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At our February 1986 meeting, we recommended that d r i l l i n g in the western 
P a c i f i c be focused on th ree tec ton ic problems: the or ig in and evolut ion of 
i s land a rcs ; the nature of ac t ive c o l l i s i o n s ; and the development of back-a rc 
b a s i n s . Of the myriad a t t rac t i ve tectonic problems that could be studied in 
th i s reg ion, we selected these three because they meet the fo l lowing c r i t e r i a . 
F i r s t , they are c l ea r l y issues of global thematic importance. Second, we fee l 
that the western P a c i f i c i s the best p lace i n the world to address these 
p a r t i c u l a r i s s u e s . F i n a l l y , we fee l that d r i l l i n g alone can answer spec i f i c 
questions re la ted to these tec ton ic problems. 

The f o l l o w i n g remarks, presented from our g loba l p e r s p e c t i v e as a 
thematic panel , surranarize our reasons for advocating these ob jec t ives . 

I. The Rationale for Island Arc Drilling in the Western Pacific 

The o r i g in and evolut ion of magma within the earth stand squarely at the 
hear t of dec iphe r i ng the e v o l u t i o n of Ear th i t s e l f . Of al1 magmatic 
provinces, is land arcs o f fe r the best possib le natural laboratory within which 
to dec ipher the p h y s i c a l and chemical evolut ion of magma. Unl ike a l l other 
areas, the greatest depth of magma formation i s l im i ted to be at or above the 
subduct ing p l a t e . Moreover, the source m a t e r i a l i s e i t h e r normal mantle 
pe r ido t i te or subducted oceanic c rus t or mix tu res t h e r e o f , and the thermal 
regime of the e n t i r e reg ion i s r e f l e c t e d in the heat t ransfer of magmatism 
i t s e l f . In a d d i t i o n , the t im ing of the events of subduc t i on , i n c i p i e n t 
vo l can i sm , v o l c a n i c - c e n t e r m i g r a t i o n , and magmatic f l u x p rov ides t r u l y 
fundamental constra ints on the mechanics of separation and ascension of magma. 
P u r e l y geochemical s t u d i e s in the way of phase e q u i l i b r i a , bulk chemical 
composit ion, and i so top ic s i gna tu res can on ly be understood when p rope r l y 
viewed through the context of the mechanics of magmatism. Island arcs o f fe r 
our only hope of c l e a r l y understanding large s c a l e magmatic p rocesses . The 
arcs that are best sui ted to unravel such problems and that are accessib le to 
d r i l l i n g are in the western P a c i f i c . 

A d e t a i l e d account ing through time of the mass and composition of a l l 
m a t e r i a l s assoc ia ted w i th arc e v o l u t i o n (magmatic f l u x , v o l a t i l e f l u x , 
hydrothermal f l u i d s in the f o r e a r c , and f lux of downgoing oceanic crust and 
sediment) and a l so of the i s o s t a t i c response of a rcs on a r e g i o n a l b a s i s 
provides the fundamental boundary condit ions governing a l l arc processes. The 
most c r i t i c a l element of such a menu i s t ime . A l though o l d arcs span much 
t ime , t h e i r heavy b lanket of sed iments , p y r o c l a s t i c s , and lavas g r e a t l y 
obscures sampling th i s h i s to ry . Arcs must be studied ear ly in t he i r evolut ion 
to answer most a l l of the important themes at issue. 

Arcs of the c r i t i c a l age for analysis are Izu-Bonin, Mariana, Sco t ia , and 
Tonga-Kermadec. A c c e s s i b i l i t y and operating condi t ions essen t ia l l y preclude 
Sco t i a , espec ia l l y when considered in l igh t of land-based f o l l o w - u p s t u d i e s . 
The overa l l Mariana-Bonin arc system i s i dea l l y sui ted to tack le nearly a l l of 
the essent ia l prob lems, and Tonga covers what i s l e f t . P o s s i b l y on ly in 
s tudy ing the c o r r e l a t i o n between arc magma composition and downgoing plate 



compos i t ion does another a r c , the A l e u t i a n s , o f f e r a be t t e r perspect ive. 
What fo l lows i s a l i s t of the p r inc ipa l thematic issues with a few words high
l i g h t i n g , where necessa ry , t h e i r importance and pos i t ion wi thin more global 
issues. 

