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EXECUTIVE SUMMARY 
TECTONICS PANEL MEETING 

5-6 June 1986 
Un ivers i ty of Washington, Seat t le 

* * * * * * * * * * * * * * * 

1) TECP EVALUATION OF WESTERN PACIFIC DRILLING PLAN 

The nine- leg program as i t stands p a r t i a l l y addresses TECP's key 
thematic in terests in the region. The Bonin-Mariana and Vanuatu legs 
espec ia l l y are well designed and relevant to a rc , back-arc, fo rearc , and 
c o l l i s i o n a l problems. Three less sa t i s fac to ry aspects of the plan are: 
F i r s t , i t does not s u f f i c i e n t l y attack the general problem of c o l l i s i o n . 
Second, the d r i l l i n g in Lau Basin i s c h i e f l y devoted to pet ro log ica l and 
geochemical questions and doesn't address tec ton ic issues such as exten
s ion , the nature and evolut ion of arc foundations, and c o l l i s i o n . Th i rd , 
a better case needs to be made for how proposed d r i l l i n g in the South 
China Sea re lates to the kinematics and mechanics of extension. 

In response to a request by WPAC, we reconsidered four proposed legs: 
Japan Sea, Nankai, Zenisu, and S. China Sea. Of these four, Japan Sea and 
Nankai have the highest p r i o r i t y from a thematic standpoint; S. China Sea 
has the lowest. 

TECP requests that WPAC re-evaluate ex is t ing proposals that t reat 
c o l l i s i o n a l processes and consider expanding ex is t ing legs or adding new 
legs to f u l l y address the problem. S p e c i f i c a l l y we ask WPAC to reconsider 
or evaluate: L o u i s v i l l e Ridge or Ogasawara Plateau, and Ontong-Java 
Plateau. Ontong-Java should be considered as a place to iden t i f y the 
basement of a plateau, and poss ib ly , with better documentation, as a place 
to study a major c o l l i s i o n . 

2) THEMATIC OBJECTIVES IN THE PACIFIC (CEPAC AREA) 

We view the fo l lowing tectonic issues as a global thematic i n te res t . 
They have a high p r i o r i t y in addit ion because they can be better addressed 
by d r i l l i n g in the P a c i f i c than in any other region: 

- Dating the oceanic crust for models of r e l a t i ve plate motion 
- Hot spots and guyots for constraining absolute plate motions 
- L i thospher ic f lexure (Hawaiian moat) 
- Oceanic plateaus (nature and age of basement. 

The Ontong-Java plateau i s an obvious target to consider in Melanesia. 

3) NOMINATIONS OF CO-CHIEF SCIENTISTS 

SWIRFZ: von Herzen 
MAKRAN: Leggett, Cowan 
RED SEA: Cochran, Baecker, Pautot, Bonatt i 
KERGUELEN I: Sch l i ch , Falvey 
KERGUELEN I I : John Anderson 
INTRAPLATE/90"E(N): Curray, J . Pe i rce , Sc la ter 
BROKEN RIDGE/90'E(S): Weissel^ Duncan, Gradstein 
AR60-EXM0UTH: von Rad, Gradstein, Exon 



MINUTES 

The meeting began at 8:45 a.m. 

Cowan welcomed the new member from France, Francois Roure, and guests 
from PCOM and JOIDES. 

1. MINUTES OF THE PREVIOUS MEETING 

The minutes of the las t meeting were approved without changes. 

2. REPORTS FROM LIAISONS AND GUESTS 

2.1 PCOM 

Paul Robinson and Tony Mayer reviewed the meeting held at Lamont 
the previous week. Following are items of par t icu lar in terest to 
TECP. B i l l Coulbourn has replaced Hussong as one of our two l i a i sons 
from PCOM. COSOD-II w i l l be held in Strasbourg in July 1987 and 
sponsored by ESF. The JOIDES o f f i c e w i l l move to Oregon State 
Univers i ty in October and be headed by N. P i s i a s . R. Kidd i s leaving 
ODP and he w i l l be replaced by Audrey Meyer. 

