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

D E P A R T M E N T O F N A T I O N A L D E V E L O P M E N T 

BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS 

Report No. 75 

THE GEOLOGY OF THE BOWUTU 
MOUNTAINS, NEW GUINEA 

BY 

D. B. DOW AND H. L. DAVIES 

S S S < t 4 
R E P I 

i eJ under the Authority of Senator the Hon. Sir William Spooner, 
Minister for National Development 

1 9 6 4 

eoPvjS BMR PUBLICATIONS COM?ACTCS 



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

D E P A R T M E N T O F N A T I O N A L D E V E L O P M E N T 

BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS 

Report No. 75 

THE GEOLOGY OF THE BOWUTU 
MOUNTAINS, NEW GUINEA 

BY 

D. B. DOW AND H. L. DAVIES 

/64 

Issued under the Authority of Senator the Hon. Sir William Spooner, 
Minister for National Development « ( i 

1964 



COMMONWEALTH OF AUSTRALIA 

D E P A R T M E N T O F N A T I O N A L D E V E L O P M E N T 

Minister: SENATOR THE HON. SIR WILLIAM SPOONER, K.C.M.G., M.M. 

Secretary: SIR HAROLD RAGGATT, C.B.E. 

B U R E A U O F M I N E R A L R E S O U R C E S , G E O L O G Y A N D G E O P H Y S I C S 

Director: J. M. RAYNER 

This Report was prepared in the Geological Branch 

Assistant Director (Geology): N. H . FISHER. 



C O N T E N T S 

P a g e 

S U M M A R Y oo . . 1 

I N T R O D U C T I O N . • 3 

L o c a t i o n o . oo o . •<> 3 

A c c e s s oo . o •• oo 3 

F i e l d Method o a « . » 3 

A e r i a l P h o t o g r a p h y . . •• 4 

C l i m a t e , o » o •» 4 

F l o r a oo . . oo oo 4 

F a u n a » • • « « » oo 5 

Popu la t ion and Industry » . 5 

P r e v i o u s Invest igat ions o . 5 

P e t r o g r a p h y . . »o oo 6 

T O P O G R A P H Y . « . . 6 

O w e n Stanley R a n g e 6 

W a r i a Ri f t V a l l e y » . o » 6 

Bowutu Mountains B O . « 10 

C o a s t a l R e g i o n . . o » 10 

S T R A T I G R A P H Y oo 10 

? P A L A E O Z O I C T O C R E T A C E O U S 

O w e n Stanley M e t a m o r p h i c s 

Kaindi M e t a m o r p h i c s a o o a 11 

G r e y w a c k e and ser i c i t e schist . . 12 

Undif ferent iated O w e n Stanley M e t a m o r p h i c s 13 

7 E O C E N E 

Lokanu Metavo lcan ic s 13 

Nipanata B e d s 13 

M I O C E N E 

M a g e r i V o l c a n i c s 14 

R E C E N T 

A l l u v i u m oo o . - 15 

I N T R U S I V E R O C K S . . o . oo 15 

? L O W E R T E R T I A R Y 

M o r o b e G r a n o d i o r i t e 15 

T r o n d h j e m i t e of the P a p u a n U l t r a b a s i c B e l t 16 

T O L I G O C E N E 

P a p u a n U l t r a b a s i c B e l t „, 16 

7 M I O C E N E 

D o l e r i t e 16 

7 P L I O C E N E 

A n d e s i t e P o r p h y r y o . 16 

P A P U A N U L T R A B A S I C B E L T . . 17 

P A P U A N U L T R A B A S I C B E L T I N T H E B O W U T U M O U N T A I N S 

U l t r a m a f i c Zone . . . . . . 17 



C O N T E N T S Cont'd 

P a g e 

Fe ldspath ic Zone 0 . 18 

B a s i c R o c k s « . . » 19 

A c i d R o c k s 19 

D o l e r i t e dykes „ . . 20 

A l t e r a t i o n and M i n e r a l i z a t i o n . . . . 20 

S T R U C T U R E . . . . . . 20 

Faul t ing s , . . 21 

G E O L O G I C A L H I S T O R Y . . „. . . 22 

G E O M O R P H O L O G Y . . „ . . 24 

E C O N O M I C G E O L O G Y . . . . . . 24 

G o l d , P l a t i n u m , and O s m i r i d i u m . . •• 25 

N i c k e l , C o b a l t , and C h r o m i u m •„ 26 

C o p p e r co . . 27 

M e r c u r y 0 . • • • « 27 

R E C O M M E N D A T I O N S o n . . . . 29 

A C K N O W L E D G E M E N T S . . . « . . . . 29 

R E F E R E N C E S . » . . 30 

I L L U S T R A T I O N S 

F i g u r e s : 

1 T o p o g r a p h y . S c a l e 15.78 m i l e s to 1 inch (1:1,000,000) 7 

2 T h e M i d d l e W a r i a V a l l e y , p a r t of the W a r i a Rift V a l l e y , 
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3 C o a s t n o r t h - w e s t of M o r o b e showing the e m b a y e d coast l ine 

and s h a r p r i d g e s c h a r a c t e r i s t i c of the C o a s t a l Reg ion . 9 

4 N i c k e l p r o s p e c t i n g a r e a . S c a l e : 2 mi l e s to 1 inch. 28 

P l a t e s : 
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2. G e o l o g i c a l M a p of the B o w u t u Mountains and E n v i r o n s . ) 

S c a l e 1:250,000. . . . . . . ) 



S U M M A R Y 

The Bowutu Mountains a r e in the s o u t h - e a s t e r n c o r n e r of the T e r r i t o r y of N e w 

Guinea , b e t w e e n S a l a m a u a and the L o w e r W a r i a R i v e r . T h e y attain a m a x i m u m e l eva t ion of 

about 8500 feet and a r e r u g g e d , b u s h - c o v e r e d , and unpopulated. T h e r e a r e no t r a c k s in the 

mountains , and they offer s o m e of the h a r d e s t t r a v e l in New G u i n e a . 

T h e m a p a r e a a l s o c o v e r s p a r t of the n o r t h - w e s t e r n end of the O w e n Stanley 

R a n g e , a l ightly populated, b u s h - c o v e r e d mountain range which r i s e s to o v e r 12,000 fee t in the 

m a p a r e a . The n a r r o w W a r i a Rift V a l l e y s e p a r a t e s the two "mountain r a n g e s ; it i s a l m o s t 

f l a t - f l o o r e d , but r a n g e s in e levat ion f r o m 1500 feet in the south to 6000 feet in the north , and 

supports a f a i r l y l a r g e native populat ion . 

T h e Bowutu Mountains f o r m the n o r t h - w e s t e r n end of the P a p u a n U l t r a b a s i c B e l t , 

wh ich is an e longated complex of u l t r a b a s i c , b a s i c , and acidic r o c k s m o r e than 230 m i l e s long 

and up to 25 m i l e s w i d e , extending f r o m the N e w Guinea coast n e a r S a l a m a u a to the M u s a R i v e r 

in P a p u a . The u l t r a b a s i c rocks c r o p out in the n o r t h - w e s t e r n p a r t of the mounta ins , and w e r e 

mapped s e p a r a t e l y f r o m the fe ldspathic rocks of the Bel t , wh ich occupy the s o u t h - e a s t e r n p a r t . 

The B e l t w a s e m p l a c e d in fluid or n e a r - s o l i d state in U p p e r C r e t a c e o u s , L o w e r 

T e r t i a r y , o r l o w e r Middle T e r t i a r y t i m e . G r a v i t y dif ferentiat ion b e f o r e o r d u r i n g e m p l a c e m e n t 

p r o d u c e d u l t r a b a s i c , b a s i c , and ac id r o c k s in turn , but tectonic m o v e m e n t s and s t r e s s d u r i n g 

crys ta l l i za t ion prevented the deve lopment of o r d e r l y l a y e r i n g and c a u s e d the in trus ion of 

r e s i d u a l m a g m a into the a l r e a d y - s o l i d i f i e d par t s of the pluton. 

The O w e n Stanley R a n g e is composed of O w e n Stanley M e t a m o r p h i c s , w h i c h include 

the Kaindi M e t a m o r p h i c s ( m e t a m o r p h o s e d P a l a e o z o i c or L o w e r M e s o z o i c shel f and t r o u g h -

type s e d i m e n t s ) , and fo s s i l i f e rous g r e y w a c k e and ser i c i t e schist of C r e t a c e o u s a g e . T h e r o c k s 

within the W a r i a Rift V a l l e y a r e L o w e r T e r t i a r y f i n e - g r a i n e d sed iments and b a s i c vo l can ic s 

ca l l ed the Nipanata B e d s , and a discontinuous v e n e e r of Recent a l l u v i u m . A l t e r e d vo lcan ics 

cropping out n e a r S a l a m a u a a r e c a l l e d the Lokanu Metavo lcan ic s and c a n p r o b a b l y b e c o r r e l ­

ated with the Nipanata B e d s . L o w e r Miocene b a s i c and intermediate vo l can ic s w h i c h c r o p out 

along the n o r t h - e a s t e r n , coas ta l , f lank of the Bowutu Mountains a r e ca l l ed the M a g e r i V o l c a n i c s . 

A s m a l l s tock of trondhjemite which intrudes the Kaindi M e t a m o r p h i c s in the 

n o r t h - w e s t e r n p a r t of the m a p a r e a m a y be c o - m a g m a t i c with the (?) L o w e r T e r t i a r y M o r o b e 

G r a n o d i o r i t e . S m a l l andesite p o r p h y r y dykes w e r e intruded in the U p p e r T e r t i a r y . 

T h e O w e n S t a n l e y M e t a m o r p h i c s and the U l t r a b a s i c B e l t a r e s e p a r a t e d b y the O w e n 

Stanley and T i m e no F a u l t s , w h i c h have p r o b a b l y b e e n active s ince e a r l y T e r t i a r y t i m e . T h e 

m a i n m o v e m e n t on the faults has b e e n t r a n s c u r r e n t , the U l t r a b a s i c B e l t m o v i n g n o r t h - w e s t ­

w a r d s r e l a t i v e to the O w e n Stanley M e t a m o r p h i c s . W h e r e this m o v e m e n t w a s i m p e d e d b y the 

norther ly c u r v e of the O w e n Stanley F a u l t , the U l t r a b a s i c B e l t has b e e n l o c a l l y e l e v a t e d and 

the b a s a l u l t ramaf i c p a r t of the pluton is now e x p o s e d . V e r t i c a l m o v e m e n t on the faul ts has 

e levated the two mountain r a n g e s and d e p r e s s e d the a r e a be tween . 
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G o l d is shed f r o m the Kaindi M e t a m o r p h i c s , the U l t r a b a s i c B e l t , and the M a g e r i 

V o l c a n i c s , and about 1000 fine ounces have been w o n , mos t ly f r o m a l luv ia l w o r k i n g s in the 

M i d d l e W a r i a V a l l e y . P l a t i n u m and o s m i r i d i u m occur with the g o l d . L a t e r i t i c concentrat ions 

of nickel have b e e n found in s o i l s deve loped o v e r the u l t ramaf i c r o c k s , but , in the two a r e a s 

t e s ted , a r e a p p a r e n t l y b e l o w economic g r a d e . C o p p e r m i n e r a l i z a t i o n o c c u r s at a n u m b e r of 

p l a c e s in the B o w u t u Mounta ins . T h e w r i t e r s r e c o m m e n d a m a j o r p r o g r a m m e of nickel 

p r o s p e c t i n g n o r t h - e a s t of L a k e T r i s t , and m o r e intensive s e a r c h f o r c o p p e r near the T i m e n o 

F a u l t , and in the n o r t h - e a s t e r n p a r t of the Bowutu Mountains . 
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I N T R O D U C T I O N 

A n a r e a of about 1500 s q u a r e mi l e s of r u g g e d , unpopulated, and i n a c c e s s i b l e 

mountain country in the s o u t h - e a s t e r n c o r n e r of the T e r r i t o r y of N e w G u i n e a f o r m s the 

range known as the Bowutu Mounta ins , P r e v i o u s g e o l o g i c a l w o r k , w h i c h had b e e n c o n ­

fined to the m o r e a c c e s s i b l e p a r t s of the reg ion , had shown that the P a p u a n U l t r a b a s i c B e l t 

had its g r e a t e s t deve lopment in the Bowutu Mountains and the a r e a w a s t h e r e f o r e one of 

economic m i n e r a l potential . It w a s there fore surveyed in S e p t e m b e r and O c t o b e r I960 , 

Locat ion 

The a r e a c o v e r e d by this R e p o r t extends f r o m S a l a m a u a southward to the P a p u a n 

b o r d e r , and l ies be tween the O w e n Stanley Range and the M o r o b e C o a s t , It is bounded b y 

Lat i tudes 7°00'S and 8°07'S and Longi tudes 146 U 48'E and 147°42 'E . 

A c c e s s 

G a r a i n a , in the Midd le W a r i a V a l l e y , has an a i r s t r i p of D C S s t a n d a r d and is 

s e r v e d by w e e k l y fl ights f r o m P o r t M o r e s b y ( P a p u a n A i r T r a n s p o r t ) and L a e ( T r a n s - A u s t ­

r a l i a A i r l i n e s ) . A t Kipu, three m i l e s south of G a r a i n a , there is an a i r s t r i p su i table f o r 

light a i r c r a f t . T h e r e a r e e m e r g e n c y landing grounds at Juni and B a p i , north of G a r a i n a , 

at Dona n e a r M o r o b e , and S a l a m a u a on the coas t , but these have not b e e n u s e d s ince 1945 

and a r e at present u n s e r v i c e a b l e , 

M o r o b e is s e r v e d b y s m a l l motor v e s s e l s operat ing f r o m L a e and S a m a r a i 

at a p p r o x i m a t e l y fortnightly i n t e r v a l s . The indented coast l ine p r o v i d e s a n u m b e r of good 

a n c h o r a g e s , but some of these a r e unsafe during the nor th -wes t monsoon . 

T h e r e a r e no w e l l - u s e d t racks in the Bowutu Mountains; s e v e r a l m i n o r t r a c k s 

c r o s s the range be tween G a r a i n a , M o r o b e , and M a i a m a , but they a r e r a r e l y used and a r e 

p o o r l y def ined. A w e l l - k e p t A d m i n i s t r a t i o n t r a c k connects G a r a i n a and M o r o b e : f o r the 

mos t p a r t it fo l lows the W a r i a R i v e r . 

G a r a i n a and W a u a r e connected by a good f o o t - t r a c k through the U p p e r W a r i a , 

B i a r u , K o r p e r a , and U p p e r B u l o l o v a l l e y s , and there is an unused t r a c k f r o m B a p i , at the 

head of the Middle W a r i a V a l l e y , to L a k e T r i s t and thence W a u . South of L a k e T r i s t the 

t r a c k is o v e r g r o w n b y fine b a m b o o c r e e p e r , which is difficult to penetrate . 

F i e l d Method 

In the Bowutu Mountains f r e s h r o c k e x p o s u r e is g e n e r a l l y confined to the b e d s 

of w a t e r c o u r s e s , though dunite and dole rite m a y f o r m r e s i d u a l s u r f a c e b o u l d e r s . Soi l 

c o v e r within the range is thin, so that shal low track cuttings c o m m o n l y r e v e a l w e a t h e r e d 

remnants of the underly ing r o c k , p a r t i c u l a r l y in the case of the t rondhjemi te . M o s t of the 

foo t - t racks a r e situated on r i d g e s and the geo log is t is often faced with the a l t ernat ives of 

making a quick t r a v e r s e along a f o o t - t r a c k with l imited e x p o s u r e , o r a s low diff icult t r a v e r s e 

a long a c r e e k bed w h e r e outcrop is g e n e r a l l y plentiful . 

