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10? MEETING 
20-22 March 1985 
Miami, F l o r i d a 

SUMMARY 

lOP has reordered p r i o r i t i e s f o r the p r o j e c t s i t proposes f o r d r i l l i n g i n 
the I n d i a n Ocean as f o l l o w s , w i t h scores of the v o t i n g , endorsement by thematic 
panels, and estimated d r i l l i n g l e g s . 

Score Thematic Legs 
1. Kerguelen-Gaussberg, f i r s t l e g 9.50 TS 1 
2. Ninetyeast Ridge 8.25 TSL 1 
3. Neogene Package 8.00 S 1 
4. Red Sea 7.63 TL 1 
5. SEIR 7.38 < h 
6. Broken Ridge 6.88 T h 
7. Kerguelen, second l e g . 6.75 TS < 1 

. 8. Argo AP & Exmouth P I . 6.75 S 1 
9. Cent. Ind. Basin & D i s t a l Bengal F. 6.25 T 1 
10. Davie Ridge 5.00 < h 
11. SWIR F.Z. 4.88 TL < h - i 
12; Chagos-Laccadive-Mascarene 4.63 TSL < h 
13. Makran 4.50 T h - 1 
14. Agulhas P I . , 1 s i t e 3.50 < h 
15. Rodriguez T.J. 2.88 L h - 1 
16. F o s s i l Ridges 2.25 L < h - I 
17. Cold spot 1.75 L 
18. Agulhas P i . , 2nd s i t e 1.25 < h 
19. W. S. A u s t r a l i a 1.13 T < 1 
20. N. Somali Basin 0.63 S 1+ 

Estimated d r i l l i n g times may, i n many cases , be v a r i a b l e . and some of the 
top p r i o r i t i e s could be accomplished i n p a r t i a l l e g s arranged i n a l o g i s t i c a l l y 
f e a s i b l e ship's t r a c k . 

Arranging these t o p - p r i o r i t y p r o j e c t s i n t o a schedule i s cons t r a i n e d by 
severe weather l i m i t a t i o n s , e s p e c i a l l y f o r the Kerguelen-Gaussberg (1 and 7) 
and northern Arabian Sea p r o j e c t s (3 and 13). Two sample "strawman" schedules 
are shown, but many others were discussed and are considered i n the f u l l minutes 
of the meeting: 



Sample "Strawman" Schedules 
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ATTENDEES 

Panel Members Guests 

Cochran 
Curray 
G r a d s t e i n 
Honnorez - PCOM 
P r e l l 
S c h l i c h 
S c l a t e r - LITHP 
Tauxe - SOHP 
von Rad 
Weissel - TECP (21,22 March) 

Brass - NSF (21,22 March) 
Brenner - SSP 
Clement - ODD 
Larson - PCOM 

V i s i t o r s 

B i j u - Duval - EXCOM (20 March) 
Peterson - RSMAS (21,22 March) 

M i s s i n g 

Falvey (and a l t . Packham) 
Herb 
Leggett 
White 

REPORTS 

EXCOM and PCOM - Larson and Honnorez 

The U.K., E.S.F., and A u s t r a l i a have not yet come i n as members. EXCOM has 
decided t h a t they w i l l accept the U.K. only as a f u l l member and not as a part of 
a consortium. E.S.F. and A u s t r a l i a may come i n l a t e r t h i s year as a consortium. 
Another p o s s i b i l i t y i s that Canada could switch i t s membership to a consortium 
w i t h E.S.F. As a r e s u l t of o b t a i n i n g only three f u l l members, r a t h e r than the 
assumed f o u r f u l l members, the p r o j e c t i s now $2.2 M s h o r t . Budgets are t h e r e f o r e 
very t i g h t , but no major d i s a s t e r s are a n t i c i p a t e d . There have been some d i s c u s 
s i o n s w i t h the U.S.S.R. and r e p o r t s are t h a t they may be prepared to j o i n i f 
such a c t i o n would be blessed by the U.S. S e c u r i t y C o u n c i l . 

Because of the f a i l u r e of E.S.F. and the U.K. to come i n at the present time, 
panel memberships are s h o r t . The p l a n , however, i s to p l a y w i t h the short member
ship and not s t a r t r e p l a c i n g i n A p r i l , i n hopes that i t w i l l l a t e r be p o s s i b l e to 
readmit our U.K. and E.S.F. panel members. In the d i s c u s s i o n , the r e a l i t y of 
n a t i o n a l i n t e r e s t programs was recognized. Some programs we had p r e v i o u s l y con
s i d e r e d may very w e l l drop i n p r i o r i t y because of l a c k of a s t r o n g proponent 
present. We should, however, continue to endeavor to p i c k the best s c i e n c e , 
i g n o r i n g p o l i t i c a l c o n s i d e r a t i o n s , and leave the p o l i t i c s to o t h e r s . 

The r e l a t i o n s h i p between r e g i o n a l and thematic panels was again discussed. 
Larson emphasized that there i s no h i e r a r c h y . Thematic and r e g i o n a l panel recom
mendations w i l l be considered e q u a l l y by PCOM i n p l a n n i n g the program. 

PCOM i s now s e r i o u s l y c o n s i d e r i n g an 18-month program i n the I n d i a n Ocean, 
to i n c l u d e Kerguelen and Red Sea. We are d i r e c t e d , t h e r e f o r e , to recommend to 
PCOM our p r i o r i t i e s , w i t h r e a l i s t i c and l o g i s t i c a l l y f e a s i b l e schedules f o r such 
an 18-month program. This program would probably s t a r t i n Cape Town or Durban 
i n March 1987, f o l l o w i n g d r i l l i n g i n the Waddell Sea. 

The present PCOM plans f o r a d v i s o r y panel member r o t a t i o n i s t h a t a l l new 
appointments w i l l be f o r 3-year terms, and a r o t a t i o n schedule w i l l be set up 
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o p t i m a l l y to r o t a t e o n e - t h i r d of the members each year. Some of us who were 
appointed f o r a two-year period at the beginning of 1984 may be reappointed f o r 
c o n t i n u i t y , and a l s o to permit us to see some of the f r u i t s of our l a b o r s w i t h 
at l e a s t s t a r t of the d r i l l i n g program i n the Indian Ocean. 

GDP T Clement 

Leg 100 was the shakedown c r u i s e to t r a i n personnel and t e s t the equipment, 
followed by Leg 101, the f i r s t r e a l s c i e n ce c r u i s e , which ended only a few days 
before t h i s meeting. A l l appears to be w e l l w i t h the crew and the s h i p . The s h i p 
i s more s t a b l e , more powerful, more res p o n s i v e , and has b e t t e r p o s i t i o n i n g than 
Glomar Challenger. HPC c o r i n g was accomplished i n the Gulf of Mexico i n 18-foot, 
s h o r t - p e r i o d seas. The l a b o r a t o r i e s are i n c r e d i b l e , and the equipment i s good. 
The quarters and the food appear to be s a t i s f a c t o r y , although w i t h some remaining 
minor problems. D r i l l i n g thus f a r i s slower than on Glomar Cha l l e n g e r , but t h i s 
p a r t i a l l y r e f l e c t s l a c k of experience of the d r i l l i n g crew and the f a c t that the 
i r o n roughneck i s slower but s a f e r than human roughnecks. SEDCO appears to be 
performing w e l l , although they were o b v i o u s l y not accustomed to r a p i d moving from 
one s i t e to another. 

The plans f o r bare rock d r i l l i n g are p r o g r e s s i n g s a t i s f a c t o r i l y . Andy 
Anderson i s the s t a f f s c i e n t i s t at GDP assigned to t h i s p r o j e c t . 

SOHP - Tauxe 

SOHP met i n Cambridge i n February and reviewed and r e v i s e d t h e i r p r i o r i t i e s , • 
which are i n order: 

1. Amery Margin, south Kerguelen 
2. Neogene Package 
3. Deep Somali B a s i n 
4. North Kerguelen 
5. Exmouth P l a t e a u , Argo Abyssal P l a i n 
6. Chagos Laccadive Ridge, or Nineyteast Ridge 

These p r o j e c t s a l l rank i n higher p r i o r i t y than the s u b - A n t a r c t i c t r a v e r s e 
i n the A t l a n t i c . 

