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Introduction

The International conference on "Sedimentary Basins of the Mediterranean and Black Seas" 
dedicated to the 5th Anniversar) of the UNESCO-ESF Training Through Research Programme 
(TTR) was organized by UNESCO-MSU Research and Training Center in Marine Geology 
and Geophysics (Geology Faculty. Moscow State University. MSU) and held in Moscow and 
Zvenigorod (Russia) from 29 January to 3 February 1996.

About 100 scientists and students from 10 countries participated in the conference. At the 
plenary session at Moscow State University and at thematic sections in Zvenigorod about 50 
oral presentations were made. They were based mostly on data obtained during five scientific 
cruises in the Mediterranean and Black Seas organized by the TTR Programme between 1991 
and 1995. A meeting o f the Programme's Executive Committee and two round table 
discussions were held during the conference to discuss the future of the programme.

The opening remarks made by the Vice-Rector of MSU Prof. V. Trofimov were followed by 
that of the Dean of the Geology' Faculty. Prof. B. Sokolov. The opening speakers commented 
upon the importance o f the TTR Programme, which in recent years has become one of the most 
dynamic and successful marine geoscience-related research and training programmes in the 
Mediterranean-Black Sea region. The success of the programme derives to a large extent from 
the scientific achievements as reflected in numerous scientific publications and presentations at 
various scientific fora: it also arises from a strong educational component, resulting from its 
"Floating University " facility . This aspect has stimulated the growth of a new generation of 
young scientists actively working in the field of marine geology and geophysics, which is in 
agreement w ith the main objectives of UNESCO, and in particular those of the TEMA 
programme of the Intergovernmental Oceanographic Commission (IOC).

Topics of scientific research for 1996-2000 were outlined during a two-day round table 
discussion (see below) which aimed at determining the direction of the programme scientifically 
and geographically over the next five years and getting plans completed early in order to secure 
funding. Among them are the continuation of the study of mud volcanoes and related fluid 
venting through the seafloor. deep sea depositional systems, neotectonics of collision zones, 
processes at straits, and catastrophic geological events in the Eastern Mediterranean. A new 
Scientific Committee was established for this new phase of the programme, and a new 
Executive Committee was appointed. The preparation of a special publication collating the 
presentations made at the post-cruise meeting was planned.

TTR Executive Com m ittee:

M. Comas (Spain)
M. Ivanov (Russia)
R. Kidd (United Kingdom)
M. Marani (Italy)
J. Woodside (the Netherlands)
UNESCO/IOC liaison officer

TTR Scientific Committee:

M.-B. Cita (Italy)
M. Ergun (Turkey)
J P Foucher or J Mascle (France)
N. Kenyon (United Kingdom)

in



G. Kullenberg (UNESCO/IOC representative)
A. Limonov (Russia)
A. Maldonado (Spain)
J. van Hinte (the Netherlands)
Additional members to be confirmed.

P ro p o sed  targets fo r  1996 to 2000 Research Program m e (not exclusive):

1996 Anaximander Mountains and Florence Rise (eastern Mediterranean) and Black Sea: to 
complete work from 1995 on mud volcanoes and deep sea sedimentation;

1997 Atlantic Ocean and western Mediterranean Sea: studies of straits and tectonics o f SW 
Balearic Basin and E Alboran Sea/eastem Mediterranean (Antalya Basin/Adana 
Basin);

1998 Catastrophic Events: to study Homogenite and north African margin sedimentary 
processes;

1999 Mud diapirs and mud volcanism. tectonics of Mediterranean Ridge and Black Sea;
2000 Anoxic basins and Danube Fan.
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For further information:

Expressions of interest in participating m the TTR cruises, and proposals for further research 
targets should be addressed to UNESCO/IOC (fax: +33 1 4056 9316. e-mail: g.kullenberg 
ftfjunesco.org) or to the TTR Coordination office (attn. J. Woodside, fax: +31 20 646 2457. 
e-mail wooj(tfjgeo.vu.nl).
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PLENARY SESSION 

TTR PROGRAMME: MAIN SCIENTIFIC RESULTS

/. Woodsidc*, M. Ivanov**, and A. Limonov**
*Free U niversity , A m sterdam , The N etherlands 

**Facully of G eology, M oscow  State U niversity , M oscow , Russia

O v er the past 5 years the» T rain ing  T hrough  Research p ro g ram m e has d ev e lo p ed  a 
lead in g  position  in research  into the n a tu re  of m u d  volcanoes on the M ed ite rran ean  Ridge 
an d  in the Black Sea, an d  it has m ade su bstan tia l con tribu tions as w ell in the  field o f deep- 
sea sed im en ta tio n  an d  the neotectonic evo lu tion  of the M ed ite rran ean . M ud volcanoes have 
been fo u n d  in m any d ifferen t areas a long  the M ed ite rranean  R idge, ind ica ting  th a t they  are  
no t ju st a lim ited  local p h en o m en o n  bu t significant agen ts  for the m ix ing  o f sed im en ts  in  
accre tionary  p rism s. D egassing  an d  ven ting  of flu ids w as o b serv ed  d u rin g  TTR-3 on  N apoli. 
A lthough  ac tiv ity  is ra th e r  low  level a t the m om ent, there  is ev idence for m ore  far reach ing  
e ru p tio n s  w hich  can carry  la rger blocks of sed im en t over a k ilom etre from  the volcano. 
O bserv a tio n s a n d  th e ir in te rp re ta tio n  in this m u d  volcano field w ere  confirm ed  in general 
by O D P Leg 160 drilling  on M ilano an d  N apoli m ud  volcanoes.

The Black Sea m u d  volcanoes occur in an  entirely  d ifferen t se ttin g  to those o f the 
M ed ite rran ean , w hich p ro v id es  usefu l insights, th ro u g h  com parison , into m echan ism s of 
m u d  volcanism . Five w ere  s tu d ied  in detail inc lud ing  a new  an d  recently  active one th a t 
w as  d iscovered  d u rin g  TTR-3. M ethane seepage at the sea floor a ro u n d  th is m u d  volcano  is 
in fe rred  from  u n u su a l sea floor features, long an d  narro w  criss-cross lines, in te rp re ted  as 
carbona te  en c ru s ted  fractures. D uring  a neotec tonic s tu d y  of the C y p ru s  Arc in 1991, it w as 
d e m o n s tra te d  th a t there  is no d istinct p late  b o u n d ary  bu t a b ro a d e r /.one of d is tr ib u te d  
defo rm atio n . This is so m ew h at sim ilar bu t not as ad v an ced  as the d e fo rm atio n  zone in 
so u th -eas te rn  T urkey  an d  Syria. The ('astern p a rt of the C y p ru s  Arc is d e fo rm in g  a long  
specific zones located  in a b ro ad  bell betw een  the K yrenia-M isis s tru c tu re  an d  the W est 
T artu s  Rise at the no rth  edge of the L evantine Basin; an d  the A n ax im an d er M ou n ta in s  at 
the  junction  of the C y p ru s  Arc w ith  the Hellenic Arc are  severa l large blocks abso rb in g  the 
p la te  m o tions from  b o th  arcs. The m id d le  p o rtion  of the C y p ru s A rc is co llid ing  w ith  the 
E ra tosthenes S eam oun t on the o u te r edge of the A frican Plate. The seam o u n t is b reak ing  u p  
as it is th ru s t b eneath  the so u th e rn  m arg in  of C y p ru s in the n o rth  an d  th ru s t ben ea th  the 
N ile C one in the sou th . T hus the d e fo rm ation  arising  from  plate  convergence here  involves 
geological e lem ents ex ten d in g  h a lfw a y  across the eastern  M editerranean .

In the far w estern  p a rt o f the M ed iterranean  lies an o th e r collision zone w ith in  the 
A lboran  Sea. H ere  the active tectonics are  observed  to contro l the' course  of the A ndarax  
C anyon  system . In its u p p e r  course, the canyon  follow s the Serrata fau lt zone, in the m id d le  
p a r t it d iv erg es d o w n  slope until it encoun ters  a do w n -to -th e -n o rth  fau lt w h ich  causes the  
canyon  lo tu rn  to the sou th -east, m ak ing  a 90 degree  change in course  across the con tinen ta l 
slope. N o t only  has fau lting  con tro lled  the d irection  of the canyon  bu t o b serv ed  m ean d ers  
are  in fe rred  to  have been fo rm ed  w h en  the slope w as less steep  an d  la te r tilted  tectonically . 
A lthough  the canyon  is no t cu rren tly  active as a co n d u it for m ateria l to reach  the d eep  basin  
from  the shelf, it is locally active as in ferred  from  channel sco u rin g  an d  erosion  o f s lu m p s 
w hich  have en te red  the channel from  the sides. The Rhone canyon  system , in co n trast to the 
A ndarax , is la rg e r an d  su rp ris in g ly  dynam ic . The neofan, a san d y  lobe w hich  dev e lo p ed  
from  dep o sits  of a recently  avu lsed  channel, is un d erg o in g  active erosion. Large unfilled  
scours, channel sw itch ing , terrace-cu tting , and  so on are ev idence from  TTR-2 th a t th is is so. 
The e ro d ed  m ateria l is p robab ly  dep o sited  in the deep  A lgero-Provencal basin. B edform s 
o bserved  at the edge o f the abyssal plain d u rin g  the TTR-4 investiga tion  in to  the 
destin a tio n  o f the e ro d ed  sed im en ts suggest a low  velocity flow reg im e in w hich  is energy  
is d iss ip a tin g  rap id ly .

W est o f Sardinia, d ista l Var bed fo rm s w ere inconc lusively investiga ted  d u rin g  TTR-
4. In terfering  cu rren ts  from  the Sardinia m arg in  m ay be a cause of this. B eyond the coarse  
canyon  dep o sits  on the Sard in ia an d  so u th -w est C orsica rise th e n ' w as ev idence from  areas
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of r ip p in g  u p  o f th in  superficial sed im en t layers th a t s tro n g  cu rren ts  are  p resen t. R ip-up 
clasts w ere  re triev ed  in  cores from  the deep er basin  to the w est.

The S trom boli canyon  in the sou th -easte rn  T yrrhen ian  Sea ap p ea rs  to  he very  active 
also, m ost likely because of s tro n g  cu rren ts  a n d  unstab le  m arg ins. A m ix tu re  o f hem ipelag ic  
a n d  volcaniclastic sed im en t from  the slopes is carried  o u t in to  the M arsili Basin. Som e 
volcanic sed im en t from  Strom boli is carried  d irectly  n o rth  in to  the basin  w h ere  it d rap es  the 
volcanic basem en t to p ography .

T hese are  b u t a few  of the h ighligh ts of five years of research . E vidence of the 
g ro w in g  success o f the p ro g ram m e is clear from  the exponen tia l increase in  p ap ers  
accep ted  in to  in tern a tio n a l jou rnals  be tw een  1992 an d  1996, in  w hich  year w e w ill p u b lish  a 
special issue  o f M arine G eology on  the subject of the M ed ite rranean  R idge D iapiric  Belt. 
D u rin g  the  sam e tim e the n u m b er of a b s tra c ts /p re se n ta tio n s  a t a varie ty  of in te rna tiona l 
congresses has m a in ta in ed  a fairly stable level in  the doub le  d ig its, in d ica ting  th a t the 
research  resu lts  are being  c ircu la ted  w idely  p rio r  to publication . It is especially  gratify ing  
th a t a sign ifican t n u m b er of p resen ta tions are  m ad e  by y o u n g er researchers from  the 
p ro g ram m e  - m ore  th an  half, w hen  post-cru ise  m eetings are considered .

This success has th ree p rincipal reasons. It is in p a r t a function  of the b ro a d  level of 
in te rn a tio n a l in te rest in  the research  p rog ram m e w hich  has resu lted  in  a very  active ESF 
n e tw o rk  a n d  co-opera tive  p roposa ls  for fu n d in g  of joint activities. It is also  a re su lt o f the  
u n iq u e  in teg ra tio n  of s tu d e n ts  an d  y o ung  scientists w ith  experienced  experts  in  a w ay  
w h ich  o p tim ises bo lh  the ed ucational an d  research  aspects.

Finally, the  p ro g ram m e has benefited  from  a certa in  flexibility a n d  ab ility  to  react 
qu ick ly  to p ro m isin g  research  resu lts  by rap id  fo llow -up  w ith  tools su itab le  to  the scientific 
goals.

GEOLOGICAL AND GEOPHYSICAL EVIDENCE FOR THE HOLOCENE SPECIAL 
EVENT RECORDED IN THE EASTERN MEDITERRANEAN DEEP-SEA RECORD

M.B. Cita
D ep artm en t of E arth  Science, U niversity  of M ilan, Italy

• E x tended  geological a n d  geophysical exp lo ra tion  of basinal se ttings in  d ifferen t 
areas o f the easte rn  M ed ite rranean  d o cum en ted  the existence of a severa l m e te rs  th ick  
H olocene m u d  layer, typically  show in g  a g rad ed  basa l part.

The tim ing  of the even t p ro d u c in g  th is pecu liar d eposit can  be d e te rm in ed  w ith  a 
certa in  accuracy , a n d  is com patib le w ith  the gigantic exposition  of Santorin i "Bronze Age" 
e ru p tio n  3500 ys BP, w h ich  su p p o sed ly  p ro d u ced  a s tro n g  seism ic sea w av e  o r  tsunam i. 
O rd e r  o f m ag n itu d e  calculations d em o n stra ted  th a t the w ave sp eed  w as sufficient to  induce  
erosion  of the bo tto m  an d  liquefaction of the soft u nconso lida ted  sed im en ts  d ra p in g  the 
deep-sea  floor in  w ide  areas of the Ionian Basin.

O v er 50 deep-sea  cores recovered  and  investiga ted  in  the last 20 years reco rd  this 
event, w hich  is m ateria lised  by a fine g rained  "hom ogenite" layer, u p  to m ore  than  24 m 
th ick  (in the  Sirte A byssal Plain area).

S everal depositiona l m odels have been identified , based  on  th ickness, com position , 
ca rbona te  con ten t an d  sed im en tary  s tru c tu res  of the deposit, an d  re la ted  to  se ttin g  an d  
sou rce  areas.

2 Moscow, Russia, 29.01.96 - 4.02.96
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MUD VOLCANISM IN THE DEEP MEDITERRANEAN AND BLACK SEAS, ITS 
ORIGIN AND GEOLOGICAL ROLE

M. Ivanoi’
Faculty  of G eology, M oscow  State U niversity , M oscow , Russia

M ud volcanism  is w id esp read  in d ifferen t geological settings all over the w orld , bu t 
it is ye t poorly  s tu d ie d  in  deep-sea env ironm ents. It is know n  from  lite ra tu re  th a t m ud  
volcanoes are com m on fea tu res for deep  sed im en tary  basins and  th ick  accre tionary  
com plexes. They are  often  associated  w ith  oil an d  gas fields an d  seeps a n d  acoustic  
anom alies on  seism ic sections. D ifferent flu ids an d  especially  h y d ro ca rb o n  gases p lay  a very  
im p o rtan t, p robab ly  critical p a rt of the ir origin. The com pulsory  cond itions for the m u d  
volcanism  d ev e lo p m en t are  as follows:
(i) the presence  o f a deep  source of h y d rocarbon  gases;
(ii) gas trap s  in  sed im en ta ry  sequence;
(iii) good  caprocks no t a llow ing  gas to diffuse th ro u g h  pores and  m icrofractures;
(iv) o v e rp re ssu re  below  a caprock  d u e  to fast sed im en tary  bu ria l o f a gas tra p  o r o w ing  to 
la teral tectonic stress  re su ltin g  in th ru s t pattern ;
(v) trig g erin g  m echan ism  allow ing  the gas energy  to be realised  th ro u g h  ca tastroph ic  
e ru p tio n  o r a series of w eak  erup tions.

The re la tio n sh ip  of m u d  volcanic activ ity  to the p resence of h y d ro ca rb o n  gas w as 
estab lished  d irectly  o r ind irectly  (both onshore an d  offshore) for all m u d  volcanoes, w hich  
w ere  s tu d ie d  in  detail.

D uring  the investiga tions w ith in  the TTR prog ram m e, d irect ev idence for gas seeps 
o r  g as-sa tu ra ted  m u d  breccia from  m u d  volcanoes w as found  in the K erch a n d  T am an  
P eninsu las, d eep  Black Sea (MSU, Y uzhm orgeologiya, T redm ar, an d  V assoevitch  m u d  
volcanoes), an d  on  the M ed ite rran ean  Ridge (N apoli an d  S toke-on-T rent m u d  volcanoes). 
Rare analyses of gas com position  suggest th a t gas consists m ostly  o f m ethane, its 
hom ologies, a n d  HjS. C arbon  iso topic com position , as a rule, show s a m ixed  o rig in  for 
these gases, im p ly ing  the p resence  of therm ogenic  gas from  a deep  source. The presence  of 
therm ogen ic  gas is also in fe rred  from  the ra tion  of m ethane to  its hom ologies (heavy 
h y d ro ca rb o n  gases). It seem s to he very im p o rtan t to reveal the sources for these h y d ro ­
carbons th a t cou ld  exp la in  no t only the ir role in the m u d  volcanism  process h u t give insigh t 
in to  h y d ro ca rb o n  po ten tia l for a sed im en tary  basin.