D u r i n g the s u r v e y the w r i t e r s w o r k e d independently and e m p l o y e d a p e r m a n e n t 

line of fourteen native c a r r i e r s . T h i s permit ted a m a x i m u m t r a v e r s e of twe lve days in 
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unpopulated country , w i th s ix loads of native rat ions and eight loads of equipment . M o v e m e n t 

through populated country p r e s e n t s f e w p r o b l e m s a s good t r a c k s connect the v i l l a g e s and 

a r o u n d e a c h v i l l a g e there is a ne twork of hunting t racks which g ive a c c e s s to the s u r r o u n d i n g 

b u s h . H o w e v e r , m u c h of the U l t r a b a s i c B e l t , p a r t i c u l a r l y in the north, i s unpopulated, and 

only the f r i n g e s a r e p e n e t r a t e d b y hunting p a r t i e s . In such country it m a y take three to f o u r 

h o u r s to cut a m i l e of t r a c k , and c a r r i e r t roub le is l ike ly b e c a u s e the natives c o m m o n l y r e g a r d 

unknown b u s h w i th supers t i t i ous f e a r . 

A e r i a l P h o t o g r a p h y 

O n l y a s m a l l p a r t of the a r e a i s not c o v e r e d b y v e r t i c a l o r obl ique photography 

( s ee ' A i r p h o t o C o v e r a g e ' , P I . 1 ) , and f i e ld observat ions w e r e plotted on a i r photographs 

w h e r e v e r p o s s i b l e . 

T h e b a s e m a p f o r P l a t e 2 w a s p r e p a r e d b y t rac ing f r o m uncontrol led a s s e m b l i e s 

of a i r photographs and r e d u c i n g these f r o m the v a r i o u s s c a l e s to a f inal s c a l e of 1:250,000. 

T h e coast l ine w a s plotted f r o m M i l i t a r y O n e - m i l e M a p s of S a l a m a u a , B a d e n B a y , and M a g e r i 

P o i n t . T h e only contro l i s g i v e n b y two points on the B u i s a v a l and L o w e r W a r i a R i v e r s , 

w h i c h w e r e plotted f r o m the S a l a m a u a and B u n a ' F o u r - m i l e ' shee t s , pub l i shed b y the A d m i n ­

i s t ra t ion D e p a r t m e n t of L a n d s , S u r v e y s and M i n e s . 

B e c a u s e of the young topography and the f o r e s t c o v e r , photo - in terpre ta t ion i s only 

p r a c t i c a b l e on a b r o a d s c a l e : Q u a t e r n a r y fault t r a c e s a r e apparent and the m a i n r o c k types 

m a y b e d i s t ingu i shed . W i t h i n the O w e n Stanley R a n g e the Kaindi M e t a m o r p h i c s cannot b e 

d i s t inguished f r o m the C r e t a c e o u s g r e y w a c k e and ser i c i t e schis t , but wi th in the U l t r a b a s i c 

B e l t a n u m b e r of e r o s i o n and vegetat ion patterns m a y be d i s c e r n e d , and these , together w i th 

f i e ld o b s e r v a t i o n s , a r e the b a s i s f o r the b o u n d a r i e s within the B e l t shown on P l a t e 2. 

C l i m a t e 

T h e c l i m a t e of the a r e a is inf luenced b y the fo l lowing s easons ( D e p . N a t . D e v . , 

1951) , 

N o r t h - W e s t M o n s o o n : M i d - D e c e m b e r to m i d - M a r c h 

S o u t h - E a s t M o n s o o n : M a y to O c t o b e r 

D o l d r u m s : M i d - M a r c h to A p r i l 

N o v e m b e r to m i d - D e c e m b e r 

T h e a v e r a g e annual r a i n f a l l at M o r o b e is 117 inches , the wet te s t months be ing A p r i l , M a y , 

June , N o v e m b e r , and D e c e m b e r . A t G a r a i n a the annual r a i n f a l l is 106 inches , the w e t months 

b e i n g N o v e m b e r and D e c e m b e r , and the d r y months June, July , and A u g u s t . R a i n g e n e r a l l y 

f a l l s in the a f ternoon and even ing . 

T h e c o a s t a l be l t c a n b e unpleasant ly hot and h u m i d , but the c l imate in the 

M i d d l e W a r i a V a l l e y is quite e q u a b l e . T h e mountain country is often b lanketed wi th c loud and 

c a n b e v e r y b l e a k . 

F l o r a 

T h r e e m a i n types of vegetat ion w e r e o b s e r v e d : r a i n f o r e s t , g r a s s l a n d s , and 

stunted h a r d w o o d s . R a i n f o r e s t c o v e r s m o s t of the mountainous country . O v e r m e t a m o r p h i c 
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r o c k s the f o r e s t has little u n d e r g r o w t h and is not diff icult to p e n e t r a t e . O v e r the U l t r a b a s i c 

B e l t the u n d e r g r o w t h is d e n s e r , and is at its w o r s t south and e a s t of L a k e T r i s t , w h e r e fine 

b a m b o o c r e e p e r f o r m s a dense s p r i n g y m a s s f r o m five to twenty feet h igh . 

Kunai and other l ong - l ea fed g r a s s e s c o v e r the f lats of the Midd le W a r i a V a l l e y , 

and the f lanks of the B u b u , O n o , and U p p e r W a r i a v a l l e y s . T h e r e a r e a l s o extens ive a lpine 

g r a s s l a n d s b e t w e e n 9000 and 10,000 feet in the va l l eys of Kau a n d D i u C r e e k s , and s m a l l patches 

of alpine g r a s s on the div ide eas t of L a k e T r i s t . 

G n a r l e d and stunted h a r d w o o d s g r o w on the d iv ide (e levat ion 7000 - 8500 f e e t ) , 

e a s t and south-eas t of L a k e T r i s t , and on exposed points at s l ight ly l o w e r a l t i tudes . T h e 

trans i t ion b e t w e e n r a i n f o r e s t and stunted h a r d w o o d s is quite c l e a r on the a i r p h o t o g r a p h s , 

but does not indicate a geo log i ca l b o u n d a r y . 

F a u n a 

G a m e is plentiful n e a r the c o a s t , and rat ions c a n b e supplemented wi th c a s s o ­

w a r i e s , p i g e o n s , d u c k s , and a v a r i e t y of other b i r d s . E e l s in the l a r g e r s t r e a m s d r a i n i n g the 

B o w u t u Mountains w e r e another useful addition to our diet . In the mountain country g a m e i s 

s c a r c e : there a r e no f ish in the Middle and U p p e r W a r i a R i v e r , b i r d s a r e r a r e , and the only 

g a m e caught b y the c a r r i e r s w a s t r e e - c l i m b i n g kangaroos and o p o s s u m s , and an o c c a s i o n a l 

c a s s o w a r y . 

M o s q u i t o s a r e g e n e r a l l y not a nuisance , except in the coas ta l b e l t . In the 

S a i a R i v e r and the a r e a around L a k e T r i s t , w e w e r e p lagued b y a l a r g e st inging f ly not unl ike 

the A u s t r a l i a n m a r c h f ly . 

Popula t ion and Industry 

A b o u t 12,000 natives inhabit the a r e a ; of these 5400 l ive on the coas t and in the 

L o w e r W a r i a V a l l e y , the r e m a i n d e r in the Midd le and U p p e r W a r i a , O n o , and B u b u v a l l e y s . 

T h e coas ta l nat ives have a reputat ion f o r indolence , but the inland natives a r e g e n e r a l l y good 

w o r k e r s . T h e r e is little a v a i l a b l e l a b o u r in the Midd le W a r i a V a l l e y a s m a n y of the a b l e -

bod ied m e n have b e e n r e c r u i t e d b y plantations and the A d m i n i s t r a t i o n d e p a r t m e n t s , 

E u r o p e a n s n u m b e r b e t w e e n 15 and 20, and there a r e set t lements at M o r o b e 
P a t r o l P o s t , G a r a i n a ( D e p a r t m e n t of A g r i c u l t u r e ) , S u m u , K i p u , S a w e t , and Z a k a ( m i s s i o n 
s ta t ions ) . 

M o s t of the natives l ive b y subs i s tence a g r i c u l t u r e , but cash c r o p s , such a s 

coffee and c o c o a , a r e b e i n g introduced . Nat ives p r o d u c e s o m e c o p r a on the c o a s t , and a little 

a l l u v i a l go ld i s w o n on the O n o , W a r i a , W i w o , and W u w u R i v e r s . 

T h e D e p a r t m e n t of A g r i c u l t u r e has an e x p e r i m e n t a l tea plantat ion at G a r a i n a . 

P r e v i o u s Invest igat ions 

I n S e p t e m b e r 1939, N . H . F i s h e r , then G o v e r n m e n t G e o l o g i s t f o r N e w G u i n e a , 

t r a v e r s e d f r o m W a u to G a r a i n a v i a the B i a r u , U p p e r W a r i a , and Ono v a l l e y s . E n route he 

e x a m i n e d a l l u v i a l g o l d w o r k i n g s at T i m a n a g o s a and Juni ( F i s h e r , 1939) . 
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J . E . T h o m p s o n , Sen ior R e s i d e n t G e o l o g i s t , P o r t M o r e s b y , f i r s t v i s i ted the 

W a r i a V a l l e y in 1951 to invest igate a r e p o r t e d gold find n e a r Sako. He mapped the G a r a i n a 

- K o r e p p a a r e a and r e c o g n i z e d nickel s i l i ca te m i n e r a l s at K o r e p p a , In 1957 he r e t u r n e d to 

K o r e p p a to make a m o r e deta i led e x a m i n a t i o n of the nickel minera l i za t ion and c a r r i e d out 

s o m e pitting and a u g e r i n g c In 1958 he t r a v e r s e d the M o r o b e C o a s t b y s m a l l motor v e s s e l 

and noted zoning wi th in the Bowutu Mountains which has b e e n b r o a d l y ver i f i ed b y this s u r v e y 

( T h o m p s o n , m a p s , unpubl ished r e p o r t s , and p e r s . c o m r n , ) , 

B u l o l o G o l d D r e d g i n g L t d has made a b r i e f geo log i ca l r e c o n n a i s s a n c e of the 

s o u t h e r n p a r t of the a r e a ( G i b s o n , 1957) and has c a r r i e d out p r o g r a m m e s of pitting and 

a u g e r i n g at K o r e p p a and near L a k e T r i s t ( C a m p b e l l , 1958). 

D . B . D o w and G„ S i e d n e r , Res ident G e o l o g i s t s at W a u , mapped the a r e a north 

of L a k e T r i s t in A u g u s t - S e p t e m b e r 1958 ( D o w & S iedner , 1958), and their re su l t s have b e e n 

i n c o r p o r a t e d in this R e p o r t . 

P e t r o g r a p h y 

P e t r o g r a p h i c descr ip t ions a r e b y D a v i e s unless o therwise indicated. T i m e did 

not p e r m i t the use of the u n i v e r s a l s tage and re f rac t ive index methods for detai led m i n e r a l 

identi f icat ion. 

T O P O G R A P H Y 

F o u r p h y s i o g r a p h i c units a r e r e c o g n i z e d in the a r e a mapped: the O w e n Stanley 

R a n g e , the W a r i a Rift V a l l e y , the B o w u t u Mounta ins , and the C o a s t a l R e g i o n ( see F i g . 1 ) . 

O w e n Stanley R a n g e 

In the s o u t h - w e s t e r n p a r t of the map a r e a , a b r o a d mass i f , the n o r t h - w e s t e r n 

ex tens ion of the O w e n Stanley R a n g e , r i s e s m o r e than 12,000 feet above s e a - l e v e l . T h e m a s s i f 

has the a p p e a r a n c e of a d i s s ec t ed p la teau and consis ts of b r o a d undulating inter f luves 

s e p a r a t e d b y deep r i v e r v a l l e y s , such as the U p p e r W a r i a , O n o , and B u b u r i v e r s . 

The m a s s i f is bounded on the north-eas t b y a s tra ight , s teep , fault s c a r p . 

T h e l a r g e r r i v e r s have cut through the s c a r p and jo in the W a r i a R i v e r with accordant junct ions , 

but m a n y of the s m a l l e r s t r e a m s f o r m c a s c a d e s and w a t e r f a l l s w h e r e they c r o s s the s c a r p . 

W a r i a Rif t V a l l e y 

A s l ight ly c u r v e d t r o u g h , the W a r i a Rift V a l l e y , extends f r o m L a k e T r i s t 

s o u t h - e a s t w a r d s to the E i a R i v e r . It i s bounded by the steep front of the O w e n Stanley 

R a n g e to the w e s t and b y the B o w u t u Mountains to the eas t . The f loor of the v a l l e y has only 

l o w r e l i e f in the nor thern and c e n t r a l p a r t s , and r a n g e s in the e levat ion f r o m 6000 feet n e a r 

L a k e T r i s t , to 1500 feet near Motete i . South-eas t of Motetei the f loor r i s e s and b e c o m e s 

h i l l y . 

The W a r i a R i v e r en ters the Rif t V a l l e y n e a r B a p i and f lows s o u t h - e a s t w a r d s 

a l o n g its e a s t e r n m a r g i n except n e a r T i m a n a g o s a and Motete i , w h e r e the r i v e r en ter s the 

B o w u t u Mounta ins . F r o m near U p u p u r u the r i v e r swings a w a y f r o m the Rif t V a l l e y and f l o w s 

n o r t h - e a s t w a r d s to the coas t . 
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F i g 2: The M i d d l e W a r i a V a l l e y , p a r t of the W a r i a Rift V a l l e y , f lanked b y the O w e n 

Stanley Range and the Bowutu Mounta ins . (Photograph made a v a i l a b l e b y the 

C o m m o n w e a l t h Depar tment of A i r ) . 
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F i g 3: C o a s t north-wes t of M o r o b e showing the e m b a y e d coastl ine and sharp r idges 

character i s t i c of the C o a s t a l Reg ion . (Photograph made ava i lab le by the 

Commonwea l th Department of A i r ) . 
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In their l o w e r reaches the Ono and Superua R i v e r s flow s o u t h - e a s t w a r d s along the 

v a l l e y b e f o r e joining the W a r i a R i v e r . 

Bowutu Mountains 

The Bowutu Mountains f o r m a f a i r l y we l i -de f ined mountain chain be tween the 

W a r i a Rift V a l l e y and the coast . The divide is n e a r e r the W a r i a va l ley and hence the coasta l 

s t r e a m s a r e l a r g e r and m o r e deeply inc ised than the inland s t r e a m s . The range has a 

m a x i m u m elevat ion of 8500 feet; the r i v e r s a r e deeply inc i sed , and the d r a i n a g e is g e n e r a l l y 

dendr i t i c . Di f ferent topographic patterns withinthe range a r e d i s c u s s e d be low under G e o m o r -

phology . 

C o a s t a l Reg ion 

The coasta l belt f r o m L a s a n g a Is land to M o r o b e is c h a r a c t e r i z e d by r a z o r - b a c k e d 

r i d g e s of modera te e levat ion. Recent d e p r e s s i o n of this bel t has caused a s h a r p l y indented 

coast l ine with many o f f - shore i s l a n d s . In their l o w e r reaches the l a r g e r r i v e r s f low s lugg i sh ly 

a c r o s s w ide a l luv ia l flats which a r e s w a m p y in p l a c e s . 