Themes in arcs and forearc regions 

1) Arc evolut ion ( s t r u c t u r a l , v o l c a n i c ) , b e g i n n i n g , t i m i n g , p e r i o d i c i t y , 
magma transport 
- A l l ows e n t i r e problem of magma product ion, mechanics of ascension, and 
wal l rock chemical in te rac t ion to be a s s e s s e d , and a l lows q u a n t i t a t i v e 
e v o l u t i o n of i n t ima te coup l i ng of downgoing p l a t e and arc p late ( i . e . 
segmentation, f rac ture zones, e t c . ) . 

2) Nature of arc Igneous/metamorphic basement 
- Are g ranod lo r i t i c p lu tons a l s o c h a r a c t e r i s t i c of I n c i p i e n t v o l c a n i c 
f r o n t s ? Is the broad submarine arc r idge or welt of MORB type material 
produced during the i n i t i a l breakoff and plumage of the l i thosphere, or i s 
1t arc magma? What thermal regime Is re f l ec ted in the metamorphic grade 
of these rocks? 

3) Thermal regimes ( I sos ta t i c response) 

- The very major ques t ion of the deep thermal regime of subduction and 
magmatism can be la rge ly answered by knowing the thermal regime of the 
fo rearc , and th i s couples with the vlsco-mechanical I sos ta t i c regime which 
fur ther constrains the nature of the arc l i thosphere. 

4) F l u i d s , t he i r budget and chemistry 

- Do f l u i d s from dehydra t ion of the downgoing p la te t rave l back up the 
oceanic crust and erupt in the fo rearc , car ry ing base metals st r ipped from 
the ocean ic c r u s t at h igh pressure? Are these the f l u i d s that form 
forearc ore deposits? 

5) In t ra-arc structure ( ro ta t ions , e tc . ) 

- What are the t iming and mechanics of major s t ruc tura l readjustments with 
the arc I t s e l f ? Are these driven by regional or loca l forces? 

6) Forearc dynamics, seamount o f fsc rap ing , " co ld volcanoes" ( i . e . d iap i r s ) 

- Are c o l d f o r e a r c vo lcanoes a p r i n c i p a l means of t r a n s p o r t i n g and 
r e d i s t r i b u t i n g deb r i s from the top side of the downgoing plate? What is 
the thermal-rheologlcal regime associated w i th these f e a t u r e s ; what are 
the deformation ra tes ; Is the process se lec t i ve of material type? 

7) Bon ln i tes , re la t ionsh ip to oph io l i tes 

- Are o p h i o l i t e s s e c t i o n s shaved o f f In f o r e a r c s ? Are bonlni tes con
t i n u a l l y produced in the forearc reg ion, or only ear ly in arc development? 
Is there a progression from bonlni tes to more t yp ica l arc magmas? 
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8) Relat ions of arc chemistry to p late chemistry 

- Are reg iona l v a r i a t i o n s in downgoing p la te (oceanic crust + sediment) 
chemical composition r e f l e c t e d in the compos i t ion of the lavas of the 
volcanic front? 

9) I s o s t a t i c response of l i t h o s p h e r e to l oad ing at d i f f e r e n t stages of 
arc/backarc evolution 

- How th i ck i s the arc l i t hosphere? Does i t th in or thicken with time? 
Can the rates of i s o s t a t i c adjustments of volcanic centers and arc c rus ta l 
blocks be measured through sedimentation h is to ry and then be i nve r ted to 
learn of l i thosphere evolut ion? 

II. The Rationale for Drill ing along CoHisional Plate Margins In the Western 
Pacific 

A growing body of geo log i c data I n d i c a t e s that mountain systems along 
cont inental margins are composed of d iscre te faul t-bounded, c rus ta l fragments, 
commonly r e f e r r e d to as t e c t o n o s t r a t i g r a p h i c terranes. These terranes may 
represent dislodged and reposi t ioned pieces of the loca l c o n t i n e n t a l marg in , 
or they may be t r u l y e x o t i c fragments such as volcanic arcs , seamounts, and 
even s l i v e r s of d i s t a n t c o n t i n e n t a l marg ins . The accre ted t e r ranes are 
commonly surrounded by and Immersed In a sedimentary melange, but deeper 
c rus ta l exposures demonstrate d iscre te tectonic contacts between the c r y s t a l 
l i n e bod ies . Severa l l i n e s of ev idence can be I n te rp re ted to show that 
c o n t i n e n t s are growing at a rate of c a . 1 km^/yr whi le cont inental accret ion 
on a g loba l s c a l e Is expanding c o n t i n e n t a l margins at a r a t e of c a . 2 .5 
km^/yr . The 1 km^/yr of new growth represents the addit ion of f i r s t - c y c l e 
v o l c a n i c Island arcs and seamounts whi le the remaining 1.5 km^/yr const i tu tes 
the accret ion of recycled cont inental debr is (graywacke) and pelagic carbonate 
and cher t . 