Mayer summarized the science plan for Leg 112 (Peru fo rearc ) . An 
expanded schedule of 52 d r i l l i n g days i s planned; 36 devoted pr imar i ly 
to tectonics and 12 to paleoenvironmental issues. There are possib le 
safety problems with a deep hole at s i t e #3. 

Mayer also reported the d r i l l i n g plan in the Indian Ocean. For 
each leg , the prime target is l i s t ed f i r s t , followed by an a l te rna
t i v e : 115 (SWIRFZ; SWIRFZ); 116 (Red Sea; Intraplate deformation/ 
90°E); 117 (Neogene I; Makran); 118 (Makran; Neogene I ) ; 119 
(Kerguelen I ) ; 120 (Kerguelen I I ) ; 121 (Broken Ridge/90'E-south) ; 122 
( In t rap la te ; Argo/Exmouth); 123 (Argo/Exmouth; ? ) . The Somali deep 
hole i s not in the d r i l l i n g plan. 

PCOM appointed non-voting l i a i sons from regional panels to TECP. 
This decision d i f f e r s s l i g h t l y from the recommendation of the panel 
chairmen's meeting to appoint voting l i a i s o n s . They are: ARP 
-Sibouet; CEPAC - S c h o l l ; SOP - LaBrecque; WPAC - S i l v e r ; lOP - none 
as yet . PCOM also appointed TECP members as non-voting l i a i sons to 
regional panels: Vogt to ARP; Hinz to SOP; Leggett to lOP;, Nakamura 
to WPAC; Riddihough to CEPAC. Further changes: Becker i s moving from 
TECP to l i thosphere; Ian De lz ie l was named to replace John Ewing, and 
Tony Watts w i l l replace Je f f Weissel , e f fec t i ve October 1986. PCOM 
also expressed concern that TECP i s not paying enough attent ion to the 
problems of plate kinematics and h i s t o r i c a l reconstruct ion of oceanic 
p la tes ; we may consider supplementing our membership in t h i s area. 

Robinson emphasized several times what PCOM wants from TECP: our 
assessment of outstanding global tectonic problems that can be 
addressed by d r i l l i n g and our reconmendations as to the regions where 
th is can best be accomplished. 



2.2 OOP 

Auroux gave an i l l u s t r a t e d review of Leg 107 d r i l l i n g in the 
Tyrrhenian Sea. Key resu l t s bearing on the o r ig in of marginal basins 
and evolut ion of passive margins are: The opening of the Sea has been 
diachronous; there apparently has been no organized s ing le spreading 
center; there i s some evidence for the d i a p i r i c r i s e of serpentinized 
ultramafic rocks; and Messinian deposits in th is area accumulated in 
shallow water. 

2.3 ARP 

Howell represented TECP at the Apr i l meeting in Barbados. They 
w i l l propose a ser ies of workshops to def ine future d r i l l i n g targets 
in the South A t l a n t i c , Caribbean, N. A t l a n t i c , Mediterranean, and C. 
A t l a n t i c . ARP requests TECP to discuss tectonic object ives in the 
A t lan t i c and o f fe r our recommendations for a general d r i l l i n g 
strategy. 

2.4 WPAC 

Nakamura reviewed the WPAC recommendations for d r i l l i n g plans in 
the Western P a c i f i c , using the tabulat ion provided in the minutes of 
the WPAC Miami meeting and the " F i r s t Prospectus for Western P a c i f i c 
D r i l l i n g " which Cowan d is t r ibuted at th i s meeting. He asked us to 
address s p e c i f i c a l l y the questions posed to TECP in the minutes 
concerning d r i l l i n g proposals for Nankai, Japan Sea, S. China Sea, and 
Zenisu. 