All m u d  volcanoes can be roughly  sep ara ted  into 5 types: (1) m u d  volcanoes 
fo rm ing  a classical cone-like construction , w ith  w ell-d isp layed  m u d  flow s an d  sm all c ra ters  
(Y uzhm orgeologiya, N ovorossiysk , an d  Toronto); (2) m u d  volcanoes hav ing  w ell-expressed  
w id e  cra te rs  (m ore th an  1 km  in  d iam eter) (N apoli, MSU); (3) m u d  volcanoes re la ted  to 
negative  relief featu res (depressions on  the seafloor or lakes on  land) (T redm ar); (4) 
com plex  s tru c tu re  w ith  n u m ero u s c ra ters  w ith in  a single field (G elendzhik  m u d  volcano 
p la teau); an d  (5) bu ried , o r d o rm an t m u d  volcanoes (in the  C obblestone-3  area  a n d  in  the 
U N  a rea  on  the M ed ite rran ean  Ridge).

O nshore  m u d  volcanoes have generally  sim ilar characteristics. The m orpho logy  of 
m u d  volcanoes seem s to reflect the ir orig in  and , first of all, physical p ro p ertie s  o f m u d  
breccia an d  its flu id  sa tu ra tio n . A ccord ing  to o u r data , m u d  volcanoes w ith  large d iam ete r 
c ra te rs  an d  m u d  volcanoes w ith  collapse s tru c tu re  are charac terised  by m uch m ore 
in tensive gas ou tflow  a n d  by h igher sa tu ra tio n  of m u d  breccia w ith  gases

The follow ing set o f geochem ical analyses w as carried  o u t for the investiga tion  of 
organ ic  m atter: de te rm in a tio n  of the con ten t of total organic carbon  (TOC); d e te rm in a tio n  of 
the  m obile p a rt of o rganic  m a tte r by a sem i-quan tita tive  fluorescent analysis; Rock-Eval 
pyro lysis, q u an tita tiv e  defin ition  of b itum en  w ith  the help  of cold an d  ho t ex trac tio n 's  w ith  
ch loroform , the s tu d y  of the com position  of b itum en  w ith  the help  o f ch ro m ato g rap h y .

The execu ted  analyses show  tha t the o rganic  m a tte r con ten t in  m ud  breccia from  
the Black Sea m u d  volcanoes is m uch  h igher than  tha t from  the M ed ite rran ean  m u d  
volcanoes. The quan tity  of m obile com ponen ts of o rganic m a tte r is also h igher in the Black
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Sea m u d  volcanoes. The resu lts  of the Rock-Eval pyro lyses d em o n stra te  th a t the rocks 
con ta in ing  o rganic  m a tte r  have generally  a m ed iu m  to h igh  po ten tia l of source  fo rm atio n s 
b u t they  d id  n o t reach  " th e  oil w indow " accord ing  to  the classification of T issot a n d  W eite. 
In all cases Tmx w as below  430°C, an d  the com position  of organic m a tte r  an d  the deg ree  of 
its m a tu ra tio n  su g g est th a t it cou ld  p ro d u ce  m ain ly  gaseous hydrocarbons.

O f course, these h y d ro ca rb o n  gases are only a p a rt o f gases, w hich  can  perco la te  
th ro u g h  cra ters. This p a r t o f h y d ro ca rb o n  gases cou ld  strong ly  affect the geochem ical 
en v iro n m en ts  in  p e rio d s  betw een  ca tastroph ic  e ru p tions, w h en  the channel for the 
m ig ra tin g  h y d ro ca rb o n s  is o p en ed  above the m ain  caprock. We still k now  alm o st n o th in g  
ab o u t the possib le  sources of d eep er gases, w hose p a r t is believed to be still m ore  im p o rtan t 
in  the  o rig in  of m u d  volcanoes.

SECTION 1: TECTONICS 

ODP LEG 161 DRILLS THE WESTERN MEDITERRANEAN

Mcneilli Comas*, Rainer Zahn**, Adam Klaus***, and ODP Leg 161 Scientific Party 1 
* In stitu to  A nd alu z  de C iencias de la T ierra, CSIC and  U niversity  of 

G ranada, G ranada, Spain 
**GEOMAR, Research C en ter for M arine G eosciences, Kiel, G erm any  

***Ocean D rilling  P rogram , Texas, A&M U niversity , College S tation, Texas, USA

Leg 161, the second  in tw o O cean D rilling Program  legs in the M ed ite rran ean  Sea, 
d rilled  a tran sec t of six sites in  the w este rn  M ed iterranean . Sites 974 (T yrrhen ian  Basin) an d  
975 (M enorca Rise, South-B alearic Basin) w ere ded ica ted  to  p aleoceanography  an d  Sites 976, 
977, 978, an d  979 (A lboran Basin) focused on tectonic goals b u t also invo lved
p a leoceanograph ic  stu d ies . P aleoceanographic  an d  tectonic objectives are connected  in  th a t 
the tectonic ev o lu tio n  o f the A lboran Sea basin  is a cen tral them e for u n d e rs ta n d in g  the 
h isto ry  o f the M ed ite rran ean  A tlantic  gatew ay  th a t cond itioned  the M essinian desiccation  
a n d  the w ater-c ircu la tion  in the w este rn  M ed ite rranean  from  5.0 M y ago. M ajor 
pa leoceanograph ic  objectives of Leg 161 in  the w este rn  M ed ite rran ean  w ere: (1) the p resence 
of sap ro p e ls  a n d  tim ing  o f sap ro p e l deposition ; (2) the g rad ien ts  for physical, chem ical, an d  
bio logical factors d u rin g  p e rio d s of sap ro p e l form ation ; (3) the  p a tte rn  of sed im en ta tio n  
(sap rope ls  b e in g  only one extrem e) to  reco n stru c t the reg ion 's  en v iro n m en ta l an d  clim atic 
h istory ; (4) the dynam ics of w a te r c ircu lation  th ro u g h  cycles of h igh  p ro d u c tiv ity  an d  
b o tto m -w a te r anoxia  an d  the h y d ro g rap h y  of in flow ing  A tlantic w a te rs  d u rin g  the last 5.0 
My; an d  (5) the env iro n m en ta l cond itions d u rin g  the end  of the M essin ian  evaporite  
dep o sitio n  a n d  the re-estab lishm ent of the  open-m arine  system  d u rin g  the earliest Pliocene 
o r  la test M iocene.

The m ain  focus of the  tectonic p ro g ram  d u rin g  Leg 161 w as on  the u n d e rs ta n d in g  of 
the dynam ics, k inem atics, an d  defo rm ation  of the con tinen tal lith o sp h ere  th a t led  to  the 
d ev e lo p m en t of M ed ite rran ean  ex tensional basins in M iocene collisional se llings. Principal 
tectonic objectives of d rill-sites in the A lboran Sea basin  w ere: (1) the  type o f c ru s t an d  
n a tu re  of the basem ent; (2) the character, m ag n itu d e  an d  tim ing  o f ex tensional faulting; (3) 
the  p o strift d efo rm atio n  - la test M iocene to H olocene folding, strike-slip  fau lting  an d  
co llapse of the basin; (4) the role of m agm atism  an d  volcanism  d u rin g  the synrift a n d  post-

' ODP Leg 161 Shipboard Scientific Party:
M. Comas (co-chief scientist), R. Zhan (co-chief scientist), A. Klaus 
(staff scientist), C. Aubourg, S. Bcrnasconi, P. Belanger, VV. Cornell, E.
De Kacncl, F. De Larouzicrc, C. Doglioni, H. Doose, FI. Fukusawa, M. Flobart, 
S. laccarino, P. Ippach, K. Marsaglia, P. Meyers, A. Murat, G. O ’Sullivan, 
].P. Platt, M. Prassad, W. Siesscr, C. G. Skilbeck, ¡.I.Soto, K. Tandon, M. 
Torii, /. Tribble, R. Wilkcns

4 Moscow, Russia, 29.01.96 - 4.02.96



4th  P O ST 'C R U ISE  MEETING

"SED IM EN TA R Y  B A SIN S O F THE M ED ITERRA N EA N  AND BLA CK  S E A S '

rift tectonic evolution; and  (5) the synrift versus poslrifl subsidence  an d  the p a tte rn  of to tal 
tectonic subsidence.

D uring  Leg 161 a total length  of 3.9 km o f sed im en t and  rock cores w ere collected 
from  nearly  1 km below  the sea floor. M ost of the sed im en ts recovered  rep re sen t s tra ti­
g raph ie  sequences ex ten d in g  m ort' than 5 m illion years hack in lim e to the  M iocene 
/P lio cen e  b o u n d a ry  - just fo llow ing the tim e w hen  the M ed ite rranean  d ried  up. S ed im en­
ta tion  ra tes o f these sequences varied  betw een  3-4 c m /k y  in the T y rrhen ian  an d  South- 
Balearic Basins, an d  15-30 c m /k y  in the A lboran Basin. A PC (A dvanced  P iston C ores) an d  
XCB (E x tended  C ore Barrel) d rilling  at m ultip le  offset holes en su red  con tin u o u s recovery  of 
P liocene-to-P leistocene sequences at all o f Leg 161 sites. At each site, com posite  ("spliced") 
sections w ere co n struc ted  from  m ultip le  offset holes to p ro v id e  a com plete, co n tinuous, and  
u n d is tu rb e d  stra tig rap h ie  record  u tilising  overlap p in g  in tervals  o f cores from  the d ifferen t 
holes. D istinctive fea tu res w ere corre la ted  betw een  cores from  each hole an d  dep th -sh ifted  
to  m eters  com posite  d e p th  to p ro d u ce  single com posite  section.

O ne o f the m ost in trig u in g  paleoceanograph ic  resu lts  o f Leg 161 w as the d iscovery  
of sap ro p e ls-d isc re le  dark , organic-carbon-rich  layers believed to reflect d istinc t changes in 
M ed ite rran ean  clim ate an d  m arine biological p ro d u c tio n  in the w este rn  M ed ite rranean . 
S apropel an d  o rganic-rich  layers w ere recovered  in all th ree  w este rn  M ed ite rran ean  hasins: 
.36 sap ro p e ls  a t Site 974 (T yrrhenian  Sea), 38 sap ro p e ls  a t Site 975 (Balearic Sea), a n d  u p  to 40 
o rganic-rich  layers a t Sites 976, 977, and  979 (A lhoran Sea). D rilling resu lts d em o n stra ted  
th a t in the w este rn  M ed iterranean , sap ropel fo rm ation  w as m ino r d u rin g  the Pliocene an d  
s ta rted  in the earliest P leistocene, a t ab o u t 1.8 Ma. They con ta in  b e tw een  0.8 an d  2.5% 
organ ic  carbon; m ax im um  concen tra tions of >6% organic carbon  w ere  found  in the 
T y rrh en ian  Sea.

At Site 975 (M enorca Rise) tw o cycle's o f M essinian evaporites w ere recovered  below  
earliest P liocene/M iocene(?) carbonate-rich  sed im ents. These sed im en ts  p resu m ab ly  
rep resen t the "Lago M are" facies typically  found  in the eastern  M ed ite rranean , an d  also 
reco v ered  a t Site 974 (T hyrren ian  Basin), w hich m ay w ell rep resen t the transition  from  
restric ted  to open  m arine cond itions in the w estern  M editerranean . At the A lboran Sea sites, 
tim e-equ iva len t sections are  p resen ted  as tu rb id ite  facies w ith  s tro n g  te rrestria l 
co n trib u tio n s (Site 976) o r as deep-sea (?) channel facies (sandy  gravel; Sites 977 an d  978). N o 
ev ap o rite  series w ere en co u n tered  in the A lboran Soa, therefore, A lboran  sites are  th o u g h t 
critical to d e te rm in e  the h isto ry  of the A tlan tic-M editerranean  gatew ays.

Site 976 p en e tra ted  th ro u g h  the P leistocene/M iocene sequence of the W estern  
A lboran Basin an d  cored  258.97 m of h igh-grade  m elam orph ic  rock d o w n  into tw o  b asem en t 
holes. B asem ent sam ples consist o f high-grade' schist an d  gneiss, w ith  m ino r am o u n ts  of 
m arb le , an d  dikes an d  m igm atitic  segregation  of gran itic  m ateria l, w hich  y ie lded  
in fo rm ation  on the orig in  an d  evo lu tion  of the A lboran Sea basin. M etam orph ic  co n d itions 
o f these rocks ind ica te  tha t these rocks u n d e rw e n t a significant decrease in p ressu re  
accom pan ied  by co n stan t o r possible increasing  tem p era tu re . D rilling d em o n stra te s  th a t the  
b asem en t b eneath  the A lhoran  Basin is form ed by rocks of con tinen ta l o rig in  th a t have 
u n d e rg o n e  ex hum ation  an d  decom pression . Logging a t these holes, th a t in c lu d ed  a 
sp ec tacu la r su ite  of Q uad-C om bo, Form ation M icro Scanner (FMS), Bore H ole T elev iew er 
(BHT) a n d  G eochem ical Tool (GLT), will help lo fill gaps in basem ent recovery  an d  to know  
the sp a tia l o rien ta tio n  of m etam o rp h ic  an d  tectonic stru c tu res .

Sites 977 an d  978 in the Eastern  A lhoran Basin an d  Site 979 in the S o u th ern  A lboran 
Basin co red  th ro u g h  a zone of posl-M essin ian  com pressional s tru c tu re s  w ith in  the 
sed im en ta ry  sequence, y ie lded  in fo rm ation  on the age an d  n a tu re  o f the la te r stages of 
tectonic reo rg an isa tio n  of the A lboran  basin. At these sites d rilling  d em o n stra te s  the age 
a n d  ch arac ter o f the M -reflector w hich  co rresp o n d  to a low erm ost Pliocene, e rosiona l an d  
a n g u la r  unconform ity .

Leg 16Ts d iscovery  o f sap ro p e ls  in the w estern  M ed ite rranean  w ill req u ire  s tro n g  
rev isions of the pa leoceanograph ic  concepts that relate sap ro p e l fo rm ation  to m echan ism s 
th a t affect only  the easte rn  M ed iterranean  basins. D rilling resu lts  in the A lhoran  Sea are  
expected  to have im m ed ia te  app lica tions in estab lish ing  geodynam ic  m odels on the orig in  
an d  evo lu tio n  of M ed ite rran ean -ty p e  back-arc ex tensional basins.
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A NEOGENE EXTENSIONAL BASIN IN COLLISIONAL SETTING: 
TECTONIC RESULTS OF ODP LEG 161 IN THE ALBORAN SEA

Mcnchu Comas* and ODP Leg 161 Scientific Party 
*Institu to  A n d a lu z  de C iencias de la T ierra, CSIC an d  U niversity  o f G ran ad a , G ran ad a ,

Spain

A m ong the M ed ite rran ean  convergen t boundaries, the Paleogene to N eogene 
collision b e tw een  the E urasian  an d  A frican plates a t the w este rn m o st M ed ite rran ean  Sea has 
re su lted  in  a b ro ad  reg ion  of d is trib u ted  defo rm ation  ra th e r  than  a d iscre te  p la te  b o u n d ary . 
This b ro a d  reg ion  com prises the Betic, Rif, an d  Tell C ord ille ras linked  across the G ib ra lta r 
Arc, an d  inc ludes the ex tensional basins th a t form  the A lboran an d  South  Balearic Seas. The 
a p p a re n t p a ra d o x  o f ex tensional basin  fo rm ation  an d  cru sta l s tre tch in g  d u rin g  the collision 
of the E urasian  and  Africa p lates h a s  been a long -stand ing  problem  in M ed ite rran ean  
tectonics.

The A lboran  Sea basin  w as form ed d u rin g  the early  to m id d le  M iocene by ex tension  
a t the  site of a fo rm er (late C retaceous lo Paleogene) collisional o rogen. The basin  is floored  
by ex ten d ed  con tinen ta l crust, an d  developed  behind  an  arcua te  th ru s t bell (G ib ra ltar Arc) 
th a t w as teclonically  active before an d  d u rin g  ex tension  in the basin . G eophysical da ta  
ind ica te  th a t the basin  is floored  by th inned  c rust (from  ab o u t 24 to  10 km ), an d  
m u ltich an n e l seism ic profiles im age a com plex s tru c tu re  invo lv ing  basem en t a n d  m ore  th an  
6 km -th ick  early  M iocene (B urdigalian) to P leistocene sed im en tary  sequences. The p resen t- 
day  s tru c tu re  o f the basin  resu lted  from  su p erim p o sed  ex tensional an d  com pressional 
tectonic stages. The M iocene extension d irections in the basin, an d  those of the coeval 
th ru s tin g  in the su rro u n d in g  orogenic belt are  no t clearly re la ted  to the rela tive m o tion  of 
E urasian  an d  A frican p lates.

For tectonic p u rp o ses, the  O cean D rilling P rogram  targ e ted  the A lboran  Sea as the 
op tim u m  area  to s tu d y  the orig in  of the w este rn  M ed ite rranean  "back-arc" basins. The 
p rim e  tectonic objective of Leg 161 (Sites 976, 977, 978 an d  979) in the A lboran  Basin w as to 
d e te rm in e  the response  o f the  c ru st lo com pressional an d  ex tensional forces, a n d  to  b e tte r 
u n d e rs ta n d  the k inem atics an d  deform ation  of the M ed ite rranean  con tinen ta l lithosphere  
p articu la rly  in  reg a rd  to: a) the orig in  of ex tensional basins d ev e lo p ed  on  fo rm er collisional 
o rogens, b) the dynam ics o f the collapse of collisional ridges re su lting  in  ex tensional basins 
su r ro u n d e d  by arc -sh ap ed  orogenic belts, and  c) ac tual o r sub -ac tua l collisional processes. 
F u rtherm ore , the  im pressive  am o u n t of geological and  geophysical d a ta  on  th is reg ion  
p ro v id es valuab le  in fo rm ation  abou t the  b rittle  an d  ductile  defo rm ation  of the crust, on  the 
m agm atism  in rifting  processes, an d  on the role of u p p e r m antle  in cru sta l m odifica tion  an d  
lith o sp h ere  evo lu tion , a ltoge ther considered  essential to com plem en t an d  co n stra in  any 
d rilling 's  tectonic resu lts.