LITHP - S c l a t e r 

The L i t h o s p h e r e Panel met i n February and r e v i s e d i t s p r i o r i t i e s as f o l l o w s : 

1. Red Sea 
2. N i n e t y e a s t , Broken Ridge, Southeast I n d i a n Ridge, Kerguelen 
3. South A u s t r a l i a / c o l d s p o t 
4. SWIR FZ's 
5. T r i p l e J u n c t i o n 
6. F o s s i l Ridges 

Number 2, the aseisraic ridge/hotspot t r a c e compares w e l l w i t h any A t l a n t i c 
and P a c i f i c r i d g e p r o j e c t s , but the panel was concerned because no formal propo
s a l was yet i n hand. The panel's o b j e c t i v e s f o r t h i s hotspot t r a c e was not j u s t 
ages, but was f o r b e t t e r b a s a l t p e t r o l o g y and geochemistry. S c l a t e r contacted 
Fred Frey, MIT, a f t e r the meeting to s o l i c i t h i s i n t e r e s t . Frey responded by pro
v i d i n g c o n s i d e r a b l e i n p u t f o r our lOP Meeting. The Lithosphere Panel s t i l l l i k e s 
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the n a t u r a l l a b o r a t o r y concept, so some suggestions w i l l be made to consider the 
Indian Ocean t r i p l e j u n c t i o n as a s i t e f o r an Indian Ocean n a t u r a l l a b o r a t o r y . 
I t i s c l o s e to the major p o r t s of M a u r i t i u s and La Reunion. 

TECP - Weissel 

Tectonics Panel met e a r l i e r t h i s week, and W e i s s e l came d i r e c t l y from that 
meeting to represent them on lOP. T h e i r r e v i s e d p r i o r i t i e s are i n order: 

1. Makran 
2. I n t r a p l a t e Deformation 
3. SWIR FZ; Bengal and Indus D i s t a l Fans 
5. Ninetyeast and Broken Ridge (Curray) 
6. Broken Ridge (Weissel) 
7. Kerguelen; North Somali B a s i n ; Chagos Laccadive 

10. Red Sea Package 
11. South A u s t r a l i a Quiet Zone 
12. Timor 
13. South A u s t r a l i a Old Crust 
14. Nias-Java 

WPAC - Curray 

P r i o r i t i e s of the Western P a c i f i c Panel were reviewed from t h e i r minutes, 
only to determine impact on I n d i a n Ocean D r i l l i n g p l a n s , to determine f o r example 
the best e x i t route to p l a n from I n d i a n Ocean. T h e i r p r i o r i t i e s are: 

1. South China Sea 
2. Nankai Trough • 

3. Banda Sea 
• 4. Okinawa Trough 
5. Sulu Sea 
"6. Japan Sea 
7. Bonin Trench Toe 
8. Sumba Region, Trench Toe; Bonin Trough 

10. C o r i o l u s Trough 

Most of t h e i r h i g h - p r i o r i t y t a r g e t s are i n the western P a c i f i c , thus suggest-
ing that we should p l a n an e x i t from the Indian Ocean to the northwest of A u s t r a l i a 
at the end of our d r i l l i n g time, r a t h e r than around the south of A u s t r a l i a . 

Red Sea W.G. - Cochran 

The Red Sea Working Group met the previous week at Lamont and produced a 
lengthy r e p o r t . They have summarized t h e i r o b j e c t i v e i n t o three p r i n c i p a l themes: 

1. E v o l u t i o n of the l i t h o s p h e r e , as expressed by the nature of the igneous rocks 
produced through the t r a n s i t i o n from c o n t i n e n t a l to oceanic r i f t i n g . 

2. Hydrothermal a c t i v i t y and m e t a l l o g e n e s i s i n a young r i f t e d margin. 

3. Sedimentary h i s t o r y of a young r i f t e d margin. 
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They then proposed t h e i r s t r a t e g y , w i t h a shopping l i s t of eleven items, as 
summarized i n t h e i r r e p o r t . The a d v i s a b i l i t y of i n v i t i n g somebody from the Red 
Sea Commission to become a member of the Working Group, or at l e a s t an observer, 
was d i s c u s s e d and s t r o n g l y advised. We conclude that one l e g would be about 
optimum f o r accomplishing the primary o b j e c t i v e s i n the Red Sea. D r i l l i n g through 
the t h i c k e v a p o r i t e s e c t i o n o f f the f l a n k of the in n e r r i f t would be too time-
consuming to consider at the present time. 

SSP - Brenner 

The S i t e Survey Panel has not met s i n c e November, and there i s some s e r i o u s 
concern about time growing short f o r o r g a n i z i n g and conducting necessary s i t e 
surveys f o r the Indian Ocean. Proponents are s t r o n g l y advised to get mature pro
p o s a l s and other data submitted as soon as p o s s i b l e . 

lOP DISCUSSIONS 

Before the end of the f i r s t day of meeting, panel proponents were assigned 
f o r each of the p r o j e c t s which lOP chose to consider f o r review of p r i o r i t i e s at 
t h i s meeting. The proponents' r e s p o n s i b i l i t y was to l e a d the b r i e f d i s c u s s i o n on 
each of these p r o j e c t s and to prepare documentation on t h i s p r o j e c t f o r the 
Appendix i f that p r o j e c t r a t e d h i g h enough i n our l a t e r v o t i n g to be considered 
f o r the d r i l l i n g p r o posal. 

We s t i l l have a s e r i o u s problem of having many of our proposals i n an imma
tu r e stage. We had p r e v i o u s l y planned to consider only mature proposals at t h i s 
meeting, but have had to r e c o n s i d e r t h i s p l a n i n view of the f a c t t h a t the meeting 
schedule was advanced by s e v e r a l months. Many of the p r o j e c t s we are c o n s i d e r i n g 
c o n s i s t of an amalgamation of s e v e r a l proposals i n our long l i s t . These must be 
gathered together and merged f o r the u l t i m a t e mature p r o p o s a l , and i n most cases 
i t w i l l be the r e s p o n s i b i l i t y of the panel proponent to do so. 

At the next lOP Meeting, Summer 1985, only p r o j e c t s represented by mature 
proposals w i l l be considered. I t w i l l be the r e s p o n s i b i l i t y of the panel proponent 
f o r each of these p r o j e c t s to prepare t h i s mature p r o p o s a l , as gathered together 
from the v a r i o u s sources and o u t s i d e proponents, or to see that another o u t s i d e 
proponent does so. 

The e n t i r e second day of the meeting was spent d i s c u s s i n g the v a r i o u s projects,, 
o b j e c t i v e s , arguments f o r p r i o r i t y , survey s t a t u s , and probable d r i l l i n g times. 
At the end of the day, a b a l l o t was prepared f o r v o t i n g o v e r n i g h t f o r e s t a b l i s h i n g 
p r i o r i t i e s to be considered e a r l y i n the meeting on the t h i r d day. Twenty p r o j e c t s 
were i n c l u d e d i n the b a l l o t . Each v o t i n g member had 100 p o i n t s t o t a l to a s s i g n , 
grades to the i n d i v i d u a l p r o j e c t s ranging from 0 to 10. This assured that the 
mean of p r i o r i t i e s f o r these 20 p r o j e c t s would be 5.00. In our v o t i n g , we cast 
separate votes f o r a f i r s t l e g i n Kerguelen versus a second l e g i n Kerguelen, which 
would a l s o i n c l u d e other adjacent areas such as the A n t a r c t i c margin and/or part 
of the southeast Indian Ridge t r a n s e c t . Leg 1 i n Kerguelen came out f i r s t i n our 
v o t i n g ; Leg 2 came out t i e d f o r 7th i n our v o t i n g . S i m i l a r l y , we c a s t separate 
votes f o r a f i r s t s i t e on the Agulhas P l a t e a u versus a second s i t e on the Agulhas 
P l a t e a u . The f i r s t s i t e came out fo u r t e e n t h i n our p r i o r i t i e s ; the second s i t e 
came out eighteenth. 



- 5 -

Table 1 Is a l i s t i n g of the p r o j e c t s r e c e i v e d by 10? to date. Table 2 
i n c l u d e s the p r o j e c t s we are now c o n s i d e r i n g , as r a t e d by our v o t i n g . The two 
Kerguelen l e g s are combined f o r t h i s t a b l e , which a l s o i n c l u d e s the scores of our 
v o t i n g , the range of v o t e s , the proposals considered, the panel pro-ponent, endorse
ment by the thematic panels, survey s t a t u s , and an estimate of d r i l l i n g time. 