3. WESTERN PACIFIC DRILLING PLAN 

Both PCOM and WPAC want our react ion to the 9-1 eg d r i l l i n g plan 
proposed by WPAC and adopted by PCOM subject to evaluation by the thematic 
panels. In add i t ion , WPAC asked in the i r minutes that we reconsider Japan 
Sea, S. China Sea, proposals concerning arc-continent c o l l i s i o n s , Zenisu, 
and Nankai, and by imp l i ca t ion , give a thematic blessing or explain why we 
do not. Cowan proposed that each target or proposal as l i s t ed above be 
discussed in turn in the context of a general thematic issue (back-arc 
bas ins, c o l l i s i o n , c last ic-dominated accret ionary pr isms). In each case, 
relevant proposals were summarized and reviewed at length. Below i s a 
br ie f surranary of key points raised about each target , followed by a 
synopsis of our general views and recommendations on the ent i re science 
plan. 

3.1 Japan Sea 

The key proposal by Tamaki et a l . was reviewed, and Nakamura 
presented recent ly acquired detai led magnetic data. They reveal 
coherent magnetic anomalies that w i l l undoubtedly prove useful for 
tectonic reconstruct ions i f they can be dated. There is s t i l l 
controversy about when and how fast the Japan Sea opened, and about 
the s ign i f i cance of pecul iar crusta l thicknesses in oceanic basins. 



3.2 South China Sea 

Two proposals were summarized and discussed extensively: one by 
Hayes et a l . dealing with the general problem of evolution of passive 
margins, and a French proposal for dating oceanic crust in the 
central part of the Sea to elucidate i t s kinematic h is to ry . There 
was widespread concern that the Hayes proposal i s not spec i f i c enough 
about which models for extension or for the thermomechanical evolu
t ion of passive margins w i l l be tested by d r i l l i n g . Moreover, i t was 
not c lear how data from only the northern margin of the basin could 
be used to evaluate models. More information on the conjugate margin 
and i t s possible bearing on the problem is required. Substant ial 
in terest in the kinematic h is tory of spreading in a "dead" basin was 
expressed. 

3.3 Co l l i s i ons 

Howell f i r s t reviewed our ra t iona le for endorsing th is general 
i ssue. Although we suggested some possib le d r i l l i n g targets at our 
Miami meeting, we hoped (and s t i l l do) that proposals concerning a 
var iety of possible examples w i l l be continuously evaluated. Cowan 
asked S i l ve r to summarize another example of a c o l l i s i o n - r e l a t e d 
process in the eastern Sunda system involv ing backthrusting of 
accreted material and backarc th rus t ing . He plans to rev ise his 
ex is t ing Sunda proposal to focus on these more e x p l i c i t l y c o l l i s i o n -
related problems. Other examples of c o l l i s i o n s that were discussed 
include the Ogasawara Plateau, L o u i s v i l l e Ridge, Taiwan/Manila 
t rench, and Palawan-Sulu Sea. 

We discussed the Kroenke et a l . proposal (received af ter the 
February Miami meeting) for the Ontong-Java plateau. Most of the 
s i t es are devoted to estab l ish ing the nature and or ig in of the 
basement - questions d e f i n i t e l y worth pursuing. Only one s i t e , OJ-6, 
i s supposed to address the ef fects of c o l l i s i o n by d r i l l i n g through a 
thrust along which part of the plateau was emplaced onto the arc 
massif. The panel f e l t that the seismic data in the proposal do not 
adequately define e i ther the overa l l tectonic set t ing of OJ-6 or the 
putat ive thrust . 

3.4 Zenisu Ridge 

On Friday morning, we continued with a thorough review of th is 
target . Although there was a general acceptance of Zenisu Ridge as 
an example of in t rap la te shortening of oceanic crust and of possib le 
inc ip ien t subduction ( in front of an act ive t rench), a couple of 
panel members f e l t that the avai lab le seismic records, as presented 
in the d r i l l i n g proposals, do not convincingly document that 
shortening has occurred. Further discussion centered on whether 
d r i l l i n g the t i l t e d sediments on the west (back) side of the r idge 
could successfu l ly date the h is tory of u p l i f t . 