Site 976 w as d rilled  on  a b asem en t ho rst in the W estern  A lboran  Basin an d  sam pled , 
b en ea th  the sed im en ta ry  sequence, 259 m  (669.7-928.7 m  bsf) an d  50.53 m (652.08-702.5 m 
bsf) o f h igh -g rade  m etam o rp h ic  rocks in tw o holes (976B an d  976E). The con tac t be tw een  
the b asem en t an d  the overlay ing  sed im en ts is sh arp  an d  has an  irreg u la r to p o g rap h y  
p ro d u c e d  by faulting . D rilling a t Site 976 d iscovered  tha t the basem en t o f the A lboran  Basin 
is fo rm ed  of a sequence of m etam orph ic  rocks com posed  of : (1) h igh -g rade  sch ist (dark - 
grey g raph itic  sch ist w ith  biotite, sillim anite aggregates, and  an d a lu site  an d  garne t 
po rp hyrob lasts); (2) gneiss (m edium -gray  felsic gneiss, w ith  b io tile, fe ldspar, plagioclase, 
sillim anite, anda lu site , an d  b lue green cord ierite  porphyrob lasts); (3) m igm atitic  gneiss 
(m ed ium  grey felsic b io tite -cord ierite  sillim anito-andalusite-gneiss w ith  irreg u la r veins an d  
pa tches of ligh t gray, w eakly fo liated  o r unfo lia led  gran ite w ith  bio tite  an d  tourm aline); (4) 
m arb le  (very pale green, gray o r w hite  crystalline do lom ite  m arb le  an d  calcite m arb le , w ith  
m in o r am o u n ts  of ph logop ite  an d  chlorite); (5) calc-silicate rock (b an d ed  rocks w ith  th in  
layers of calcite o r  dolom ite, garnet, plagioclase, green calc-silicate m inerals in c lud ing  
d io p sid e  a n d  calcic am phibole); an d  (6) g ran ite  (d iscrete pieces of light gray to w hite , fine­
g ra in ed  h y p id io m o rp h ic  g ran u la r leucogran ite  w ith  biotite  an d  tourm aline , p ro b ab ly  in  the 
form  of dikes). Foliation in sch ist and  gneiss show s ev idence of p en e tra tiv e  ductile  defor-
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m alion  th a t p ro d u ced  a suite  of sm all-scale stru c tu res  an d  fabrics an d  w as fo llow ed by 
ex tensive b rittle  fracturing . The m etam orph ic  sequence is also cu t by n u m ero u s zones of 
fault-breccia an d  fau lt-gouge tha t m ark  zones of brittle faulting. In the u p p e r 40 m o f base­
m en t som e fau lt breccias art' fo rm ed  by highly an g u lar m etam orph ic  clasts in a m atrix  of 
M iocene sed im en ts. Som e left-lateral oblique slip along d iscrete  faults is sugg ested  by s triae  
on  subvertica l fau ll-p lanes cross-cu tting  the basem ent rocks. P relim inary  sh ip b o ard  
estim ates o f P-T cond itions suggest that the high g rade  schist u n d e rw e n t a decrease in 
p re ssu re  accom pan ied  by co nstan t o r possibly increasing tem p era tu re . M igm atite  gneiss and  
gneiss also ind ica te  a late su p erim p o sed  high-T m etam orph ism  u n d e r low  P -cond itions w ith  
g ran ite  form ation . The m etam orph ic  h isto ry  of basem ent rocks a t Site 976 is m ost easily 
exp la ined  by tectonic exhum ation  of m idd le  crusta l rocks. These b asem en t rocks closely 
resem ble h igh-grade  m etam orph ic  rocks belonging to the A lpu jarride  C om plex  o f the 
w este rn  Betic C ord ille ra  (Spain), particu larly  those neighbouring  the Ronda p e rid o tite  
m assif. D rilling resu lts  a t Site 976 confirm  the con tinen tal na tu re  of the c ru st b eneath  the 
A lboran  Sea by sam p lin g  these m etam orph ic  rocks, and  constra in  the age of ex tensional 
ep iso d es in the basin by recovering  late m iddle-M iocene sed im en ts on the top  o f a basem ent 
horst.

Sites 977 an d  978 lie in sm all strike-slip  fau lt-bounded  sub-basins so u th  a n d  n o rth  of 
the A l-M ansour seam o u n t (Eastern A lboran Basin), an d  drill th ro u g h  a p ost-rift sequence 
(la test M iocene to Pleistocene) tha t can yield in fo rm ation  on the subsidence  h isto ry  and  
tectonic evo lu tion  of the transition  from  A lboran to w ard  the S outh  Balearic Basin. Site 979 
(South A lboran Basin, betw een  the A lboran Island an d  the M oroccan coast) p en e tra tes  
th ro u g h  a zone of folds w ith in  the P liocene-Pleistocene sequence on the flank o f the m ain  
com pressiona l up lifted  featu re  of the A lboran Sea - the A lboran Ridge. C om p arin g  seism ic 
d a ta  an d  d rilling  resu lts  suggests  tha t tectonic activ ity  inc lud ing  uplifting  by fo ld ing  a n d /o r  
fau ltin g  of the A lboran Ridge occurred  from the u p p e r Pliocene to the H olocene. H igh 
sed im en ta tio n  ra tes a t these regions suggest tha t active subsidence an d  sed im en ta tio n  w ere  
coeval w ith  the recent con trac tive  reo rgan isa tion  of the A lboran Basin. N o volcanic o r 
vo lcanoclastic  m ateria l w as found a l these Sites. U ltim ately, d rilling  resu lts  a t Sites 977, 978 
a n d  979 p ro v id e  the d a ta  base needed  to eslablish  the h istory  of post-M iocene subsidence  
a n d /o r  up liftin g  of the so u th ern  an d  eastern  A lboran reg ion  an d  to constra in  the age o f the 
d e fo rm atio n  d u rin g  la ter stages of contractive reo rgan isa tion  of the A lboran  Basin as a 
w hole.

G eophysical, geological an d  drilling  constra ins on the A lboran Basin an d  u n d erly in g  
lith o sp h ere  w ill allow  the d iscrim inating  of cu rren t geodynam ic m odels for the tectonic 
evo lu tion  of the w este rn m o st M editerranean .

STRUCTURAL RELATIONSHIP BETWEEN THE SEA OF MARMARA BASIN AND 
THE NORTH-ANATOLIAN FAULT ZONE

M. Ergün and E. Ozcl 
D okuz Eylul U niversity , Izm ir, Turkey

The N orth -A nato lian  Fault (NAF) zone is a 1500 m long seism ically  active right- 
la teral strike-slip  fault, ex tend ing  alm ost up  to the G reek m ain land  in the w est, lakes u p  the 
re lative m otion  betw een  the T urkish  block and  Black Sea plate. The Sea of M arm ara  lies 
a long  the w este rn  p a rt o f the NA F an d  show s characteristics of subsidence. In this a rea  p u re  
s trike-slip  m otion  of the fault zone changes in to  ex tensional strik-e-slip m ov em en t 
responsib le  for the crea tion  of these basins of the Sea of M arm ara  an d  the N o rth  A egean. 
The n o rth e rn  half o f the sea of M arm ara is in te rp re ted  as a large p u ll-ap a rt basin . This basin  
is su b d iv id e d  in to  sm aller three basins sep ara ted  by strike-slip  fau lt segm ents o f up lifted  
blocks tren d in g  n o rth east-so u th w est. The basinal blocks are  covered  by the horizon tally  
w ell-layered  syn -transfo rm  sed im en tary  sequences. The1 uplifted  blocks have been m ad e  up  
by the low er syn -transfo rm  sed im en tary  sequences su ffered  com pressional stresses. All the 
blocks are  su b sid in g  an d  are u n d erg o in g  vertical m otions and  ro ta tions re lative to one
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an o th er. The u p lifted  blocks have the positive  B ouguer grav ity  anom aly . A ccord ing  to  the 
g rav ity  in te rp re ta tio n  there  is a re la tive cru sta l th inn ing  u n d e r the Sea of M arm ara . The 
n o rth e rn  side  of the Sea of M arm ara  has the d istinctive deep  ro o ted  m agnetic  anom aly  
w h ich  is d issec ted  an d  sh ifted  so u th w a rd  by the strike-slip  faults. The so u th e rn  she lf a reas 
of the Sea of M arm ara  a re  do m in a ted  by sh o rt w av e leng th  m agnetic  anom alies of shallow  
sources.

STRATIGRAPHY AND TECTONIC INTERPRETATION OF THE PRE-PLIOCENE 
DRILLING RESULTS OF THE ERATOSTHENES SEAMOUNT, ODP LEG 160, 

EASTERN MEDITERRANEAN

R. Flecker*, A. Kopf, A. Robertson, /. Woodsidc, S. Spczzafcrri, Y. Mart, M.-J. ¡urado, and the
Scientific Party o f Leg 160.

*E dinburgh U niversity , E dinburgh , UK

Follow ing on from  the site su rvey  w ork  carried  o u t by TTR3, d rillin g  on  the 
E ra tosthenes S eam oun t (Eastern  M editerranean) d u rin g  O D P Leg 160 has p ro v id e d  the first 
conclusive ev idence  of w h a t underlies  a Plio-Pleistocene cover an d  a llow s an  in te rp re ta tio n  
of the h is to ry  of the seam oun t, p rio r to its collision w ith  the C y p ru s  m arg in , to he m ade . 
C re taceous carbonates, initially  sha llow -w ater b iosparites  w ith  algae an d  m ollusc fragm en ts 
fo llow ed  by  M aastric tian  d eep er-w ate r nannofossil chalks, are overla in  u n confo rm ab ly  by 
sim ilar deep -w ater, M idd le  Eocene, b io lu rb a led  chalks. An unconfo rm ity  also d iv id es  these 
sed im en ts  from  sh a llo w -w ater b iosparites and  biom icrites of p robab le  Early M iocene age. 
O n  the flank  of the seam o u n t a calcrete-like hori/.on con ta in ing  do lom ite  an d  o straco d s 
ind ica ting  a lagoonal o r continental deposition  w as found  overly ing  these m arine  
carbonates. A m a trix -su p p o rted  breccia contain ing  sha llow -w ater carbonate  clasts m ark s 
the base  of the PUo-Pleislocene succession of nannofossil ooze w hich is frequen tly  
in te rb e d d e d  w ith  (ca. 80) organic-rich  layers. A set of (m ainly norm al) fau lts c ross-cu tting  
the seam o u n t has been in te rp re ted  as being  re la ted  to its b reak  u p  on  collision a n d  inc ip ien t 
su b d u c tio n . Faults an d  frac tu res w ere  also observed  in  the cores, an d  the breccia a t the base 
of the  Pliocene is th o u g h t to  have been g enera ted  by active fau lting  associa ted  w ith  a coeval 
subsidence  event. Both the Eocene an d  U pper C retaceous rocks recovered  are  o v erp rin ted  
by  a w eak  sh ea r fabric, a n d  the low erm ost in terval of breccia is th o u g h t to have  tectonic 
orig in . The E ra tosthenes seam o u n t is th o u g h t to have been p a rt o f a sh a llo w -w ate r carbonate  
p la tfo rm  assoc ia ted  w ith  the A frican passive m arg in  in p re -U p p er C retaceous tim es. 
Tectonic subsidence  an d  pelagic sed im en ta tion  fo llow ed, in te rru p ted  by a t least tw o  p e rio d s 
of non -d ep o sitio n  o r up lift an d  erosion as the seam o u n t m oved  n o rth w ard s . C ollision w ith  
the E urasian  Plate an d  the M essin ian  d ra w d o w n  probably  resu lted  in  M iocene sha llow ing  
a n d  exposu re . The subsidence  even t at the base of the Pliocene m arks the re-estab lishm en t 
of o pen  m arine  cond itions an d  the beg inn ing  of b reak  u p  an d  su bduction , a p rocess w h ich  is 
con tin u in g  today .

MAIN MORPHOLOGICAL FEATURES OF THE UN AREA

E. Kozlova and E. Akcnticva 
Faculty of G eology, M oscow  State U niversity , M oscow , Russia

D u rin g  the 5th T rain ing  T hrough  R esearch (TTR) cruise of the U N ESCO -TRED M A R 
p ro g ram m e  in A ugust 1995, the easte rn  p a rt of the M ed ite rranean  Ridge w as inv estig a ted  
by  geological an d  geophysical m ethods. It w as in tended  to  s tu d y  the ridge  segm en ts to  the 
east o f the O lim pi area w hich  w as exam ined  on  the TTR-3 cruise.

The 5 lh  TTR cruise of the R /V  Professor Logachev focused on the d iscovery  of new  
m u d  volcanoes on  the M ed ite rranean  Ridge accretionary  com plex. P rev iously , the O lim pi 
area  w as m a p p e d  on the basis of the co rrela tion  observed  betw een  the hack -scattering  level
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an d  the sam p lin g  J a la . All d iscovered  m ud  volcanoes ap p ea red  on the s idescan  so n ar 
so n o g rap h s  as large irreg u la r patches w ith  high hackscatter. The sam e s tra teg y  w as app lied  
on the 5th TTR C ruise  hu t not all of the d a rk  patches clearly seen on the O K E A N  an d  
O .R .E.lech so n ographs, w inch  w ere su p p o sed  lo he m ud  volcanoes, w ere  con firm ed  by 
sam p lin g  data .

The p u rp o se  of this w ork  is lo look at the m orpho logy  an d  to co m p are  the 
bdekscattering  p a tte rn , ba thym etry , and  bottom  sam p lin g  resu lts. The O .R .E.tech m osaic 
an d  b a th y m etric  m ap  have been m ade by R. A lm en d in g u er and  P. Shashkin.

M ud volcanoes, pockm ark  /.one, fault scarps, an d  folds can be d is tin g u ish ed  in the 
U nited  N ations area. The m ud  volcanoes on the U nited  N ations Rise d iffer from  those in the 
O lim pi area by th e ir m orpho logy . They are expressed  as seafloor d ep ressions. The U nited  
N ations Rise m u d  volcanoes have no typical dom e-like s tru c tu re  as in the O lim pi area . It is 
very  difficu lt to rec ognise them  w ith  confidence on the p ro filer sections. The m u d  volcanoes 
in the U nited  N ations area are  s itu a ted  on in tersections of east-n o rth east an d  w esl- 
n o rth w es t- tren d in g  faults. This could  be caused  by the presence of /o n e s  w ith  enhanced  
perm eab ility  for fluids. This is also confirm ed by n u m ero u s  pockm arks aligned  a lo n g  these 
faults. The analysis o f the m orpho logy  an d  s tru c tu re  of the U nited  N ations Rise a llow s us to 
conclude  th a t this area  belongs to the Inner D eform ation F ront o f the M ed ite rran ean  Ridge.

SHALLOW STRUCTURE OF THE EASTERN SEGMENT OF THE MEDITERRANEAN 
RIDGE DEDUCED FROM SEISMIC AND SIDESCAN SONAR DATA

A. Limonov and S. Bouriak 
Faculty of G eology, M oscow  Stale' U niversity , M oscow , Russia

C om bined  geological in te rp re ta tio n  of sidescan  so n ar and  seism ic d a ta  collected 
d u rin g  the 5 lh  "T rain ing-lhrough-R esearch" cru ise in 1995 allow ed the fo llow ing conclusions 
to  be d ro w n :
(1) The s tu d y  region can be clearly  su b d iv id ed  m orpho log ically  a n d  s tru c tu ra lly  in to  th ree  
areas: the U nited  N ations Rise, the inner part o f the M ed ite rran ean  R idge, ly ing east on  of 
the U N  Rise, an d  its crestal part.
(2) The U .N . Rise is ch aracterised  by very com plex to p o g rap h y  an d  s tru c tu re . It is fram ed  by 
a system  of fau lts  p robab ly  of strike-slip  na tu re . P lio -Q uaternary  sed im en ts  on  the Rise are  
very  th in , a n d  the M essinian  evaporites  are absen t o r the ir thickness is below  ihe reso lu tio n  
of the seism ic m ethod .
(3) The s tru c tu re  of the  Rise is d o m in a ted  by large sin istra l s trike-slip  faults. The s tru c tu ra l 
pecu liarities  suggest th a t the Rise is a p a rt of the Inner D eform ation  F ront o f the 
M ed ite rran ean  R idge. The com plicity  of its s tru c tu re  can be exp la ined  by the location  a t the 
k ink  po in t, w h ere  the general tren d  of the M ed ite rranean  Ridge sh a rp ly  changes, an d  by a 
p robab le  tecton ic  escape from  w est to east.
(4) The U .N . Rise is no tab le  for its m ud  volcanism . Tw o recent an d  severa l d o rm a n t m u d  
volcanoes w ere  found  w ith in  the Rise. The recent m u d  volcanoes (D ublin  an d  Stoke-on- 
T ren t) are located  a t the so u th e rn  b o u n d a ry  of the Rise (sou th ern  b o u n d a ry  of the 
D eform ation  Front), an d  the d o rm an t m ud  volcanoes are  observed  o n w ard  the D eform ation  
Front. The g rad u a l so u th w a rd  ex tension  of the D eform ation  F ront seem s to have cau sed  the 
successive dy in g  o u t of m ud  volcanism  in this area.
(5) The inner p a rt of the M ed ite rranean  Ridge ('ast of the U .N . Rise sh o w s the absence of the 
D eform ation  Front. Its s tru c tu re  is defined  by a saw -tooth-like  p a tte rn  of s in istra l strike-slip  
faults, w h ich  belong  to the regional sh ear zone of the S trabo T rench.
(6) The cresta l p a r t of the eastern  M ed iterranean  Ridge is generally  ch arac terised  by SW -NE 
s tru c tu ra l tren d s . The la titud ina l s tru c tu ra l trends, w hich  shou ld  be expected , from  the 
general p a tte rn  of the tectonic stress d is tribu tion  in this area caused  by the p late 
convergence, a re  of m ino r im portance. Such a p a tte rn  m igh t have been b ro u g h t ab o u t by a 
p ro g ressiv e  so u th w a rd  arch ing  of the Hellenic Arc, lead ing  lo the an tic lockw ise ro ta tio n  of 
the s tru c tu ra l tren d s  on the eastern  M ed iterranean  Ridge.
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(7) The M essin ian  ev ap o rites  are  p resen t everyw here  in the s tu d y  area  a ro u n d  the U .N . Rise, 
th e ir th ickness g rad u a lly  increasing  to w ard  the east. In places, these evap o rites  are  exposed  
o n  the seafloor, g iv ing  rise to brine  pools. The a lte rna tion  of tectonic d efo rm atio n  sty les in 
the ev ap o rite s  a long  the ridge  im plies th a t they are  com posed  of d ifferen t lithologies: 
co m p eten t an d  incom peten t. The p resence of the ra th e r  th ick  plastic evap o rites  is one of the 
reasons for the  absence of m u d  volcanism  on the M ed ite rranean  Ridge east o f the U .N . Rise.