The major breaks i n our p r i o r i t y scores occur between the f i r s t l e g i n 
Kerguelen and Ninetyeast Ridge, between the c e n t r a l I n d i a n b a s i n and Davie Ridge, 
and between the Makran and one s i t e on Agulhas P l a t e a u . I t i s our b e l i e f that 
the p r i n c i p a l o b j e c t i v e s of some of these l o w e r - p r i o r i t y p r o j e c t s could be accomp
l i s h e d i n l e s s than f u l l d r i l l i n g l e g s of work and c o u l d be added to the schedule 
to minimize deadhead t r a n s i t time and o p t i m i z e use of the d r i l l i n g v e s s e l . I t i s 
our hope, t h e r e f o r e , to be able to accomplish the major o b j e c t i v e s through P r o j e c t 
13, and perhaps even p i c k i n g up p a r t s of subsequent p r o j e c t s . I t i s the strong 
b e l i e f of many members of the p a n e l , f o r example, t h a t w i t h f u r t h e r study and a 
mature proposal. P r o j e c t 16, f o s s i l r i d g e s , w i l l advance i n our subsequent r a t i n g s 
of p r i o r i t y . 

The e f f e c t of absence of strong proponents at the panel meeting was obvious. 
Makran r a t e d No. 6 i n our p r i o r i t y l i s t at our December 1984 Meeting, but i n t h i s 
l i s t i n g has f a l l e n to 13. S i m i l a r l y , the South A u s t r a l i a n p r o j e c t s s u f f e r e d from 
not having a strong proponent present. We chose not to even vote on the eastern 
South A u s t r a l i a n p r o j e c t u n t i l Falvey i s present at our next meeting. 

A b r i e f review of each of the top 16 p r o j e c t s i s i n c l u d e d i n the Appendix, 
combining f o r t h i s purpose the f i r s t and second leg s of d r i l l i n g on Kerguelen. 

L o g i s t i c s f o r planning a l o g i c a l sequence of c r u i s e l e g s f o r these p r o j e c t s 
i s d i f f i c u l t because of weather c o n s t r a i n t s . January and February are the best 
months f o r the Kerguelen area; December and March are m a r g i n a l . June, J u l y , and 
August are the worst months f o r the n o r t h e r n Arabian Sea because of high winds 
and high-amplitude, l o n g - p e r i o d s w e l l . Our attempts at p u t t i n g these p r o j e c t s 
together i n t o l o g i c a l programs t h e r e f o r e i n v o l v e d many compromises and n e c e s s i t a t e 
somewhat more t r a n s i t time than would be optimum. 

Our f i r s t attempt was to propose a"strawman" 18-month p l a n f o r the Indian 
Ocean, to i n c l u d e Red Sea and two l e g s on Kerguelen and adjacent areas. In order 
to do t h i s , i t w i l l be necessary to schedule back-to-back l e g s i n the Kerguelen 
area, w i t h resupply by Marion Defresne i n Kerguelen. At best t h i s i s r i s k y , because 
of marginal weather c o n d i t i o n s i n December and March. Our i n i t i a l assumption was 
a v a i l a b i l i t y of the s h i p e a r l y March 1987 i n Capetown or Durban. In order to 
come i n phase with the weather window f o r Kerguelen, t h e r e f o r e , we had to i n s e r t 
a short one-month l e g at the s t a r t , thereby making our p l a n a 19-month, ra t h e r than 
18-month p l a n . 

In our o p i n i o n , a b e t t e r p o s s i b i l i t y of o b t a i n i n g good r e s u l t s from Kerguelen 
would be l e g s i n successive a u s t r a l summers, thereby n e c e s s i t a t i n g approximately 
a 24-month program. Chances of a t o t a l l o s t program, through the occurrence of 
one u n u s u a l l y bad a u s t r a l summer, would be minimized, and the expense of c h a r t e r 
ing a supply v e s s e l l i k e Marion Defresne would be e l i m i n a t e d . 

S e v e r a l "strawman" schedules are suggested i n Table 3, i n v o l v i n g v a r i o u s 
combinations of h i t t i n g and a v o i d i n g weather windows, c u t t i n g some p r o j e c t s to 
h a l f l e g s , and rearranging the r o u t i n g . 
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Next 10? Meeting 

The next meeting of lOP w i l l be the week of 19 August. F i r s t choice f o r 
l o c a t i o n of the meeting i s Stavenger, Norway, i n order to see the d r i l l i n g v e s s e l 
w h i l e i t i s i n p o r t . I f t h i s l o c a t i o n i s not approved because of cost to NSF, 
Roger Larson, Chairman of PCOM, w i l l consider the r e l a t i v e cost of Bermuda or 
Iceland as a l t e r n a t i v e s . We wish to minimize the cost f o r both North American 
and Western European panel members.. 
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APPENDIX 

1. (and 7) Kerguelen-Gaussberg Ridge 

The c o n t i n e n t a l or oceanic nature of the Kerguelen-Gaussberg Ridge has long 
been a matter of controversy. Recent g e o l o g i c a l and g e o p h y s i c a l s t u d i e s favor an 
oceanic o r i g i n . Anomalies 17/18 of l a t e Eocene age have been i d e n t i f i e d along the 
northeastern .flank of the r i d g e ; Anomalies 33 and 34 of l a t e Cretaceous age have 
been observed to the northwest of the Kerguelen-Heard P l a t e a u . Reconstructions 
g e n e r a l l y preclude the hypothesis t h a t the r i d g e i s a c o n t i n e n t a l fragment. How
ever, the nature of the oceanic s t r u c t u r e has not yet been determined: u p l i f t e d 
Cenozoic or Mesozoic ocean b a s i n , mantle hot spot, or anomalous l a r g e - s c a l e magma 
generation at or near an a c t i v e spreading center. In p e t r o l o g i c a l and geochemical 
s t u d i e s on Kerguelen I s l a n d , igneous rocks show c l e a r a f f i n i t i e s w i t h observations 
from other oceanic i s l a n d s . The t h i c k n e s s of the cr u s t a p p a r e n t l y ranges from 15 
to 20 km, and the seismic v e l o c i t y versus depth d i s t r i b u t i o n i s s i m i l a r to those 
of t y p i c a l oceanic r i d g e s . 

The g e o l o g i c a l h i s t o r y of the northern p a r t of Kerguelen-Gaussberg Ridge has 
been i n t e r p r e t e d from s e i s m i c s t r a t i g r a p h y i n t e r p r e t a t i o n s of mu l t i c h a n n e l seismic 
p r o f i l e s and a l i t h o s t r a t i g r a p h i c model obtained f o r the e a s t e r n f l a n k of the 
pla t e a u . 

The nature, the e v o l u t i o n , and the paleoenvironmental h i s t o r y of Kerguelen-
Gaussberg Ridge can be determined by d r i l l i n g a tr a n s e c t of s i t e s from the northern 
end of the r i d g e to the A n t a r c t i c margin. 

I t i s proposed to o b t a i n a complete s t r a t i g r a p h i c r e c o r d from upper Cretaceous 
to Recent. The o b j e c t i v e s i n c l u d e : 

1. The nature and age of the d i f f e r e n t sedimentary sequences w i t h the age of the 
o l d e s t c l a s t i c d e p o s i t s . 

2. The s h i f t of the p o l a r f r o n t versus time. 

3. The age of the major discordance, which dates the r i f t i n g between Kerguelen-
Heard P l a t e a u and Broken Ridge. 

4. The p r e - r i f t i n g and p o s t - r i f t i n g subsidence h i s t o r y of the r i d g e . 

5. The nature and age of the basement i n the northern and southern p a r t of the 
r i d g e . 

Four s i t e s have been l o c a t e d on the northern part of the r i d g e . One of these 
s i t e s may be a re - e n t r y s i t e . The corresponding s i t e survey work has been done. 
The southern s i t e s w i l l be s e l e c t e d from survey work conducted by the A u s t r a l i a n s 
i n 1985 and 1986. 
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2. Ninetyeast Ridge 

Ninetyeast Ridge i s the longest " a s e i s m i c " r i d g e i n the wor l d , extending 
from at l e a s t 17"N, beneath the Bengal Fan, to over 30*'S at the i n t e r s e c t i o n 
w i t h Broken Ridge. Previous d r i l l i n g d u r i n g DSDP e s t a b l i s h e d a probable trend 
i n age from o l d at the north to young at the south and a hot spot model o r i g i n . 
Most models now suggest that i t was formed by the hot spot which now u n d e r l i e s 
Kerguelen and Heard I s l a n d s . Some models suggest that t h i s hot spot a l s o formed 
the Rajmahal traps of the Bengal B a s i n of I n d i a , w h i l e another model suggests that 
t h a t hot spot formed the formerly adjacent conjugate r i d g e s of Broken Ridge and 
Kerguelen P l a t e a u . 