S T R A T I G R A P H Y 

The s tra t igraphy of the a r e a is s u m m a r i z e d in the fo l lowing table: 

Q u a r t e r n a r y A l l u v i u m 

T e r t i a r y 

M e so zoic 

L o w e r M e s o z o i c 

o r 

P a l a e o z o i c 

TPl iocene 

Miocene 

TOligocene 

TEocene 

? L o w e r T e r t i a r y 

C r e t a c e o u s 

{ 

Andes i t e p o r p h y r y intrusions 

M a g e r i V o l c a n i c s 

P a p u a n U l t r a b a s i c B e l t 

Nipanata B e d s 

i 
Lokanu Metavo lcanics 

M o r o b e G r a n o d i o r i t e 

G r e y w a c k e and ser i c i t e schis t 

Kaindi 

M e t a m o r p h i c s 

The O w e n Stanley M e t a m o r p h i c s c o m p r i s e s two units, the Kaindi M e t a m o r p h i c s 

and the C r e t a c e o u s sed iments , both 01 which a r e r e g i o n a l l y m e t a m o r p h o s e d . The Nipanata 

B e d s and the Lokanu M e t a v o l c a n i c s , which a r e tnought to b e c o r r e l a t i v e s , a r e only w e a k l y 

m e t a m o r p h o s e d . The M a g e r i V o l c a n i c s a r e s l ight ly a l t e r e d and a r e p r o b a b l y a p a r t of the 

Iauga F o r m a t i o n ( P a t e r s o n & Kic inski , 1956). 
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Definite ev idence of age is lacking except in the C r e t a c e o u s g r e y w a c k e and the 

I a u g a F o r m a t i o n , in both of w h i c h diagnost ic f o s s i l s have b e e n found. 

? P A L A E O Z O I C T O C R E T A C E O U S 

O w e n Stanley M e t a m o r p h i c s 

The m e t a m o r p h i c r o c k s which constitute the bu lk of the O w e n Stanley R a n g e 

w e r e named the O w e n Stanley S e r i e s b y E . R , Stanley (1923). W e p r e f e r the name O w e n 

Stanley M e t a m o r p h i c s , and in the northern p a r t of the m a p a r e a w e have d iv ided them into 

two units: the Kaindi M e t a m o r p h i c s and the l e s s m e t a m o r p h o s e d C r e t a c e o u s s e r i c i t e schis t 

and g r e y w a c k e . The Kaindi M e t a m o r p h i c s a r e of h igher g r a d e than the C r e t a c e o u s r o c k s 

and the two units a r e p r o b a b l y s e p a r a t e d by an unconformity . W e m a p p e d in l e s s detai l in the 

O w e n Stanley R a n g e and the r o c k s have b e e n mapped as undif ferent iated O w e n Stanley 

M e t a m o r p h i c s . 

Kaindi M e t a m o r p h i c s 

The Kaindi M e t a m o r p h i c s ( F i s h e r , 1944), take their n a m e f r o m Mount Kaindi 

n e a r W a u . In the map a r e a they c r o p out f r o m the coast near S a l a m a u a to the h e a d w a t e r s of 

the B u i a w i m R i v e r . T h e y a l m o s t certa in ly occur to the sou th -eas t in the O w e n Stanley 

R a n g e , but they have b e e n mapped as undifferentiated O w e n Stanley M e t a m o r p h i c s . N o r t h 

of the B i to i R i v e r , the Kaindi M e t a m o r p h i c s a r e g e n e r a l l y f i n e - g r a i n e d , but to the south 

they a r e m e d i u m and c o a r s e - g r a i n e d . 

N o r t h of the Bi to i R i v e r the predominant r o c k type is d a r k , f i n e - g r a i n e d q u a r t z -

biotite schis t . C a l c a r e o u s schis t and thin m a r b l e beds a r e c o m m o n in this a r e a and t raver t ine 

has f o r m e d at s e e p a g e s on the s ides of many of the s t r e a m s . G r e e n , s i l i c i f i ed , m e d i u m -

g r a i n e d biotite schist a l s o o c c u r s . In a l l these rocks schis tos i ty has a l m o s t comple te ly 

ob l i t era ted the bedding , and only in B u i p a l C r e e k , w e s t of M u b o , w a s bedding seen . T h e r e 

the r o c k i s a laminated and th in-bedded g r e y and b l a c k schist in w h i c h the bedding is rough ly 

p a r a l l e l to the schistos i ty . 

South of the Bi to i R i v e r the r o c k s a r e c o a r s e r - g r a i n e d , and cons i s t main ly of 

m e d i u m - g r a i n e d to c o a r s e - g r a i n e d quartz -b io t i t e schist with subordinate f i n e - g r a i n e d sch is t , 

m a r b l e , c a l c a r e o u s schis t , and s tretched c o n g l o m e r a t e . T h e m o s t c o m m o n r o c k type is a 

g r e e n to g r e y c o a r s e - g r a i n e d s i l i c i f i ed quartz -b io t i te schist in which bedd ing is r a r e l y s een . 

D a r k - c o l o u r e d f i n e - g r a i n e d sch i s t o c c u r s with this c o a r s e - g r a i n e d sch i s t and w a s o r i g i n a l l y 

in terbedded wi th it , but r e g i o n a l m e t a m o r p h i s m has ob l i t erated the bedd ing and the f i n e ­

g r a i n e d r o c k now o c c u r s as i r r e g u l a r s t r e a k e d - o u t l enses . A n o t h e r c o m m o n r o c k type is a 

' s t r e a k y schis t ' which cons i s t s of s t reaked-out l enses and p lates (up to 1/4 inch thick and 6 

inches long) of light g r e e n m e d i u m - g r a i n e d s i l ic i f ied schis t a l ternat ing wi th d a r k f i n e ­

g r a i n e d m i c a schis t . The deve lopment of these l enses is d i s c u s s e d b e l o w . 

S h e a r e d and s tre tched cong lomera te w a s seen a s b o u l d e r s in the B u i s a v a l River , 

It cons i s t s of p e b b l e s of q u a r t z , s i l i c i f i ed g r e y w a c k e , and fe ldspathic igneous r o c k s in a m a t r i x 

of c o a r s e - g r a i n e d quartz -b io t i t e sch is t . The l e s s competent p e b b l e s , such as g r e y w a c k e and 

s i l t s tone , a r e s t reaked out into l e n s e s . 

The m a r b l e o c c u r s in the m a p a r e a as s m a l l l e n s e s , g e n e r a l l y about 50 feet 

thick and s e v e r a l hundred y a r d s long. It i s g e n e r a l l y g r e y , and contains thin l e n s e s (about 
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1/3 inch thick, and s e v e r a l inches long) of b r o w n m i c a schis t , w h i c h have b e e n d e r i v e d f r o m 

o r i g i n a l a r g i l l a c e o u s i m p u r i t i e s in the l imes tone . S o m e p u r e white m a r b l e w a s s een , but it 

i s not c o m m o n . One l a r g e l ens of m a r b l e , s e v e r a l hundred feet thick, w a s s e e n at the head 

of K i n a m e C r e e k , but w a s not v i s i t ed . 

F i s h e r (1939) noted g r e e n schist in the U p p e r Ono va l l ey ; he sugges ted that it 

w a s o r i g i n a l l y a tuff. 

T h e r e g i o n a l m e t a m o r p h i s m of the Kaindi M e t a m o r p h i c s i s not h i g h - g r a d e , and 

f a l l s wi th in the biotite zone . H o w e v e r , the sed iments have reac ted to s t r e s s b y intense s h e a r i n g 

and p la s t i c f l o w . T r a n s i t i o n f r o m schis t in w h i c h bedding can s t i l l b e s e e n to the ' s t r e a k y 

sch i s t ' w a s s een two m i l e s to the w e s t of the m a p a r e a in the h e a d w a t e r s of the B u l o l o R i v e r , 

T h e sch i s t w a s d e r i v e d f r o m laminated and th in-bedded q u a r t z g r e y w a c k e containing thin 

sha le and s i l tstone i n t e r b e d s . In the f i r s t s tage of the t r a n s f o r m a t i o n it w a s fo lded into 

tight s y m m e t r i c a l fo lds and c o m p l e t e l y r e e r y s t a l l i z e d ; the c o a r s e b e d s w e r e s i l ic i f ied and 

the f i n e r - g r a i n e d b e d s b e c a m e biotite sch i s t with the schistos i ty r o u g h l y p a r a l l e l to the a x i a l 

p l a n e of the f o l d s . F u r t h e r s t r e s s c a u s e d the l i m b s of the fo lds to s t re t ch . T h e n the l i m b s 

p a r t e d and "the f o l d - n o s e s w e r e s t r e a k e d out into l enses and p lates to g i v e the ' s t reaky schist*. 

I n the e x t r e m e c a s e , l e n s e s w e r e so s tretched out that the schis tos i ty , w h i c h is p a r a l l e l to 

the a x i a l p lane of the f o l d s , c a n e a s i l y b e mis taken f o r laminated b e d d i n g . 

T h e Kaindi M e t a m o r p h i c s , wh ich a r e p r o b a b l y o v e r l a i n u n c o n f o r m a b l y b y the 

C r e t a c e o u s Snake R i v e r G r e y w a c k e north of W a u ( D o w , 1961), m a y b e of P a l a e o z o i c o r 

L o w e r M e s o zoic a g e . 

G r e y w a c k e and Ser i c i t e Schis t 

F o s s i l i f e r o u s g r e y w a c k e and ser i c i t e sch is t c r o p out in S a m p a C r e e k , a t r i b u ­

t a r y of the B u i a w i m R i v e r , s e v e n m i l e s w e s t of L a k e T r i s t . The r o c k s w e r e only c u r s o r i l y 

e x a m i n e d , and the a r e a w a r r a n t s m o r e detai led mapping . 

T h e g r e y w a c k e i s known only a s b o u l d e r s shedding f r o m the h e a d of S a m p a C r e e k . 

It i s d a r k - c o l o u r e d , m e d i u m to f i n e - g r a i n e d , indurated r o c k cons is t ing of rounded to s u b -

a n g u l a r g r a i n s of f e l d s p a r , q u a r t z , f e r r o m a g n e s i a n m i n e r a l s , and r o c k f r a g m e n t s . The f i n e r -

g r a i n e d g r e y w a c k e i s s u b - s c h i s t o s e . It a p p e a r s to o v e r l i e the s e r i c i t e sch i s t , but in the 

a b s e n c e of continuous e x p o s u r e this could not b e v e r i f i e d . 

B l a c k and g r e y f i n e - g r a i n e d ser ic i t e schis t c r o p s out in the s t r e a m b e d , but its 

re la t ionsh ip to the g r e y w a c k e i s not known. T h i n bedding can g e n e r a l l y b e d is t inguished, and 

w h e r e s e e n it d ips m o r e s t eep ly than the schistos i ty . 

F o s s i l s co l l ec ted f r o m g r e y w a c k e b o u l d e r s in S a m p a C r e e k w e r e identif ied b y 

S k w a r k o (1960) a s f o l l o w s : 

P e l e c y p o d a : G l y c i m e r i s s p . 

A s h c r o f t i a d i s tor ta G l a e s s n e r , 1949 

P i n n a s p . nov. 

T r i g o n i a s p . nov. 

Noto tr igon ia s p . nov. 

C a r d i u m s p . 

P a n o p e a s p . nov. 

G a s t r o p o d a : T i b i a (?) m o r o b i c a G l a e s s n e r , 1949 
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T h e a s s e m b l a g e is s i m i l a r to one d e s c r i b e d b y G l a e s s n e r (1949) , f r o m the 

Snake R i v e r a r e a 35 m i l e s to the n o r t h - w e s t . G l a e s s n e r s u g g e s t s a n A p t i a n , A l b i a n , o r C e n -

o m a n i a n a g e f o r the Snake R i v e r a s s e m b l a g e , and S k w a r k o a s s i g n s the s a m e a g e to the S a m p a 

C r e e k f o s s i l s . 

Undi f ferent ia ted O w e n Stanley M e t a m o r p h i c s 

South-eas t of the B u i a w i m R i v e r , only s h o r t t r a v e r s e s w e r e m a d e into the M e t a ­

m o r p h i c s , and r o c k s in this a r e a have b e e n mapped a s Undif ferent iated O w e n Stanley M e t a ­

m o r p h i c s . T h e r o c k s s een w e r e laminated g r e e n and b l a c k phyll i te and s e r i c i t e sch i s t . 

M a r b l e w h i c h c r o p s out at G a r a w a r i a on the Ono R i v e r ( F i s h e r , 1939) is p r o b a b l y a m e m b e r 

of the Kaindi M e t a m o r p h i c s . 

7 E O C E N E 

Lokanu M e t a v o l c a n i c s 

W e p r o p o s e the name Lokanu Metavo lcan ic s f o r a l t e r e d vo lcanic r o c k s w h i c h 

c r o p out b e t w e e n S a l a m a u a and the Bi to i R i v e r . The r o c k s a r e b e s t e x p o s e d in s m a l l s t r e a m s 

to the s o u t h - s o u t h - w e s t of Lokanu V i l l a g e , f r o m w h i c h the name is d e r i v e d . D o w & S iedner 

(1958) r e f e r r e d to the r o c k s as S a l a m a u a M e t a v o l c a n i c s , and the fo l lowing account is taken 

f r o m their r e p o r t : 

'Both the vo lcan ics and the in trus ives a r e d a r k g r e e n m a s s i v e r o c k s , w e l l 

jointed and containing i r r e g u l a r thin chlor i te ve ins up to 1/4 inch thick. T h e vo lcan ic r o c k s 

a r e f i n e - g r a i n e d n o n c r y s t a l l i n e and a r e c l a s s e d as a l t e r e d p r e h n i t e - b e a r i n g b a s a l t . The 

intrus ive r o c k s , c l a s s e d a s kaol in ized d o l e r i t e , have a c o a r s e r g r o u n d m a s s and contain 

p y r o x e n e p h e n o c r y s t s . 

' M o s t s t r e a m s n e a r B u a n s i n g c a r r y b o u l d e r s of r e d s i l i c i f i ed s i l tstone w h i c h 

g r a d e b y i n c r e a s i n g calc i te content to r e d m a r b l e . B o u l d e r s of g r e y and white m a s s i v e m a r b l e 

w e r e a l s o found n e a r B u a n s i n g . T h e s e rocks could not b e t r a c e d to the ir s o u r c e s o that 

t h e i r exact re la t ionsh ip to the S a l a m a u a Metavo lcan ic s i s unknown. H o w e v e r , one b o u l d e r 

showed that the do ler i t e is in trus ive into the s i l tstone. It i s p r o b a b l e that the S a l a m a u a M e t a ­

vo lcan ics cons i s t of a sequence of a l t e r e d b a s a l t s wi th m i n o r in terbeds of s i l tstone and m a r b l e , 

the who le hav ing b e e n intruded b y d o l e r i t e . 

' T h e S a l a m a u a Metavo lcan ic s a r e faulted against the P a p u a n U l t r a b a s i c B e l t to 

the eas t and p r o b a b l y against the Kaindi M e t a m o r p h i c s to the w e s t . T h e only ev idence of their 

a g e is a p o o r e x p o s u r e n e a r the contact wi th Kaindi M e t a m o r p h i c s in a s t r e a m e a s t of K o m i a t u m . 

H e r e d o l e r i t e has intruded the Kaindi schis t and one e x p o s u r e shows a xenol i th of schis t in 

d o l e r i t e . T h u s the S a l a m a u a Metavo lcan ic s a r e younger than the Kaindi M e t a m o r p h i c s ' . 

T h e Lokanu Metavo lcan ic s a r e tentatively c o r r e l a t e d w i th the TEocene 

Nipanata B e d s . The m a r b l e and si l tstone a r e not unlike the Nipanata s e d i m e n t s , and the two 

sequences a r e s i m i l a r l y d i s p o s e d , be ing bounded on the w e s t b y the O w e n Stanley F a u l t and 

on the e a s t b y the U l t r a b a s i c B e l t . 