TRANSITION ZONE BETWEEN THE RIFTED SICILIAN/CALABRIAN 
MARGIN AND THE MARSILI OCEANIC-LIKE BASALTIC CRUST.

M. Marani, F. Gambcri, and Participants to Cruise TTR-4 aboard R /V  Gclcndzhik 
M arine G eology Institu te, Bologna, Italy

The M arsh i basin  is a sm all oceanic basin  w hich  ex tends for 80,000 k m 2 reach ing  a 
d e p th  of 3600 m . It is located  in a back-arc se tting  beh ind  the C alabrian  arc an d  above the 
N W -subducting  A driatic-Ion ian  p late. The resu lts of the O cean D rilling pro ject (ODP) Leg 
107, w ell 650, have sh o w n  th a t the M arsili is a very y o ung  basin  (1.9-1.7 M a in its w este rn  
side). W ell 650, sh o w ed  in ad d itio n  th a t the M arsili basin  experienced , from  its orig in , a 
very h igh subsidence  rate , abo u t 700 m /M a ; a value th ree lim es la rger than  th a t o f the 
oceanic c ru st in ridge  zones. In the  m id d le  o f the M arsili basin  the h o m o n y m o u s volcanic 
ed ifice is p resen t, w ith  a N-S tren d  and  an elevation  of 3000 m above the su rro u n d in g  
b asinal p lain . This w o rk  is based  on the da ta  acqu ired  in June 1994 by an  in te rn a tio n a l g ro u p  
w h ich  in v estig a ted  the M arshi basin  an d  its eastern  m arg in  w ith  the R ussian  R esearch Vessel 
"G elendzhik" w ith in  the fram ew ork  of the UNESCO-ESF "Training T h ro u g h  R esearch- 
F loating U niversity" N etw ork . The data  consist o f 560 km  of m u ltichannel seism ic reflection 
profiles acq u ired  w ith  an  A irgun  source an d  w ith  a 12-channels seism ic cable. In the  sam e 
p e rio d  a h igh  reso lu tion  su rvey , using  a deep  tow ed  Side Scan Sonar (M AK-1) w as carried  
ou t. These d a ta  have  been in teg ra ted  w ith  seism ic profiles a lread y  availab le from  the 
M arine G eology In stitu te  of Bologna, Italy. The resu lting  com prehensive  d a ta  set covers the 
S ic ilian /C ala  Brian con tinen ta l slope, the M arsili basin  an d  the su b m erg ed  volcano.

From  the analysis o f the profiles an  im p o rtan t d ifference in the fea tu res  o f the 
acoustic  b asem en t of the con tinen ta l slope arises. In the u p p e r  slope, the b asem en t p resen ts  
w eak  reflections a n d  is affected  by ex tensional faults b o u n d in g  ro ta te d  blocks; th is  a rea  
has been  in te rp re ted  to  be the resu lt o f the stre tch ing  of the m arg in  d u rin g  the rifting  stage. 
In the  lo w er slope, on  the con trary , the acoustic  facies o f the basem en t changes drastica lly  
being  rep re sen ted  by hyperbolic  reflections. A sim ilar facies characterises the basem en t of 
the M arsili oceanic basin. These data  po in t to the existence of a transitio n  zone b e tw een  the 
con tinen ta l rocks in the u p p e r  slope an d  the oceanic basem ent in the M arsili basin. This tra n ­
sition  zone co incides w ith  the low er slope w here  the acoustic b asem en t lacks sed im en ta ry  
cover an d  the MAK-1 d a ta  show  the presence of o u tc ro p p in g  rocks. This w o rk  defines the 
w id th  of this transitio n  zone and  aim s to m ake clear its re la tionsh ips w ith  the area floored  
by basaltic  oceanic-like c ru st in the M arsili basin  an d  w ith  the s tre tch ed  con tinen ta l m arg in .

TECTONIC PROCESSES OF THE MEDITERRANEAN RIDGE AS DEDUCED FROM 
MULTICHANNEL SEISMIC REFLECTION PROFILING

J. Mascic and E. Chaumillon 
G EM C O  - L aborato ire de G eodynam ique Sous-M arine, V illefranche-sur-M er, France

M ultichannel seism ic reflection da ta  w ere acqu ired  across severa l a reas o f the 
M ed ite rran ean  Ridge (M.R.), in the eastern  M ed ite rranean  Sea, d u rin g  the MCS P rism ed  
su rv ey  (M arch 1993). T heir p rocessing  and  in tegra tion  w ith  p rev io u s resu lts  (seism ic p ro -
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filing, sw a th  bathym etry , sonar) have facilitated the s tu d y  of the overall d e fo rm ation  
p a tte rn  of the arca, w hich includes, along a N orth-S outh  cross section, th ree d istinc t m ajor 
s tru c tu ra l dom ain s facing various forelands:
(a) W ithin  the W estern  an d  Eastern  M editerranean  Ridge branches, M essinian evapo ritc- 
bearing  fo rm ations, deposited  in deep  oceanic basilis, som e 5 m y ago, play  a d o m in an t p art 
in the p resen t s tru c tu ra l defo rm ation  of the o u te r accretionnary  w edge. W ithin  the o u te r 
Ionian MR, M essin ian  (low er evaporites) are clearly acting  as the m ain "deco llem en t" level, 
w hile the top of these fo rm ations o pera te  as a d isharm onie  layer below  rela tively  th in  Plio- 
Q u a te rn a ry  sed im en ts. The p resen t-day  MR toe ap p ears  to he affected by ductile-flow  
defo rm ation . M ost of the accreted  o u te r w edge results from  p rogressive  p iling  u p  (and 
associa ted  th ru stin g ) of M essinian and  overly ing  P lio-Q uaternary  sed im ents. The change in 
s tru c tu ra l sty le betw een  the w estern  an d  the eastern  MR dom ains is critically 
d e p e n d a n t up o n  convergence p aram eters  betw een  the MR and  its associa ted  fo re lands 
as w ell as on varia tion  in sed im en t thickness. W estw ards, a fron ta l convergence induces a 
series of low  d ip p in g  seaw ard  th ru sts  accom m odating  a high am o u n t of sho rten ing . 
E astw ard , a m ore  oblique convergence leads to low er sho rten ing  rates, an d  Lo steep  reverse  
faulting . W ithin  the H ero d o tu s  abyssal plain, the onset of defo rm ation  is clearly re la ted  to 
varia tions of the fo re land  sed im en tary  supp ly . In this area, thick P lio -Q uaternary  deposits  
(re la ted  to the nearby  Nile deep  sea fan) induct' high am p litu d e  an d  large w avelengh t 
fo lding, an d  reverse  faulting;
(b) W ith in  the cen tra l M ed iterranean  Ridge dom ain  (the axial an d  shallow est p a rt of the 
M ed ite rran ean  Ridge) ev idences of m ud  d iap iric  an d  m u d  volcanoes are  num ero u s; back- 
th ru s tin g  to w ard s  the inner dom ain  is well im aged . Facing the Libyan m arg in , this axial 
do m ain  d isp lays sp ec tacu la r m u d  volcano fields, an d  ap p ears  w id e r an d  shallow er.
(c) The ap p a ren tly  less-defo rm ed  inner MR, w hich m ay rep resen t a series of fo rm er fore-arc 
basins now  p rogressively  g lid ing  over the A egean continen tal m arg in , is b o u n d ed  to w ard s  
the n o rth  by the H ellenic trench  system . Beneath the Ionian inner area, con tinen ta l c rust 
velocities have p rev iously  been recorded  indicating, the presence of a po ten tia l backstop . 
W ith in  the Levantine region, this area is m ade of a series of d isconnected  an d  up lifted  
b asem en t blocks (Strabo seam ounts), w hich m ay also act as po ten tia l backstops.

We believe that, the overall MR no rth -sou th  s tru c tu ra l a rran g em en t, an d  its clear 
w est-east lateral varia tion , are re la ted  to the progressive  collision of the accre ted  featu re  
ag a in st the Libyan m arg in  p rom o n to ry . This event, w hich m ay have in itia ted  som e 6 to  5 
m illion  years ago, has probab ly  induced: (a) a strong ly  d ifferen tia ted  p a leogeography  
d u rin g  the M essin ian  lead ing  to fu rth e r lateral s tru c tu ra l varia tions of the o u te r  d o m ain  ; (b) 
an  inc ip ien t s tra in  partitio n in g  betw een  the cen tral M ed iterranean  Ridge and  the H ellenic 
T rench  system .

NEOTECTONIC DEFORMATION OF THE ANAXIMANDER MOUNTAINS 
OBSERVED FROM EM12D MULTIBEAM DATA

J. Woodsidc
C en tre  for M arine E arth  Sciences, Free U niversity , A m sterdam , The N e th e rlan d s

Inferences from  new  geophysical data  from  the region of the A n ax im ander 
M o un ta ins so u th  of the Lycian P rom on to ry  in sou th -w est Turkey suggest c ru sta l ex tension  
there  sim ilar to tha t in w estern  Turkey and  the eastern  A egean. As the A egean has 
ex ten d ed  o u tw a rd  (and  in tins area sou th -eastw ard ), the position  o f the Iransp ressive  p late 
b o u n d a ry  betw een  the A egean an d  the A frican Plates has shifted  principal activ ity  from  the 
S trabo to the Pliny T rench, transferring  rifted  m ateria l to the African Plate w here  it is in the 
process of be ing  forced back against the A natolian Plate to the north . The R hodes Basin to 
the no rth -w est of the m o un ta in s has a thin stre tched  crust, in ferred  lo have o rig ina ted  by 
rifting, as sugg ested  by h igh B ouguer g rav ity  anom alies an d  g reat d ep th  (> 4000 m); an d  the 
Finike Basin to the n o rth  of the m o u n ta in s  is an extensional basin  w ith  clear fau lt boun-
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daries, sep a ra tin g  the A n ax im ander M ountains from  so u th e rn  T urkey. The A n ax im an d er 
M oun ta ins are  large fau lted  an d  tilted  blocks orig inally  geologically con tig u o u s w ith  
so u th -w este rn  T urkey. Rock fragm ents ob ta ined  from  one o f the m o u n ta in s  show  
sim ilarities to  rocks m ap p ed  in Turkey. The m o un ta in s are  being p u sh ed  n o rth -eas tw ard  
to w a rd s  the A ntalya Basin w here  a large fold belt is fo rm ing  in response  to  this 
com pression ; an d  at the sam e tim e they are being p u sh ed  n o rth w ard s  ag a in st T urkey, 
causing  tilting  o f tw o of the m o u n ta in s  u p  to 20 degrees to the north -w est, fo ld ing  of one of 
the m o u n ta in s  against ano ther, an d  ex tru sion  of a large lobe of sed im en ts  b e tw een  them . 
T hese p o st M iocene h o rizon ta l an d  vertical m ovem ents of the m o u n ta in s  are  a re sp o n se  b o th  
to th e ir so u th -ea s tw ard  rifting  and  to com pression  betw een  the A frican an d  A nato lian  Plates 
a long  the F lorence Rise. Thus, the s tru c tu re  of the A nax im ander reg ion  reflects its o rig in  by 
rifting, h u t the neotectonics resu lt from  the p late  convergence.

SECTION 2: DEEP-SEA DEPOSITIONAL SYSTEMS 

THE HOLOCENE-UPPER PLEISTOCENE SANDS AND SILTS OF THE MARSILI 
BASIN (THE TYRRHENIAN SEA). PATHWAYS OF TRANSPORTATION, 

COMPOSITION AND POSSIBLE SOURCES

A. Akhmctjanov and P. Shashkin 
Faculty of Geology, M oscow State University, Moscow, Russia.

Sidescan sonar data com bined w ith sedim entological investigations allow to define silt and  
sand  transportation  paths into the Marsili Basin. Main sedim ents transportation  pathw ays are 
clearly seen on side-scan sonar (10 and  30 kHz) images com bined w ith bathym etric data.

N ine cores w ere taken in the Marsili Basin during  the TTR-4 cruise; they contain about 70 
sandy and  silty layers. Totally, 83 sam ples were studied  by optical m ethods for the definition of 
their m ineralogical com position. Norm ally, sand and  silt layers have been deposited  by different 
types of gravity flows o r as tephra. M ore often, they are turbidites, hu t som etim es grain-flow 
deposits and  debrites. The m ain com ponents of sands and  silts are volcanic glasses, w hich can be 
d iv ided  into felsic and  mafic, according to their com position. The m ost com m on are felsic glasses 
that m ainly are either fragm ents of andesitic, som etim es ryolythic pum ices o r shards of the sam e 
com position. The am ount of such felsic glasses is about 90%. Mafic glasses are usually 
represen ted  by fragm ents of siderom elan. Felsic glasses are the m ain com ponents for alm ost all 
sandy  layers, hu t som etim es sands have another com position. Such sandy layer have been 
described in  the cores obtained from  the area located close to the Marsili Smt. Fragm ents of the 
mafic glasses are usually represented by siderom elan, and  they are the principal com ponents of 
these sands. A dditionally to volcanogenous com ponents, the typical terrygenous ones, such as, 
quarts, biotite, chlorite, epidot, garnet, rutil, fragm ents of different rocks and  others w ere found. 
These com ponents can present either an  adm ixture or a bulk m aterial of the turbidites.

O n the basis of the side scan sonar and sedim entological data, som e conclusions about the 
sources for sands and  silts and  paths of their transportation can he draw n. E roded volcanogenous 
rocks of the islands of the Eolian Arc are the principal source of sands and silts of the Marsili 
Basin. The Strom boli Canyon is the m ain pathw ay for coarse volcanic m aterial, such as pum ice 
fragm ents and felsic glasses. It is estim ated to supply m ore than 80% sandy and  silty m aterial.

The M arshi Smt can he the source of black sand layers, w hich have been described in 
alm ost all cores from  the adjoining area, particularly in core 127G. Coarse m aterial com ing dow n 
from  slopes of this seam ount could he originated during  subm arine volcanic eruptions th rough 
granulation of pillow rim s and  then transported  by gravity flows. The traces of these gravity 
flows can he observed on the side-scan sonar images. Thus, such layers of "black sands" can he 
good m arkers of subm arine volcanic activity.

The m ain am ount of terrigeneous sands and sills is transported  from the shelf zone off 
Calabria. Also, there is evidence of subordinate sands and  silts transportation  from the area of 
the South Apennines. Such subordination is a result of sedim ents trapping in the low  gradient 
deeps occurring on  their way.
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THE DANUBE DEEP-SEA FAN. MAIN FEATURES AND ORIGIN

A. Akhmetjanov, A4. Ivanov, and V. Arkhipov 
Faculty of Geology, M oscow  Slate U niversity , M oscow , Russia

Several large accum ulative  bodies art' d isting u ish ed  in the sed im en ta ry  cover o f the 
Black Sea m arg in . The form ation  of these bodies is a resu lt OÍ rever activ ity , su ch  as tha t of 
the D anube, Don, K uban, an d  o thers. The D anube Deep-Sea Fan system  is a largest of the 
above-m en tioned  accum ulation  system s.

The D anube Deep-Sea Fan w as investigated  by Russian research  vessels in 1986-1988 
a n d  1994. S ingle-channel seism ic profiling  and  ech o so u n d er w ere used  for the recognition  
of its s tru c tu re  an d  deve lopm en t. Typical seafloor featu res w ere sam p led  by g rav ity  corer.

O n the basis o f seism ic, ech osounder and  coring  data , som e conclusions can be 
d ra w n  ab o u t the s tru c tu re  of the central p a r t of the D anube D eep-Sea Fan an d  the 
sed im en ta tio n  ch arac ter of tliis area.