This proposal i s part of a f o u r - p r o p o s a l package to understand the complex 
hot spot t r a c e s i n the eastern I n d i a n Ocean, and a l s o to e s t a b l i s h a continuous 
N-S paleoceanographic t r a n s e c t from lO'N to the A n t a r c t i c margin. 

Although s e v e r a l s i t e s were d r i l l e d on Ninetyeast Ridge i n 1972, none of them 
was adequately cored, and basement recovery was minimal. Rather than d i l u t i n g our 
e f f o r t s by proposing p a r t i a l s o l u t i o n to another probable hot spot t r a c e i n the 
In d i a n Ocean, namely the Chagos-Laccadive-Mascarene Ridge, we propose g i v i n g high 
p r i o r i t y to completing the job only h a l f done, of understanding the Ninetyeast 
Ridge and u t i l i z i n g i t s high r e l i e f f o r paleoceanographic purposes. 

We propose d r i l l i n g a t r a n s e c t of perhaps as many as s i x s i n g l e b i t s i t e s 
on the Ninetyeast Ridge with complete c o r i n g of the sediment s e c t i o n and maximum 
p o s s i b l e recovery of basement, and a short east-west t r a n s e c t from deep water to 
the c r e s t of the Ridge to evalua t e d i s s o l u t i o n - d e p t h r e l a t i o n s i n the carbonate 
sediments. 

From a geochemical point of view, the Ind i a n Ocean i s by f a r the most i n t e r 
e s t i n g f o r ocean f l o o r d r i l l i n g , because i t i s evident that MORB's dredged from 
In d i a n Ocean ri d g e s are i s o t o p i c a l l y d i s t i n c t from MORB's i n the P a c i f i c and 
A t l a n t i c . This i s an important r e s u l t , because u n t i l r e c e n t l y i t had been gener
a l l y b e l i e v e d that a l l MORB's had a p e r v a s i v e , n e a r l y uniform depleted source, 
the only exceptions o c c u r r i n g i n p r o x i m i t y to "hot spots." As a consequence, i t 
i s important that ODP o b t a i n more samples i n the Indian Ocean of MORB created at 
spreading centers and at hot spots. 

Geochemically-based models f o r mantle hetero g e n e i t y have not evolved i n t o 
end member models, which range from extreme upper mantle hetero g e n e i t y i n v o l v i n g 
s t r e a k s and v e i n s , e.g. the " p a i s l e y model" of Z i n d l e r et a l . (1984), based on 
P a c i f i c Ocean seamounts, to the t r a d i t i o n a l two-source model championed by 
S c h i l l i n g et a l . (1984). Present consensus i s that the Kerguelen hot spot i s 
r e s p o n s i b l e f o r Ninetyeast volcanism, but the current data s et i s very sketchy. 
Data based on DSDP S i t e 253 are e s p e c i a l l y u n s a t i s f a c t o r y because of l i m i t e d 
recovery; data based on the more n o r t h e r l y s i t e s 214 and 216 are b e t t e r because 
of b e t t e r recovery; the b a s a l t s here have oceanic i s l a n d a f f i n i t i e s , but the two 
s i d e s have v e r y d i f f e r e n t i s o t o p i c c h a r a c t e r i s t i c s . Without geochemical s t u d i e s 
of oceanic c r u s t i n the southeast I n d i a n Ocean, we w i l l remain ignorant w i t h 
respect to some very important geochemical t e c t o n i c problems: s p e c i f i c a l l y , i s 
there a southern hemisphere geochemical anomaly? What i s the r e l a t i o n s h i p of the 
Ninetyeast Ridge to va r i o u s i s l a n d s ? How i s o t o p i c a l l y v a r i a b l e are lavas comprising 
the Ninetyeast Ridge, and are there a l t e r n a t i v e s to the hot spot explanation? 
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3. Neogene Package; Monsoons, Mountains, Man, and M i l a n k o v i c h 

The Indian Ocean summer monsoon i s a key component of the g l o b a l climate 
system. Combined w i t h the physiography of the A r a b i a n Sea and u p l i f t of the 
Himalayas, the monsoon c i r c u l a t i o n dominates the paleoenvironment-sediraent h i s 
t o r y of the Arabian Sea and adjacent A f r i c a and I n d i a . 

T h i s proposal i n v e s t i g a t e s four separate but r e l a t e d aspects of t h i s h i s t o r y : 
1) the e v o l u t i o n of monsoonal u p w e l l i n g , 2) the r e l a t i o n s h i p of upwelling to 
anoxic sediments i n the Oman margin oxygen minimum zone, 3) the long-term evo
l u t i o n of the Indus Fan i n response to changes of c l i m a t e and u p l i f t r a t e of the 
Himalayas, 4) the tepheochronology of A f r i c a r i f t s i t e s r e l a t e d to hominid evo
l u t i o n . 

A. Paleomonsoonal Upwelling 

The Owen Ridge contains a s e c t i o n of p e l a g i c sediments that record the 
st r e n g t h of u p w e l l i n g induced by SW monsoon winds. Previo u s work shows 
tha t u p w e l l i n g faunas vary w i t h s o l a r r a d i a t i o n patterns and 
should be a f f e c t e d by the u p l i f t of the T i b e t a n P l a t e a u . 

We propose to core two s i t e s (double HPC) to at l e a s t 600 m to o b t a i n 
the past 5 m.y. to 10 m.y. record of u p w e l l i n g . Continuous recovery and 
complete s e c t i o n s are req u i r e d to t e s t e x i s t i n g ideas on the c o n t r o l of mon
soon-induced u p w e l l i n g . Approximately 20 days s i t e time are re q u i r e d . 
Regional survey i s adequate, but d e t a i l e d s i t e s e l e c t i o n data ( p r e f e r a b l y 
water gun sei s m i c s ) are req u i r e d and proposed. 

B. Anoxic Sediments and Paleoupwelling 

The margin of Oman contains anoxic sediments i n the upper slope oxygen 
minimum l a y e r . These sediments r e c o r d the proximal monsoon u p w e l l i n g , the 
diage n e s i s of o r g a n i c - r i c h sediments, and are h i g h - r e s o l u t i o n paleoclimate 
records. 

We propose to o b t a i n a t r a n s e c t of(double / s j HPCS (200 m) across the 
O2 minimum (500 m, 1000 m, 1500 m) along a spur of the Oman margin. T o t a l 
s i t e time about 18 days. Regional survey i d e n t i f i e s problem, but a d e t a i l e d 
survey i s r e q u i r e d to s e l e c t s i t e s . 

C. Indus Fan 

The d i s t a l Indus Fan should c o n t a i n a r e c o r d of the changes i n fan 
sedimentation over long time i n t e r v a l s i n c o n t r a s t to the proximal fan. 
Because the S i w a l i k sedimentary basins at the base of the Himalayas are so 
w e l l dated, the Indus Fan sediments o f f e r the best chance to r e l a t e c o n t i 
n e n t a l u p l i f t and c l i m a t e p a t t e r n s to deep-sea t e r r i g e n o u s d e p o s i t i o n pat
t e r n s . S i m i l a r d r i l l i n g i n the d i s t a l Bengal Fan i n the proposal f o r i n t e r -
p l a t e deformation i n the C e n t r a l Indian B a s i n w i l l a l s o c o n t r i b u t e to 
knowledge of u p l i f t h i s t o r y of the Himalayas. 

We propose to core two HPC cores to about 600 m to o b t a i n h i g h - q u a l i t y 
s e c t i o n s f o r paleomagnetic, sedimentologic, and b i o s t r a t i g r a p h i c s t u d i e s . 
S i t e time about 16 days. Regional data e x i s t , but need to be synthesized. 
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D. A f r i c a n Hominid S i t e s 

We propose to core the deep-sea record complimentary to the East-
A f r i c a n r i f t sequences i n order to provide a framework of tephrochronology, 
palynology, and c l i m a t i c change f o r s t u d i e s on hominid e v o l u t i o n (one s i t e 
i n the Gulf of Aden and one i n the Somali B a s i n ) . 