Nipanata B e d s 

T h e Nipanata B e d s w e r e named in 1951 b y J . E . T h o m p s o n (unpubl ished r e p o r t s ) 

w h o o b s e r v e d them on Nipanata H i l l , w e s t of K o r e p p a . T h e y c r o p out as a long w e d g e , up to 
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three m i l e s w i d e , b e t w e e n the O w e n Stanley and T i m e no F a u l t s , and cons i s t of f i n e - g r a i n e d 

g r e y w a c k e , b l a c k , g r e e n , and r e d si l tstone and mudstone , i m p u r e m a r b l e , and a l t e r e d b a s i c 

v o l c a n i c s 0 Ca lc i t e veining is c o m m o n and m a y be d e r i v e d f r o m o r i g i n a l l ime content of the 

s e d i m e n t s . 

T ight ly fo lded g r e e n and b l a c k s er i c i t e schist w a s o b s e r v e d near the O w e n 

Stanley F a u l t , w e s t of T i m a n a g o s a and Mote te i . T h i s is p r o b a b l y the d y n a m i c a l l y m e t a ­

m o r p h o s e d equivalent of g r e e n and b l a c k mudstone o b s e r v e d e l s e w h e r e in the Nipanata B e d s . 

P y r i t i c m e t a d o l e r i t e , w h i c h m a y be in trus ive ( s ee under Igneous I n t r u s i v e s , pJ .6) , c r o p s out 

n e a r the O w e n Stanley Fau l t and f o r m s b o u l d e r s in a s h e a r zone north of B a p i , W i t h i n 60 

feet of the T i m e no F a u l t the sed iments have b e e n c r u s h e d to f o r m fault gouge; f a r t h e r f r o m 

the fault they have b e e n hardened b y heat f r o m the fault o r f r o m the igneous r o c k s of the 

U l t r a b a s i c B e l t , p o s s i b l y the younger trondhjemite and d ior i t e . 

T h o m p s o n (unpubl ished r e p o r t s ) sugges t s a C r e t a c e o u s age f o r the B e d s , as 

C r e t a c e o u s sedimentat ion i s known on the southern flank of the O w e n Stanley R a n g e ( K e m p 

W e l c h B e d s , e a s t of P o r t M o r e s b y ) and thus might be expected on the northern f lank. H o w ­

e v e r , the Nipanata B e d s d i f f er f r o m the C r e t a c e o u s rocks in S a m p a C r e e k and the Snake 

R i v e r G r e y w a c k e both in l i thology and d e g r e e of m e t a m o r p h i s m , and a r e m o r e l ike ly to b e 

L o w e r T e r t i a r y . The Nipanata B e d s m a y be c o r r e l a t i v e s of the Lokanu Metavo lcan ic s ( s e e 

p . 2 2 ) , the L a s a C r e e k sediments in the Y o d d a V a l l e y ( D a v i e s , 1959), and p o s s i b l y the U r e r e 

M e t a m o r p h i c s in the M u s a R i v e r a r e a (Smith & G r e e n , 1961). 

M I O C E N E 

M a g e r i V o l c a n i c s 

The M a g e r i V o l c a n i c s take their name f r o m M a g e r i B a y , 15 m i l e s n o r t h - w e s t 

of M o r o b e . T h e y c r o p out b e t w e e n the U l t r a b a s i c B e l t and the coas t , and cons is t of in trus ive 

and e x t r u s i v e rocks of b a s i c , i n t e r m e d i a t e , and p o s s i b l y acid composit ion; the m o r e c o m m o n 

types a r e b a s a l t , d o l e r i t e , andes i te , and m i c r o d i o r i t e . M o r e ac id rocks a r e e x p o s e d n e a r 

the top of the sequence . 

Magnif icent p i l l ow l a v a s a r e e x p o s e d on the M o , W i w o , and L o w e r W a r i a R i v e r s , 

i n t e r b e d d e d with m a s s i v e l a v a s up to 20 feet thick. A g g l o m e r a t e and tuff c r o p out to the e a s t 

of the p i l l o w l a v a s , on the coast north and south of M o r o b e , and in the l o w e r r e a c h e s of the M o 

and W a r i a R i v e r s . T h e s e a r e p r o b a b l y h igher in the sequence than the p i l l ow l a v a s , w h i c h a r e 

thought to be b a s a l . Much of the do l er i t e and andesite shows no ex trus ive c h a r a c t e r i s t i c s 

and w a s p r o b a b l y e m p l a c e d as sha l low in trus ions . The do ler i te near the w e s t e r n m a r g i n m a y 

have intruded along the i n f e r r e d fault w h i c h s e p a r a t e s the U l t r a b a s i c B e l t f r o m the V o l c a n i c s , 

P r i m a r y m i n e r a l s in the thin sect ions examined a r e p a r t l y o b s c u r e d by a l t e r ­

at ion to s a u s s u r i t e , ep idote , and ch lor i t e . Ep ido t i za t ion i s be s t s een in the m a s s i v e m i c r o d i o ­

r i te on B i g o C r e e k , wh ich has b e e n a l t e r e d a long joints to ep idos i te , a r o c k consist ing s o l e l y 

of a n h e d r a of q u a r t z and epidote up to 0,5 m m . a c r o s s . The o r i g i n a l r o c k in this c a s e w a s 

p r o b a b l y a m e l a n o c r a t i c q u a r t z - b e a r i n g pigeonite m i c r o d i o r i t e . 

G r e e n i s h p i l l o w l a v a w h i c h c r o p s out on the M o R i v e r has been identified a s 

c h l o r i t i z e d and epidot ized v e s i c u l a r and a m y g d a l o i d a l porphyr i t i c b a s a l t . 
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The M a g e r i V o l c a n i c s a r e p r o b a b l y a p a r t of the I a u g a F o r m a t i o n ( P a t e r s o n & 

Kic insk i , 1956), which c r o p s out 15 mi l e s south-east of the m a p a r e a . T h e Iauga F o r m a t i o n 

i s 'predominant ly b a s a l t i c , rang ing f r o m olivine and augite andes i tes to q u a r t z - m i c r o d i o r i t e . 

T h e s e a r e accompanied b y a g g l o m e r a t e s , andesit ic tuffs and tuffaceous sandstones ' . T h e 

F o r m a t i o n is c o n f o r m a b l y o v e r l a i n b y Miocene (f^ ^ Stage) l i m e s t o n e , and is thus p r o b a b l y 

l o w e r M i o c e n e , 

R E C E N T 

A l l u v i u m 

The m a i n a r e a s of a l luv ium a r e in the Middle W a r i a V a l l e y , and on the f lats of 

the coas ta l r i v e r s . The a l l u v i u m of the Midd le W a r i a V a l l e y cons i s t s of g r a v e l and s a n d , 

m o s t l y d e r i v e d f r o m the m e t a m o r p h i c s . N e a r G a r a i n a it is 450 feet thick, but a few m i l e s to 

the south it f o r m s only a thin c o v e r o v e r the Nipanata B e d s , N o l a c u s t r i n e sed iments w e r e 

s een . 

T u m b l e d b locks of w e l l cemented peridot i te c o n g l o m e r a t e w e r e seen in the b e d 

of the g o r g e on l o w e r E a s t I w i r i C r e e k , and the upper I w i r i R i v e r cuts through s i m i l a r c o n ­

g l o m e r a t e , three m i l e s to the n o r t h - w e s t . The c o n g l o m e r a t e m a y o c c u r as v a l l e y f i l l o r a 

thin c o v e r o v e r much of the l o w - r e l i e f country in the vicinity of L a k e T r i s t . 

M o s t of the coas ta l r i v e r s f low through b r o a d a l l u v i a l f lats which in p l a c e s 

extend twelve m i l e s in land. A s the r i v e r s a r e not deeply inc ised the depth of a l l u v i u m is not 

known, but it m a y be of the o r d e r of 2000 feet. The u p p e r p a r t of the S a i a R i v e r f lows through 

a g o r g e cut in v a l l e y - f i l l m a t e r i a l which consis ts of chaot ica l ly depos i ted a n g u l a r and s u b -

rounded u l t ramaf ic b o u l d e r s . 

M o s t of the b e a c h e s at the mouths of the m a j o r r i v e r s a r e c o m p o s e d of sand 

d e r i v e d f r o m the b a s i c and u l t r a b a s i c rocks ; f o r instance the b e a c h sand at the mouth of the 

S a i a R i v e r is p r e d o m i n a n t l y o l iv ine . In contras t , the a l luv ia l fan of the B u i a w i m and Bi to i 

R i v e r s is c o m p o s e d l a r g e l y of m e t a m o r p h i c de tr i tus . Though these two r i v e r s flow through 

u l t r a m a f i c rocks n e a r the coas t , their h e a d w a t e r s a r e in r a p i d l y e r o d i n g m e t a m o r p h i c s . 

A w a y f r o m the r i v e r mouths the b e a c h e s a r e m a d e up of c o r a l and she l l f r a g m e n t s . 

I N T R U S I V E R O C K S 

7 L O W E R T E R T I A R Y 

M o r o b e G r a n o d i o r i t e 

The M o r o b e G r a n o d i o r i t e ( F i s h e r , 1944) intrudes the Kaindi M e t a m o r p h i c s and 

Snake R i v e r G r e y w a c k e a s a m a j o r batholith and m a n y apophyses , s o m e of wh ich a r e wi th in 

f ive m i l e s of the P a p u a n U l t r a b a s i c B e l t . The intrus ion has not b e e n studied in detai l ; 

N o a k e s (1938) states that the o v e r a l l compos i t ion i s be tween gran i te and g r a n o d i o r i t e , wi th 

m o r e b a s i c r o c k types p r o d u c e d b y loca l dif ferentiat ion, e .g . 

Sandy C r e e k : G r a n o d i o r i t e 

U p p e r Bito i R i v e r : Q u a r t z monzonite , g r a n o d i o r i t e , t o n a l i t e , a n d h o r n -

blendi te . 
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Consti tuent m i n e r a l s a r e q u a r t z , po tash f e l d s p a r , andes ine , b iot i te , h o r n b l e n d e , and ( in the 

tonal i te) a l ittle augi te . T w o s p e c i m e n s f r o m an apophys i s in the h e a d w a t e r s of the B u i s a v a l 

R i v e r w e r e e x a m i n e d in thin sect ion: both a r e t rondhjemi te , cons is t ing of a n d e s i n e , q u a r t z , 

h o r n b l e n d e , ep idote , and biot i te . 

T h e M o r o b e G r a n o d i o r i t e intrudes C r e t a c e o u s Snake R i v e r G r e y w a c k e ( D o w , 1961) 

and is u n c o n f o r m a b l y o v e r l a i n b y M i o c e n e sediments ( F i s h e r , 1944); thus it w a s intruded in 

U p p e r C r e t a c e o u s o r L o w e r T e r t i a r y t i m e . 

T r o n d h j e m i t e of the P a p u a n U l t r a b a s i c B e l t ( see p . 21) 

T r o n d h j e m i t e w h i c h intrudes the P a p u a n U l t r a b a s i c B e l t m a y b e c o m a g m a t i c wi th 

the M o r o b e G r a n o d i o r i t e . T h i s re la t ionsh ip i s sugges ted b y their s i m i l a r compos i t ion ( s ee 

b e l o w ) , and the fact , f i r s t noted b y F i s h e r (1944), that go ld shed b y the M o r o b e G r a n o d i o r i t e 

(860 to 880 f ine) i s v e r y s i m i l a r to that shed b y the trondhjemite in the Juni a r e a north of 

G a r a i n a (854 to 866 f i n e ) . T h e t rondhjemi te is intruded b y do ler i te dykes w h i c h a r e p r o b a b l y 

r e l a t e d to the Miocene M a g e r i V o l c a n i c s : and it is t h e r e f o r e p r o b a b l y of L o w e r T e r t i a r y a g e . 

? O L I G O C E N E 

P a p u a n U l t r a b a s i c B e l t 

T h e m a j o r igneous in trus ion in the m a p a r e a is the P a p u a n U l t r a b a s i c B e l t , 

an e longated c o m p l e x of u l t r a b a s i c , b a s i c , in t ermed ia te , and ac id r o c k s w h i c h w a s e m p l a c e d , 

in so l id o r f luid s tate , in late C r e t a c e o u s o r T e r t i a r y t i m e . It f o r m s the w e s t e r n and centra l 

p a r t of the B o w u t u Mountains and i s d i s c u s s e d in deta i l under a s e p a r a t e head ing . 

? M I O C E N E 

D o l e r i t e 

M e t a d o l e r i t e intruding the Kaindi M e t a m o r p h i c s , Nipanata B e d s , and Lokanu 

M e t a v o l c a n i c s a p p e a r s to b e a s s o c i a t e d wi th the e x t r u s i o n and deposi t ion of vo lcan ic m e m b e r s 

of the Nipanata B e d s and L o k a n u M e t a v o l c a n i c s , and is thus p r o b a b l y of L o w e r T e r t i a r y a g e . 

Sl ight ly a l t e r e d do ler i t e and andes i te which intrudes the P a p u a n U l t r a b a s i c B e l t and the 

M a g e r i V o l c a n i c s is p r o b a b l y a s s o c i a t e d wi th the e x t r u s i o n and depos i t ion of the M a g e r i 

V o l c a n i c s and is thus p r o b a b l y of l o w e r Miocene a g e . 

A dist inct ive topograph ic pat tern is evident on the southern f r i n g e of the m a p 

a r e a , south of Kote C r e e k . T h e pa t t ern i s quite unlike that deve loped o v e r the adjacent N i p a n ­

ata B e d s , and exotic d o l e r i t e b o u l d e r s in Jaga C r e e k sugges t that it m a y r e p r e s e n t d o l e r i t e . 

? P L I O C E N E 

A n d e s i t e P o r p h y r y 

Hornblende andes i te p o r p h y r y intrudes undifferentiated O w e n Stanley M e t a m o r p h i c s 

on the O n o R i v e r ( F i s h e r , 1939) , Kaindi M e t a m o r p h i c s in the B u i a w i m R i v e r ( D o w & S i e d n e r , 

1958) , and L o k a n u M e t a v o l c a n i c s in Buans ing C r e e k . T h i s p o r p h y r y m a y b e c o m a g m a t i c wi th 

andes i te p o r p h y r y w h i c h c r o p s out in the W a u a r e a , about seventeen m i l e s to the w e s t . T h e 

la t ter i s thought to b e P l i o c e n e , but definite ev idence of age i s lacking . 
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A f i n e - g r a i n e d g r e e n andesite p o r p h y r y intrus ion on the B u i a w i m R i v e r cuts 

a c r o s s p a r t of the s h e a r zone of the O w e n Stanley Faul t without be ing d i s p l a c e d ( D o w & 

S i e d n e r , o p . c i t . ) . T h i s indicates that the fault ex is ted b e f o r e intrus ion of the p o r p h y r y , but 

does not p r e c l u d e the poss ib i l i ty that it w a s active after the intrus ion, as subsequent m o v e m e n t 

might s i m p l y have b y - p a s s e d that p a r t of the fault zone. 

P A P U A N U L T R A B A S I C B E L T 

The P a p u a n U l t r a b a s i c B e l t is a l inear complex of u l t r a b a s i c , b a s i c , and ac id 

r o c k s , m o r e than 230 m i l e s long and up to 25 m i l e s w i d e , which extends f r o m the N e w G u i n e a 

coas t n e a r S a l a m a u a to the M u s a R i v e r in P a p u a ( P l . 1 ) , The belt has a n o r t h - w e s t e r l y 

trend and i s p a r a l l e l to the faulted front of the O w e n Stanley R a n g e , F o r the g r e a t e r p a r t of 

its length, the s o u t h - w e s t e r n m a r g i n o f the be l t is bounded by faulting; the n o r t h - e a s t e r n m a r ­

g i n is e v e r y w h e r e concealed b y vo lcan ics and sediments of Middle T e r t i a r y a g e , o r y o u n g e r , 

T h o m p s o n (1957) w a s the f i r s t to define the c o m p l e x , to which he g a v e the name 

P a p u a n U l t r a b a s i c B e l t , Smith & G r e e n (1961) p r e f e r r e d the name P a p u a n B a s i c and U l t r a -

b a s i c B e l t , In conference with T h o m p s o n , w e have retained the b r i e f e r name P a p u a n U l t r a -

b a s i c B e l t , and have a s s u m e d that the p r e s e n c e of b a s i c rocks might be taken a s u n d e r s t o o d , 

'Belt* is p r e f e r r e d to 'pluton' o r ' complex ' as it accentuates the e longated nature of the body . 