The P leistocene-H olocene sequences of the D anube Deep-Sea Fan, unconform ably  
overly ing  the w ell-stra tified  pre-fan  sed im ents, are  form ed by the a lte rn a tio n  of b ed d ed  
an d  sem i-tran sp a ren t acoustic  un its w ith  a g rad u a l lateral transition  betw een  them . Such a 
com plex  acoustic  p a tte rn  is the resu lt of facies change connected  w ith  the channel-levee 
system  an d  th e ir la teral m igration . The channel facies are developed  ra th e r  w ell w ith  typical 
d ep o sitiona l an d  erosional features.

To characterise  the channel facies d is tribu tion  it shou ld  be no ted  th a t they a p p e a r 
u p w a rd  in sequence  an d  are  a t first sh ifted  to the no rth east and  then  back to the so u th w est. 
This sh ift is m ain ly  a re su lt of the channel m ig ra tion  an d  fo rm ation  of the new  channel 
genera tion  caused  by sed im en t overfilling  of the old valley. The su p p lied  sed im en ts  broke 
th ro u g h  a levee an d  form ed a new  channel o rthogonally  to the o ld  one an d  a new  lobe 
began  to g row  on the con tinuation  of this new  channel. The L- sh ap ed  channels fo rm ed  in 
such  a w ay  are  ihe rem arkable' featu re  of the D anube Deep-Sea Fan.

S om etim es new  channels w ere form ed probably  as the co n tinua tion  of new  canyons 
located  on the con tinen tal slope. These canyons, in tu rn , w ere a resu lt o f sed im en t p a th s ’ 
changes tak ing  place on the ad jo in ing  shelf. From seism ic profiles it is clearly  seen  th a t the 
D anube D eep-Sea Fan has a typical of deep-sea fans cyclic stru c tu re . Each cycle is fo rm ed  by 
channel facies an d  overly ing  them  are thin, w ell-stra tified  sed im en ts. A to ta l of seven  such  
channel genera tions can be d ifined  in the sequence of the fan. This cyclicity is likely to be 
connected  w ith  sea-level changes tak ing  place d u rin g  the P leistocene glacial an d  in terg lacial 
stages.

Such correlation  w ith  P leistocene clim atic changes gives us an  o p p o rtu n ity  to  da le  
the D anube D eep-Sea Fan. Thus, the low er seism ic m em ber w as probab ly  fo rm ed  in the 
E arly-M iddle  Pleistocene inc lud ing  four glacial stages. The u p p e r m em ber is likely to have 
been  fo rm ed  in  the M iddle-L ate P leistocene w ith  th ree glacial stages. The H olocene 
sed im en ts  o f the D anube Deep-Sea Fan checked by coring  d em o n stra te  a typ ica l post-g lacial 
sequence, w hich  is charac terised  by the alm ost com plete  absence of tu rb id ite s  o r  d ep o sits  of 
o th e r g rav ity  flow s. H ow ever, som e exceptions can be found .

E vidence of grav ity  flow s w as found  in cores taken from  the recently  incised 
channel. The cycles w ith  g rad u a l b ed d in g  w ere described  from  tha t place b u t all of them  are  
m ad e  u p  of red ep o sited  hem ipelagic m ateria l (for exam ple, fragm ents o f sap ro p e l) an d  
o rig in a tin g  rig h t in the channel. Also, a t the sam e place som e u n u su a l sed im en ts, such  as 
re la tiv ity  th ick  (abou t 70 cm an d  m ore) layers of d ia tom  oo/.e, w ere d iscovered . The d iatom  
oo/.e layers are  ra th e r com m on sed im en ts in the Black Soa, bu t the ir th ickness does not 
exceed 0.1 m. In this case they cou ld  be red eposited  because of the ir en larged  th ickness. 
From  tliis fact, som e k ind of grav ity  flow can be p ro p o sed  as a m echan ism  of th e ir 
redeposition .
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MODELLING TURBIDITE HYDROCARBON RESERVOIRS: HOW BEST TO USE 
MODERN GEOPHYSICAL AND ANCIENT OUTCROP DATA

B. Cronin
M arine G roup , D ep artm en t of E arth  Sciences, C ard iff U niversity  of W ales, C ardiff, UK

M any oilfields in the n o rth e rn  N orth  Sea are  found  in T ertiary  san d y  tu rb id ite  
system s. The a rch itec tu re  of these fields is often  com plicated , an d  the com m ercial 
h y d ro ca rb o n  sector, in  the absence of closely-spaced w ells on a n u m b er of these fields, has 
h ad  m an y  p rob lem s m odelling  them . O ver the p ast ten years, m uch  in te rest has th u s  been 
sh o w n  in ana logue  s tu d ies  by field-based geologists, to aid  this m odelling . H o w ev er this 
m o d elling  has been su rp rising ly  unsuccessful for m any of the fields. This p resen ta tio n  uses a 
field  exam ple  from  w este rn  C alifornia, an d  exam ples of o ther p a rts  of tu rb id ite  system s 
from  a ro u n d  the M editerranean , to show  how  m odelling  p rob lem s can occur. M ethods are  
o u tlin ed  o n  the use of m o d e rn  an d  ancien t data , from  TREDM AR cru ises in the w este rn  
M ed ite rran ean  an d  sim ilar onshore  basins, for m odelling  reservo irs  o f the k ind  seen  in the 
n o rth e rn  N o rth  Sea.

SEDIMENTARY PROCESSES AND DEPOSITS ON A STEEP CANYONED MARGIN: 
WEST OF CORSICA AND SARDINIA

N. Kenyon*, /. Clark**, and /. Millington***
*Southam pton  O ceanography  C entre, S ou tham pton , UK 

**University College, London, UK 
**University of Leicester, Leicester, UK

A lthough  densely  canyoned  m arg ins are  com m on, the ir associated  sed im en ta ry  
d ep o sits  a re  poorly  know n. The d eposits  in such  areas are expected  to he o f coarse  calibre 
an d  so are  likely to form  reservo irs  for hyd rocarbons. The steep  C o rs ica /S a rd in ia  slope an d  
the rise lead ing  to  the NE Balearic abyssal plain are s tu d ied  from  6.5 kH z, 12 kH z an d  30 
kH z sid escan  so n a r da ta , high reso lu tion  profiles and  sed im en t cores. M ost of the da ta  w as 
o b ta ined  d u rin g  the 4 th  TTR C ruise  from  the R /V  Gclcndzhik.

Small, m o u n ta in o u s d ra inage  basins feed trib u ta ry  canyons. C anyon floors are 
m a p p e d  as h igh acoustic  hackscatter w hich  co rresp o n d s to scou r holes, rip p led  g ravel sheets 
an d  rock. The area  betw een  canyons is also extensively affected  by m ass w astin g  processes. 
In d iv id u a l san d y  lobes, dep o sited  on the con tinen tal rise, be tw een  the canyon m o u th s  and  
the very  flat Balearic abyssal plain, are iden tified  as being associa ted  w ith  characteristic  
p a tte rn s  of m o d era te  and  low  acoustic hackscatter. The associated  p a tte rn s  resem ble 
lo n g itu d in a l b ra id  bars in plan  view . First ind ications are  tha t these b ra id  b ar like p a tte rn s  
are  im aged  a t the d ista l edge of the san d y  lobes. M edium  to coarse san d  w ith  m u d  clasts, in 
b od ies up  to  2.5 m  thick, w ere recovered  from  the sandy  lobes.

SEDIMENT TRANSPORT PROCESSES IN AND AROUND STROMBOLI CANYON, 
SE TYRRHENIAN SEA

R. Lucchi and R. Kidd
M arine & E nv ironm enta l G eoscience Research G roup, D epartm en t of E arth  Sciences,

UW CC, C ardiff, UK

In 1994 tw o oceanograph ic  cruises on hoard  the research  vessels Gclcndzhik an d  
Urania w ere  co n d u c ted  in  the so u th easte rn  m ost p art of the T yrrhen ian  Sea w ith  the aim  of 
inv estig a tin g  m echan ism s of tra n sp o rt an d  red is trib u tio n  of sed im en ts iii sm all ocean  basins, 
in tliis case the M arsili Basin, p a rt of the T yrrhen ian  Sea back-arc configuration . S ed im ent
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in p u t into the basin  is m ainly from  ihi' Strom boli C anyon w hich rep resen ts  the p rim ary  
co n d u it th ro u g h  w hich sed im en ts com ing  from  ihi' basin m arg in  and  u p p e r slope are 
tra n sp o rte d  to w ard s  deep  basin env ironm ents. The split sed im en t cores w ere scanned  by a 
M ulti-sensor core logger (MSCL) to establish  a correlatable stra tig rap h y . Tw o h u n d re d  and  
fifty six sam ples taken from  13 o f the recovered  cores w ert' analysed  for: (i) tu rb id ity  cu rren t 
flow  characteristics: by grain-size analysis on a w ide size range (0.68 p.m-2 m m ), u sing  a 
com bination  of S ed iG raph  5000ET an d  sieving; (ii) sed im en t provenance: by investiga tion  of 
san d  fraction  com position , sm ear-slides and  chem ical com position  of glasses. Three source 
types w ere  identified:
(i) "volcanic-derived" conta in ing  lapilli, volcanic rock fragm ents and  m inerals, and  lava 
fragm en ts (derived  from  the Eolian arc);
(ii) "terrigenous", conta in ing  m inerals and  rock fragm ents from  m etam orph ic  te rra in s 
(C alabria an d  Sicily);
(iii) "m ixed tu rb id ites" contain ing  a m ix ture of volcanic, te rrigenous an d  bioclastic 
com ponen ts. V olcanic glass is observed  in all deposits. Data from  m agnetic  susceptib ility , 
o b ta ined  w ith  the MSCL, toge ther w ith  the sed im en t classification and  Ihi' b io stra lig rap h y  
allow ed  co rre la tio n s 'b e tw een  cores and  reconstruction  of tu rb id ity  cu rren t flow  paths 
w hich  d em o n stra te  the ir in teraction  w ith  topography  at the fau lt-contro lled  bend  in the 
S trom boli C anyon  n ear the Lam elini Sm ls area. The sed im en t record  in the s tu d ie d  cores 
suggests  th a t flow s reach ing  this bend  e ither (I) are  reflected back a t the foot of Lam etini 
Sm ts, genera ting  a cloud of sed im en ts w hich collapses and  m oves laterally  a long  the foot of 
the slope; (ii) cross the sad d le  w hich d iv ides the tw o  volcanic crests of the L am etini Sm ts; o r
(iii) are  channelised  an d  follow  the C anyon to w ard s the deep  M arsili Basin.

DEPOSITIONAL SYSTEMS OF THE CORSO-LIGURIAN BASIN

f. Millington  
Leicester U niversity , Leicester, UK

The deep -m arine  depositional system s of the C orso-L igurian  basin  are characterised  
by n a rro w  steep  g rad ien t slopes in the u p p e r fan regions, an d  relatively  flat m id d le  and  
lo w er fan  regions. The d eep -m arine  system s on the w estern  slopes o f Corsica an d  S ard in ia  
are  incised  by n u m ero u s  subm arine  canyons and  gullies. The larger canyons, such  as the 
Ajaccio C anyon, are  the source regions for sandy  depositional lobes. S idescan an d  high- 
re so lu tio n  seism ic d a ta  suggest tha t the subm arine  fans developed  at the base of the slope do  
n o t con ta in  su b m arin e  channel features. The clastic deposits dow nslo p e  of the canyon 
m o u th s a p p e a r d e tach ed  in natu re . The canyon m o u ths in the reg ion  m ay be areas of 
sign ifican t b reaks in slope, an d  also can d id a te  areas for h y d rau lic  jum p  phenom ena. The 
d e tach ed  dep o sits  also exhibit an  en igm atic  hackscatter p a tte rn  sim ilar to p a tte rn s  described  
from  the O rinocco Fan an d  U m nak Fan. This p ap er also illustra tes possible sed im ento log ical 
causes for the hackscatter pa ttern .

PREDICTION OF THICKNESS VARIATIONS IN EXPERIMENTAL TURBIDITES 
IN FRONT OF TOPOGRAPHIC FEATURES

S. Morris and /. Alexander 
M arine and  E nv ironm enta l G eosciences Research G roup, .D epartm ent of E arth  Sciences, 

C ard iff U niversity  of W ales, C ardiff, UK

E xperim ents w ere designed  using  sp read ing , high concen tration  lu rb id ily  cu rren ts  
to a id  the p red ic tion  of location of th ickness varia tions in tu rb id ite s  a ro u n d  obstacles. In the 
rock record , thickness varia tion  w ou ld  be on a scale not resolvable from  geophysical reco rd s 
a lth o u g h  rep re sen tin g  as m uch  as a 2-fold increase. The m ass an d  thickness o f sed im en t 
generally  increases ab ru p tly  u p stream  of the obstacle fo rm ing  a ridge  (c.f. A lexander and
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M orris, 1994). The experim en ts d iscussed  here investigate  the re la tionsh ips b e tw een  
sed im en t p a tte rn  an d  obstacle position, o rien la tion  and  flow com position . The d istance  from  
source, obstacle angle an d  sed im en t grain  size w ere varied  in d ep en d en tly . In experim en ts 
w h ere  the obstacle w as p e rp en d icu la r to m ean  flow direction , the sed im en t ridge  cu rv ed  
a ro u n d  the sides. In experim en ts w ith  vary ing  obstacle angle, the ridge  sh o w ed  an  an g u la r 
re la tio n sh ip  to the obstacle. The ridge  rep resen ts the term inal position  of a h y d rau lic  ju m p  
th a t o p e ra ted  in  the flow  in fron t of the obstacle and  its position  w as con tro lled  by flow  
d ischarge  p a tte rn s . W e also p lan  to p resen t resu lts  of experim ents in p ro g ress  th a t aim  to 
sh o w  flow  b eh av io u r over the area of sed im en t thickening.

Reference:
ALEXANDER, J., AND MORRIS, S., 1994, O bservations on experim en ta l, nonchannelized , 
h igh -concen tration  tu rb id ity  cu rren ts  an d  varia tions in deposits  a ro u n d  obstacles, journal o f 
Sedimentary Research, A64, 899-909

SECTION 3: PELAGIC AND HEMIPELAGIC SEDIMENTATION 

RHYTHMIC-BEDDED UPPER CEN OMANI AN SEDIMENTS IN THE CRIMEA: 
CLIMATIC RESPONSE TO ORBITAL FORCING

H. van den Bosch and E. Iking 
Free U niversity , A m sterdam , The N eth erlan d s

This p a p e r p resen ts  the resu lts  of a s tu d y  of three lim estone coup le ts in deep -shelf 
d ep o sits  of the m idd le-C enom an ian  of the C rim ea (U krania). The m echan ism s triggering  
these a lte rn a tio n s have been the subject of in tense debate  an d  have been w idely  a ttrib u ted  
to clim atic v aria tions d u e  to M ilankovitch  period icity  resu lting  to fluc tuating  p ro d u c tiv ity  
an d  te rrig en o u s runoff. This s tu d y  suggesls  that, in this regional setting , v aria tions in so lar 
inso la tion  trig g ered  tw o d ifferen t basin regim es resu lting  in d ifferen t deposits. W et climatic 
phases  re su lted  in h igher in p u t of te rrigenous sed im en ts and  fresh w a te r causing  w a te r 
stra tifica tion  an d  h igher p ro d u c tiv ity  in the photic zone. D uring  d ry  clim atic phases, 
te rrig en o u s sed im en t an d  fresh w a te r in p u t decreased  and  w a te r s tra tifica tion  a n d  eu tro p h ic  
co n d itio n s ceased  to exist. At th ree sections, w e s tu d ie d  a s tra tig rap h ie  in te rv a l o f th ree 
lim estone  coup lets, a m assive bed  an d  a lim e-equ ivalen t ben ton ite , w ith  a focus on one 
section. All coup le ts  consist of a thick light bed an d  a th in  d a rk  bed. L ight dep o sits  are  
ch a rac terised  by high calcium  carbonate  con ten t and  a low  clay conten t, conversely , d a rk  
d ep o sits  con ta in  relatively  low  am o u n ts  of calcium  carbonate  an d  h igh  am o u n ts  of 
te rre s tria l d e tritu s . B ioturbation  s tu d ies  show  th a t a transition  zone betw een  these tw o  end  
m em bers is sm all o r even absent. These observations su p p o rt a hypo thesis  in  w hich  
a lte rn a tin g  w et an d  d ry  clim atic phases trigger the deposition  of these b ed d in g  coup le ts. The 
ligh t in te rva l is also characterised  by o lig o tro p h a  cond itions in the photic zone an d  a 
re la tively  good bo ttom  w ate r oxygenation  in con trast to the eu tro p h ic  an d  s tag n an t 
co n d itions d u rin g  the d a rk  in terval.

SEQUENCE BOUNDARIES IN THE WESTERN MEDITERRANEAN

£. Felscr
Free U niversity , A m sterdam , The N etherlands

The 1994 TTR C ruise  to the Balearic A byssal Plain no rth -east of M enorca collected 
seism ic reflection  profiles th a t show  unconform ities an d  lap o u l s tru c tu res  a p p a ren tly  re la ted  
to sa lt dom e m ovem en ts. These sequence b o u n d aries  a ro u n d  d ifferen t sa lt s tru c tu re s  p ro v ed  
to  co rre la te. W e in te rp re t the tu n ed , spasm od ic  m ovem ents to be re la ted  to g lac ia l/ 
in terg lacial sea level fluctuations. D uring  periods of low stand , m ateria l is e ro d ed  from  the
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con linen ta l shelf an d  dep o sited  in the deep  sea, load ing  the M iocene salts w hich causes 
m ore  active d iap irism . O D P site 372 an d  the seism ic lint's m ad e  for exp lo ring  the4 site w ert' 
u sed  for defin ing  the P liocene-Q uaternary  b o u n d ary  and  d a ting  the cycle term inations.