4. Red Sea 

The Red Sea Working Group i d e n t i f i e d three themes t h a t can be u n i q u e l y 
addressed i n the Red Sea. These are: 

A. E v o l u t i o n of the l i t h o s p h e r e during r i f t i n g , as expressed by the nature 
of the igneous rocks produced through the t r a n s i t i o n from c o n t i n e n t a l to 
oceanic r i f t i n g . The geometry of r i f t i n g i n the Red Sea, w i t h s e a f l o o r 
spreading i n the south passing through a t r a n s i t i o n zone of d i s c o n t i n u o u s 
deeps i n t o c o n t i n e n t a l r i f t i n g , a l l o w i n g sampling of b a s a l t s generated 
5 m.y. a f t e r i n i t i a t i o n of spreading (dredging on a c t i v e r i d g e ) , a few m.y. 
a f t e r beginning of spreading, during the t r a n s i t i o n and during l a t e - s t a g e 
c o n t i n e n t a l young r i f t e d margin. The Red Sea deeps present a north-south 
t r a n s i t of holes (minimum of 3 ) . These would be s i n g l e b i t h o l e s through 
50-100 m of sediment i n t o basement. 

B. Hydrothermal c i r c u l a t i o n and metallogenesis at a young r i f t e d margin. 
The Red Sea hot b r i n e deeps present a number of d i f f e r e n t hydrothermal and 
geochemical systems. The o b j e c t i v e s of d r i l l i n g would be to d r i l l basement 
rocks and capture the hydrothermal f l u i d s c i r c u l a t i n g i n them to study the 
plumbing and c i r c u l a t i o n system, source of the f l u i d s , a l t e r a t i o n , l e a c h i n g , 
and m e t a l l o g e n e s i s . A s t r a t e g y would be to d r i l l (probably) s i n g l e b i t 
h o l e s i n t o an a c t i v e high-temperature ( A t l a n t i s I I Deep) and low-temperature 
(Nereus Deep) system where basement i s i n v o l v e d , and a s m a l l deep ( K e b r i t ) 
without basement involvement. Because of probably a l t e r e d basement, these 
s i t e s should not double w i t h those of the f i r s t theme. 

C. Sedimentary h i s t o r y : I t would be v a l u a b l e to o b t a i n continuous s t r a t i -
g r a p h i c sequences of Pliocene-Holocene sediments to study the i n f l u e n c e s 
of c l i m a t i c change on Red Sea c i r c u l a t i o n , p r o d u c t i v i t y , and sedimentation. 
The major o b j e c t i v e i s the s o - c a l l e d Red Sea " s a p r a p e l s , " r e l a t i v e l y orga
n i c c a r b o n - r i c h l a y e r s reported but p o o r l y sampled on Leg 23. A continuous 
sequence obtained by double HPC of the top 200-30 meters, r e l a t i v e l y d i s t a l 
from the margin, would a l l o w examination of p o s s i b l e c o r r e l a t i o n s w i t h East 
Mediterranean saprapels and w i t h the monsoonal u p w e l l i n g record obtained 
from d r i l l i n g i n the western Arabian Sea. 

The Working Group proposed a set of 11 s i t e s , composing about two l e g s 
of work. However, some of these can be considered as options or a l t e r n a 
t i v e s to each other to make a s o l i d one-leg program. D e t a i l e d d i s c u s s i o n s 
of the s i t e s , i n c l u d i n g estimated d r i l l i n g and s i t e survey s t a t u s , are 
contained i n the Working Group p r e l i m i n a r y r e p o r t . 

5. Southeast I n d i a n Ridge Transect 

We propose d r i l l i n g a t r a n s e c t of s i t e s on one or both f l a n k s of the South
east I n d i a n Ridge f o r s e v e r a l reasons. F i r s t , such a t r a n s e c t w i l l p rovide long 
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continuous sequences of Neogene sediments i n h i g h southern l a t i t u d e s to a l l o w 
comparison of the e v o l u t i o n of low- and h i g h - l a t i t u d e faunas and f l o r a s during 
the l a t e Neogene. Second, the t r a n s e c t could be l o c a t e d so the s i t e s cross the . 
s u b t r o p i c a l convergence and A n t a r c t i c P o l a r Front to record Neogene movement of 
these oceanographic boundaries and provide d e t a i l e d i n f o r m a t i o n on c l i m a t i c 
f l u c t u a t i o n s i n these l a t i t u d e s . 

I n a d d i t i o n to the paleoceanographic o b j e c t i v e s , t h i s same t r a n s e c t of s i t e s 
should p r ovide a p p r o p r i a t e sediments f o r the d e t e r m i n a t i o n of h i s t o r i c a l hydro-
thermal a c t i v i t y along a moderate-rate spreading r i d g e , which i s c r i t i c a l f o r 
long-term geochemical budget-balance s t u d i e s . These r e s u l t s would be compared 
with those from DSDP Leg 92 across the southern East P a c i f i c Rise to i n v e s t i g a t e 
the r o l e spreading r a t e plays w i t h hydrothermal f l u x . And f i n a l l y , sampling of 
the basement w i l l a l l o w assessment of time v a r i a t i o n s of upper mantle geochemical 
homogeneities recorded i n oceanic c r u s t along p l a t e motion flow l i n e s away from 
two h o t s p o t s : Kerguelen and Amsterdam. 

The measured p r o g r e s s i o n of basement ages along the Ninetyeast Ridge (Duncan, 
1978), paleomagnetic l a t i t u d e s from b a s a l t s and o v e r l y i n g sediments ( P i e r c e , 1978), 
and geochemical c h a r a c t e r of the b a s a l t s (Whitford and Duncan, 1978; Dosso et a l . , 
1979; Dosso. and Murthy, 1980; Mahoney et a l . , 1983) i n d i c a t e that the Ninetyeast 
Ridge and a d j o i n i n g Rajmahal Traps were formed over the Kerguelen hotspot. F o l 
lowing opening between A u s t r a l i a and A n t a r c t i c a , the Southeast I n d i a n Ridge rode 
northeastward over the Kerguelen h o t s p o t , s e v e r i n g the connection to the Ninetyeast 
Ridge at about 38 m.y.B.P. (DSDP S i t e 254). P r o d u c t i o n of oceanic c r u s t at the 
Southeast I n d i a n spreading r i d g e i n the wake of t h i s s e p a r a t i o n r e s u l t s from the 
mixing of two d i s t i n c t mantle source r e g i o n s : the MORB source u n d e r l y i n g the 
present spreading r i d g e and the Kerguelen hotspot. The hotspot i n f l u e n c e should 
decrease w i t h time (toward the spreading r i d g e ) . Young volcanism at Amsterdam/St. 
Paul i s thought to r e f l e c t a r e c e n t l y i n i t i a t e d hotspot which i s geochemically 
d i s t i n c t from Kerguelen and which has not yet l e f t a v o l c a n i c t r a i l (Morgan, 1981; 
Duncan, 1981). 

The Southeast Indian Ridge Transect should c o n s i s t of three h o l e s ; one of 
which w i l l be d r i l l e d as the deep s l o p e s i t e d u r i n g d r i l l i n g on the northern 
Kerguelen P l a t e a u . The remaining two s i t e s to be d r i l l e d during the Southeast 
Indian Ridge l e g w i l l be l o c a t e d i n approximately 3000-3500 meters water depth. 
Each of these s i t e s should be double-cored w i t h an HPC/XCB. P e n e t r a t i o n would be 
about 600 m of sediment and at l e a s t 50-100 m of basement. One h o l e at each of 
these two s i t e s should be logged. T o t a l d r i l l i n g time f o r these s i t e s would be 
about 25 days. Regional s i t e surveys a v a i l a b l e i n the area are s u f f i c i e n t ; a 
s i t e - s p e c i f i c survey w i l l be necessary before a c t u a l d r i l l i n g t a r g e t s can be 
i d e n t i f i e d . 

