less . L i k e t he P a p u a n c o m p l e x , t h e 
ophio l i t es s h o w g a b b r o i n t r u d i n g pe r ido t i t e ( S t e i n m a n n , 1 9 2 7 ; V u a g n a t , 1 9 6 3 ) 
a n d g a b b r o t r ans i t i ona l u p w a r d s in to doler i te a n d basa l t . C u m u l u s t ex tu re s m a y 
o r m a y n o t b e p r e s e r v e d in t he oph io l i t e s . O n e i l lus t ra t ion in a n a c c o u n t of t h e 
oph io l i t e s of n o r t h w e s t Syr ia a n d ad jacen t T u r k e y is of an ol iv ine c u m u l a t e wi th 
p o s t c u m u l u s c l i n o p y r o x e n e a n d a l t e red p lag ioc lase ( D u b e r t r e t , 1 9 5 5 , p i . X I , 
fig. 4 ) , a l t h o u g h t h e c u m u l u s t e x t u r e is n o t d i scussed as such in t he text . A 
s imi lar c u m u l a t e is i l lus t ra ted in an a c c o u n t of the O m a n oph io l i t e , a l t h o u g h it 
t o o is n o t d e s c r i b e d as such in t h e text ( R e i n h a r d , 1 9 6 9 , figs 4 a n d 5 ) . L i k e t h e 
P a p u a n U l t r a m a f i c Bel t , t h e c u m u l u s l aye red g a b b r o of t h e O m a n ophio l i t e w a s 
i n t r u d e d b y a l a t e r g a b b r o . 

Oph io l i t e s a r e n o t r e s t r i c t ed t o t he M e d i t e r r a n e a n (e .g . G a n s s e r , 1 9 5 9 , 1 9 6 4 ; 
B e z o r e , 1 9 6 9 ) , n o r a r e they re s t r i c t ed in t i m e . F o r i n s t ance , M c C a l l & D o e p e l 
( 1 9 6 9 ) h a v e d e s c r i b e d oph io l i t e s e q u e n c e s in W e s t e r n A u s t r a l i a w h i c h a r e at 
leas t 2 7 0 0 m . y . o ld . T h e s e a r e m a d e u p of u l t ramaf ic c u m u l a t e s ( h a r z b u r g i t e , 
b r o n z i t i t e ) ove r l a in b y g a b b r o i c c u m u l a t e s wi th s o m e g r a n o p h y r e , w h i c h a re in 
t u r n over la in b y p i l l owed m e t a b a s a l t . O n e c o m p l e t e s e q u e n c e , 1 0 5 0 m th ick , 
is over la in b y a n o t h e r , a b o u t 6 0 0 m th ick , a n d t h e s e q u e n c e s a r e d i s c o n t i n u o u s 
la tera l ly as t h o u g h they migh t b e f o r m e r seafloor v o l c a n o e s . 
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Comparison with Troodos Complex, Cyprus 

T h e T r o o d o s C o m p l e x of C y p r u s ( W i l s o n & I n g h a m , 1 9 5 9 ; B e a r , 1 9 6 3 ) 
cons is t s of: 

Pillow Lavas 
(Upper and Lower) 
Basalt Group 
Sheeted Intrusive 

Complex (Diabase) 
Granophyre 

Gabbro 
Ultramafics 

about 2000 m 

about 500 m 
thickness not 
known 

Basalt, relatively unaltered 

Pillow lavas of altered basalt with many dykes 
Basalt dyke swarm, north-south, steeply dipping; 
ratio of dykes to host is about 10:1 
Diorite, quartz diorite, trondhjemite, granodiorite; 
small irregular bodies 
Gabbro, olivine gabbro, norite 
Peridotite (mostly harzburgite), dunite, serpen-
tinite 

(Thicknesses are estimates based on Wilson & Ingham's sections.) 