The U l t r a b a s i c B e l t m a y have b e e n d e r i v e d f r o m a g a b b r o i c pluton m a g m a t i c a l l y 

e m p l a c e d in M e s o z o i c o r T e r t i a r y t i m e . G r a v i t y dif ferentiat ion produced u l t r a m a f i c , b a s i c , 

i n t e r m e d i a t e , and ac id r o c k s , but the p r o c e s s w a s interrupted b y tectonic m o v e m e n t s w h i c h 

culminated in the tilting and buckl ing of the body . The s u m effect w a s to r a i s e the south­

w e s t e r n s ide of the pluton, w h e r e e r o s i o n has subsequent ly exposed the u l t r a m a f i c r o c k s . 

A n a l ternat ive hypothesis (J 8 E , T h o m p s o n , p e r s , c o m m . ) is that the B e l t is a 

segment of the Pac i f i c s imat ic c r u s t which has reached its p r e s e n t pos i t ion through r e l a t i v e 

l a t e r a l and v e r t i c a l movements of the P a c i f i c c r u s t and the O w e n Stanley xnetamorphic b l o c k . 

T h e b o u n d a r y b e t w e e n u l t ramaf ic and feldspathic r o c k s m a y , under the conditions of h igh t e m ­

p e r a t u r e and p r e s s u r e p r e v a i l i n g at depth, have c o r r e s p o n d e d to the M o h o r o v i c i c Discont inui ty , 

The v e r t i c a l movement r e q u i r e d to expose the M o h o r o v i c i c Discontinuity is p r o b a b l y of the 

o r d e r of ten m i l e s . Recent l a t e r a l and ver t i ca l movement of n e a r l y three m i l e s on the O w e n 

Stanley fault has b e e n shown b y the p r e s e n t s u r v e y (pi21), and hor izonta l d i s p l a c e m e n t s 

of be tween ten and e l even m i l e s a long Q u a r t e r n a r y faults have been postulated in the D ' E n t r e c a -

steaux I s l a n d s ( D a v i e s & I v e s , 1961), W i t h tectonic activity on this s ca l e it is not dif f icult to 

env i sage e levat ion of a segment of oceanic c r u s t through a dis tance of ten m i l e s , 

P A P U A N U L T R A B A S I C B E L T I N T H E B O W U T U M O U N T A I N S 

In the Bowutu Mounta ins , the P a p u a n U l t r a b a s i c B e l t is bounded on the w e s t b y 

the T i m e no and O w e n Stanley F a u l t s , and on the eas t is o v e r l a i n b y the M a g e r i V o l c a n i c s , On 

the accompanying m a p ( P i , 2 ) , it has b e e n divided into U l t r a m a f i c and Fe ldspath ic Z o n e s ; 

the contact b e t w e e n these Zones has not b e e n s h a r p l y defined by f ield mapping except in the 

P a i a w a R i v e r a r e a , w h e r e l a r g e tongues of intrus ive g a b b r o extend into, and enc lose p a r t s of, 

the U l t r a m a f i c Z o n e , 

U l t r a m a f i c Zone 

T h e u l t ramaf ic r o c k s c r o p out in a nor ther ly - trending be l t m o r e than 75 m i l e s long 

and up to 18 m i l e s w ide ; they a r e bes t deve loped in the nor thern p a r t of the r a n g e b e t w e e n 
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B u a n s i n g and Sou C r e e k . South of Sou C r e e k they a r e intruded b y g a b b r o i c rocks and in the 

a r e a south-east of G a r a i n a they a r e g e n e r a l l y r e s t r i c t e d to a n a r r o w be l t about half a m i l e 

a c r o s s . T h e y a r e bounded on the w e s t and south-wes t b y the T i m e n o F a u l t , and on the 

e a s t and south they m e r g e wi th the Fe ldspath ic Z o n e . 

T h e u l t r a m a f i c rocks a r e dunite , per idot i te , p y r o x e n i t e , serpent in i te , and a c t i n o -

lite schist . A n o r t h o s i t e , b a s i c p e g m a t i t e , and g a b b r o occur as r a r e dykes throughout mos t 

of the U l t r a m a f i c Z o n e , except in the e x t r e m e north, w h e r e maf ic and u l t ramaf i c rocks a r e 

i n t e r m i x e d in r o u g h l y e q u a l p r o p o r t i o n s . 

The dunite is g r e e n to d a r k b r o w n and consis ts of f o r s t e r i t e and a c c e s s o r y c h r o m -

ite and picot i te . It is g e n e r a l l y p a r t l y serpent in ized , but s o m e r o c k s f r o m the Sa ia and P a i a w a 

R i v e r s a r e r e m a r k a b l y f r e s h . The d e g r e e of serpent inizat ion i s apparant ly re la ted to p r o x i m ­

ity to faults and to younger fe ldspathic intrus ive r o c k s . Thus s a m p l e s f r o m near fault zones 

and f r o m the vicinity of g a b b r o intrusions a r e complete ly s erpent in i zed , and w h e r e the T i m e n o 

and O w e n Stanley F a u l t s c o n v e r g e there i s a zone, up to half a mi l e w i d e , of serpentinite pug 

(identified s p e c t r o s c o p i c a l l y b y W . M . B . R o b e r t s , B u r e a u of M i n e r a l R e s o u r c e s ) . 

Faul t ing has p r o d u c e d peridot i te and serpentinite b r e c c i a s on I w i r i R i v e r n e a r 

the O w e n Stanley F a u l t and on E a s t I w i r i C r e e k , and serpent inous pug at s e v e r a l points on the 

O w e n Stanley F a u l t . U l t r a m a f i c lands l ip b r e c c i a c o v e r s p a r t s of the I w i r i V a l l e y and U l t r a ­

maf ic c o n g l o m e r a t e c o v e r s s o m e of the l o w - l y i n g country south of L a k e T r i s t . 

T h e per idot i te is h a r z b u r g i t e , consist ing of f o r s t e r i t e and enstatite. Some e x ­

p o s u r e s show rhythmic l a y e r i n g caused b y s e g r e g a t i o n of o r t h o p y r o x e n e , but most ly the r o c k s 

a r e m a s s i v e . Subordinate c l inopyroxene in some s a m p l e s m a y be augite o r d iops ide . 

Act ino l i te sch i s t , wh ich o c c u r s with b l a c k serpentinite in the s h e a r zone of the 

T i m e n o F a u l t , is p r o b a b l y d e r i v e d f r o m pyroxen i t e , though no p y r o x e n e remnants w e r e s e e n 

in the thin sect ion e x a m i n e d . The r o c k cons is ts of actinolite with a c c e s s o r y chromite and 

n a r r o w s t r i n g e r s of ca l c i t e . 

V e r y c o a r s e - g r a i n e d (up to 12 m m . ) y e l l o w - g r e e n and g r e y i s h pyroxeni te 

c o m m o n l y intrudes the per idot i te a s i r r e g u l a r veins and b l e b s . A s i m i l a r r o c k col lected b y 

D o w & S iedner (1958) , south of S a l a m a u a , has b e e n identified as enstatite pyroxen i te . 

Fe ldspath ic Zone 

T h e Fe ldspath ic Zone in the Bowutu Mountains cons is ts of g a b b r o i c , nori t ic , and 

m i n o r u l t r a m a f i c r o c k s intruded and p a r t l y a l t ered b y t rondhjemi te , m i n o r g r a n o d i o r i t e , and 

y o u n g e r do ler i t i c dykes . The Zone has a m a x i m u m width of 18 m i l e s in the centra l a r e a nor th ­

e a s t of G a r a i n a . It extends north of the P a i a w a R i v e r as a n a r r o w coas ta l be l t a v e r a g i n g about 

three m i l e s w i d e , and southwards it n a r r o w s g r a d u a l l y to a width of about s ix mi l e s at the 

s o u t h - e a s t e r n end of the r a n g e . The Fe ldspath ic Zone is bounded on the south-wes t b y the 

T i m e n o F a u l t , and on the e a s t b y a s tra ight and p r o b a b l y faulted contact wi th the M a g e r i 

V o l c a n i c s . T o the north the b o u n d a r y wi th the U l t r a m a f i c Zone is undefined except in the 

P a i a w a R i v e r , w h e r e b a s i c r o c k s intrude the U l t r a m a f i c Z o n e . 

T h e r o c k s making up the Fe ldspath ic Zone m a y be b r o a d l y div ided into three 

g r o u p s : b a s i c r o c k s , ac id r o c k s , and do ler i t e d y k e s . 
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B a s i c R o c k s : G a b b r o and n o r i t e cons t i tu t e about 80 p e r c e n t of the F e l d s p a t h i c Z o n e , T h e 

o t h e r b a s i c r o c k t y p e s a r e a l t e r e d g a b b r o , and r a r e u l t r a b a s i c r o c k s , i nc lud ing o r t h o p y r o x e n e 

p e r i d o t i t e and c l i n o p y r o x e n e p e r i d o t i t e . 

T h e m i n e r a l c o m p o s i t i o n of the b a s i c r o c k s g e n e r a l l y d i f f e r s s h a r p l y f r o m that 

o f the U l t r a m a f i c Z o n e : w h e r e a s the l a t t e r c o n s i s t s a l m o s t w h o l l y of o l i v i n e and o r t h o p y r o x e n e , 

the b a s i c r o c k s a r e m o s t l y about 50 p e r c e n t p l a g i o c l a s e , and g e n e r a l l y c o n t a i n c l i n o p y r o x e n e 

in e x c e s s of o r t h o p y r o x e n e . F e w of the b a s i c r o c k s h a v e m i n e r a l c o m p o s i t i o n s s u g g e s t i n g 

t r a n s i t i o n f r o m u l t r a m a f i c r o c k s e x c e p t , p e r h a p s , s o m e d a r k n o r i t e s found in the F e l d s p a t h i c 

Z o n e w h i c h d i f f e r f r o m p y r o x e n i t e i n that they c o n t a i n 12 to 18 p e r c e n t p l a g i o c l a s e . In t h e s e , 

the o r t h o p y r o x e n e i s g e n e r a l l y c o n s i d e r a b l y m o r e i r o n - r i c h than any found in the U l t r a m a f i c 

Z o n e ( E n as o p p o s e d to E n ) . O l i v i n e - r i c h r o c k s a r e r a r e , 
70—73 85—88 

B e c a u s e of the s p a r s i t y l a c k of f i e l d data and of o u t c r o p b e t w e e n s t r e a m s , i t 

i s d i f f i c u l t to d e f i n e any p a t t e r n in the d i s t r i b u t i o n of the o r i g i n a l b a s i c r o c k t y p e s . T h e 

d i s t r i b u t i o n of the r o c k s w i t h i n the Zone a p p e a r s to be h a p h a z a r d w i t h the e x c e p t i o n of the 

' n o r i t i c zone* and the a l t e r e d g a b b r o , w h i c h a r e d i s c u s s e d b e l o w . 

T h e n o r i t i c z o n e l i e s e a s t of G a r a i n a . I t a p p e a r s t o t r e n d n o r t h - w e s t w a r d s , i s 

up t o 15 m i l e s long and f i v e m i l e s w i d e , and i s p r o b a b l y bounded b y a l t e r e d g a b b r o on a l l 

s i d e s e x c e p t to the n o r t h - w e s t , w h e r e i t m a y abut a g a i n s t the U l t r a m a f i c Z o n e , T h e r o c k s 

a r e h y p e r s t h e n e g a b b r o and n o r i t e in w h i c h the h y p e r s t h e n e i s E n ^ ^ and the p l a g i o c l a s e 

r a n g e s in c o m p o s i t i o n f r o m l a b r a d o r i t e to a n o r t h i t e . T h e a s s o c i a t i o n of n o r i t e and o r t h o p y ­

r o x e n e - r i c h g a b b r o i s s e e n a g a i n in a tongue of b a s i c r o c k in t rud ing the U l t r a m a f i c Z o n e 

o n Sou C r e e k , a t r i b u t a r y of P a i a w a R i v e r . P y r o x e n e in s p e c i m e n s f r o m th is l o c a l i t y i s 

m o r e m a g n e s i a n ( E n ^ a r * d has a s i m i l a r c o m p o s i t i o n to p y r o x e n e in n e a r b y p y r o x e n i t e . 

T h e o n l y o t h e r known o c c u r r e n c e of h y p e r s t h e n e g a b b r o is n e a r the M o r o b e t r o n d h j e m i t e b o d y . 

A l t e r e d g a b b r o o c c u r s n e a r the T i m e n o F a u l t , to the e a s t of the n o r i t i c z o n e , 

and a r o u n d the t r o n d h j e m i t e b o d i e s at P i a w a r i a , K u i , M o r o b e R i v e r , and the Sak ia R i v e r . T h e 

l a r g e s t a r e a of a l t e r e d g a b b r o i s that a round the P i a w a r i a t r o n d h j e m i t e body ; i t e x t e n d s a c r o s s 

the fu l l w i d t h of the F e l d s p a t h i c Z o n e , 

A l t e r a t i o n t a k e s the f o r m of p a r t i a l o r c o m p l e t e r e p l a c e m e n t of the g a b b r o , b y 

m i n e r a l s w h i c h a r e in e q u i l i b r i u m w i t h t r o n d h j e m i t e , n a m e l y a n d e s i n e , h o r n b l e n d e , and q u a r t z . 

T h e r e s u l t a n t r o c k t y p e s a r e h o r n b l e n d e g a b b r o , h o r n b l e n d e d i o r i t e , u r a l i t i z e d g a b b r o , and , 

in one i n s t a n c e , aug i t e d i o r i t e . In s o m e e x p o s u r e s the new m i n e r a l s , p a r t i c u l a r l y h o r n b l e n d e , 

a r e p o r p h y r o b l a s t i c , 

G a b b r o and h y p e r s t h e n e g a b b r o a r e found o n l y e a s t of the n o r i t i c z o n e , s u g g e s t i n g 

that t h e r e m a y o n c e h a v e b e e n a zone of p y r o x e n e - r i c h g a b b r o i c r o c k s e a s t of the n o r i t i c 

z o n e . I n t h e s e r o c k s the p l a g i o c l a s e i s l a b r a d o r i t e o r b y t o w n i t e , the c l i n o p y r o x e n e i s a u g i t e , 

and the o r t h o p y r o x e n e i s h y p e r s t h e n e . 

L a y e r e d o l i v i n e g a b b r o c r o p s out on the S a r u - M o r o b e w a t e r s h e d , and o l i v i n e 

n o r i t e i n T e p e r u C r e e k , T h e p l a g i o c l a s e i s b y t o w n i t e , A n

7 7 7 g » 

A c i d r o c k s : T r o n d h j e m i t e i n t r u d e s the b a s i c r o c k s of the F e l d s p a t h i c Z o n e as f o u r m a i n 

b o s s e s and m a n y m i n o r i n t r u s i o n s . T h e f o u r m a i n i n t r u s i o n s , w h i c h c r o p out n e a r K u i , S a k i a , 

P i a w a r i a , and i n the M o r o b e R i v e r , c o v e r a r e a s o f b e t w e e n f o u r and f i f t e e n s q u a r e m i l e s , 

and a r e r o u g h l y a l i g n e d n o r t h - s o u t h . M i n o r i n t r u s i o n s a r e m o s t c o m m o n n e a r the f o u r m a i n 

b o d i e s , but a l s o o c c u r at s c a t t e r e d l o c a t i t i e s th roughout the Z o n e , f o r i n s t a n c e n e a r the O n o -

W a r i a c o n f l u e n c e and on u p p e r Orupu C r e e k . 
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The trondhjemite has f a i r l y u n i f o r m compos i t ion and cons i s t s of andes ine ( o r 

r a r e l y , o l i g o c l a s e ) 41-63 p e r c e n t , q u a r t z 20-39 p e r c e n t , and g r e e n hornblende 5-19 percent o r , 

r a r e l y , 32-35 p e r c e n t ( p r o b a b l y contaminated) . One s a m p l e , f r o m the u p p e r O r u p u C r e e k , 

h a s unusual compos i t ion and texture: it is catac las t ic granod ior i t e cons i s t ing of granu la ted 

q u a r t z , a l b i t e , and unidentified potash f e l d s p a r . 