DIATOMS FROM THE LATE QUATERNARY SEDIMENTS IN THE EASTERN 
MEDITERRANEAN AND AEGEAN SEA

S. Gablina
Paleontological Institu te, R ussian A cadem y of Sciences, M oscow , Russia

D iatom s are  very sensitive Lo the sm allest changes of en v ironm en ts such  as w a te r 
tem p era tu re  an d  salinity , basin  dep th , conten ts of nu trien ts , an d  o thers. T herefore, they can 
be used  for the reconstruc tion  of cond itions of sed im en t accum ulation , paleoecological 
en v iro n m en ts  of a basin  an d  for conclusions abou t paleogeograph ical pecu liarities of the 
basin  an d  ad jo in ing  land . E stablished paleoecological features of d ia tom  assem blages qu ite  
often  have a c lim atostra tig raph ica l significance. From this po in t of view  it w ill be very 
in te restin g  to use d iatom  stud ies for the stra tig rap h y  and  p a leoenv ironm en ta l reco n ­
stru c tio n s for the Pleistocene and  H olocene in the M ed iterranean . F u rtherm ore , it is the 
un ique  basin , w hich  w as subjected  by num ero u s hydro logical an d  clim atic changes. D iatom s 
from  Q u a te rn a ry  bo ttom  deposits  o f the M ed ite rranean  Sea in general are  ra th e r  poorly  
in vestiga ted . The lite ra tu re  on the d ia tom s from the U pper P leistocene an d  H olocene 
sed im en ts  of the E astern  M ed ite rranean  is sparse , and  absen t for the A egean sea. C ores of 
the bo ttom  dep o sits  of the A egean Sea w ere  ob tained  d u rin g  the cruise of the R /V  Moscow  
University, w hich w as o rgan ised  by the D epartm en t of Lithology an d  M arine G eology of the 
M oscow  State U niversity  in 1991. C ore 31 (40°06.5'N ; 25° 15 'E; w a te r d e p th  490 m ) a n d  core 
32 (40° 31.7'N; 25° 13.3'E; w a te r d ep th  1400 m) are located w ith in  the N o rth  A egean T rough  
(near Lem nos Island). C ore 31 (length  142 cm ) consists o f green sap rope lic  m u d  (in the 
u p p e r  part), w hich  is p robab ly  sap ropel SI, and  clayey m u d  in the low er part. In tliis core 
the  richest d ia tom  flora w as estab lished . There are 177 species an d  varieties. T here is a 
d ifference in species am o u n t an d  com position  of assem blages be tw een  sap ro p e l an d  clayey 
m u d . M arine d ia to m s p red o m in a te  in all deposits, b u t the ir percen tage  is 72-90% in the 
sap ro p e l layer an d  63-79% in the o th e r p a rts  o f the core. The con ten t o f b rack ish -m arine  
fo rm s decreases g rad u a lly  to w ard s the top  of the core. But a sh a rp  increase of bo th  fresh ­
w a te r  d ia tom s (up  to 11%) an d  b rack ish -w ater ones (up  to 15%) are o b served  just below  SI. 
L itto ral species m ake up  a large p a rt of the assem blage, especially  in the u p p e r  p a r t  of the 
sap ro p e l (up  to  78%). Grammatophora marina and  G. oceanica are  m ost a b u n d a n t here. A m ong 
p lank ton ic  form s, neritic  d ia tom s play  a m ain  role. Thalassionema nitzschioides, vario u s 
Chaetoceros (m ainly spores) an d  oceanic Thalassiosira oestrupii p revail in the sap ro p e l layer. 
T hese species are  com m on in the upw elling  zone. Thus, the d ia tom  assem blage from  core 31 
sh o w s th a t the orig inally  b rack ish -w ater basin g radually  becam e a norm al m arine  one. 
H ow ever, there  w as a sh o rt ep isode  of salin ity  decrease just before the  sap ro p e l 
accum ula tion . This m ay be ev idence of the invasion  of the Black Sea w ater. This in p u t 
caused  a g rea t su p p ly  o f n u trien ts  tha t conduced  to the d iatom  blossom  and  the sap ro p e l 
form ation . C ore 32 (length  129 cm ) consists of grey clayey m ud  w ith  san d y  layers and  
b io d e tritu s . There a re  107 species. Judg ing  by diatom  assem blage, there  w ere  no changes in 
salin ity  w hen  the sed im en ts  w ere  deposited , because the percen tage of all d ia tom  g ro u p s is 
a lm ost co nstan t th ro u g h  the core. M arine planktonic, m ainly neritic  species prevail. The 
percen tage  of ben th ic  d ia tom s is 18-38%. As core 32 is located in the deep  p a rt o f the trough , 
it seem s th a t it consists of the U pper H olocene deposits  yo u n g er than  the sap rope l. Thus, 
there  w as a norm al m arine  basin not far from  ihi1 coast a t tha t tim e. It is co n sid ered  tha t the 
sap ro p e l fo rm ation  took place u n d e r relatively  deep -w ate r cond itions. A ccord ing  to  the 
d ia tom  assem blage, sap ro p e l 51 of core 31 at first w as also  form ed in deep  w ater. But the 
ab u n d an ce  of benth ic  species at the top  of the sap ro p e l could  be ev idence of a m ore  shallow
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basin . But m o re  likely th is  is connected  w ith  the core location on  a steep  slope an d  close to 
land . L itto ral fo rm s cou ld  he su p p lied  hy the tu rb id ity  cu rren ts . A large q u an tity  of the 
rew o rk ed  d ia to m s (in general Aulacosira praegranulata) bo th  above an d  below  the sap ro p e l is 
a re su lt o f the  sam e cause. The loss of rew orked  species in the sap ro p e l m ay he exp la ined  by 
ra p id  accum ulation . Thus, ow ing  to the d iatom  analysis, paleoecological changes of the 
e n v iro n m en t a n d  sed im en ta tion  featu res in the A egean sea on the b o u n d a ry  of the 
P leistocene an d  H olocene w ere  estab lished , w hich  can be connected  to  the change of paleo- 
geograph ica l cond itions at th a t tim e.

S im ilar fea tu res w ere  found  for the core of bo ttom  dep o sits  from  the Sallum  G ulf 
(L ibyan m arg in  ) in the  E astern  M editerranean . C ore C -91/1  (32° 06.6'N , 25° 14.1’E; w a te r 
d ep th  1020 m ) w as ob ta ined  in a sim ilar w ay. The sequence of sed im en ts  is typ ical o f th is 
p a r t o f the sea. F resh-w ater species are also ra th e r num ero u s in the inv estig a ted  d ia tom  
assem blage. D eposits w ere  d iv id ed  into four u n its  on the basis of the  taxonom ic  a n d  
ecological s tru c tu re  of d ia tom  assem blage. Tw o first o f them  w ere  d is tin g u ish ed  in the 
lithologically  hom ogeneous horizon . 1 - In the first unit, p lanktonic  neritic specie's liv ing in 
d esa ltin g  p a rts  o f the sea no t far from  the coast p revail. B rackish-w ater fo rm s have  got a 
m ax im um  d is trib u tio n  here. These da ta  allow  us to a ttr ib u te  th is u n it to the w arm  M idd le  
W ürm . Ice th aw  d u rin g  deg laciation  p ro m o ted  a global rise of the sea-level, th a t w as 
reflec ted  in  the d ia to m  assem blage. II - In the  second  un it, the quan tity  an d  d iv ersity  of 
d ia to m s is red u ced . L itto ral species are  m ost ab u n d an t. The ab u n d an ce  o f m arine  form s is 
m in im um . It cou ld  he the influence of the Late W ürm glaciation, th a t has resu lted  in the  sea- 
level fall an d  ap p earan ce  of the adverse  for d ia tom  d eve lopm en t cond itions. Ill - The th ird  is 
sap ro p e l S -l, w hich  accu m u la ted  d u rin g  the H olocene clim atic op tim u m . The increase of 
d iv e rs ity  o f d ia to m  m ain ly  o f benth ic  form s is observed  here. N evertheless, neritic  species 
p rev a il q u an tita tiv e ly . O ceanic d ia tom s play  a m ore sign ifican t role. G enerally  m arine  
d ia to m s typical o f the m o d ern  M ed ite rranean  sea p red o m in a te  here. IV - b rack ish -w ater 
species are  com pletely  absent, an d  am ong  m arine ones the oceanic form s prevail. This 
in te rva l can be a ttr ib u ted  to the M idd le -U pper H olocene. Thus, the  fo llow ing sim ilar 
fea tu res of the investiga ted  d ia tom  assem blages are  estab lished : ra th e r  lean d iatom  
assem blage w ith  p revalence of litto ra l species in the U pper Pleistocene sed im en ts; a sh a rp  
increase o f species d iversity  an d  abundance  w ith  p revalence of m arine oceanic an d  neritic 
form s in the H olocene deposits; p lenty  of fresh-w ater, litto ral and  rew o rk ed  d ia tom s, th a i is 
p robab ly  connected  to the core locations.

ORBIT ALLY-FORCED UPPER CENOMANIAN DEPOSITS ON THE CRIMEAN 
PENINSULA, UKRAINE: CLIMATIC CONTROL ON CM-SCALE

E. Iking
Free U niversity , A m sterdam , The N eth erlan d s

A nalysis on  stable isotopes, carbonate  con ten t an d  biofacies of 3 M iddle 
C en o m an ian  lim estone-m arl coup le ts from  the C rim ea, U kraine ind icates th a t w a te r  co lum n 
stra tifica tion  cau sed  by en la rged  river influx is the m ost likely cause for the changes found  
in the sed im en to log ica l signal. A low ering  of the 018O  values an d  increase of the C u an d  V 
con ten t, as w ell as an  en richm en t in pyrite  suggests  th a t d u rin g  the d ep osition  of d a rk  beds, 
the w a te r  co lum n is highly stra tified , lead ing  to anoxic o r dysoxic c ircum stances a t the 
bo tto m  an d  low er carbonate  p roduc tion . D uring deposition  of the ligh te r beds, the w a te r 
m ass is b e tte r  m ixed, resu ltin g  in h igher carbonate  p ro d u c tio n  an d  w ell-oxygen inated  
bo tto m  w ater. The resu lting  g rad u a l p a tte rn  of b lack an d  w hite  layering  can a lm o st fully be 
ascribed  to m ix ing  due  lo b io tu rbation , an d  h ides the orig inal signal o f a th in  d a rk  layer an d  
th ick  w hite  layer in  one couplet. This im plies tha t d u rin g  a 21 Ka p recession  cycle as is 
p resen t in  tliis sed im en t only a sh o rt period  is favourable  for the d ep osition  of d a rk  beds 
a n d  the w ell-m ixed  w a te r c ircum stances dom inate  the m ajor p a rt of the cycle. By co rre la ting  
the s tu d ie d  bed s to E u ro p ean  basins a good tim e reso lu tion  m igh t be possible, b u t d u e  Lo an 
u n k n o w n  h ia tu s  in the basal p a rt of the M iddle  C enom anian , this rem ains trivial.
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NETHERLANDS INDIAN OCEAN PROGRAMME: TRACING A SEASONAL 
UPWELLING IN THE INDIAN OCEAN

E. Ivanova
R esearch School for S ed im en tary  G eology, Institu te  o f E arth Sciences, Free U niversity ,

A m sterdam , The N eth erlan d s

The N e th e rlan d s  Ind ian  O cean P rog ram m e (1990-1995) w as o rg an ised  by The 
N e th e rlan d s  M arine R esearch F oundation  (SOZ) of The N e th e rlan d s  O rg an isa tion  of 
Scientific R esearch (N W O ). The objective of the N e th e rlan d s In d ian  O cean P ro g ram m e 
(N IO P) is "to s tu d y  the effect, on a spa tia l an d  tem p o ra l scale, o f the m onsoon  on  the clim ate 
system  in the n o rth e rn  Ind ian  Ocean". O ne o f the 5 pro jects w ith in  the p ro g ram m e is 
"Tracing a m on so o n  induced  upw elling  system ". It is based  on an  ex tensive d a ta  an d  sam ple  
se t collected  d u rin g  the five cru ises w ith in  the N IO P 1992/93 in the up w ellin g  a reas  off 
Som alia an d  in  Yem en. E xtrem e changes w ere found  in p ro d u c tiv ity  an d  re la ted  m easu res  
o f ocean clim ate d riv en  by ocean c ircu lation  an d  vertical m ixing in re sponse  to m onsoonal 
a tm o sp h eric  forcing. This allow s for a m odern -an a lo g u e  ap p ro ach  to  p a leo p ro d u c tiv ity  on  a 
geological tim e scale. A nalysis o f p lanktonic  foram inifera is the m ain  tool o f the  research . 
H ow ev er it is a m u ltid isc ip linary  s tu d y  as it also involves sed im cnto logy , geochem istry , 
iso top ic  analysis, etc.

T hree PhD  pro jects are  recently  carried  ou t at the Free U niversity  (A m sterd am ) 
u sin g  the w id e  range of sam ples rep resen tin g  a vertical "section": from  shallow  to deep  
p lank ton , sed im en t trap s  representing, upw elling  an d  n o n -upw elling  seasons, sed im en t 
sam ples from  hox- an d  piston-cores. The s tu d y  is to be done in o rd e r  to e stim ate  p re sen t day  
p rim ary  biological p ro d u c tio n  in the area, fluxes an d  accum ulation  processes, paleofluxes 
an d  p rese rv a tio n  stages.

Size frac tion  analysis o f p lank ton ic  foram inifera  w as d one  as a p ilo t s tu d y  to find  a 
w ay  o f ge tting  the m ost sufficient an d  com plete  in fo rm ation  from  p lank ton ic  fo ram in iferal 
assem blages an d  to figure ou t the m ost im p o rtan t p a ram e te rs  w hich  can he u sed  as 
ind ica to rs  o f the clim atic changes. The s tu d y  show s:
- there  is only  one si/.e-break in the ab u n d an ce  an d  com position  w hich occurs in ab o u t all 
sam p les  a ro u n d  125 m . For the fractions >100 pm , 40 - 60% of all specim ens occurs in the 
fraction  100-125 pm . D uring  the upw elling  season, one of the m ost a b u n d a n t species in this 
size-fraction  is T. quinqueloba., associa ted  w ith  m ino r G. vivans, G. uvula  an d  T. humilis. These 
im p o rtan t ind ica to rs  are  obviously  m issing in p rev ious s tu d ies  based  on  >125 o r certa in ly  in 
>150 pm  coun ts (e.g. CLIM AP);
- the upw ellin g  in d ica to r G. bulloides is p resen t in the size-range 125 - 300 an d  has a peak  
a b u n d an ce  b e tw een  150 an d  250 . D uring  the non -upw elling  season  it is p re sen t in  low  
n u m b ers  an d  has a w id e r size spectrum ;
- G. tumida  a n d  G. menardii d om ina te  in the fractions > 355-400 pm  of the up w ellin g  
sam p les  w hile  these size in te rva ls  yield high frequencies of G. aequilateralis , P. obliquiloculata 
an d  G. trilobus/sacculifcr d u rin g  non-upw elling  periods.

The to p  of box-core 905B, located u n d e r the core of upw elling  an d  below  the 
sed im en t traps, reveals a s tro n g  im p rin t of the upw elling  assem blage.

Som e in terestin g  in fo rm ation  w as ob ta ined  as a resu lt o f the s tu d y  of 3 box-cores. 
Both p ro d u c tio n  and  p reserv a tio n  signals in the p lank ton ic  foram inifera  assem blages found  
in the sed im en ts  differ considerab ly  from  one box-core to ano ther. It is re la ted  to the  core 
locations an d  w a te r dep th . A nalyses of C 0,B, CaCO? and  iso topes are  in p ro g ress , th u s there  
is m ore  in fo rm ation  expected .
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FORAMINIFERA!. ANALYSIS OF SAPROPEL S5, CORE TTR5-188G, EASTERN 
MEDITERRANEAN

S. Kortekaas
Faculty of G eology, Free U niversity , A m sterdam , The N eth erlan d s

D eposition  of a sa p ropel in general is de te rm in ed  hy the co n d itions in the u p p e r  p a rt 
of the w a te r  co lum n. The aim  of this s tu d y  is to find ou t m ori' ab o u t the p aleoceanograph ic  
p a ram e te rs  o f the u p p e r w a te r  layer during, deposition  of S5. S apropel S5 w as recovered  in 
core TTR5-188G an d  w as sam pled  d u rin g  the 5th TTR cruise on the R /V  Professor Logachev. 
C ore TTR5-188G is located  on the M ed ite rranean  Ridge, so u th  of C rete. The 27 cm  th ick  
sap ro p e l w as co n tinuously  sam pled  every  cm for the q u an tita tiv e  s tu d y  of p lank ton ic  
foram in ifera  assem blages an d  oxygen and  carbon iso tope analysis. In total, 24 sam ples have 
been  w ash ed , sieved  and  split. For every  sam ple  21)0 specim ens of p lanktonic  foram inifera 
w ere  co u n ted  an d  identified  in a fraction  of 125 - 500 pm. Also the ab u n d an ce  of p te ro p o d s , 
rad io la ria  an d  py ritised  b u rro w s w as de te rm in ed . T w enty  specim ens of Globigerinoides ruber 
w ere  selected  from  each sam ple  for oxygen an d  carbon  iso tope analysis.