T h i s s e q u e n c e is s imi la r to t h e oph io l i t e a n d P a p u a n U l t r amaf i c Be l t s e q u e n c e s 
e x c e p t for o n e r o c k un i t , t h e Shee t ed In t ru s ive C o m p l e x or d y k e s w a r m . S o m e 
of t h e T r o o d o s u l t r amaf ic r o c k s a r e c u m u l a t e s , t h o u g h they a p p a r e n t l y h a v e n o t 
b e e n r e c o g n i z e d as such . Poik i l i t ic h a r z b u r g i t e a n d wehr l i t e i l lus t ra ted in t w o 
p h o t o m i c r o g r a p h s ( W i l s o n & I n g h a m , p i . V , figs 2 a n d 3 , p . 8 4 ) l o o k l ike ol iv ine 
c u m u l a t e s wi th p o s t c u m u l u s ens ta t i t e a n d d i o p s i d e respec t ive ly . T h e s u b h e d r a l 
ol ivine g r a in s a n d t h e po ik i l i t i c n a t u r e of t h e p y r o x e n e s a r e d i agnos t i c . I n t h e 
h a r z b u r g i t e s o m e of t h e o l iv ine g ra ins h a v e pa r t l y r e a c t e d t o f o r m ens t a t i t e . 
C u m u l u s t e x t u r e s in r o c k s f r o m t h e s o u t h e a s t e r n p a r t of t he c o m p l e x a r e i l lus­
t r a t ed b y P a n t a z i s ( 1 9 6 7 ) , b u t aga in a r e n o t d e s c r i b e d as such in t h e a c c o m p a n y i n g 
text . 

G a s s ( 1 9 6 8 ) h a s p r o p o s e d t h a t the T r o o d o s C o m p l e x is o c e a n i c m a n t l e a n d 
c rus t a n d t h a t t h e d y k e s w a r m r e p r e s e n t s t h e feeder d y k e s of a fossil m i d o c e a n 
r idge . V u a g n a t & C o g o l u ( 1 9 6 7 ) h a v e d e s c r i b e d a s imi lar d y k e s w a r m in t h e 
Kizi l D a g h oph io l i t e c o m p l e x , H a t a y p r o v i n c e , T u r k e y . 

Comparison with alpine-type peridotite-gabbro complexes 

A l p i n e - t y p e pe r ido t i t e s a r e f a u l t - b o u n d e d u l t ramaf ic b o d i e s typ ica l ly l oca t ed 
in fo lded eugeosync l ina l s e d i m e n t s in o rogen ic bel t s . T h a y e r ( 1 9 6 7 ) e m p h a s i z e d 
t h a t t h e a lp ine - type p e r i d o t i t e s a r e c o m m o n l y assoc ia ted wi th M g - r i c h g a b b r o , 
a n d t h e s e a s soc ia t ions a r e be t t e r de sc r ibed as a lp ine - type p e r i d o t i t e - g a b b r o c o m ­
p lexes . H e c i ted t he C a n y o n M o u n t a i n c o m p l e x , O r e g o n , as a typ ica l e x a m p l e , 
a n d d i scus sed such o t h e r e x a m p l e s as t he B a y of I s l ands c o m p l e x , N e w f o u n d l a n d 
( S m i t h , 1 9 5 8 ) , a n d t h e Z a m b a l e s c o m p l e x , L u z o n ( R o s s m a n et a l . , 1 9 5 9 ) . 