3.5 Nankai trough 

It was pointed out that the Nankai accretionary prism is an 
example of the general category of "clast ic-dominated prisms" which 
form where th ick (about 2 km or greater) sect ions of hemipelagites 
and tu rb id i tes are par t ly scraped off along a decollement. There was 
extensive discussion about where the o r ig in and evolution of such 
prisms rank in our overa l l thematic p r i o r i t i e s . Nankai i s excep
t i o n a l l y well surveyed and can be t ied into an on-land subduction 
complex. We debated whether d r i l l i n g should be focused near the toe 
and aimed at reaching the decollement at a l l cos ts , or whether an 
upslope transect should be included. It was repeatedly mentioned 
that Nankai is one of several c l a s t i c prisms in the ent i re P a c i f i c 
region and must be compared with Mani la, A leut ians, and Cascadia. 

Af ter the review summarized above, Cowan asked each panel member in turn 
to comment on: (1) Whether the nine- leg science p lan, as adopted by WPAC and 
PCOM, s a t i s f a c t o r i l y addresses the three key thematic object ives out l ined in 
our recent posi t ion paper; and (2) His views on the thematic in terest and 
p r i o r i t y of the spec i f i c targets discussed above. 

Below i s the Chairman's d i s t i l l a t i o n of these indiv idual comments. 

TECP EVALUATION OF SPECIFIC LEGS (AS REQUESTED BY WPAC): 

a. JAPAN SEA: Our consensus i s that the d r i l l i n g as outl ined in the prospec
tus w i l l contr ibute important information on the evolution of marginal 
basins in general, and further insight into obduction. D r i l l i n g resu l ts 
can be usefu l ly compared to those from another marginal sea formed by 
f a s t , diachronous r i f t i n g of continental c rus t , the Tyrrhenian Sea. It i s 
s t i l l unclear how recent ly acquired magnetic data may modify models for 
fas t opening in concert with rotat ion of the Japanese Is lands. 

b. SOUTH CHINA SEA: In our opin ion, the Hayes proposal does not e x p l i c i t l y 
state which models of l i thospher ic extension or of thermomechanical 
evolut ion of passive margins can be tes ted, nor does i t s u f f i c i e n t l y 
describe how data acquired from the proposed transect can uniquely test 
such models. We do f e e l , however, that d r i l l i n g in the South China Sea 
may p ro f i tab ly address thematic issues (e .g . l i thospher ic extension) i f 
more data from the Southern conjugate margin are integrated into the 
proposal. It i s arguable whether the continent-ocean boundary i s de
f inab le or accessib le to the d r i l l in the region. If i t i s , i t s nature 
(composit ion, s t ruc ture, physical propert ies) i s of in te res t . A minori ty 
f ee l s that d r i l l i n g ocean crust in the center of the basin i s of in terest 
from a kinematic standpoint. 

c . NANKAI: The panel fee ls that d r i l l i n g on t h i s wel1-surveyed margin may 
contr ibute important ins ights into the development of c last ic-dominated 
accret ionary prisms. In , th is regard, i t i s essent ia l that every e f fo r t be 
expended to penetrate through the decollement in to the sediments being 
subducted. Remaining d r i l l i n g time might then be apportioned among the 
fore-arc basin s i t e s . Pending the resu l ts of the upcoming workshop on 
physical proper t ies, a minor i ty feel that the main thrust of the leg 



should be downhole measurements in a lower-slope s i t e . The panel recog
nizes that Nankai i s very s im i la r to the clast ic-dominated Cascadia prism, 
on which deep decollement-penetrating holes have been recommended. At 
th i s point , TECP strongly endorses such deep holes in prisms, and for th is 
reason we downgrade the proposed conventional transect of shallow holes 
along the Manila trench. 

d. ZENISU: An opportunity to document a possib le example of ocean-plate 
shortening seaward of an act ive trench. Seismic re f lec t ion data in the 
proposal do not substant iate the shortening hypothesis; better records 
imaging the underthrust oceanic crust are required. Dating the u p l i f t , 
using t i l t e d sediments on i t s western f lank , i s the most important 
ob ject ive. 