6. Broken Ridge 

Broken Ridge and i t s eastward c o n t i n u a t i o n , N a t u r a l i s t e Ridge and P l a t e a u , 
which extend to the southwest corner of A u s t r a l i a , are presumably conjugate to 
Kerguelen P l a t e a u and Gaussberg Ridge, s i m i l a r l y extending to the c o n t i n e n t a l 
margin of A n t a r c t i c a . P r i o r to formation of the southeast Indian Ocean Ridge, 
they c o n s t i t u t e d a s i n g l e r i d g e extending westward from the j o i n between A n t a r c t i c a 
and A u s t r a l i a across p r e - e x i s t i n g oceanic c r u s t . Models of o r i g i n of these f e a 
tures have suggested a range of p o s s i b i l i t i e s , i n c l u d i n g that they are u n d e r l a i n 
by c o n t i n e n t a l c r u s t , that they riepresent a v o l c a n i c p i l e o v e r l y i n g oceanic c r u s t 
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which formed as an i n t r a o c e a n i c r i f t system, or th a t together they c o n s t i t u t e 
the t r a c e of a hot spot. Morgan (1981) suggests t h a t t h i s hot spot subsequently 
formed the Ninetyeast Ridge and now u n d e r l i e s Kerguelen and Heard I s l a n d s . 

DSDP 255, p r e v i o u s l y d r i l l e d on the Ridge, penetrated only about 100 meters 
to Santonian-age limestone, w i t h a c o n s i d e r a b l e t h i c k n e s s of unsampled sediments 
remaining below the bottom of the hole and above basement. Recovery of a com
p l e t e s e c t i o n w i l l h e l p e s t a b l i s h age r e l a t i o n s h i p s , subsidence and u p l i f t h i s t o r y 
of the Ridge, and paleo-oceanography of t h i s part of the Ind i a n Ocean. D r i l l i n g 
Broken Ridge to basement would e s t a b l i s h the nature of the c r u s t , and w i t h a two-
s i t e t r a n s e c t could e s t a b l i s h whether there i s a younging to the west as p r e d i c t e d 
by the hot spot model. 

The s t r a t i g r a p h y developed on Broken Ridge r e f l e c t s the u p l i f t / s u b s i d e n c e 
h i s t o r y that occurs i n response to r i f t i n g . Broken Ridge, t h e r e f o r e , may be a 
good place to d i s c r i m i n a t e between the two end member models f o r r i f t i n g — 
" a c t i v e " versus " p a s s i v e " processes. In a c t i v e r i f t i n g , u p l i f t precedes r i f t i n g 
(by at l e a s t a few tens of m.y.) due to convective t h i n n i n g of the p l a t e . In 
passive r i f t i n g , u p l i f t e i t h e r accompanies or i s l a t e r than r i f t i n g . Subhorizon-
t a l l y - l a y e r e d mid-Eocene l i t t o r a l sands and g r a v e l s o v e r l i e a p r e - r i f t limestone 
and chert sequence on Broken Ridge that was f l e x u r a l l y u p l i f t e d due to r i f t i n g 
and exposed to s u b a e r i a l e r o s i o n . A N-S t r a n s e c t comprising two shallow ('̂^ 400 m) 
holes i s proposed t o o b t a i n sediment ages and paleodepths that w i l l c o n s t r a i n 
the t i ming between r i f t i n g and u p l i f t . D r i l l i n g o b j e c t i v e s r e l a t e d to i d e n t i f y 
ing r i f t i n g mechanisms may a l s o be addressed during d r i l l i n g on the nort h e r n 
part of Kerguelen-Gaussberg Ridge. However, the Broken Ridge s i t e s may be more 
a t t r a c t i v e , g i v e n the high competition f o r d r i l l i n g time and the r e s t r i c t e d weather 
window f o r Kerguelen. 

7. Kerguelen P l a t e a u , Second Leg, See Above Under 1 

8. Argo A b y s s a l P l a i n and Exmouth P l a t e a u Transect 

Argo Abyssal P l a i n i s a remnant of the Tethys superocean adjacent to one of 
the world's o l d e s t s t a r v e d p a s s i v e c o n t i n e n t a l margins. We suggest d r i l l i n g one 
s i t e w i t h a p e n e t r a t i o n of 1250-1300 m to basement) i n order t o: 

A. Study the nature and h i s t o r y of the o l d e s t ( J u r a s s i c ) part of the 
Indian Ocean i n comparison with Tethys f a c i e s i n the A t l a n t i c , Mediterranean, 
and (?) P a c i f i c . 

B. Date the I n d i a n Ocean M-Series (M 25/26 c r u s t ! ) . 

C. Study the paleoceanography, paleobathymetry, paleoecology, and b i o s t r a -
t i g r a p h y , e s p e c i a l l y of the C a l l o v i a n to l a t e Cretaceous. 

D. I n f e r the subsidence h i s t o r y . 

About 12 days of d r i l l i n g time are needed. S i t e survey data are s u f f i c i e n t , 
but w i l l be supplemented by BMR s i t e survey i n March 1986. 

The n o r t h e r n r i m of the Exmouth P l a t e a u i s a unique example of a sediment-
starved, very o l d s t r e t c h e d / t r a n s f o r m p a s s i v e margin w i t h a very wide, subsided 
marginal p l a t e a u , which i s extremely w e l l surveyed by se i s m i c surveys and dredges 
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that can be c o r r e l a t e d to numerous w e l l s on the Northwest Shelf and C e n t r a l 
P l a t e a u . The e x i s t i n g commercial w e l l s are no d u p l i c a t i o n of the planned ODP 
w e l l s , s i n c e they are e s s e n t i a l l y uncored (on l y c u t t i n g s ) and represent the cen
t r a l part of the p l a t e a u , which formed by r i f t i n g i n the Neocomian and experienced 
a d i f f e r e n t — more c o n t i n e n t - i n f l u e n c e d — e v o l u t i o n d u r ing the Mesozoic. With 
s i n g l e - b i t d r i l l i n g we can study p r e - r i f t and r i f t - f i l l T r i a s s i c to m i d - J u r a s s i c 
sedimentation, as w e l l as the post-breakup l a t e J u r a s s i c to Cenozoic development 
and subsidence h i s t o r y of a j u v e n i l e to mature ocean. Completion of an Argo 
Abyssal Plain-Exmouth P l a t e a u t r a n s e c t w i l l p rovide unique data on a 200 Ma 
record of margin sedimentation i n response to sea l e v e l f l u c t u a t i o n s , subsidence 
h i s t o r y , p a l e o c i r c u l a t i o n , c l i m a t e and sediment supply. We suggest d r i l l i n g two 
h o l e s , one at the outer edge of the northern p l a t e a u (1800 m w.d.) with about 
1300-1400 m p e n e t r a t i o n to T r i a s s i c rocks o v e r l y i n g c o n t i n e n t a l c r u s t , and one at 
the foot of the p l a t e a u (4050 m w.d.) with a p e n e t r a t i o n of about 800 m t o mid-
Mesozoic r i f t f l o o r basement of c o n t i n e n t a l or t r a n s i t i o n a l c r u s t . Both h o l e s 
could be d r i l l e d i n about 20 days. The area i s one of the best surveyed p a s s i v e 
margins of the world. This i n f o r m a t i o n w i l l be supplemented by a funded j o i n t 
s i t e survey by BMR ( A u s t r a l i a ) and Lamont-Doherty G e o l o g i c a l Observatory i n 
F e b r u a r y - A p r i l 1986. 

9. C e n t r a l I n d i a n Ocean Basin and Lower Bengal Fan ( I n t r a p l a t e Deformation: A 
Response to the Himalayan Orogeny) 

A remarkable example of i n t r a p l a t e deformation i s found i n the c e n t r a l I n d i a n 
Ocean Basin south of I n d i a i n the lower p a r t of the Bengal Deep-Sea Fan. Oceanic 
c r u s t and o v e r l y i n g sediments are deformed i n t o long wave length (about 200 km) 
undulations and are d i s r u p t e d by c l o s e l y - s p a c e d (about 5-10 km) f a u l t s showing 
reverse sense of motion. G r a v i t y anomalies suggest that the surface of oceanic 
MOHO i s deformed i n t o u ndulations s i m i l a r to those observed i n the s u r f a c e of the 
c r u s t . This i s a l s o the s i t e of i n t r a p l a t e earthquakes, whose f o c i l i e beneath 
the oceanic c r u s t , and of abnormally high heat flow and n o n - l i n e a r temperature-
depth p r o f i l e s suggestive of upward flow of water. The s t y l e deformation and 
f o c a l mechanisms suggest that the I n d o - A u s t r a l i a n p l a t e i s deforming under N-S 
compression, probably d a t i n g from l a t e Miocene time, as determined from a r e g i o n a l 
unconformity probably of that age c o r r e l a t e d from e a r l i e r DSDP d r i l l i n g f a r t h e r 
to the north i n the Bengal Fan. 