C u m u l u s t e x t u r e s a r e p r e s e r v e d in s o m e a lp ine - type c o m p l e x e s ; for i n s t a n c e , 
T h a y e r ( 1 9 6 9 b ) c i ted c u m u l u s c h r o m i t e , p lag ioc lase , a n d o l iv ine in a p o d i f o r m 
c h r o m i t e d e p o s i t in C a m a g u e y dis t r ic t , C u b a ( F l i n t e t al . , 1 9 4 8 ) . A l s o , 
s o m e of t h e l aye r s in g a b b r o a t C a n y o n M o u n t a i n l ook l ike c u m u l u s l aye r s ( T h a y e r , 
1 9 6 3 , fig. 2 ) b u t a n y d i a g n o s t i c mic ro fab r i c h a s p r o b a b l y b e e n o b s c u r e d by 
rec rys ta l l i za t ion , for, f rom a brief field a n d p e t r o g r a p h i c s tudy , I be l i eve t h e C a n y o n 
M o u n t a i n c o m p l e x t o h a v e b e e n m e t a m o r p h o s e d . 
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T h e p l u t o n i c p a r t of t he P a p u a n U l t r amaf i c Bel t is a typ ica l a l p ine - type 
p e r i d o t i t e - g a b b r o c o m p l e x in m o s t r e spec t s , a l t h o u g h t h e g a b b r o s a re less m e t a ­
m o r p h o s e d t h a n , for e x a m p l e , t he C a n y o n M o u n t a i n c o m p l e x . C o m p o s i t i o n s of 
P a p u a n a n d C a n y o n M o u n t a i n ( T h a y e r & H i m m e l b e r g , 1 9 6 8 ) g a b b r o s a re very 
s imi la r . 

Alpine-type complexes and ophiolites 

T h a y e r ( 1 9 6 7 ) n o t e d t ha t t he a lp ine - type p e r i d o t i t e - g a b b r o c o m p l e x e s a r e 
s imi l a r t o t h e u l t r amaf ic a n d g a b b r o i c p a r t s of t h e M e d i t e r r a n e a n oph io l i t e 
s e q u e n c e s , a n d sugges t ed t ha t all h a v e a c o m m o n or ig in . H e p r o p o s e d ( T h a y e r , 
1 9 6 3 , 1 9 6 9 b ) t h a t strat if ied p e r i d o t i t e - g a b b r o c o m p l e x e s f o r m in t h e m a n t l e by 
c rys ta l - se t t l ing f r o m fluid m a g m a , a n d t h a t these c o m p l e x e s a r e t h e n e m p l a c e d in 
t h e c rus t as a stiff p l a s t i c c rys ta l m u s h . H o w e v e r , such a p roces s w o u l d no t exp la in 
t h e a s soc i a t i on of basa l t i c l avas wi th the p l u t o n i c r o c k s in t he oph io l i t e s e q u e n c e s . 
T h a y e r ( 1 9 6 7 , p p . 2 3 1 - 2 ; 1 9 6 9 b ) a r g u e d t h a t t h e basa l t s a r e no t a n in tegra l p a r t 
of t h e oph io l i t e s e q u e n c e , b u t t h e b u l k of field e v i d e n c e a n d ch emi ca l d a t a ( e .g . 
F i g . 7 ) sugges ts t h a t , in fact , t hey a re . 

If t h e a l p i n e - t y p e p e r i d o t i t e - g a b b r o c o m p l e x e s a n d the p l u t o n i c p a r t of t he 
oph io l i t e s e q u e n c e s a r e equ iva len t , as s e e m s l ikely, it m igh t b e m o r e logical t o 
sugges t t h a t t h e a l p i n e - t y p e p e r i d o t i t e - g a b b r o c o m p l e x e s are oph io l i t e s e q u e n c e s in 
w h i c h t h e ove r ly ing vo lcan ics h a v e b e e n e i the r u n r e c o g n i z e d , o r r e m o v e d by 
f au l t ing o r e ro s ion . 