TECP EVALUATION OF GENERAL SCIENCE PLAN: 

The nine- leg program as i t stands p a r t i a l l y addresses TECP's key thematic 
in terests in the region. The Bonin-Mariana and Vanuatu legs espec ia l l y are 
well designed and relevant to arc, back-arc, fo rearc , and c o l l i s i o n a l 
problems. There are three less sa t i s fac to ry aspects of the plan. F i r s t , i t 
does not s u f f i c i e n t l y attack the general problem of c o l l i s i o n . C o l l i s i o n -
re lated object ives are included in only the Vanuatu and Japan Sea legs 
(D'Entrecasteaux and Okushir i ta rgets , respec t i ve l y ) . Second, the d r i l l i n g in 
Lau Basin i s ch ie f l y devoted to pet ro log ica l and geochemical questions and 
doesn't address tectonic issues such as extension, the nature and evolut ion of 
arc foundations, and c o l l i s i o n ( L o u i s v i l l e Ridge). Th i rd , a better case needs 
to be made for how proposed d r i l l i n g in the South China Sea re la tes to the 
kinematics and mechanics of extension. Of the four legs discussed above, th is 
one has the lowest p r i o r i t y from a thematic standpoint; Japan Sea and Nankai 
the highest. 

TECP requests that WPAC re-evaluate ex is t ing proposals that t reat 
c o l l i s i o n a l processes and consider expanding ex is t ing legs or adding new legs 
to f u l l y address the problem. S p e c i f i c a l l y we ask WPAC to reconsider the 
L o u i s v i l l e Ridge or Ogasawara plateau c o l l i s i o n s . A lso , the forthcoming 
proposal by S i l v e r fo r the E. Sunda area w i l l need to be considered fo r 
add i t ion . Most important, TECP views Ontong-Java as an a t t rac t ive place to 
i den t i f y the basement of an important oceanic plateau and possib ly to study a 
major c o l l i s i o n . We ask WPAC to evaluate Ontong-Java on both accounts, 
although the ex is t ing proposal needs to be revised to include better 
documentation of c o l l i s i o n a l structures that are accessib le to the d r i l l . 

4. NOMINATIONS OF CO-CHIEF SCIENTISTS 

SWIRFZ: von Herzen 
MAKRAN: Leggett, Cowan 
RED SEA: Cochran, Baecker, Pautot, Bonatt i 
KERGUELEN I: Sch l i ch , Falvey 
KERGUELEN I I : John Anderson 
INTRAPLATE/90°E(N): Curray, J . Pe i rce , Sc la te r 
BROKEN RIDGE/90°E(S): Weisse l , Duncan, Gradstein 
ARGO-EXMOUTH: von Rad, Gradstein, Exon 



5. TECP MEMBERSHIPS AND LIAISONS 

5.1 Instrumentation, Downhole Measurements, Physical Propert ies 

Kei r Becker has moved of f TECP to LITHP. S. Be l l w i l l attend one 
of our meetings per year as a non-voting l i a i son from DMP. 

* * * * * * * * * * * * * 

RECOMMENDATION TO PCOM: 

As a replacement for Becker, we nominate e i ther of two experts in 
physical propert ies: Dan Davis (SUNY Stony Brook), or Chi-Yuen Wang 
(Berkeley). 