D o l e r i t e dykes: D o l e r i t i c dykes w e r e noted in the e a s t e r n p a r t of the Fe ldspath ic Zone on 

the u p p e r r e a c h e s of the M o r o b e R i v e r . T h e dykes a r e p r o b a b l y r e l a t e d to the M a g e r i V o l ­

c a n i c s a s they a r e m o r e c o m m o n near the contact wi th the vo lcanics and a r e of s i m i l a r r o c k 

t y p e s . T h e y intrude both g a b b r o i c r o c k s and trondhjemite . S p e c i m e n s e x a m i n e d in thin 

sec t ion a r e porphyr i t i c l eucocra t i c d o l e r i t e , a l t e r e d porphyr i t i c b a s a l t , and a lb i t ized m i c r o ­

d i o r i t e o r d o l e r i t e . 

A l t e r a t i o n and M i n e r a l i z a t i o n 

Serpent in izat ion has affected ol ivine and p y r o x e n e in the per idot i t e s ( see under 

U l t r a m a f i c Zone a b o v e ) . W a t e r r e q u i r e d f o r serpent in izat ion m a y have b e e n introduced b y the 

y o u n g e r b a s i c , in termedia te , and ac id r o c k s , o r squeezed out of the N ipanata B e d s , o r b e m e t e ­

o r i c in o r i g i n (cf. W o r s t , 1958). The p y r o x e n e s have b e e n a l t e r e d to act inol i te , amphibo le s 

to c h l o r i t e , and f e m i c m i n e r a l s and f e l d s p a r s to ep idote . T h e ca lc i c c o r e s of zoned p l a g i o ­

c l a s e in the ac id r o c k s a r e s a u s s u r i t i z e d . 

Q u a r t z ve ins intrude trondhjemite w e s t of P i a w a r i a , pyroxen i t e o r g a b b r o e a s t 

of T i d a - u r a , and d o l e r i t e of the M a g e r i V o l c a n i c s at Enoto Point; one such v e i n on the W a r i a 

R i v e r e a s t of T i d a - u r a contains go ld and chalcopyr i te and the ve in at Enoto Point contains 

c h a l c o p y r i t e . T h i n q u a r t z ve ins in do ler i t e o r trondhjemite s o u t h - w e s t of Kui contain pyr i t e 

and m i n o r cha lcopyr i t e . The q u a r t z p r o b a b l y d e r i v e s f r o m the t rondhjemi te . C a l c i t e s t r i n g e r s 

o c c u r in s h e a r e d and jointed u l t r a m a f i c r o c k s near the T i m e n o F a u l t , and on the l o w e r W a r i a 

R i v e r , south-eas t of Upupuru; these contain pyr i t e and pyrrhot i t e . 

L i m e m e t a s o m a t i s m of u l t r a m a f i c r o c k s f r o m B a k e w a Hi l l n e a r the T i m e n o 

F a u l t h a s b e e n d e s c r i b e d b y E d w a r d s (1957) . T h e s p e c i m e n cons is ted of ' f inely m i c r o c r y s t a l l i n e 

g r o s s u l a r i t e enc los ing patches of s erpent ine , and occas iona l b l a d e s of a fremoHte-amphibole', 

T h i s s p e c i m e n , w h i c h w a s co l lec ted b y G i b s o n (1957) , a l s o contained chalcoc i te and ?chrysoco l la 

( s e e b e l o w under E c o n o m i c G e o l o g y ) . 

S T R U C T U R E 

T w o s e p a r a t e o r o g e n i e s , one p r e - C r e t a c e o u s and one late C r e t a c e o u s , have 

f o l d e d and r e g i o n a l l y m e t a m o r p h o s e d r o c k s of the O w e n Stanley M e t a m o r p h i c s . Fau l t ing , 

p r o b a b l y l a r g e l y t r a n s c u r r e n t , w i t h m i n o r fo ld ing , has continued into Recent t i m e s . 

The Kaindi M e t a m o r p h i c s w e r e subjected to p r e - C r e t a c e o u s r e g i o n a l m e t a -

m o r p h i s m w h i c h has g e n e r a l l y ob l i t era ted the bedd ing . W h e r e bedding i s d i s c e r n i b l e , the r o c k s 

a r e s e e n to b e v e r y t ightly f o l d e d , and the schistos i ty i s p a r a l l e l to the a x i a l p lane of the 

f o l d s . T h e p r e s e n t attitude of the schis tos i ty is a r e s u l t of l a ter fo lding and faulting; f o r i n ­

s t a n c e , n e a r W a u (15 m i l e s w e s t of the m a p a r e a ) , the schistos i ty d ips gent ly and s t r ikes 

b e t w e e n north and n o r t h - w e s t a s a r e s u l t of late fo ld ing . N e a r the O w e n Stanley F a u l t , the 

sch i s tos i ty s t r ikes p a r a l l e l to the fault and dips t o w a r d s it at p r o g r e s s i v e l y s t e e p e r a n g l e s , t i l l , 

a t the fau l t , the sch is tos i ty is n e a r l y ver t i ca l ; this is in terpreted a s a r e s u l t of v e r t i c a l 

m o v e m e n t a long the O w e n Stanley F a u l t . 
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In the C r e t a c e o u s r o c k s the dips and s t r ikes of bedding p lanes sugges t a tight 

n o r t h - e a s t e r l y - t r e n d i n g sync l ine , the l i m b s of wh ich dip at b e t w e e n 40 and 90 . H o w e v e r , 

schis tos i ty g e n e r a l l y dips at a s h a l l o w e r angle than the bedd ing , which is at v a r i a n c e with this 

s i m p l e s t ruc tura l in terpretat ion , and m o r e detai led mapping is r e q u i r e d . 

Faul t ing 

M a j o r t r a n s c u r r e n t faults have b e e n act ive along the W a r i a Rift V a l l e y s ince 

T e r t i a r y t ime . Of these , the O w e n Stanley and T i m e n o Faul t s a r e the m o s t important . 

T h e O w e n Stanley F a u l t f o r m s the s o u t h - w e s t e r n b o u n d a r y of the W a r i a Rift 

V a l l e y ; it b r i n g s the O w e n Stanley M e t a m o r p h i c s aga ins t the younger Nipanata B e d s and the 

P a p u a n U l t r a b a s i c B e l t . T h e fault is m a r k e d by a zone, up to half a m i l e w i d e , of intensely 

s h e a r e d rocks of the P a p u a n U l t r a b a s i c B e l t , the O w e n Stanley M e t a m o r p h i c s , and the Nipanata 

B e d s , N o r t h of L a k e T r i s t the fault zone is 300 feet w i d e and cons is ts of g r e e n i s h - g r e y c lay 

containing m a n y rafted f r a g m e n t s of unal tered dunite up to s ix feet a c r o s s . B e t w e e n L a k e 

T r i s t and the I w i r i - W a r i a junction, the zone cons is ts of serpentinite and serpent ini te p u g , 

but f a r t h e r south and south-eas t it is concealed b y a l l u v i u m . The fault p lane is p r o b a b l y 

v e r t i c a l throughout its length, b e c a u s e the fault t r a c e is r e la t ive ly s tra ight and unaffected b y 

t o p o g r a p h y , and s h e a r p lanes in the fault zone a r e a p p r o x i m a t e l y v e r t i c a l . 

T h e O w e n Stanley F a u l t has b e e n active in Recent t imes and the B i t o i , B u i a w i m , 

a n d B u i s a v a l R i v e r s have b e e n d i s p l a c e d ant i - c lockwise b y about 14,000 feet w h e r e they c r o s s 

it . S i m i l a r l y , the Fau l t has d i s p l a c e d a s m a l l t r i b u t a r y of the B u i a w i m R i v e r and has b locked 

one of its b r a n c h e s , w h i c h is now f i l led with a l luv ium. The s t r e a m d r a i n i n g L a k e T r i s t is 

d i s p l a c e d b y only 8000 feet , but this d i s c r e p a n c y w o u l d b e exp la ined if L a k e T r i s t w e r e 

f o r m e d after the s tart of the t r a n s c u r r e n t movement . T o the south-eas t , in the M i d d l e W a r i a 

V a l l e y , the depos i t ion of a l luv ia l fans has obl i terated mos t ev idence of t r a n s c u r r e n t m o v e m e n t , 

but such movement has p r o b a b l y c a u s e d the suspected d i v e r s i o n of the l o w e r r e a c h e s of the 

Ono R i v e r ( F i s h e r , 1939). 

A l o n g the midd le W a r i a V a l l e y , the e levat ion of the O w e n Stanley R a n g e sugges t s 

that the F a u l t has a v e r t i c a l component of about 10,000 feet , though the high re l i e f could b e 

p a r t l y due to d i f ferent ia l e r o s i o n a long the fault t r a c e . Outwash fans r e s u l t i n g f r o m this uplift 

show that p a r t of this m o v e m e n t has b e e n c o m p a r a t i v e l y recent . N o r t h of M u b o the O w e n 

Stanley F a u l t sp l i t s , one b r a n c h trending n o r t h - e a s t w a r d s to B u a n s i n g , and the other trending 

n o r t h w a r d s to a point on the coas t w e s t of S a l a m a u a . T h e s e two faults e n c l o s e a w e d g e of 

L o k a n u Metavo lcan ic s be tween the Kaindi M e t a m o r p h i c s and the U l t r a b a s i c B e l t . 

T h e e a s t e r n s ide of the Midd le W a r i a V a l l e y is bounded b y the T i m e n o F a u l t 

( T h o m p s o n , unpubl ished r e p o r t s and m a p s ) . Th i s fault i s m a r k e d b y a zone of serpent ini te and 

actinolite schis t up to q u a r t e r of a m i l e w i d e , and shows no evidence of r e c e n t m o v e m e n t . A p ­

p a r e n t d i sp lacement of the N i p a n a t a B e d s , seen in the a i r p h o t o g r a p h s , s u g g e s t s a nor th ­

w e s t e r l y - t r e n d i n g b r a n c h faul t w h i c h connects the T i m e n o and O w e n Stanley Fau l t s south of 

G a r a i n a . 

N o r t h of B a p i , the O w e n Stanley and T i m e n o Faul t s a r e d i s p l a c e d a n t i - c l o c k w i s e 

about 2000 feet b y a fault t rending 280 . Th i s d i sp lacement pos t -da te s t r a n s c u r r e n t m o v e m e n t 

on the O w e n Stanley Fau l t and is p r o b a b l y Recent . Definite ev idence f o r the fault w a s not 

seen; it is concea led b y a l l u v i u m in the Midd le W a r i a V a l l e y and has p r o b a b l y b e e n m a s k e d b y 
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r a p i d e r o s i o n in the U p p e r W a r i a G o r g e . E a s t of the T i m e n o F a u l t , n e a r B a p i , a i r p h o t o g r a p h s 

r e v e a l a faul t w h i c h a p p e a r s t o h a v e d i s p l a c e d R e c e n t a l l u v i u m . 

T h e p r e p o n d e r a n c e of u l t r a m a f i c r o c k s i n the n o r t h e r n p a r t o f the B o w u t u M o u n ­

t a ins ( s e e U l t r a m a f i c Z o n e , P l a t e 2) m i g h t be a t t r ibu ted to c u r v a t u r e of the O w e n S t a n l e y F a u l t . 

T h e U l t r a b a s i c B e l t has m o v e d g e n e r a l l y n o r t h - w e s t w a r d a l o n g the T i m e n o and O w e n S t a n l e y 

F a u l t s . W h e r e the l a t t e r c u r v e s f r o m n o r t h - w e s t to nor th , th is n o r t h - w e s t e r l y m o v e m e n t w a s 

p r o b a b l y p a r t l y a r r e s t e d and t r a n s l a t e d in to v e r t i c a l m o v e m e n t , w h i c h m i g h t h a v e e l e v a t e d 

the u l t r a m a f i c b a s a l p a r t of the p lu ton , s u b s e q u e n t l y e x p o s e d b y e r o s i o n as the U l t r a m a f i c 

Z o n e . P h o t o - i n t e r p r e t e d R e c e n t fau l t s n e a r L a k e T r i s t i nd i ca t e v e r t i c a l fau l t m o v e m e n t s i n 

th i s a r e a . Of t he se f a u l t s , the w e s t e r n m o s t show upthrow to the e a s t . T h e y d i s p l a c e R e c e n t 

t o p o g r a p h i c a l f e a t u r e s such as r i d g e s and s t r e a m s , and h a v e c a u s e d the d e v e l o p m e n t of m a n y 

s m a l l l a k e s and s w a m p s , i n c l u d i n g L a k e T r i s t . C a m p b e l l (1958) o b s e r v e d an ' o l d faul t r e ­

o p e n e d b y v e r y r e c e n t m o v e m e n t ' about t w o m i l e s nor th of L a k e T r i s t . 

T h e c o n t a c t b e t w e e n the P a p u a n U l t r a b a s i c B e l t and the M a g e r i V o l c a n i c s i s 

p r o b a b l y f a u l t - c o n t r o l l e d as i t i s s t r a i g h t and the b a s a l v o l c a n i c s t r a t a s t r i k e at r i g h t - a n g l e s 

to i t . T h e r e i s no e v i d e n c e of fau l t ing at the c o n t a c t , p r o b a b l y b e c a u s e l a t e r d o l e r i t e and 

a n d e s i t e w e r e in t ruded a l o n g the fau l t z o n e . 

G E O L O G I C A L H I S T O R Y 

T h e o l d e s t r o c k s a r e the m e t a m o r p h o s e d s e d i m e n t s of the O w e n S t a n l e y M e t a ­

m o r p h i c s : t h e s e i n c l u d e the K a i n d i M e t a m o r p h i c s and the y o u n g e r C r e t a c e o u s r o c k s . T h e 

K a i n d i M e t a m o r p h i c s a r e g e o s y n c l i n a l s e d i m e n t s o f P a l a e o z o i c o r M e s o z o i c a g e . T h e l i m i t s 

o f the a r e a of d e p o s i t i o n a r e not known , but i t i s thought that m a r b l e l e n s e s and a s s o c i a t e d 

c o a r s e - g r a i n e d m e t a m o r p h i c s , w h i c h c r o p out b e t w e e n the Snake and O n o R i v e r s ( s e e P i . 1 ) , 

w e r e o r i g i n a l l y the m a r g i n a l s e d i m e n t s ( l i m e s t o n e r e e f s , c o n g l o m e r a t e , q u a r t s g r e y w a c k e , and 

g r e y w a c k e ) of the w e s t e r n f l a n k . T h e K a i n d i s e d i m e n t s e m e r g e d and w e r e p r o b a b l y f o l d e d and 

m e t a m o r p h o s e d b e f o r e d e p o s i t i o n of the C r e t a c e o u s r o c k s , w h i c h a r e not o l d e r than M i d d l e 

J u r a s s i c no r y o u n g e r than M i d d l e C r e t a c e o u s ( s e e p . 1 2 ) . T h e f o l d i n g o f the C r e t a c e o u s r o c k s 

m a y h a v e b e e n c o n t e m p o r a n e o u s w i t h the e m p l a c e m e n t of the M o r o b e G r a n o d i o r i t e , w h i c h w a s 

i n t ruded as s e v e r a l m a j o r p lu tons and a n u m b e r of s t o c k s and b o s s e s , p r o b a b l y in L o w e r 

T e r t i a r y t i m e . 