Origin of ophiolites 

F i e l d o b s e r v a t i o n s h a v e led va r ious w o r k e r s to p r o p o s e t ha t the vo lcan ic , 
g a b b r o i c , a n d u l t r amaf i c p a r t s of a n y o n e oph io l i t e s e q u e n c e a re cogene t i c , a n d this 
i n t e r p r e t a t i o n h a s b e e n s u p p o r t e d by c h e m i c a l d i a g r a m s which s h o w a p p a r e n t f rac ­
t i o n a t i o n t r e n d s w i th u l t r amaf ic r o c k s as o n e e n d m e m b e r a n d basa l t i c vo lcan ics 
as t h e o t h e r ( F i g . 7 , a n d N ico l a s , 1 9 6 6 , p p . 1 2 7 - 4 7 ) . T h e s e w o r k e r s genera l ly 
s u b s c r i b e t o w h a t is t e r m e d t h e p l u t o v o l c a n i c h y p o t h e s i s for t h e or ig in of o p h i o ­
l i tes ( R o u t h i e r , 1 9 4 6 ; D u b e r t r e t , 1 9 5 3 ; B r u n n , 1 9 5 6 , 1 9 6 0 ; G a n s s e r , 1 9 5 9 ; 
M a x w e l l & Azza ro l l i , 1 9 6 2 ; A u b o u i n , 1 9 6 5 ) . 

A c c o r d i n g t o t h e p l u t o v o l c a n i c h y p o t h e s i s , a mass ive l ava flow u p to 5 k m 
th i ck is e x t r u d e d u p o n t h e o c e a n floor. T h e o u t e r sk in is chi l led to f o rm p i l low 
l avas , mas s ive b a s a l t a n d , i n w a r d s , do le r i t e . T h e inner p a r t of t h e ex t rus ion 
r e m a i n s fluid a n d p r o c e e d s t o different ia te by c rys ta l se t t l ing t o p r o d u c e an u l t r a ­
mafic b a s e a n d a g a b b r o i c t o p c a p p e d by smal l i r r egu la r b o d i e s of d io r i t e . T h e 
e n d - p r o d u c t is a d i f ferent ia ted p l u t o n severa l k i l o m e t r e s th ick , e n c a s e d in a shel l 
of do le r i t e a n d b a s a l t . 

Cr i t i cs of t h e p l u t o v o l c a n i c hypo thes i s ( e .g . V u a g n a t , 1 9 6 3 ; K a a d e n , 1 9 6 4 ; 
T h a y e r , 1 9 6 7 ) h a v e p o i n t e d o u t five difficulties: 

1. T h e typ ica l oph io l i t e s e q u e n c e is b o t t o m - h e a v y , wi th t o o m u c h u l t ramaf ic 
d i f ferent ia te for t h e v o l u m e of t h e assoc ia ted g a b b r o . 

2 . If t h e p a r e n t m a g m a h a d b e e n basa l t i c t h e r e s h o u l d b e a f rac t ion e n r i c h e d 
in F e , N a , a n d K t o p r o v i d e a c h e m i c a l c o u n t e r w e i g h t for t he C a - M g - r i c h u l t r a ­
mafic f rac t ion . 
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3 . E x t r u s i o n of a t o n g u e of lava of such g r ea t v o l u m e at o n e t ime is un l ike ly . 

4 . F i e l d e v i d e n c e for t h e c o m p l e t e e n v e l o p e of basa l t a n d do le r i t e enc lo s ing 
t h e p l u t o n i c r o c k s h a s n o t b e e n es t ab l i shed ( e . g . Bo r to l e t t i e t a l . , 1 9 6 9 ) . 

5 . T h e g a b b r o - p e r i d o t i t e c o n t a c t i n s t e a d of be ing t r ans i t i ona l is c o m m o n l y 
in t rus ive , g a b b r o in to pe r ido t i t e ( S t e i n m a n n , 1 9 2 7 ; V u a g n a t & C o g o l u , 1 9 6 7 ; 
M a x w e l l , 1 9 6 9 ) . 

T h e s e p r o b l e m s c a n b e reso lved if t h e p l u t o v o l c a n i c hypo thes i s is modi f ied 
a l o n g t h e l ines of t h e m o d e l sugges ted for evo lu t ion of the P a p u a n U l t r a m a f i c B e l t : 

1. T h e excess of u l t r amaf ic r o c k s i nc ludes a fau l ted s e g m e n t of p re -ex i s t i ng 
m a n t l e . 

2 . T h e p a r e n t m a g m a is r i cher in C a a n d M g t h a n a r e t h e b a s a l t s ; t he 
basa l t s r e p r e s e n t r e s idua l l iqu ids f rom crys ta l f r ac t iona t ion of t h e p a r e n t . 