Several important aspects of the na.ture and h i s t o r y of these phenomena can 
be resolved o n l y by means of d r i l l i n g . S p e c i f i c o b j e c t i v e s i n c l u d e determina
t i o n of age of onset of the deformation and subsequent h i s t o r y of movement of 
i n d i v i d u a l f a u l t b l o c k s , and an understanding of the r e l a t i o n s h i p of the f a u l t 
zones to the upward water flow. D r i l l i n g i n t h i s p a r t of the lower Bengal Fan 
can a l s o h e l p to r e s o l v e some questions about the t e c t o n i c h i s t o r y of u p l i f t of 
the Himalayas and d e p o s i t i o n of the fan. 

The chronology of seismic s t r a t i g r a p h y throughout the Bengal Fan has been 
based l a r g e l y on c o r r e l a t i o n of two r e g i o n a l u n c o n f o r m i t i e s throughout the e n t i r e 
Fan. The upper, p r e l i m i n a r i l y judged to be of l a t e Miocene age from DSDP 218, 
occurs i n these lower fan deformational h i l l i s , but can a l s o be found f a r t h e r t o 
the north i n the c e n t r a l part of the fan over the 85°E Ridge and along the f l a n k s 
of the N inetyeast Ridge. The lower unconformity, judged i n a very tenuous way 
from DSDP 217 to be Paleocene-Eocene i n age, occurs p r i m a r i l y along the f l a n k s 
of the Ninetyeast Ridge and would a l s o appear to represent some k i n d of i n t r a 
p l a t e deformation. Both unconformities appear to bear a p o s s i b l e r e l a t i o n s h i p 
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to t e c t o n i c events i n the Himalayas r e l a t e d to the c o l l i s i o n and u p l i f t h i s t o r y . 

About f i v e to s i x s i t e s are proposed, l a r g e l y around the a b y s s a l h i l l s rep
r e s e n t i n g the upper Miocene unconformity and i n t r a p l a t e deformation. Age of the 
unconformity and the h i s t o r y of deformation can be p r e c i s e l y d e l i n e a t e d from 
d r i l l i n g on the "back s i d e s " of r o t a t e d f a u l t b l o c k s , w h i l e the problem of f l u i d 
flow may be r e s o l v a b l e from d r i l l i n g through the f a u l t s on the f r o n t s i d e s of 
the h i l l s . C a r e f u l s e l e c t i o n of s i t e s , plus a p o s s i b l e a d d i t i o n a l supplementary 
s i t e along the f l a n k of the N i n e t y e a s t , may a l s o h e l p to r e s o l v e some problems 
of the t e c t o n i c s of the Himalayas, and p o s s i b l y a l s o d e p o s i t i o n a l processes of 
deep-sea fans. 

10. The Davie Ridge F r a c t u r e Zone 

An east-west t r a n s e c t of s i t e s across the Davie F r a c t u r e Zone i s proposed 
to examine the e v o l u t i o n of a sheared p a s s i v e margin and a l s o a l l o w s the nature 
of a rejuvenated Mesozoic f r a c t u r e zone to be addressed. The Davie F r a c t u r e Zone 
formed during the s e p a r a t i o n of Madagascar from A f r i c a between 165 and 130 Ma 
and i s the s i t e of current s e i s m i c a c t i v i t y . This d r i l l i n g program proposes to 
t e s t the concept of r e a c t i v a t i o n of "zones of weakness" i n oceanic c r u s t , as w e l l 
as addressing the t e c t o n i c and s t r a t i g r a p h i c problems i n the development of a 
sheared passive margin. 

Two s i t e s are proposed, on the c r e s t of the Davie F r a c t u r e Zone and on the 
Davie F r a c t u r e Zone secondary r i d g e , to o b t a i n s t r a t i g r a p h i c records of r i d g e sub
sidence and r e j u v e n a t i o n as w e l l as determining the nature of the c r u s t . Downhole 
seismometers w i l l be emplaced i n h o l e s to monitor s e i s m i c a c t i v i t y . One s i t e w i l l 
be d r i l l e d i n the Comoros Basin to provide c o n t r o l f o r the s t r a t i g r a p h i c s e c t i o n s 
recovered i n the other two h o l e s . In a d d i t i o n , t h i s h o l e i s l i k e l y to recover a 
Mesozoic Tethyan s e c t i o n and w i l l p rovide much-needed c o n s t r a i n t s on the age of 
the c r u s t i n the b a s i n . 

The paleoceanographic record of opening of the Indian Ocean i s , we b e l i e v e , 
b e t t e r d i s p l a y e d on the Davie Ridge than on Agulhas P l a t e a u , p a r t l y because the 
Oligocene s e c t i o n i s present. We estimate approximately 15 days d r i l l i n g time 
f o r these two s i t e s . 

11. SWIR-F.Z. 

Based on the working hypothesis t h a t l i t h o s p h e r i c s t r u c t u r e i n f r a c t u r e 
zones i s r e l a t e d to p l a t e spreading r a t e , we propose to d r i l l d i r e c t l y i n t o 
u n a l t e r e d mantle along the a x i s of the M e l v i l l e F r a c t u r e Zone V a l l e y (very slow 
spreading) to assess: 1) mantle and thinned c r u s t a l " s t r a t i g r a p h y " , 2) to t e s t 
the p o s t u l a t e d "transform edge" or c o o l i n g e f f e c t on mantle m e l t i n g , 3) to evalu
ate the o p h i o l i t e model f o r oceanic transform f a u l t s . We do not expect to f i n d 
t e c t o n i z e d c r u s t a l m a t e r i a l below the f l o o r of the f r a c t u r e zone v a l l e y . 

The d r i l l i n g r a t e and recovery are expected to be h i g h because the m a t e r i a l 
recovered by dredging the f r a c t u r e zone i s mainly massive p e r i d o t i t e and i t s 
s e r p e n t i n i z e d e q u i v a l e n t . 

The Discovery I I F r a c t u r e Zone could be used f o r a backup program (even 
though the i n f l u e n c e of mantle hot spot here becomes part of the p i c t u r e ) , and 
weather window i s f a r l e s s c e r t a i n . 
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Both programs at the M e l v i l l e and Discovery I I Fr a c t u r e Zones are s i n g l e - b i t 
s e r i e s of fo u r h o l e s without bare rock spudding. 

12. Chagos-Laccadive-Mascarene Ridge 

An e q u a t o r i a l bathymetric t r a n s e c t of HPC d r i l l s i t e s w i l l p rovide a h i s t o r y 
of Neogene s u r f a c e p r o d u c t i v i t y and v e r t i c a l d i s s o l u t i o n g r a d i e n t s . H i g h - r e s o l u 
t i o n b i o - and magnetochronology can be used f o r t i m e s e r i e s analyses of the l a t e 
Neogene v a r i a b i l i t y i n these c l i m a t i c a l l y - d r i v e n parameters. The a d d i t i o n of 
d r i l l s i t e s to the N and S and the recovery of basement rocks on t h i s a s e i s m i c 
r i d g e would determine i t s o r i g i n (hot spot of " l e a k y " transform f a u l t ? ) . Geochemi-
c a l c h a r a c t e r i s t i c s and r a d i o m e t r i c d a t i n g of basement rocks would a l l o w us to 
d i f f e r e n t i a t e between the two modes of formation and document the t r a n s i t i o n from 
f l o o d b a s a l t s i n the Deccan to the d i s c r e t e oceanic volcanoes a t Reunion and 
M a u r i t i u s . Combined w i t h paleomagnetic measurements of b a s a l t s and o v e r l y i n g 
sediments, d e t a i l s of the true p o l a r wander path throughout T e r t i a r y time could 
be examined. New r a d i o m e t r i c c a l i b r a t i o n p o i n t s f o r the Cenozoic b i o - and magneto-
s t r a t i g r a p h i c time s c a l e s can be expected. 

An E-W depth t r a n s e c t of cores would permit the same geochemical and pale o 
magnetic experiments as have been done s u c c e s s f u l l y on the Nin e t y e a s t Ridge, pro
v i d i n g an o p p o r t u n i t y to recover a complete s u i t e of calcareous s e c t i o n s c o v e r i n g 
the e n t i r e Neogene. This t r a n s e c t w i l l recover continuous Neogene s e c t i o n s , which 
w i l l r e c o r d v e r t i c a l d i s s o l u t i o n g r a d i e n t s i n a small area, independent of produc
t i v i t y v a r i a t i o n s . Hence the carbonate budget of the ocean can be deduced i n 
d e t a i l from these sediments. 