T h e N i p a n a t a B e d s and L o k a n u M e t a v o l c a n i c s w e r e p r o b a b l y d e p o s i t e d i n L o w e r 

T e r t i a r y t i m e on the e a s t e r n and n o r t h - e a s t e r n f l ank of the m e t a m o r p h i c b l o c k . T h e s e d i m e n t s 

o f t h e s e t w o f o r m a t i o n s a r e f i n e - g r a i n e d ( e . g . m a r b l e , s i l t s t o n e , m u d s t o n e ) ; th i s i n d i c a t e s 

a d e e p - s e a e n v i r o n m e n t o r d e p o s i t i o n o f f s h o r e f r o m a land m a s s o f l o w r e l i e f . T h e v o l c a n i c 

m e m b e r s a r e a l t e r e d and h a v e not b e e n e x a m i n e d i n su f f i c i en t d e t a i l t o d e t e r m i n e w h e t h e r 

e x t r u s i o n w a s s u b - a e r i a l o r s u b m a r i n e . 

T h e P a p u a n U l t r a b a s i c B e l t w a s p r o b a b l y m a g m a t i c a l l y e m p l a c e d i n l o w e r M i d d l e 

T e r t i a r y t i m e . T h e e v i d e n c e f o r bo th m a g m a t i c e m p l a c e m e n t and a g e i s v e r y m e a g r e a s 

c o n t a c t s w i t h s u p p o s e d o l d e r r o c k s a r e a l m o s t i n v a r i a b l y s h e a r e d . T h e o n l y e v i d e n c e of a g e 

i s the f a c t that the B e l t i s o v e r l a i n b y v o l c a n i c s o f the Iauga F o r m a t i o n , w h i c h a r e c o n f o r m a b l y 

o v e r l a i n b y M i o c e n e (f^ ^ s t a g e ) l i m e s t o n e ( P a t e r s o n & K i c i n s k i , 1 9 5 6 ) . 

T h e B e l t m a y h a v e b e e n e m p l a c e d i n the f l u i d , n e a r - s o l i d , o r s o l i d s t a t e . 

T h o m p s o n ( s e e u n d e r P a p u a n U l t r a b a s i c B e l t ) th inks i t m o r e l i k e l y that the B e l t w a s e m p l a c e d 

22 



in n e a r - s o l i d state b y faul t ing , and w a s o r i g i n a l l y a segment of the P a c i f i c s i m a t i c c r u s t . 

G r e e n (1961) , w o r k i n g s e p a r a t e l y , has r e a c h e d a s i m i l a r conc lus ion and, in suppor t of this 

hypothes i s , c i tes the diff iculty of env i sag ing a m a g m a c h a m b e r of a p p r o p r i a t e d i m e n s i o n s 

u n d e r g o i n g p r o l o n g e d dif ferent iat ion in the act ive orogenic env ironment in w h i c h the B e l t 

o c c u r s . 

W e sugges t that the pluton w a s e m p l a c e d in a f luid s tate , intruding e i ther the 

s u b - o c e a n i c s imat ic crus t or the Nipanata B e d s . Subsequent g r a v i t y di f ferent iat ion w a s d i s ­

t u r b e d b y tectonic s t r e s s e s which a c c o m p a n i e d the faulting of the pluton into its p r e s e n t 

pos i t ion . T h e sequence of crys ta l l i za t ion and s t r e s s could have b e e n as f o l l o w s : -

1. C r y s t a l l i z a t i o n and g r a v i t y - i n d u c e d settling of the maf ic m i n e r a l s , o l iv ine 

and p y r o x e n e , resu l t ing in a b a s a l l a y e r of per idot i te and p y r o x e n i t e . 

2. C r y s t a l l i z a t i o n of ca lc i c p l a g i o c l a s e , p y r o x e n e , and m i n o r ol ivine resu l t ing 

in a l a y e r c o m p o s e d of g a b b r o , nor i te , pyroxeni te ( m i n o r ) , and anorthos i te 

( m i n o r ) , and leaving a r e s i d u a l m a g m a of trondhjemite compos i t ion . 

3 . S t r e s s and tectonic movements contemporaneous with stage 2, r e su l t ing in 

the in trus ion of g a b b r o , norite ( s o m e p e g m a t i t i c ) , and anorthosi te into joints 

and b r e c c i a t e d zones in the u l t ramaf i c l a y e r . 

4. C r y s t a l l i z a t i o n of t rondhjemi te , g r a n o d i o r i t e , and r e s i d u a l q u a r t z . 

5. S t r e s s and tectonic movements contemporaneous wi th stage 4, re su l t ing in 

the intrus ion of in termediate and acid r o c k s into the b a s i c r o c k s and the 

intrus ion of q u a r t z into both types . 

6. Intrus ion of dykes of b a s a l t , d o l e r i t e . 

7. E x t r u s i o n of the M a g e r i V o l c a n i c s , p r o b a b l y accompanying s tage 6. 

T h e contact b e t w e e n the M a g e r i V o l c a n i c s and the plutonic r o c k s of the P a p u a n 

U l t r a b a s i c B e l t is s h a r p and l i n e a r , but wi th no s i g n of e i ther an old e r o s i o n s u r f a c e o r faul t ing . 

T h e l inear i ty of the contact sugges t s that it i s faulted; the lack of f ie ld ev idence f o r fault ing 

might b e due to l a t e - s tage intrus ions of do ler i t e a long the fault zone, 

Andes i t e p o r p h y r y intruded the Kaindi M e t a m o r p h i c s , the Lokanu M e t a v o l c a n i c s , 

and the s h e a r zone of the O w e n Stanley F a u l t , p r o b a b l y in U p p e r T e r t i a r y t ime . 

M a j o r faulting m a y have c o m m e n c e d in U p p e r C r e t a c e o u s o r L o w e r T e r t i a r y 

t ime and has continued until the Recent; the m o s t recent fault m o v e m e n t s have b e e n p r e ­

dominant ly t r a n s c u r r e n t and a n t i - c l o c k w i s e . The U l t r a b a s i c B e l t has m o v e d n o r t h - w e s t w a r d 

r e l a t i v e to the O w e n Stanley M e t a m o r p h i c s . W h e r e this n o r t h - w e s t e r l y movement w a s i m p e d e d 

b y c u r v a t u r e of the O w e n Stanley F a u l t , the U l t r a b a s i c B e l t has b e e n e l e v a t e d , and in these 

a r e a s e r o s i o n has exposed the u l t ramaf i c b a s a l p a r t of the pluton. 

Both the m e t a m o r p h i c and igneous b l o c k s have b e e n e levated by faulting; uplift 

of the m e t a m o r p h i c s has p r o b a b l y continued into the Recent . E l e v a t i o n of the w e s t e r n s ide of 

the igneous b l o c k w a s apparent ly accompanied b y d e p r e s s i o n of the e a s t e r n ( V o l c a n i c s ) s i d e . 

T h e intervening w e d g e of N ipanata B e d s w a s p r o b a b l y folded b y the fault ing and m a y have b e e n 

d e p r e s s e d re la t ive to the igneous and m e t a m o r p h i c b l o c k s . 
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Q u a r t e r n a r y sed iments include piedmont depos i t s of a n g u l a r r o c k f r a g m e n t s in 

a c lay m a t r i x , a l l u v i u m , c o r a l r e e f s , and beaches of c o r a l and she l l f r a g m e n t s . 

G E O M Q R P HQ L O G Y 

Upli f t and tilting b y P l i o - P I e i s t o c e n e and Recent faulting have f o r m e d the two 

mountain r a n g e s , the intermontane d e p r e s s i o n , and the sunken coas t l ine . T h e s e topographica l 

units c o r r e s p o n d to the m a j o r g e o l o g i c a l units . 

T h e p r o m i n e n c e of the O w e n Stanley R a n g e is due to uplift on the O w e n Stanley 

F a u l t and to the r e s i s t a n c e to e r o s i o n of the crys ta l l ine m e t a m o r p h i c rocks of the O w e n 

Stanley M e t a m o r p h i c s . The O w e n Stanley Faul t is e x p r e s s e d b y the steep l inear front of the 

r a n g e . The m a j o r s t r e a m s w h i c h d r a i n the r a n g e a r e consequent and f low into the W a r i a 

Rif t V a l l e y at r ight ang le s to the fault . The t r i b u t a r i e s of these s t r e a m s a r e mos t ly subsequent 

and fo l low the r e g i o n a l n o r t h - w e s t e r l y s tr ike of the M e t a m o r p h i c s . The B u i a w i m , B u i s a v a l , 

and Bito i R i v e r s have b e e n d i s p l a c e d by ant i - c lockwise t r a n s c u r r e n t movement a long the 

O w e n Stanley F a u l t . 

T h e cen tra l and southern p a r t of the W a r i a Rift V a l l e y is bounded b y the O w e n 

Stanley and T i m e n o F a u l t s . T o the north there is no ev idence that the Rif t V a l l e y or ig inated 

f r o m down- fau l t ing and it m a y have b e e n f o r m e d m e r e l y by r a p i d e r o s i o n of r o c k s i m b r i c a t e d 

b y movement on the O w e n Stanley F a u l t . The I w i r i R i v e r f lows southward through this zone 

of i m b r i c a t i o n . M i n o r Recent fault ing in this a r e a has f o r m e d lakes and s w a m p s . The M i d d l e 

W a r i a R i v e r f l o w s through the Rift V a l l e y and has b e e n def lected to the n o r t h - e a s t e r n m a r g i n 

b y a l l u v i u m shed f r o m the r a p i d l y e r o d i n g O w e n Stanley R a n g e . 

T h e Bowutu Mountains have b e e n f o r m e d b y e levat ion of the P a p u a n U l t r a b a s i c 

B e l t on the T i m e n o and O w e n Stanley F a u l t s . T o p o g r a p h i c a l patterns wi th in the r a n g e r e f l e c t 

the d i f ferent r o c k types . The m o s t distinctive is the fine dendri t ic d r a i n a g e and l o w - r e l i e f 

topography w h i c h is deve loped o v e r the highly fe ldspathic d ior i te and t rondhjemi te . U l t r a m a f i c 

country is c h a r a c t e r i z e d b y s u b - r o u n d e d m a s s i v e s p u r s and r i d g e s and g e n e r a l l y a b r o a d 

d r a i n a g e pat tern . In the youthful s tages of e r o s i o n , the r i v e r s f low through steep g o r g e s r a t h e r 

than the V - s h a p e d v a l l e y s which a r e typical of the m e t a m o r p h i c s . W h e r e b a s i c and u l t r a m a f i c 

r o c k s a r e int imately a s s o c i a t e d , the topography is not dis t inct ive . M a n y of the m a j o r s t r e a m s 

a r e consequent , and f low e i ther e a s t w a r d s o r w e s t w a r d s to the coas t o r to the W a r i a Rift V a l l e y . 

O t h e r s , such as the S a r u R i v e r , p a r a l l e l the norther ly trend of the r a n g e and a r e contro l l ed 

e i ther b y p r i m a r y l a y e r i n g of the pluton, b y contacts b e t w e e n the di f ferent r o c k - t y p e s , o r b y 

jointing. B i g o C r e e k , a h e a d w a t e r t r i b u t a r y of the W i w o R i v e r , i s an interest ing e x a m p l e of 

consequent e a s t e r l y d r a i n a g e contro l l ed b y s trong n o r t h e r l y jointing in m a s s i v e m i c i o d i o r i t e . 

T h e resu l t i s a c o u r s e c h a r a c t e r i z e d b y r i g h t - a n g l e b e n d s . 

T h e C o a s t a l R e g i o n c o r r e s p o n d s to the coas ta l p a r t of the M a g e r i V o l c a n i c s ; the 

r a z o r - b a c k e d r i d g e s a r e f o r m e d b y the e r o s i o n of f i n e - g r a i n e d do ler i t e and andes i te , and the 

sunken coast l ine i s due to the tilting of the igneous b l o c k . 

E C O N O M I C G E O L O G Y 

G o l d , c o p p e r , nickel , coba l t , c h r o m i u m , m e r c u r y , p l a t i n u m , and o s m i r i d i u m o c c u r 
in the mapped a r e a , but only go ld and p lat inum have b e e n c o m m e r c i a l l y explo i ted . 
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E u r o p e a n m i n e r s w o r k e d a l luv ia l go ld in the M i d d l e W a r i a V a l l e y at T i m a n a g o s a , 

Juni, and P i a w a r i a b e f o r e 1940, and on the W i w o R i v e r and n e a r D o n a b e f o r e 1914 ( F i s h e r , 

1944; F r a s e r , p e r s . c o m m . ) . Known product ion w a s 850 fine ounces ( F i s h e r , 1944), but this 

f i gure p r o b a b l y does not include product ion b e f o r e 1914. Since 1945 native m i n e r s have 

w o n about 150 ounces f r o m K a u C r e e k on the U p p e r Ono R i v e r , f r o m the W a r i a R i v e r b e t w e e n 

G a r a i n a and A g u t a m e , and f r o m the W i w o and W u w u R i v e r s ( F r a s e r , p e r s . c o m m . ) . 

E m m o n s (1937, p.456) w r i t e s that ' p l a c e r s of the W a r i a R i v e r r e g i o n a r e e s t i m ­

ated to contain 915,600,000 cubic y a r d s of w a s h , w i t h f o u r p e n e e p e r y a r d gold* and quotes S u t h e r ­

land (1930, pp.247-250) as his s o u r c e . Sutherland's f i g u r e s a r e open to quest ion a s there is 

no r e c o r d of any extensive p r o g r a m m e of prospect ing and d r i l l i n g b e f o r e 1930, and subsequent 

mining has b e e n on only a s m a l l s c a l e . P o s s i b l y Sutherland obtained his f i g u r e s f r o m a r e p o r t 

w r i t t e n b y a G e r m a n eng ineer which is mentioned b y F i s h e r (1939); this r e p o r t has not b e e n 

sighted b y F i s h e r o r the w r i t e r s . Since publ icat ion of Suther land's b o o k , B u l o l o G o l d D r e d g i n g 

L t d and Sunshine G o l d D e v e l o p m e n t Ltd ( F i s h e r , 1939) have done s o m e d r i l l i n g in p a r t s of 

the M i d d l e W a r i a V a l l e y , and on Kau or Tina i C r e e k , but it w a s not f o l l o w e d up and it is 

a s s u m e d that the p r o s p e c t s w e r e not economic . 

F i s h e r (op .c i t . ) examined the T i m a n a g o s a and Juni w o r k i n g s and noted that 

'working has m o s t l y b e e n confined to low t e r r a c e s n e a r the r i v e r a s , owing to the p r e v a l e n c e 

of flood condi t ions , the l o w e r ground is difficult to w o r k , and the h igher ground i s too p o o r . 

O c c a s i o n a l f lats have b e e n found w o r k a b l e , and the u p p e r por t ion has b e e n s k i m m e d off 

b e a c h e s in the r i v e r s ' . 