The best area to study the processes of c o l l i s i o n i s i n the western 
P a c i f i c where young arcs with th in sediment carapaces are now c o l l i d i n g with a 
d i v e r s e ar ray of ocean ic f e a t u r e s . Nowhere e lse are c o l l i s i o n processes so 
c l e a r l y shown and so unobstructed by complicated tec ton ic r e l a t i o n s or t h i c k 
sediment cove r . For g e o l o g i s t s to understand c o n t i n e n t a l growth and the 
dynamics wi th in tectonic co l lages such as the C o r d i l l e r a , Caledonides, and the 
c o l l a p s e d Tethyan margin (to name but a few). I t i s c r i t i c a l to invest igate a 
var ie ty of accretionary set t ings In the western P a c i f i c . 

A compl ica ted ar ray of c o l l i s i o n s t y l e s i s exemplif ied in the western 
P a c i f i c : (1) Ocean crust c o l l i d i n g with volcanic arcs ( th in sediment cover as 
i n Tonga, t h i ck sediment cover as in New Zealand and Japan, and even act ive 
r i d g e s as part of the ocean c r u s t as In the Woodlark r idge/So lomon arc 
sys tem) ; (2) Cont inent or cont inental fragments c o l l i d i n g with volcanic arcs 
(Palawan wi th P h i l i p p i n e a r c h i p e l a g o , A u s t r a l i a with Timor); and (3) Ocean 
c r u s t c o l l i d i n g wi th ocean c rus t ( i n t rap la te shortening as in fer red for the 
Mussau and Zenisu r idges) . 

At tendant wi th these va ry ing c o l l i s i o n s ty les are a number of boundary 
c o n d i t i o n s that are e q u a l l y v a r i a b l e ; (1) The angle of c o l l i s i o n (perpen
d i c u l a r , obl ique to almost p a r a l l e l , e . g . , on the southside of the A leut ians , 
the angle of c o l l i s i o n covers the whole spectrum along s t r i k e , whereas, the 



New Hebrides arc shows p r i n c i p a l l y orthogonal c o l l i s i o n s , and the Tonga arc is 
a f f e c t e d l a r g e l y by ob l i que s u b d u c t i o n / c o l 1 i s i on ) ; (2) The oceanic crust 
involved in the c o l l i s i o n may be e i ther old or young. (Off of Japan, K u r i l e s , 
and Tonga, the crust i s old whi le along the south side of the Solomon arc, the 
c r u s t i s y o u n g . ) ; (3) The shape of the s o - c a l l e d indentor may vary from 
1 inear ( L o u i s v i l l e r i dge ) to broad and equant (Ontong Java) to a s i n g l e 
seamount (Erimo); and (4) The crusta l thickness of the indentor may be th in or 
thick (Loyal ty r idge contrasted with Ontong Java) . And f i n a l l y , the stages of 
c o l l i s i o n vary from inc ip ien t obduction such as Okushir i r idge to the opposite 
extreme where d ispers ion and c r u s t a l f ragmenta t ion p r e v a i l such as in the 
Banda Sea. 

Understanding the kinematics and dynamics of these c o l l i s i o n a l processes 
w i l l requi re a wide range of d i s c i p l i n e s and resea rch s t r a t e g i e s . Nonethe
l e s s , OOP d r i l l i n g i s an appropriate tool to invest igate a number of c r i t i c a l 
aspects of the c o l l i s i o n process. D r i l l i n g : 

1. Es tab l ishes whether or not parts of the c o l l i d i n g mass are accreted 
2. Provides constra ints on the t iming of c o l l i s i o n event(s) 
3. Opens windows to appraise changes in physical propert ies and amounts 

of s t ra in associated with a c o l l i s i o n event 
4. May reveal la rge-sca le deformational features such as thrust f a u l t s 
5. Makes i t possib le to observe varying stages of diagenesis or 

metamorphism re la ted to c o l l i s i o n s 
6. Permits an opportunity to re la te ve r t i ca l tec ton ic responses to a 

c o l l i s i o n event 

From the mu l t i t ude of p o s s i b i l i t i e s to study c o l l i s i o n phenomena i n the 
western P a c i f i c , we have selected four s i t e s where we bel ieve the prospects of 
good ho les are combined w i th a range of targets covering many of the s ty les 
and boundary condi t ions discussed above. Our recommendations are: 