* * * * * * * * * * * * * 

5.2 Lia isons 

J Cowan asked a l l of the TECP members that PCOM named as non-voting 
l i a i sons to regional panels i f they were w i l l i n g to serve. Vogt, 
Hinz, Nakamura, and Riddihough said yes; Leggett i s considering i t . 

We discussed whether a l l of the l i a i sons from regional panels 
should attend our meetings, and how f requent ly . We prefer to i nv i te 
them ind iv idua l l y on an ad hoc basis depending on our upcoming agenda 
( i . e . no need for an ARP representat ive i f a l l we're going to discuss 
is the P a c i f i c ) . 

5.3 ESF 

Cowan received a l e t t e r on 5 June from van Hinte asking us to 
speci fy what kind of person ( i . e . spec ia l ty ) we would l i k e to have 
ESF appoint at the i r Oslo meeting 16-17 June. Our f i r s t choice i s a 
global s t ra t igrapher-geohis tor ian, preferably van Hinte himself or 
someone l i ke him. Second choice i s a modeller of in t rap la te s t ress , 
l i k e R. Wortel. Cowan w i l l te lex th i s information to vian Hinte. 

5.4 Kinematics 

Robinson mentioned that PCOM is concerned that plate kinematics 
(plate reconstruct ions, h is tory of oceanic plates) i s n ' t rece iv ing 
enough at tent ion, and they ask us to consider nominating a new member 
in th is area. TECP fee ls that kinematics are more than adequately 
represented by two ex is t ing members, Riddihough and Vogt. 

6. SW INDIAN OCEAN RIDGE FRACTURE ZONE 

Robinson and Mayer asked us to consider whether tectonic issues are 
adequately addressed in a revised d r i l l i n g 'proposal (89/B) by Dick et a l . 
fo r the f rac ture zones. Cowan had d is t r ibu ted copies the day before. 
There was expectably a general concern about the potent ial rubble problem 
and the lack of s i t e surveys. It i s mandatory before d r i l l i n g to know 
where spreading centers in tersect the f rac ture zone and to know the 
d i s t r i bu t i on and thickness of sediment. Hinz offered to t ry to include an 



MCS l i ne or two across candidate f racture zones on his next t r i p across 
the Indian Ocean. The panel agreed that any data, in addit ion to that 
provided by the s i t e survey, w i l l be usefu l . If the s i t e survey is 
successful and d r i l l i n g i s conducted as proposed, the consensus of TECP i s 
that po ten t ia l l y useful information, relevant to the tectonic evolut ion of 
f racture zones, w i l l be obtained. 

7. THEMATIC OBJECTIVES IN THE PACIFIC (CEPAC AREA) 

Another important goal of th is meeting was to re f ine the prel iminary 
l i s t of thematic object ives formulated at our las t meeting in Miami. In 
add i t ion , PCOM is p a r t i c u l a r l y interested at th is time in thematic issues 
that can be addressed in Melanesia, because th i s region i s sort of an 
overlap between WPAC and CEPAC. Mayer presented a surmiary of 6, 9, and 12 
leg d r i l l i n g campaigns formulated at CEPAC's las t meeting, although a l l 
recognized that proposals are f looding in and the l i s t s w i l l undoubtedly 
change. 

6- leg 9-1 eg 12-leg 

EPR 3 legs 3 3 
Bering paleoenv 1 1 1 
Ato l ls /guyots 1 1 1 
Old P a c i f i c 1 1 1 
N P a c i f i c paleoenv/ 

paleoplates - 2 2 
J de Fuca sed. 

r idge crest - 1 1 
Ch i le TJ/paleooc - - 2 
Hawaiian moat - - 1 

Mayer noted that the EPR d r i l l i n g should be thought of as i t s own 
special program of oceanic-1ithosphere d r i l l i n g . 