13. Makran 

This i s a t r a n s e c t of r e l a t i v e l y shallow ('̂' 300 m) hol e s t h a t provides an 
e x c e l l e n t o p p o r t u n i t y to asses the d i s t r i b u t i o n and r a t e s of deformation across 
an a c c r e t i o n a r y prism. Previous d r i l l i n g of a c c r e t l o n a r y prisms has been con
c e n t r a t e d a t the toe. Makran i s a p l a r t i c u l a r l y f a v o r a b l e p l a c e f o r such d r i l l i n g 
o b j e c t i v e s , because (a) the deformation s t i r u c t u r e s appear r e l a t i v e l y simple i n 
a v a i l a b l e s e i s m i c r e f l e c t i o n r e c o r d s , (b) the prism i s dominated by e l a s t i c s , 
although sands are not present i n p i s t o n c o r e s , and (c) there i s the o p p o r t u n i t y 
to compare d r i l l i n g r e s u l t s to an e x c e l l e n t exposed and well-mapped Plio-Quaternary 
r e c o r d on l a n d . The exposed d r i l l i n g program of about seven h o l e s i n c o r p o r a t e s 
s i t e s on the ab y s s a l p l a i n , b a s a l t h r u s t , b a s a l slope b a s i n t h r u s t , and a slope 
b a s i n f a r t h e r upslope. 

14. Agulhas P l a t e a u 

Located s t r a t e g i c a l l y between the South A t l a n t i c and the I n d i a n Ocean, the 
Agulhas P l a t e a u i s draped by carbonate sediments of Mesozoic t o Recent age at a 
r e l a t i v e l y h i g h southern l a t i t u d e . Recovery of sediment on the northern p o r t i o n 
of the pl a t e a u w i l l a l l o w r e c o n s t r u c t i o n of the development of water exchange 
between the Cretaceous Indian Ocean and the nascent South A t l a n t i c . The recovery 
of a Cenozoic HPC record from the pl a t e a u w i l l provide a p a l e o c l i m a t i c c o o l i n g 
h i s t o r y of h i g h m i d - l a t i t u d e s at the i n t e r s e c t i o n of the t r o p i c a l Agulhas Current 
and the c o o l Westward D r i f t i n a unique and l a t i t u d i n a l l y s t a t i o n a r y s e t t i n g . 
The area w i l l p r o v i de the southernmost carbonate record o b t a i n a b l e f o r the A t l a n t i c 
p a l e o c l i m a t i c t r a n s e c t . 
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Recent evidence of d i f f e r e n t i a t e d c r u s t (oceanic to the n o r t h , c o n t i n e n t a l 
to the south) on the p l a t e a u could be I n v e s t i g a t e d f u r t h e r by d r i l l i n g both a 
northern and southern h o l e to basement. The unknown t e c t o n i c subsidence h i s t o r y 
of the p l a t e a u could then be recon s t r u c t e d from the o v e r l y i n g sedimentary r e c o r d . 

15. Rodriguez T r i p l e J u n c t i o n 

The Rodriguez T r i p l e J u n c t i o n i s a c l e a r , w e l l exposed RRR j u n c t i o n which 
has been c o n t r o l l i n g the e v o l u t i o n of the major pa r t of the Indian Ocean s i n c e 
at l e a s t the l a t e Cretaceous. The Southeast I n d i a n Ridge (SEIR) c l o s e to the 
t r i p l e j u n c t i o n i s a t y p i c a l medium-rate spreading r i d g e (2.95 cm/yr h a l f r a t e ) . 
The r i f t v a l l e y i s w e l l d e l i n e a t e d by the 3250-m i s o b a t h and i s about 14 km wide. 
The C e n t r a l I n d i a n Ridge (CIR) a l i g n s w i t h the SEIR r i f t v a l l e y w i t h a s l i g h t 
change of o r i e n t a t i o n . I t i s c h a r a c t e r i z e d by a g r e a t e r depth (4000 m) and a 
smaller w i d t h (5 km). The spreading h a l f r a t e i s 2.73 cm/yr. In c o n t r a s t , the 
Southwest I n d i a n Ridge (SWIR) i s expressed by a deep canyon (5000 m) which abuts 
the southwestern f l a n k of the SEIR and CIR. I n t e r p r e t a t i o n i n d i c a t e s a s l i g h t 
i n s t a b i l i t y of the ge o m e t r i c a l c o n f i g u r a t i o n of the j u n c t i o n and a 5 km jump of 
the SEIR toward the northwest 0.5 m.y. ago. Close to the t r i p l e j u n c t i o n , the 
SWIR may correspond to a st r e t c h e d area w i t h i n the southwest f l a n k s o f the SEIR 
and CIR. 

D r i l l i n g at the RTJ o f f e r s the p o s s i b i l i t y of i n v e s t i g a t i n g the processes of 
time d u r a t i o n of magma chambers and p o s s i b l e e v o l u t i o n of degree of p a r t i a l m e l t 
in g at the three r i d g e s through the l a s t hundred thousand years. R e s u l t s on dredge 
samples around RTJ: Sr and Nd i s o t o p i c r a t i o s , REE pa t t e r n s s t r o n g l y suggest 
the e x i s t e n c e of separated magma chambers around the t r i p l e j u n c t i o n . SWIR 
b a s a l t s w i t h i n the canyons are probably from narrower magma chambers e r u p t i n g 
during s t r e t c h i n g of the canyons. 

D r i l l i n g at three s i t e s near the RTJ w i l l provide deep i n s i g h t i n t o the 
du r a t i o n of magma chambers and p o s s i b l e v a r i a t i o n s w i t h time of p a r t i a l f u s i o n 
degrees. Moreover, l o g g i n g downhole measurements and ob l i q u e s e i s m i c p r o f i l i n g 
should a l l o w d e s c r i p t i o n of the s t r u c t u r e of the upper c r u s t . 

16. F o s s i l Ridges 

Sev e r a l f o s s i l r i d g e s have been i d e n t i f i e d i n the Indian Ocean. The Western 
Somali Basin f o s s i l r i d g e corresponds to an E a r l y Cretaceous e x t i n c t spreading 
center (anomaly 70)• The Mascarene f o s s i l r i d g e corresponds to a Paleocene 
e x t i n c t spreading center (anomaly 28/27). The Wharton Basin f o s s i l r i d g e c o r r e s 
ponds to an Eocene e x t i n c t spreading center (anomaly 19/18). 

D r i l l i n g at two f o s s i l r i dges of d i f f e r e n t ages, c h a r a c t e r i z e d by d i f f e r e n t 
spreading r a t e s , should provide the p o s s i b i l i t y of st u d y i n g how a magma chamber 
at a spreading center ceases i t s a c t i v i t y . D r i l l i n g at the f o s s i l r i d g e a x i s 
should a l l o w , i n a d d i t i o n to a c c u r a t e l y d a t i n g the end of spreading, i n v e s t i g a 
t i o n of the l a t e s t erupted b a s a l t i c products.. P r e s e n t l y , no a v a i l a b l e informa
t i o n e x i s t s on what happens when the supply of j u v e n i l e magma i n t o the magma 
chamber decreases p r o g r e s s i v e l y to zero. I t i s , however, expected t h a t more 
d i f f e r e n t i a t e d l i q u i d s w i l l be erupted at these f o s s i l axes, as i n t e n s i v e f r a c 
t i o n a l c r y s t a l l i z a t i o n may continue. 
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In order to t e s t t h i s h y pothesis, i t i s proposed to d r i l l at l e a s t three 
holes a t two of the f o s s i l r i d g e s . The f i r s t s i t e should be l o c a t e d at the rid g e 
c r e s t ; the second s i t e should be c l o s e to the r i d g e a x i s , where spreading i s 
slowing down; the t h i r d s i t e should be f a r enough from the r i d g e c r e s t to sample 
cr u s t generated at f u l l spreading r a t e . D r i l l i n g those s i t e s i n the Wharton 
Basin w i l l provide the op p o r t u n i t y to record the not w e l l known l a t e Cenozoic 
h i s t o r y of the Eastern Indian Ocean, 
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