R e e f go ld c r o p s out on the Middle W a r i a R i v e r , one m i l e e a s t of T i d a - u r a ( T h o m p ­

s o n , 1957) , and unpubl ished r e p o r t s ) . The gold o c c u r s wi th cha lcopyr i t e in a n a r r o w vein of 

white q u a r t z , which intrudes g a b b r o and pyroxen i te . Q u a r t z r e e f s on upper Kau C r e e k contain 

a t race of g o l d and about 4 ounces of s i l v e r p e r ton ( F i s h e r , 1939). F i s h e r (1944) notes that 

the a l l u v i a l go ld of the Middle W a r i a V a l l e y has mos t ly shed f r o m the U p p e r Ono R i v e r , w h e r e 

andesite p o r p h y r y intrudes s l a t e , schis t , and l imestone of the Kaindi M e t a m o r p h i c s . T h e r e i s 

little a l l u v i u m in the fa s t - f l owing upper Ono R i v e r , and m o s t of the go ld has b e e n c a r r i e d d o w n 

to the M i d d l e W a r i a V a l l e y n e a r T i m a n a g o s a and Juni C r e e k . The little go ld w h i c h has b e e n 

w o n f r o m n e a r the p o r p h y r y intrus ion has a f ineness of 750, that at T i m a n a g o s a a v e r a g e s about 

760, and the Juni go ld is u s u a l l y about 780, 

T h e Ono p o r p h y r y is m i n e r a l o g i c a l l y s i m i l a r to the L o w e r E d i e p o r p h y r y , w h i c h 
c r o p s out in the W a u a r e a and w h i c h sheds gold of about 760 fine ( F i s h e r , 1944), 

S m a l l p a r c e l s of go ld f r o m Juni have f ineness a s high as 854 wi th individual 

nuggets a s h igh as 866. F i s h e r sugges t s that this go ld is shed f r o m a n e a r b y stock of M o r o b e 

G r a n o d i o r i t e , which h e r e has the compos i t ion of monzonite; he notes that go ld shed f r o m the 

M o r o b e G r a n o d i o r i t e n o r m a l l y has f ineness b e t w e e n 860 and 880. W e r e g a r d the monzonite 

a s a m e m b e r of the ac id g r o u p of r o c k s of the P a p u a n U l t r a b a s i c B e l t . 

S m a l l amounts of a l luv ia l go ld have b e e n w o n f r o m r i v e r s w h i c h d r a i n the out ­

c r o p a r e a of the M a g e r i V o l c a n i c s ; these include the W i w o and M o R i v e r s ( R o b i n s o n , 1959) 

and the t r i b u t a r i e s of the l o w e r M a i a m a R i v e r ( r e p o r t e d b y M a i a m a nat ives ) . 
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N i c k e l m a y o c c u r o v e r u l t ramaf i c r o c k s as e i ther later i t ic concentrat ions in the 

s o i l o r ve ins of nickel s i l i cate in the zone of w e a t h e r e d r o c k <de V l e t t e r , 1955; T h o m p s o n , 

1957) . H o w e v e r , in those p a r t s of the P a p u a n U l t r a b a s i c B e l t which have b e e n tested, n icke l 

concentrat ions a r e b e l o w economic g r a d e . 

F r e s h per idot i tes c o m m o n l y contain about 0.2% nickel , p r o b a b l y in the latt ice 

of the o l iv ine c r y s t a l . The deve lopment of later i t ic concentrations of nickel is d i s c u s s e d b y 

d e V l e t t e r (1955) . Concentrat ion of the nickel r e q u i r e s : 

( i ) a w a r m humid c l imate w h i c h f a v o u r s chemica l w e a t h e r i n g , 

( i i ) a n e a r - f l a t topography , so that g r o u n d - w a t e r movement is not so r a p i d 

as to r e m o v e the p r o d u c t s of c h e m i c a l w e a t h e r i n g , and 

( i i i ) t ime . 

C a r b o n a t e d r a i n - w a t e r d i s s o l v e s s i l i con , m a g n e s i u m , and i r o n compounds , but 

the i r o n is a l m o s t i m m e d i a t e l y prec ip i ta ted as o x i d e s . Re la t ive ly inso luble e l e m e n t s , such as 

n icke l , c h r o m i u m , and coba l t , a r e r e s i d u a l l y concentrated . If the carbonated w a t e r has l eached 

a l l the m a g n e s i u m f r o m a zone, it m a y then attack the nickel , c a r r y it d o w n , and r e d e p o s i t 

i t , p r o b a b l y as a co l lo ida l p r e c i p i t a t e , in a zone of plentiful m a g n e s i u m . T h i s n i c k e l -

e n r i c h e d zone m i g r a t e s d o w n w a r d s as w e a t h e r i n g p r o c e e d s . 

Stanley (1919) w a s the f i r s t to note nickel in the P a p u a n U l t r a b a s i c B e l t on the 

M a m a m a R i v e r , e a s t of Kokoda . G r e y (1955) d r e w attention to the poss ib i l i ty that nickel 

s i l i ca te o r e m a y have deve loped o v e r u l t ramaf i c r o c k s n e a r Kokoda , and r e c o m m e n d e d f u r t h e r 

inves t igat ion . T h o m p s o n (1957) def ined the U l t r a b a s i c B e l t and a r o u s e d interest in the nickel 

potent ia l of the u l t r a m a f i c p a r t of the B e l t . He inst igated h a n d - d r i l l i n g p r o g r a m m e s at 

K o r e p p a in the M i d d l e W a r i a V a l l e y , a n d i n t h e A j u r a K u j a r a R a n g e near Kokoda . Internat ional 

N i c k e l C o m p a n y and B u l o l o G o l d D r e d g i n g L t d a l s o c a r r i e d out a p r o g r a m m e of h a n d - d r i l l i n g 

w e s t of L a k e T r i s t . 

T h e r e s u l t s of these invest igat ions w e r e not sufficiently encourag ing to s t imulate 

intens ive p r o s p e c t i n g o r deta i led invest igat ion of known depos i t s . C a m p b e l l (1958) sugges t s 

that the c l imate of the L a k e T r i s t a r e a is not f a v o u r a b l e in that t e m p e r a t u r e s a r e not high and 

there i s no a l ternat ion of m a r k e d w e t and d r y s e a s o n s . N e a r the O w e n Stanley and T i m e n o 

F a u l t s la ter i t i c concentrat ion of nickel m a y have b e e n inhibited b y the s e v e r e serpent in izat ion 

of the per ido t i t e . 

T h e c u r r e n t s u r v e y located a n untested a r e a in which nickel i ferous so i l s m a y b e 

p r e s e n t in e c o n o m i c g r a d e and quantity ( s e e under R e c o m m e n d a t i o n s ) ; nickel s i l icate m i n e r a l ­

izat ion w a s noted south -wes t of this a r e a in the upper I w i r i R i v e r . 

S m a l l amounts of cobal t a r e i n v a r i a b l y p r e s e n t in lateri t ic nickel o r e . A t K o r e p p a 

the b l a c k cobal t o x i d e , a s b o l a n , i s a s s o c i a t e d wi th soft b l a c k nodules of m a n g a n e s e w a d 

( T h o m p s o n , 1957, and p e r s , c o m m . ) . 

A l l u v i a l concentrat ion of c h r o m i t e has b e e n o b s e r v e d in s t r e a m s dra in ing the 

P a p u a n U l t r a b a s i c B e l t , and c h r o m i t e i s a m i n o r constituent of heavy m i n e r a l sands on the 



n o r t h - e a s t e r n coast of P a p u a (Thompson , op. c i t ) . It der ives f r o m di s seminated chromite 

in the u l tramaf ic r o c k s . 

C o p p e r 

C o p p e r minera l i za t ion occurs in the U l t rabas i c Be l t near the T i m e n o Faul t , on 

the P a i a w a and Sa ia R i v e r s , and in the M a g e r i Volcanics on B i g o C r e e k and at Enoto Point . 

M i n e r a l i z a t i o n c lose to the T i m e n o Fault w a s s e e n near T i d a - u r a and Upupuru 

v i l l a g e s . Cha lcopyr i t e o c c u r s in the g o l d - b e a r i n g quartz vein which c r o p s out a mi le east of 

T i d a - u r a . O n B a k e w a H i l l , w e s t of Upupuru , chalcocite and Tchrysocol la occur in a l tered 

u l t ramaf ic rocks ( E d w a r d s , 1957). A p p a r e n t l y , movement on the T i m e n o Fault has induced 

shear ing and jointing in the adjacent u l tramaf ic rocks into which hydrothermal solutions f r o m 

the acid rocks have introduced copper and other m i n e r a l s . 

B a s i c rocks found as b o u l d e r s in the P a i a w a and Saia R i v e r s show part ia l r e p l a c e ­

ment by i r o n , c o p p e r , and r a r e nickel sulphides; the source of the b o u l d e r s w a s not found. 

G . J . G r e a v e s has examined the spec imens and reports as fo l lows ( p e r s . c o m m . ) : 

'Specimen W 3 2 f r o m Sou C r e e k , a tr ibutary of the P a i a w a R i v e r , consists of 

hornblende-hypers thene g a b b r o with 5 to 10% sulphides; the r o c k is constituted as fo l lows: 

l a b r a d o r i t e 55%, hornblende 25%, hypersthene 5%, c l inopyroxene 5%, sulphides 5-9%, i lmenite 

1%. The sulphides c o m p r i s e pyrite 30%, melnicovite pyrite 25%, m a r c a s i t e 30%, chalcopyri te 

10%, m i l l e r i t e ? (a nickel m i n e r a l ) 5%, pyrrhoti te r a r e . Some of the p lag ioc la se is zoned: 

hornblende a p p e a r s to have f o r m e d f r o m the c l inopyroxene . 

'Specimen W 5 1 f r o m the Sa ia R i v e r consists of micronor i t e with 30 to 50% 

sulphides . The m i n e r a l composi t ion is: l abrador i t e 30-40%, hypersthene 10-20%, prehnite 10%, 

chrysot i l e and antigorite m i n o r , sulphides 30-50%. The sulphides c o m p r i s e pyrrhot i te 70%, 

pyr i t e 20%, chalcopyri te 10%. T h e s e occur interstit ial to the s i l icate m i n e r a l s , as rounded 

g r a i n s within the p l a g i o c l a s e , and as r i m s around the hypersthene g r a i n s , which a r e g e n e r a l l y 

rounded. Prehni te occurs as veins up to 1.5 m m . a c r o s s which t r a n s g r e s s both s i l icate and 

sulphide m i n e r a l s , and as n a r r o w (0.01 m m . ) react ion r i m s between the sulphides and the 

enc losed p y r o x e n e s . ' 

M i n o r pyri te and chalcopyrite occur in quartz veins in the trondhjemite which 

c r o p s out south of Kui . 

A t Enoto point, be tween Kui and S ipoma, a quar tz - cha l copyr i t e vein, six to ten 

inches w i d e , intrudes a zone of brecc ia t ed and s i l ic i f ied l ight -co loured andesite o r f ine­

g r a i n e d d o l e r i t e . The brecc ia t ed zone is 100 feet w i d e . Both the vein and the banding in the 

adjacent do ler i te dip to the south-south-east at an angle of 50 . G r e a v e s ( p e r s . c o m m . ) has 

identified the fol lowing m i n e r a l s in a spec imen f r o m this vein: quar tz 70%, epidote 10%, 

sulphides 10%, malachite 5%, hydrated i r o n oxide 5%. The sulphides a r e : chalcopyri te 70%; 

cove l l i t e , cha lcoc i te , and minor digenite 30%. 

M i n o r pyri te and chalcopyrite occur d isseminated inpart-epidot ized microd ior i t e 

of the M a g e r i Vo lcan ic s on B i g o C r e e k . 

M e r c u r y 

A l l u v i a l c innabar has been r e c o v e r e d f r o m Kau C r e e k ( F r a s e r , 1960). 
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R E C O M M E N D A T I O N S 

1. F u r t h e r nickel prospec t ing should b e c a r r i e d out e a s t and north of L a k e T r i s t , 

w h e r e there is a low^re l i e f a r e a of about 30 s q u a r e m i l e s ( see F i g . 4 ) u n d e r l a i n b y u l t ramaf i c 

r o c k s . A s m a l l a r e a , m o s t l y w e s t of L a k e T r i s t , w a s tested b y B u l o l o G o l d D r e d g i n g L t d 

u n d e r the d i rec t ion of F . A . C a m p b e l l in 1958. 

In the initial s tage of the p r o p o s e d p r o g r a m m e , holes should b e s p a c e d at ha l f -

m i l e in t erva l s so that l o c a l i r r e g u l a r i t i e s , such as shear ing o r the p r e s e n c e of pyroxeni te 

o r g a b b r o , do not unduly influence the r e s u l t s . It is important that a s s a y r e s u l t s be m a d e 

a v a i l a b l e without d e l a y s o that w h e n a reconna i s sance a u g e r i n g p r o g r a m m e is comple ted , 

de ta i l ed testing of the a r e a s wi th high nickel va lues c a n b e undertaken. I d e a l l y , a s s a y s should 

b e done in the f i e ld , but this m a y not be p r a c t i c a b l e . A l t e r n a t i v e l y , s a m p l e s could b e taken 

to W a u b y runner o r co l lec ted b y a c h a r t e r e d f l oa t -p lane . A c c e s s to the a r e a is b y means of 

a f o o t - t r a c k f r o m W a u , a w a l k of two to four d a y s . Suppl ies f o r the B u l o l o G o l d D r e d g i n g p r o s ­

pect ing p a r t y w e r e d r o p p e d on an a r e a of s p r i n g y g r a s s at the nor thern end of L a k e T r i s t and 

a Q a n t a s B e a v e r f loat -p lane w a s landed on L a k e T r i s t with suppl ies and p e r s o n n e l ( C a m p b e l l , 

1958) . 

The r e c o m m e n d e d equipment is 4 - inch pos t -ho le a u g e r s , h e a v i e r a u g e r s to b r e a k 

through any b o u l d e r s in the s o i l , and threaded three - foo t lengths of 3/4 inch p i p e . The opt i ­

m u m w o r k i n g t eam is three to s ix natives p e r a u g e r , depending on the depth of the ho le . In 

the Kokoda a r e a this equipment has b e e n used to d r i l l holes as deep a s 70 feet . 

B o v i o H i l l , a d a y ' s w a l k north of G a r a i n a be tween T i m a n a g o s a and B a p i , m a y a l s o 

w a r r a n t testing a s a la ter i t i c nickel p r o s p e c t . The hil l is about one s q u a r e mi l e in a r e a , 

and is c o m p o s e d of jointed dunite wi th a modera te so i l c o v e r . 

2 . The T i m e n o F a u l t zone should b e e x a m i n e d f o r c o p p e r m i n e r a l i z a t i o n f r o m T i d a -

u r a s o u t h - e a s t w a r d s to the l imi t of the m a p a r e a and beyond. K n o w n e x p o s u r e s of m i n e r a l ­

i zat ion , at T i d a - u r a and B a k e w a H i l l , a r e v e r y s m a l l , but c l o s e r e x a m i n a t i o n and pitting might 

r e v e a l l a r g e r b o d i e s . 

3 . T h e s o u r c e of b o u l d e r s containing chalcopyr i te in the P a i a w a and S a i a R i v e r s 

might b e found b y deta i led g e o l o g i c a l o r g e o c h e m i c a l s u r v e y . Such a s u r v e y w o u l d b e h a m ­

p e r e d b y the difficulty of t r a v e r s i n g these r i v e r s , and b y the p o o r e x p o s u r e at b e d r o c k in the 

a c c e s s i b l e p a r t s of the r i v e r b e d s . G e o c h e m i c a l prospect ing might b e defeated b y r a p i d 

r u n - o f f into swi f t - f lowing s t r e a m s , absence of f i n e - g r a i n e d a l l u v i u m in the s t r e a m b e d s , 

and a s p a r s i t y of r e s i d u a l so i l on the va l l ey s l o p e s . T h e mos t p r o m i s i n g method of g e o c h e m i c a l 

prospec t ing is the ana lys i s of r e s i d u a l so i l s f r o m the r idge tops . 
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Geology by: Fisher, Kic inski ,Thompson,Davies,Smith,Green, Dow,and S iedner -Bureau of Mineral Resources 

Gibson and Mi tchel t -Bulo lo Gold Dredging L t d . 

Compiled by H.L . Davies. 
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