SEDIMENTATION PROCESSES AND PROVENANCE OF THE SEDIMENT OF A 
DEEP-SEA PISTON-CORE (APNAP T86 CRUISE - MIDDLE ATLANTIC RIDGE)

A. M azzini
D ep artm en t oi Earth Sciences, U niversity  ol G enova, Italy 

(N ow  at In s titu te  ot E arth  Sciences, Free U n iversity , A m sterd am , The N etherlands)

T86-8P w as the e igh th  p iston  core raised  from  the A PN A P cruise in 198b. The area 
investig a ted  by the cru ise  w as s itu a ted  on the w este rn  side of the M iddle  A tlantic  R idge and  
the p o sition  of the core is 42°13'43''N  an d  25°39'45''W  at 3218 m w a te r d ep th . The aim  of the 
w o rk  w as to define the p rovenance  of the sed im en ts  (and the sources) an d  thu s to 
co n trib u te  to an  exp lanation , w ith  d ifferen t m odels of tran sp o rt, of the com plica ted  
p rocesses in w hich  the deep  sea sed im en t is invo lved . For this reason  57 sam ples w ere  taken  
a t d iffe ren t d ep th s  (every -1 5  cm ) th ro u g h  the com plete  core (858 cm long) an d  several 
analyses w ere  m ade: d ry  bu lk  density , carbonate  conten t, grain-size (free carbonate  and  
total), stab le  iso topes, clay m inerals, po lariz ing  m icroscope analyses on slides. By 
co rre la tin g  the resu lts  ob ta ined , it w as possible to ex trapo la te  in te resting  d a ta  like 
in te rp o la ted  age, sed im en ta tio n  rale , m ass accum ulation  rate. The core, th a t covers an  age 
of ab o u t 565 Ky, clearly  show s the co rrelation  betw een  g lac ia l/in te rg lac ia l p e rio d s an d  the 
co rre sp o n d en t varia tions in colour, grain size, carbonate  conten t, an d  d ensity  of the 
sed im en t. In sp ile  of the scarce sampling,, p a rticu la r a tten tio n  w as g iven to the 
in d iv id u a tio n  of the H einrich  layers (H1-H3) and  tw o  sam ples show  satisfac to ry  
ch aracteristics (h igher am o u n t of te rrig en o u s m ateria l coarser than  180 pm , h igh d etritic  
carbona te  an d  a low er p ro d u c tiv ity  of o rganic m aterial). The s tu d y  of the fluc tuations in  the 
m ass accu m u la tio n  ra te  of the insoluble m ateria l show s the m ost in teresting  resu lts: a h igher 
in p u t o f coarse  sed im en t at the end  of the glacial p e riods w hile  the finer fraction  is reco rd ed  
w ith  a m ax im um  a t the beg inn ing  of them . Besides, all the sandy  un its show  the presence  of 
m illim e tra  gra ins an d  cen tim etric  d a rk  pebbles thu s d em o n stra tin g  th a t ice-rafting  is the 
only p rocess able to tra n sp o rt such a coarse m aterial. Follow ing these data , it w as possib le  to 
define m odels for the p rovenience of m ateria ls and  sed im en ta tio n  processes. The first m odel 
p ro p o sed  assu m es th a t the icebergs (at this la titu d e  the only su p p lie r  o f glacial 
d eposits) w ere  a m ix tu re  of fine an d  coarse m ateria l and  had  a shift so u th w a rd  in 
acco rdance  w ith  the so u th e rn  b o u n d ary  of the ice pack an d  thus w ith  the ad v an cem en t of 
the g;lacial period . T herefore  ihe o ld est MAR peak  of finer m ateria l rep resen ts  the m elting  of 
icebergs, w hich s ta rted  n o rth w ard , and  the d ischarge of lithic m ateria l th a t is su b seq u en tly  
se lec ted  by bottom  cu rren ts  w hich p ^ h  the finer fraction so u th w ard  an d  leave the coarser 
one as d eposit. W ith the ad v an cem en t of the glacial period  the p o la r front position  w as
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sh ifted  so u th w a rd  an d  coheren tly  also the m elting  of icebergs, w hose  m ateria l is d ep o sited  
fo llow ing  the sam e crite rion  as before (record  in the core of the y o u n g e r M AR peak  for 
the co arser m ateria l). The second  m odel is d iv id ed  into tw o events: the first assu m es th a t 
the o ld e r M AR of finer fraction  is re la ted  to the eolian tran sp o rt, hearing  in  m in d  th a t d u rin g  
the beg inn ing  of each glacial period , the eolian activ ity  shou ld  he m u ch  s tro n g e r an d  the 
a m o u n t o f w in d b lo w n  m ateria l g rea ter. In no rm al cond itions the ea rth  w in d  system  is 
d is tr ib u ted  by the u p p e rm o st easterly  w in d s  betw een  60° an d  90° lat. an d  the h igh  p ressu re  
line a t ab o u t 60° N. This b o u n d a ry  in the glacial period  sh o u ld  he sh ifted  so u th w a rd s  to 45n- 
50° N  an d  consequen tly  the lim it of the easterly  w inds. The second  even t th a t characterises 
th is m o d e l is the "tim e lag effect" a t the en d  of the glacial cycle. In th is w ay  the sed im en t o f 
the icebergs (m ainly  coarse) w ill be re leased  w hen  all the  ice m asses are  m elted  (peak  for 
the san d y  fraction). N evertheless, a th ird  m odel based  on the com bination  o f the p rev io u s 
ones is reha hie.

CARBONATE PLATFORM-TO-BASIN CORRELATIONS OF 
PALEOCEANOGRAPHIC EVENTS

IV. Ordclman
Institu te  of E arth  Sciences, Free U niversity , A m sterdam , The N e th e rlan d s

C arbón-iso lope  ch em o stra tig rap h y  has p e rm itted  "facies breaking" co rre la tio n  
be tw een  the p aleoceanograph ic  record  of deep -w ate r basinal sed im en ts  a n d  paleo- 
e n v iro n m en ta l changes reco rd ed  in sha llo w -w ater carbonate  p latform  d eposits . F u rth erm o re  
analysis of the  s tra tig rap h ie  position  and  sh ap e  of each 6 I3C  sp ike has p ro v id e d  
in d e p e n d e n t ev idence  w ith  respect to sed im en ta tio n  rates, as w ell as d istinc tly  m ark in g  
unconform ities.

As p a r t o f a M id C retaceous Sea Level Project the Friuli reg ion  in n o rth eas te rn  
Italy w as s tu d ied . The aim  of the project is to reco n stru c t the successions of 
a lte rn a tin g  transg ressive  an d  regressive sed im en t deposition  an d  test w h e th e r these 
cycles reflect global sea level changes (eustacy). The em phasis  has been  p laced  u p o n  
the co rre la tio n  of shallow  carbonate  p latform  dep o sits  w ith  the ad jacen t basin . G eochem ical 
analyses w ere  in teg ra ted  w ith  sed im ento log ic  analyses an d  b iostra tig rap h y , re su ltin g  in an  
overa ll h igh -reso lu tion  fram ew ork . Positive spikes in hu lk-rock  m arine carbonate  613C 
analyses from  the Early A ptian  an d  the C e n o m a n ia n /T u ro n ia n  b o u n d a ry  have been 
iden tified  an d  co rre la ted  in carbonate  p latform  an d  ad jacen t basin  sed im en ts.

The carbon-iso tope  analyses illu stra te  th a t positive  carbonate  613C  excu rsions of 
the Low er A p tian  O ceanic A noxia Event (or OAE) are  very  w ell d ev e lo p ed  in  basin  d ep o sits  
(Val C ism on  section), an d  can be traced  into the p la tfo rm -m arg in  (M onte C avallo  section) 
an d  p la tfo rm -in te rio r (Val Ceflina section) facies.

The C e n o m a n ia n /T u ro n ia n  O A E is also accom pan ied  by a positive  carb o n a te  6 1?C 
excursion  in  the basin  and  p la tfo rm -m arg in  facies. The corre la tion  of black m arls in  the 

basin  w ith  pelagic m u d s  on  the p la tfo rm -m arg in  is in te rp re ted  as the reco rd  o f a re la tive  sea 
level rise. A shift to w ard s  very negative carbonate  b l3C values in the E thologies of the 
p la tfo rm -m arg in  and  p la tfo rm -top  sections is due  to d iagenetically  o v e rp rin tin g  by ex posu re  
events.
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SECTION 4: MUD VOLCANISM 

LITHOLOGICAL AND FABRIC VARIATIONS OF OLIMPI AREA MUD BRECCIA 
SAMPLED FROM ODP LEG 160

G. Akhm anov*, /. Woodsidc**, and the Shipboard Scientific Party o f ODP Leg 160 
*Faculty of G eology, M oscow  State U niversity , M oscow , Russia

**Faculty of E arth  Sciences, Free U niversity , A m sterdam , The N eth erlan d s

Tw o m u d  volcanoes from  the O lim pi m ud  d iap iric  field, located  in the cen tra l p a rt 
o f the M ed ite rran ean  Ridge, w ere d rilled  d u rin g  O D P Leg 160 in M ay 1995. T hirty-seven  
sam p les  of m u d  breccia and  hem ipelagic sed im en ts from  cores taken  a t sites 970 an d  971 
w ere  s tu d ie d  in th in  sections w ith  the aim  of recognition s tru c tu ra l featu res an d  exam in ing  
the re la tionsh ip  betw een  clasts an d  m atrix.

T hree types of m u d  breccia w ert' observed  and  the peculiarities of the ir genesis w ere 
in v estig a ted  on the basis of tw o m ain  indications: s tru c tu re  and  set of clasts.

(1) "O rdinary" m ud  breccia is rep resen ted  by a very  poorly -so rted , m atrix- 
su p p o rte d , m assive, s tru c tu re less, non-layered , no n -g rad ed  m ix tu re  of clay m atrix  and  
a b u n d a n t clasts w hich vary in com position , shape, size, an d  ro u n d n ess . The clast size varies 
in s tu d ie d  sam ples from  0.01 to 10 m m , b u t they are m ostly  betw een  0.1 an d  2 m m . T here is 
no o rien ta tio n  to the clasts. The m atrix  of o rd in a ry  m u d  breccia consists of calcite, clay 
m inera ls  illite an d  sm ectite, an d  fine silt-sized  grains of q u a rtz  an d  feldspar. M ud  breccia of 
th is type  d om ina tes, forriiing the cen tra l p a rts  o f m u d  breccia flows.

C lasts inc lude  all types of rock fragm ents a lready  described  for the O lim pi m ud  
breccia sam p led  d u rin g  the TTR-3 cruise of the R /V  "Gelcndzhik" (A khm anov, 1996).

F ragm ents of m u d ro ck s are p red o m in an t am ong  the clasts. They are  tab u la r or 
h lad ed , very  th in ly  lam ina ted , soft, and  plastic. Shape an d  s tru c tu re  of som e m u d ro ck  
frag m en ts  im ply  a p lastic  defo rm ation  of the fragm ents w ith in  the m u d  breccia. Sizes of 
m u d ro c k  fragm en ts vary  chiefly from  0.5 to 10 m m . M ostly, these m u d ro ck s consist o f Fe- 
illite a n d  co rrensite . Particles of Fe-illite show  slric t o rien ta tion  th a t resu lts  in a lm ost 
sim u ltan eo u s extinction  of the en tire  fragm ent u n d e r exam ination . The sam e paragenesis  of 
Fe-ilhte w ith  co rrensite  an d  the sim ilar illite m orpho logy  are know n for m u d ro ck s w ith in  
som e terrigen eo u s-carh o n a te-ev ap o rile  sequences (D rits and  K ossow skaya, 1991).

F ragm ents of m a r ile s  are very a b u n d an t as well. They are m assive, s tru c tu re less, 
ro u n d e d , a n d  som etim es rich  in  o rganic  m atter. T heir p rev a len t size is 1 to 3 m m . T here are 
a lso  fossiliferous b iom icrites com posed  of G lobigerina in a m icritic calcite m atrix  w ith  clay 
ad m ix tu re .

S iltstones, fine-grained  san d sto n es w ith  clayey m atrix  and  fine-grained  san d sto n es 
w ith  calcite cem ent are  also p resen t as m u d  breccia clasts. They are  s tru c tu re less , m assive, 
d ifferen t in shape , an d  usually  angu lar. T heir p red o m in an t size is 1 to  3 m m .

Q uartz, g ra ins are  p rev a len t am o n g  crystalloclasts. They vary  in shape, size, an d  
ro u n d n ess . Plagioclase grains a n d  K -feldspar grains are less ab u n d an t. They are  usually  less 
th an  0.1 m m  in size. A ltered  grains are com m only ro u n d ed  w hereas relatively  "fresh" grains 
are  su b an g u la r. In ad d itio n , m onocrysta ls of calcite, rare  m uscovite  an d  g lauconate  grains 
w ere  o b se rv ed  also. All crystalloclasLs have resu lted  from d isin teg ra tio n  of d ifferen t rock 
fragm en ts w ith in  m ud  breccia.

(2) "O rganized" m u d  breccia d isp lays a p referred  o rien ta tion  for the h lad ed  grains 
an d  clasts. D eform ation  of soft, p lastic  fragm ent of clay and  m ud ro ck s is com m on. Breccia of 
th is type  is associa ted  w ith  the low er an d  u p p e r p a rts  o f m u d  breccia flow s. U sually  this 
breccia sh ow s an  increase in carbonate  con ten t to w ard s  the contact because of p artia l 
b len d in g  w ith  h igh  carbonate  ad jacen t deposits. In con trast to poorly  so rted  "ord inary" 
breccia, so rtin g  of this breccia also increases to w ard s  the contact. Large clasts are a lm ost 
absent. G rains up  Lo 2 m m  in size dom inate .

(3) O ne type of the m u d  volcanic facies observed  in the sam ples from  O D P Leg 160 
is no t really  a m u d  volcano breccia a lthough  it o rig inated  from  m u d  breccia. In tervals of 
such  d ep o sits  w ere  in te rp re ted  as coarse-g rained  tu rh id iles  d u rin g  O D P Leg 160 sh ip b o ard
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investiga tion . These d eposits  are  rep resen ted  by c last-su p p o rted  facies a n d  sho w  fine p lan a r 
lam ination . Som e sam ples are  g rad ed . There is a p re fe rred  o rien ta tion  to the clasts. In 
co n trast w ith  "ord inary" breccia facies, relatively  good so rting  is observed , especially  in the 
fine g ra ined  sam ples. These s tru c tu ra l an d  tex tu ra l fea tu res im ply  tran sp o rta tio n  o f m ateria l 
by  g rav ity  flow, possib ly , by tiirh id ity  cu rren t. A t the sam e tim e, com position  of these 
d ep o sits  is s im ilar to  "ord inary" m u d  breccia com position . These dep o sits  have been  form ed 
p robab ly  by g rav ity  flow s tran sp o rtin g  m ateria l from  no rm al breccia. This m ateria l w as 
so rted  d u rin g  tran sp o rta tio n  and  red ep o sited  as local tu rb id ite s  no t for aw ay  from  a source 
area  su ch  as the m u d  volcano c ra te r o r  u p p e r slope, for exam ple. These "redeposited" 
breccias w ere  described  for in tervals  a ro u n d  170 m  bsf o f the o u te r  flanks of the M ilano m u d  
volcano (hole 970 A) a n d  the N apo li m u d  volcano (hole 971 B). They m igh t he re la ted  to 
som e p e rio d  of tectonic activ ity  in the area.

M ud  breccia fo rm atio n  is believed to begin at the d ep th  of sed im en ta ry  source 
deposits , it con tinues d u rin g  u p w a rd  m ig ra tion  th ro u g h  overlay ing  rocks, a n d  does no t 
finish a fte r deposition  on  surface. C om position  of the m u d  breccia m atrix  is changed  in tim e 
w ith  assim ila tion  of clasts. Investigations of c lasts-m atrix  contacts, m atrix  tex tu re  an d  
co m position  in th in  sections w ere carried  to characterise  the tendencies o f d ifferen t clast 
types to d is in teg ra te  a n d  to take p a rt in m atrix  form ation. W ith  reg a rd s to th e ir  b eh av io u r in 
the m atrix , the  m u d  breccia clasts can he a rran g ed  in to  a series from  the least to  the m ost 
stable: soft an d  p lastic  clayrocks and  m udrocks, m icrites a n d  fossiliferous m icrites, 
siltstones, sand sto n es, b ioclasts, fragm en ts of calcite cracks, fe ld sp ar grains, m ica, c a k ile  
grains,- chalcedony, po lycrystalline  q u a rtz  grains, m onocrystalline q u a rtz  grains. M ud  
breccia m atrix  com position  is closely related  to the set o f clasts an d  to th e ir com positions.
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MUD VOLCANOES OF THE KERCH PENINSULA. GENERAL REVIEW

A. Akhmetjanov, G. Akhmanoz’, O. Kryloi», E. Basov, E. Kozlova, and A. Stadnitskaya 
Faculty  of Geology, M oscow  State U niversity , M oscow , Russia

The K erch Peninsu la  is an  area  w here  m u d  volcanoes are  w id esp read . They have 
been in the  focus of m any scientists for a long tim e. A recent field trip  a im ed  to s tu d y  m u d  
volcanoes of the K erch Peninsula w as o rgan ised  by the UN ESCO  C entre  for M arine G eology 
an d  G eophysics o f MSU in co -operation  w ith  the U krain ian  S tate Institu te  o f M ineral 
R esources in June 1995. This field trip  w as a p a rt o f the investiga tions of onsho re  an d  
su b m arin e  m u d  volcanism  co n d u cted  w ith in  the fram ew o rk  of the TTR P rogram m e.