1. D'ENTRECASTREAUX COLLIDING HEAD-ON WITH THE NEW HEBRIDES ARC 
2. LOUISVILLE RIDGE SLIDING ALONG AND IMPINGING ON THE TONGA ARC 
3. THE EFFECTS OF ONTONG JAVA AMALGAMATING WITH SOLOMON ARC 
4. OKUSHIRI RIDGE OBDUCTING ONTO JAPAN 

I I I . The Rationale for Dril l ing in Western Pacific Back-arc Basins 

The global thematic issue that might p ro f i t ab l y be addressed by d r i l l i n g 
in back arc basins i s l i t hospher ic extension. L ike cont inental r i f t zones and 
p a s s i v e c o n t i n e n t a l marg ins , back-arc basins o r ig ina te through l i thospher ic 
e x t e n s i o n a l p r o c e s s e s . An immediate ly obv ious ques t ion i s whether the 
ex tens ion of i s l a n d arc l i t h o s p h e r e ( u l t i m a t e l y to form a back-arc basin) 
d i f f e r s s i g n i f i c a n t l y from extension of c o n t i n e n t a l l i t h o s p h e r e (which may 
lead u l t i m a t e l y to normal s e a f l o o r s p r e a d i n g ) . OOP has d r i l l e d , or w i l l 
d r i l l , holes at a number of passive cont inental margins (New Jersey , G a l i c i a , 
Norway, Exmouth P la teau) to focus on l i t hospher i c extension problems, so i t 
seems tha t ex tens ion of arc l i t h o s p h e r e i s a novel problem tha t can be 
addressed by d r i l l i n g in back-arc basins of the Western P a c i f i c . 

The whole issue of l i thospher ic extension has been r e v i t a l i z e d r e c e n t l y , 
w i th the r e c o g n i t i o n by Wernicke and other s t ruc tu ra l geologis ts that large 
scale extension in the Basin-and-Range p rov ince i s main ly accommodated by 
normal s l i p on low-ang le detachment su r f aces r a t h e r than by who lesa le 



st re tch ing and thinning of the l i thosphere, a concept popularized by McKenzie. 
We now have two schoo ls of thought wi th t h e i r p roponents : L i t h o s p h e r i c 
ex tens ion v i a a s imple shear (detachment) mechanism, and extension v ia pure 
shear (s t retching and th inn ing) . The most Important d i f f e r e n c e between the 
two concepts Is tha t the l o c a t i o n of maximum t h i n n i n g of the mantle i s 
l a t e r a l l y o f fse t from the locat ion of maximum crus ta l thinning in the de tach
ment model . A l i k e l y r e s u l t i s the development of asymmetric patterns of 
s t ruc tu re , sedimentation, heat f low, and grav i ty anomalies over the extended 
l i thosphere that would be d i f f i c u l t to explain using a s t retch ing and thinning 
model unless special condi t ions are assumed. 

The Western P a c i f i c p rov ides a weal th of o p p o r t u n i t y f o r s tudy ing 
extension of arc l i thosphere with ODP d r i l l i n g . D r i l l i n g establ ishes boundary 
c o n d i t i o n s ( t i m i n g , k i n e m a t i c s , temperatures) that are essent ia l for devel 
oping or tes t ing models of extension. Best resu l t s are l i k e l y in the simplest 
tec ton ic s i t ua t i ons . For t h i s reason we advocate d r i l l i n g extensional domains 
in demonstrably in t ra-oceanic arcs. We are therefore l imi ted to the fo l lowing 
loca t ions : 

1) Bonin arc 

2) C o r i o l l s trough 

} 

act ive Island arc r i f t zones 

3) Lau basin "\ Rafted arc fragments with 
^ , „ . . . 7 act ive back-arc spreading 
4) Mariana trough • 

To be p r o p e r l y e f f e c t i v e , ODP d r i l l i n g must be preceded, or accompanied 
by thorough deeply-penetrat ing MCS surveys In order to examine whether master 
detachment su r faces are present in these e x t e n s i o n a l domains. G r a v i t y , 
heatf low, and SeaBeam/Seamarc surveys may also be required to proper ly l o c a t e 
d r i l l s i t e s . 

The detachment model also predicts sur face, or near surface exposure of 
deep-seated rocks, which i s consistent with the recovery of metavolcanic rocks 
and gabbros in the Mariana trough, and upper amphiboli te grade mafic mylonite 
from the Sorol Trough (east of Yap Is land) . Thus i f ex tens ion of arc l i t h o 
sphere occurs by s l i p on detachment s u r f a c e s , a window i n t o the p lutonic 
foundation of Island arcs may be a v a i l a b l e f o r d r i l l i n g wi thout r e q u i r i n g 
large amounts of penetrat ion. 