Cowan asked members absent in Miami and new members to state what they 
saw as key general object ives in the region. Vogt emphasized the problems 
of absolute and r e l a t i ve plate motions that can be attacked by dating 
anomalies and crust in quiet zones and by d r i l l i n g and dating hotspot 
traces and guyots. Roure and Leggett found the Hawaiian moat in t r igu ing 
as a study of l i thospher ic f l exure . Hinz i s interested in the S. P a c i f i c 
as a place to study the stages of Gondwana breakup. 

A f te r fur ther discussion we generated a new statement of thematic 
ob jec t i ves , presented below. The f i r s t four are c l ea r l y defined and have 
our highest p r i o r i t y at present. The others need fur ther d iscussion and 
evaluat ion. 

IMPORTANT THEMATIC OBJECTIVES IN THE PACIFIC 

We view the fo l lowing tecton ic issues as of global thematic in te res t . 
They have a high p r i o r i t y in addit ion because we fee l they can be better 
addressed by d r i l l i n g in the P a c i f i c than in any other region: 



1. Dating the oceanic c rus t , espec ia l l y where characterized by M-series 
anomalies or magnetical ly quiet zones. These data are c r i t i c a l for 
estab l ish ing and tes t ing models of r e l a t i ve p la te motion and ca l i b ra t i ng 
the magnetic time sca le . 

2. Hot spots and guyots: new information, which can only be provided by 
d r i l l i n g , i s essent ia l fo r constrain ing absolute plate motions. 

3. L i thospher ic f l exu re : A unique experiment concerning the f lexura l 
r i g i d i t y of the crust can be conducted by d r i l l i n g in the Hawaiian moat. 

4. Oceanic plateaus: The nature and age of the basement of plateaus are 
s t i l l outstanding tectonic problems. 

Items 1, 2, and 3 c o l l e c t i v e l y bear on the general problem of eustacy. 

Several other thematic issues also appear in teres t ing at th is t ime, but 
we are s t i l l considering whether they can be adequately addressed by d r i l l i n g 
and, i f so, how the P a c i f i c compares with other regions: 

- Clastic-dominated accret ionary prisms 
- Transcurrent cont inental margins 
- Structures in oceanic crust (volcanotectonic features, r idge c res t s , 

f rac ture zones, propagating r i f t s , f o s s i l r idges) 
- Ridge-trench in teract ions and c o l l i s i o n s 
- Geochemistry of descending sediments and superjacent volcanoes 

With regard to Melanesia, item 4 , and the Ontong-Java Plateau in 
pa r t i cu l a r , i s an obvious issue for considerat ion at th is t ime. CEPAC may 
f ind other a t t rac t i ve targets in Melanesia bearing on object ives 1 and 2. 

Our next major goal i s to produce a white paper giving our ra t iona le for 
emphasizing these ob jec t ives . Cowan assigned each item in the above l i s t s to 
a panel member, who w i l l prepare a draf t for d i s t r i bu t ion pr ior to our next 
meeting in October or November. At that meeting we w i l l f i n a l i z e a l i s t of 
object ives and a white paper for PCOM. 

8. COSOD-II 

This conference i s scheduled for 6-10 Ju ly 1987 in Strasbourg. Mayer 
and Cowan reminded panel members that pr ior to COSOD-II, TECP may be asked 
to prepare another white paper ident i fy ing our prime thematic in teres ts on 
a t r u l y global sca le . 

9. NEXT MEETING 

Our major constra int i s to f i n a l i z e our pos i t ion paper on the P a c i f i c 
before the Winter PCOM meeting, which may be held in ear ly December. We 
w i l l hold our next meeting e i ther during the las t two weeks of October, or 
the week of November 3. Riddihough inv i ted us to meet in Ottawa, and Hinz 
in Hanover. 

The meeting adjourned at 5:30 p.m. on 6 June. 



THEMATIC OBJECTIVES IN THE WESTERN PACIFIC 
JOIDES Tectonics Panel 

May 1986 

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 
is land a rcs ; the nature of act 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 lated 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 , surmiarize our reasons for advocating these ob jec t ives . 