3 . T h e c o m p l e x d e v e l o p e d in a t ens iona l z o n e wi th in t h e c rus t r a t h e r t h a n 
as a th i ck flow on t o p of t he crus t , a n d w a s fed by success ive pu l ses of p a r e n t 
m a g m a . 

4 . P i l low lavas , m a s s i v e basa l t , a n d do le r i t e f o r m e d only at t he t o p of t h e 
c o m p l e x . 

5 . G a b b r o i n t r u d e d t h e p re -ex i s t ing m a n t l e , a n d l a te r pu l ses of g a b b r o 
i n t r u d e d t h e ea r l i e r - fo rmed u l t ramaf ic c u m u l a t e s . 

F i e l d o b s e r v a t i o n s in t h e V o u r i n o s c o m p l e x ( M o o r e s e t al . , 1 9 6 6 ) s u p ­
p o r t t h e sugges t ion t h a t s o m e or all oph io l i t es i n c l u d e a p o r t i o n of u l t r amaf ics 
w h i c h h a s a s e p a r a t e or ig in f rom the res t of t h e c o m p l e x , p e r h a p s as a p i e c e of 
p re -ex i s t i ng m a n t l e . W h e r e a s the g a b b r o i c r o c k s of t h e V o u r i n o s c o m p l e x h a v e 
s i m p l e l aye r ing ' p r o b a b l y of m a g m a t i c o r ig in ' , t h e a s soc i a t ed u l t r amaf ics h a v e 
m u c h m o r e c o m p l e x s t r u c t u r e ' p r o b a b l y f o r m e d b y nea r ly sol id p e n e t r a t i v e f lows' . 

O p h i o l i t e c h e m i c a l t r e n d s wh ich a r e c o n t i n u o u s f rom ul t ramaf ics t h r o u g h 
g a b b r o t o b a s a l t h a v e b e e n i n t e r p r e t e d to s h o w t h a t t h e u l t ramaf ics a re r e l a t e d t o 
t h e o t h e r r o c k s (e .g . N i c o l a s , 1 9 6 6 , p p . 1 2 7 - 4 7 ; B o t t c h e r , 1 9 6 9 ) . W h i l e th is is 
p r o b a b l y t r u e w h e r e t h e u l t ramaf ics a r e c u m u l a t e s , it is p r o b a b l y n o t t r u e for t h e 
g r ea t m a s s e s of a p p a r e n t l y n o n c u m u l u s d u n i t e a n d h a r z b u r g i t e . T h e c h e m i c a l 
d i a g r a m s m a y b e m i s l e a d i n g b e c a u s e d u n i t e a n d h a r z b u r g i t e , b y v i r tue of the i r 
h i g h M g a n d l o w a lka l i c o n t e n t , will p lo t as e x t r e m e different iates o n m o s t g r a p h i c a l 
r e p r e s e n t a t i o n s of c h e m i c a l d a t a . N e i t h e r N i c o l a s ' r ev i ew of V o u r i n o s , Kizi l 
D a g h , a n d L a n z o c h e m i s t r y , n o r B o t t c h e r ' s p lo t of T r o o d o s m i n e r a l c o m p o s i t i o n s 
i nd i ca t e s a n y di f ferent ia t ion wi th in t h e u l t r amaf i c r o c k s t h e m s e l v e s . T h e l a c k of a 
d i f ferent ia t ion t r e n d wi th in t h e u l t ramaf ic z o n e a c c o r d s b e t t e r wi th or ig in as a 
p iece of m a n t l e , t h a n as a c rys ta l c u m u l a t e . 
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