I. The Rationale for Island Arc Drill ing 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 i phe r i ng the e v o l u t i o n of Ear th i t s e l f . Of a l l magmatic 
provinces, is land arcs o f fer 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 imi 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 t e or subducted oceanic c rus t or m ix 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 ion , i n c i p i e n t 
v o l c a n i s m , 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 const ra in ts on the mechanics of separat ion 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 g n a t u r e s 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 wi 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 bas 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 i m e . Al though o ld 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 is h i s to ry . Arcs must be studied ear ly in the i r evolut ion 
to answer most a l l of the important themes at i ssue. 

Arcs of the c r i t i c a l age for analysis are Izu-Bonin, Mariana, Sco t i a , and 
Tonga-Kermadec. A c c e s s i b i l i t y and operating condi t ions essen t i a 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 essen t ia l prob lems, and Tonga covers what i s l e f t . P o s s i b l y on ly i n 
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 c o u p l i n g of downgoing p l a t e and arc p la te ( i . e . 
segmentation, f racture zones, e t c . ) . 

2) Nature of arc igneous/metamorphic basement 
- Are granod ior i t i c p lu tons a l so 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 
i t arc magma? What thermal regime i s re f lec ted in the metamorphic grade 
of these rocks? 

3) Thermal regimes ( i s o s t a 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 visco-mechanical i s o s t a 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 late t rave l back up the 
oceanic crust and erupt in the fo rearc , car ry ing base metals st r ipped from 
the oceanic c r u s t at high 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 timing 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 i s 
the thermal-rheological regime associated w i th these f e a t u r e s ; what are 
the deformation ra tes ; i s the process se lec t i ve of material type? 

7) Bon in 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 i n f o r e a r c s ? Are bonin i 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 bonini tes to more t yp ica l arc magmas? 



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 f ront? 

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 evolut ion 

- How t h i c k 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 crusta l 
blocks be measured through sedimentation h is to ry and then be i nve r t ed to 
learn of l i thosphere evolut ion? 

II. The Rationale for Drill ing along Collisional 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 r anes are 
commonly surrounded by and immersed i n a sedimentary melange, but deeper 
crusta 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 t e r p r e t e d to show tha t 
c o n t i n e n t s are growing at a rate of ca . 1 km^/yr whi le cont inental accret ion 
on a g l o b a l s c a l e i s 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^/y r . 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 i s land 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 accret ionary 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 c k sediment cover as in New Zealand and Japan, and even act ive 
r i dges as par t of the ocean c r u s t as i n 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 w i 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 w i th these va ry ing c o l l i s i o n s t y les are a number of boundary 
c o n d i t i o n s tha t 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 leu t 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 i s 
a f f e c t e d l a r g e l y by o b l i q u e s u b d u c t i o n / c o l l i s i o n ) ; (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 is old whi le along the south side of the Solomon arc, the 
c r u s t i s young . ) ; (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. Establ 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 au l t s 
5. Makes i t possib le to observe varying stages of diagenesis or 

metamorphism re lated 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 es 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 D r i l l i n g 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 immediately 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 geologists that large 
scale extension in the Bas in-and-Range p rov i nce i s main ly accommodated by 
normal s l i p on low-ang le detachment su r f aces ra the r than by who lesa le 



st retch ing and thinning of the l i thosphere, a concept popularized by McKenzie. 
We now have two schoo ls of thought w i 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 retch ing and th inn ing) . The most important d i f f e r e n c e between the 
two concepts i s 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 st retching and thinning 
model unless special condit ions are assumed. 

The Western P a c i f i c p rov ides a weal th of oppo r t un 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 fo r 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 th 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) Bon in arc 

2) C o r i o l i s trough 

3) Lau basin 

4) Mariana trough 

V act ive is land arc r i f t zones 

] Ri f ted arc fragments with 
act ive back-arc spreading 

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 f aces 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 to the plutonic 
foundation of is land 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. 