M ud volcanoes of the Kerch pen insu la  are  connected  w ith  clay d iap ir s tru c tu re s  
an d  are  usually  located  at th e ir tops. Three types of the m u d  volcanoes can he d istin g u ish ed . 
D ifferences betw een  these types d ep en d  on the charac ter of the ir activity . The m u d  
volcanoes w hose  activ ity  has an  explosive charac ter are  re ferred  to the first type. Short 
p e rio d s of activ ity  are  sep ara ted  hy long passive periods. The D zhau-T epe m u d  volcano is a 
typical exam ple o f this type. It is a hill 60 m high bu ili up  from  rad ia lly  sp re a d in g  m u d  
flow s w ith  the length  of 40 to 400 m. It rep resen ts the  b iggest m u d  volcano of the K erch 
pen insu la . The second  type, on  the con trary , can he charac terised  hy a re la tively  w eak  an d  
con tin u o u s activ ity . M ud volcanoes, belonging  to this type, have d ifferen t m orpho log ica l 
expressions. N u m ero u s vents m inu te ly  sp ittin g  ou t sm all am o u n ts  o f gassy m ud , are  very 
com m on. This type is s trong ly  effected hy the presence of w a te r sa tu ra te d  layers in the 
u p p e r  p a r t  of a sed im en tary  sequence. This type w as investiga ted  in the B ulganak m u d  
volcanoes area. The typical m u d  volcano of the th ird  type called  D zh ard - zhava is located  in 
the  easte rn  p a r t o f the p en insu la  an d  rep resen ts a hill of abou t 15 m  h igh an d  500 m  across.
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It d em o n stra te s  d transitio n a l typo of m ud  volcanic activ ity  w ith  the featu res of bo th  above 
m en tio n ed  types. The e ru p tiv e  perio d s dre rep laced  by w edk dctivity  periods in th is case. 
The d ifferences betw een  these types can be generally  exp lained  by the pecu liarities o f the 
h ost fo rm ation  an d  the ev o lu tion  of the m ud  volcanoes.

O nsh o re  m u d  volcanoes a n ' qu ite  com parab le  w ith  deep-sea ones. U sually  the 
fo rm er sh ow s a vary ing  m orpho logy . The' later has b elter p rese rv ed  m eso-relief featu res 
because of the absence of erosive agen ts such as w ind , ru n n in g  w ater, etc.

MUD VOLCANOES OF THE TAMAN PENINSULA (WESTERN CAUCASUS). 
MORPHOLOGY, STRUCTURE AND LITHOLOGICAL COMPOSITION.

£. Basov* and L. Mcisner**
* Faculty of Geology, M oscow State University, Moscow, Russia 

**NIPI "O keangeofi/.ikd”, G elend/.hik, Russia

In su m m e r 1994 a geological field Lrip w as carried  out, w ith in  the fram ew o rk  of the 
TTR p ro g ram m e, on  the T am an Peninsula (Fig. 1) w ith  the m ain  goal lo investiga te  the m ud  
volcanoes: the ir location, activity , m orpho logy  an d  lithology of the e ru p te d  p ro d u c ts . 
Several m u d  volcanoes an d  w ell-cores w ere s tu d ied  an d  sam p led  d u rin g  the exped itio n  for 
com p ariso n  an d  iden tifica tion  of the rock fragm ents from  the m u d  volcano breccia.

45 20 N

ík4? 10

37' an36 45 E

M u d  v o lc a n o e s

1. P ecloA zovskoe
2. K ui hu g u rsk ii
3. T iz d a r
4. F on talovsk ii
5. G o re lav a  m o u n ta in
6. P uellina
7. T sy m b a lv -V o sto ch n u e
8. S h o p u rsk ii
9. C h irk o v a  m o u n ta in
10. K arab e to v a  m o u n ta in
11.Peklo  C h e rn o m o rsk o e
12. B ugazsk ii
13. P o m a d in a
14. S e v e ro -Kiz.iltashskii

Legend

15. V vshesteblievskii
16. S enno i
17.Borisa 1 G leba m o u n ta in
18. A kh tan izovsk ii
19. S evero -A k h tan izo v sk ii
20. Sopka
21. T em rvuksk ii
22. G oluBitskii
23. M iska
24. S ev ero -N efty an o i
25. P u b o v y i rvnok
26. Y u zh n o -N eftv an o i
27. K am vsheva tsk ii
28. G irlvanv i

29. P zh ig in sk ii
30. R aznoko l'sk ii
31. G n ilava  m o u n ta im

D rill h o le s  ( plm)

K l;2  - K uch u g u ry  1 & 2
T 3  - T a m a n  5
T5 - T a m a n  5
T7 - T a m a n  7
F15 - F on ta lo v sk av a  15
720  - Z a p o ro zh sk a v a  20

Fig. 1. Location m ap  of the T am an m ud  vok and  drill holes
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S tructu ra lly , the T am an  reg ion  is s itu a ted  on the connecting  zone o f the C aucasus 
an d  C rim ean  fo ld ed  belts; as well, it is characterised  hy its com plica ted  geological an d  
tectonic s tru c tu re , m an ifesta ting  faults of various scales, hy the p resence  o f th ick  clay 
dep o sits  o f the M aikopian  Form ation  an d  hy o th e r factors w hich  a re  responsib le  for 
d iap irism  an d  m u d  volcano activ ity  in the area u n d e r s tudy .

The differences in  activ ity  of m u d  volcanoes w ere  revealed  in the field w o rk  resu lts . 
The m o d e rn  e ru p tio n s  of T am an  m u d  volcanoes are  ch arac terised  hy w eak  ac tiv ity  w ith  
e ru p tio n  of liqu id  an d  gas sa tu ra te d  breccia som etim es w ith  oil pellicles. A ncient ones are  
m ain ly  ch arac terised  by explosive erup tions, as d em o n stra ted  hy the m o rp h o lo g y  of m ud  
vo lcanoes (existence o f c ircu lar hank  a ro u n d  the crater, form ed hy p ro d u c ts  o f e ru p tio n s  
an d  d estru c tio n  o f the m u d  volcano u p bu ild ing ) an d  hy the presence o f a g rea t deal of 
coarse  rock fragm en ts in  the m u d  volcano breccia. In ad d itio n  it w as n o ted  th a t a t the 
p re se n t tim e, active m u d  volcanoes are  s itu a ted  in the n o rth e rn  p a r t of the T am an  Peninsula 
w h ereas  the  extinct ones are  m ain ly  located  in the so u th e rn  part.

L ithological analysis o f the  rock fragm en ts from  m u d  volcano breccia p e rm its  the 
d is tin g u ish in g  o f the m ain  clasts litho types an d  cong lom erates w ith  d ifferen t rock 
fragm ents, such  as lim estones, s iderites, sandstones, an d  volcanic rocks. S and sto n es are 
very  w id esp read  in the m u d  volcano breccia; they are m ainly  g laucon ite -quartz , q u a r tz  - 
fe ld sp a r an d  polym ictic  sandstones. Silt- and  claystones a re  ch arac terised  hy en rich m en t of 
o rgan ic  m a tte r  an d  pyrite  an d  could  he da ted  hack to the O ligocene-L ow er M iocene tim e. 
The carbonate  rock fragm ents p lay  an  im p o rtan t role in the co m position  of the breccia; 
usually  these a re  lim estones, do llostones, m icrites an d  siderites.

Finally, th ro u g h  s tu d y in g  of the lithological com position  o f rocks from  the w ell- 
cores d rilled  on  the T am an  Peninsula, com parison  w ith  rock  fragm en ts ca rried  o u t by m u d  
volcanoes an d  w ith  p u b lish ed  data , one can define the ages of these rock  fragm en ts, w h ich  is 
vary  from  the C retaceous lo the M iocene tim e.
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** Institu te  of O ceanology, Bulgarian A cadem y of Sciences, V arna, Bulgaria 
***University of U trecht, U trecht, The N eth erlan d s 
**** Free U niversity , A m sterdam , The N e th e rlan d s 

*****Institute of G eology, U niversity  of N euchâtel, N euchâte l, S w itzerlan d  
****** Faculty of G eology, M oscow  State U niversity , M oscow , Russia

The M ed ite rran ean  Ridge is Lhe largest s tru c tu ra l e lem ent of the C en tra l a n d  E astern  
M ed ite rran ean , s tre tch in g  from  the C alabrian  rise in the w est to the F lorance Rise in  the  east 
o v e r a d istance  of som e 1500 km . The Ridge is of the o rd e r  of 150-300 km  w id e  an d  has an  
a rcu a te  convex so u th w a rd  shape. The M ed ite rran ean  Ridge is a y o u n g  s tru c tu re  w hich  
o rig in a ted  as a resu lt o f the A frican and  E urasian  p la tes convergence. But th ere  are  
n u m ero u s  h y p o theses vary ing  from  a m idocean  ridge  to a g ian t o lis to strom e. O n  the 
M ed ite rran ean  Ridge severa l m u d  volcanoes have been d iscovered  a n d  the P lio -Q u a tem ary  
sed im en ts  an d  the M essinian  ev ap o rites  w ere  defined  from  seism ic reflection  profiles. O ne 
of the m ain  goals of the  TTR5 cruise, carried  o u t by n u m b er m e th o d s  in c lu d in g  h igh  
reso lu tio n  seism ic profiling, w as to investigate  the characteristics of m u d  volcanoes, the
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d istrib u tio n  of the M essinian ovaporites, and  to m ap  the soa floor s tru c tu res . At the 
sam e tim e the high reso lu tion  seism ic data  w ere confirm ed w ith  o th e r geo-acoustic  m eth o d s 
as side scan sonars (short-O R ETEC H  and  long range-O K EA N ) an d  subbo ttom  sam pling . 
The ta rg e t area w as from  a po in t 150 km sou th -east of C rete, NW  to a po in t 50 km  so u th  of 
A n ax im an d er M ountains. The area of investigation  is designed  to ru n  paralle l to the 
M ed ite rran ean  Ridge is s itu a ted  betw een  the no rth ern  an d  so u th e rn  d efo rm atio n  fron ts of 
the  ridge. The w a te r d ep th s  vary  from  abou t 1800 lo 3000 m in the s tu d y  area. The da ta  w as 
p re -p ro cessed  on h o ard  (hand-pass filtering, horizon tal slack  an d  a tten u a tio n  level) an d  
p red ic tiv e  deconvo lu tion . The pre lim inary  resu lts of the seism ic lines gave som e clues to the 
reflection characteristics. Som e m u d  volcanoes w ere d iscovered  at the m ost w este rn  p a rt of 
the ta rg e t area . Som e V -shaped  and  o u tc ro p p ed  M-re flee tors w ere observed .

MUD VOLCANISM ON THE MEDITERRANEAN RIDGE

E. Fclscr
Free U niversity , A m sterdam , The N eth erlan d s

D uring  tw o cru ises of the "T raining-lhrough-R esearch" P rog ram  (1993 an d  1995), 
severa l m u d  volcanic areas w ere d iscovered  on the crest of the M ed ite rranean  Ridge in an 
area so u th  of C rete. These areas w ere investiga ted  w ith  seism ic lines an d  O K EA N , MAK-1 
an d  ORETECH  side-scan  sonars. The m ud  volcanoes w ere also sam p led  w ith  a g rav ity  core 
an d  a T V -controlled  grabber. These d ifferen t areas are  com pared , and  bo th  th e ir place on the 
M ed ite rran ean  Ridge an d  the s tru c tu ra l features in the ir ne ighb o u rh o o d  are  taken  into 
accoun t. 1 com pare  flow d irections, d ep th  of the m ud  volcanoes, the com position  of the m ud  
breccia (clasts an d  m atrix ) an d  the relation betw een  the m ud  volcanoes an d  the occurrence 
of brine  pools an d  pockm arks. D ifference are considered  to be due  to the heights of the m ud  
volcanoes w hich  are p robab ly  rela ted  Lo tectonic p rocesses in the area.

FLUID VENTING FROM MUD DIAPIRIC STRUCTURES: THE EXAMPLE OF THE 
MUD DIAPIRIC FIELD SEAWARD OF THE DEFORMATION FRONT OF THE 

BARBADOS ACCRETIONARY COMPLEX AT 14» N

ƒ. P. Foucher* and P Henry**
‘ L aborato ire  des E nv ironnem en ts Sedim entaires, C en tre  1FREMER de Brest, France 

“ L aborato ire  de G eologie, Ecole N orm ale Superieu re , Paris, France

N u m ero u s  m u d  volcanoes an d  d iap irs  pierce in the so u th e rn  p a r t of the B arbados 
accre tionary  com plex. The u n d e rth ru s tin g  of sed im en t below  the w edge  an d  the th ick  
m u d d y  tu rb id ite s  from  the O rinoco R. allow  the dev e lo p m en t of o v e rp re ssu re d  an d  
u n d e rco m p ac ted  zones from  w hich  d iap irs  an d  m u d  volcanoes o rig inate . M ud volcanoes 
have also d ev e lo p ed  in  severa l a reas of the abyssal p lain  seaw ard  of the d efo rm atio n  fron t o f 
the  w edge, p resu m ab ly  as a re su lt o f a large flu id  flow  com ing  from  the w ed g e  a long  the 
deco llem ent. The m u d  volcano field a t l-F’N is one of these areas. S ubm ersib le d ives in this 
field b ro u g h t ev idence of flu id  ven ting  from  all exp lo red  s tru c tu re s  w h a tev e r th e ir types: 
conical m o u n d s, large d iap irs , an d  m u d  pies. All have chem osyn thetic  b ivalve com m unities 
a n d  m ost have large am o u n ts  of carbonate  sed im en ta tion . H eat b u d g e ts  es tim ated  for the 
A ta lan te  an d  C yclops m u d  volcanoes ind icate  vo lum es of expelled  flu ids of 40,000 m 3/y r .  
an d  5,000 n V /y r. respectively . A ssum ing  th a t the fresh w a te r co m p o n en t of the expelled  
flu ids com es from  the d issociation  of gas hyd ra tes, 8,000 kg of m ethane  cou ld  be re leased  
p e r d ay  by the A talan te  m u d  volcano alone. Fluid an d  gas ven ting  m ay rem ain  active even 
th ro u g h  p e rio d s of qu iescence of m u d  expulsion . M oreover, d iffuse fluid flow at ra les of 
be tw een  2 an d  lOxlO3 n T /y r . th ro u g h  sed im en ts su rro u n d in g  m ud  volcanoes resu lts  in fluid 
fluxes th ro u g h  the seafloor even larger than  those channelled  th ro u g h  m u d  volcanoes.
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MUD VOLCANISM ON THE MEDITERRANEAN RIDGE - INSIGHTS FROM THE 
MILANO AND NAPOLI MUD DOMES (ODP LEG 160)

A. Kopf and the Shipboard Scientific Party, ODP Leg 160 
G eologica l Institu te , A lhert-L udw igs U niversity , F re iburg , G erm an y

The presence  of m u d  volcanoes in  d ifferen t areas on  the M ed ite rran ean  R idge 
accre tionary  com plex w as initially  d o cu m en ted  hy severa l Italian ex p ed itions (C ita, et al. 
1981; 1989; C am erlengh i, e t al. 1992). Tw o con trasting  m u d  dom e stru c tu re s  in  the  O lym pi 
m u d  d ia p ir  field  (M ilano dom e, Site 970; N apo li dom e, Site 971; cf. Em eis, R obertson, 
R ichter, et al., in  press; see Fig. 1 for location) w ere  d rilled  d u rin g  the recently  com pleted  
O D P Leg 160, to  test tw o  hypo theses: w h e th e r they fo rm ed  as m u d  d iap irs  (i.e. in trusion), 
o r as m u d  volcanoes (i.e. ex trusion). N ew  seism ic da ta  an d  the re su lts  o f scientific d rilling  
su p p o r t the h y po thesis  of an  e ru p tiv e  orig in  o f the m u d  volcano deposits , a lth o u g h  the 
sou rce  of the m u d  is still e lusive. The M ilano m u d  volcano da tes from  a t least ca. 1.75 Ma, 
an d  is now , ap p a ren tly  d o rm an t, w h ilst there  is ev idence of ep isod ic  ac tiv ity  a t N ap o li from  
1.5 M a to the p resen t day. This suggests  th a t m u d  volcanoes have a m u ch  g rea te r longev ity  
th an  p rev io u sly  su p p o sed . A transect of holes w as d rilled  from  the ad jacen t hem ipelag ic  
deep-sea  sed im en ts, across the flanks, to the crestal a rea  of each of the s tru c tu re s  (Fig. 2). 
The d o m in an t sed im en t type  is m a trix -su p p o rted  m u d s an d  m u d  breccias, in te rb ed d ed  an d  
in te rfingering  w ith  deep-sea hem ipelag ic  sed im ents. O n the flanks of b o th  volcanoes, 
inclined  in te rva ls  of c la s t-su p p o rted  gravels an d  san d s are  overla in  by m a trix -su p p o rted , 
c last-rich  m u d s, in te rp re ted  as m u ltip le  debris flow s. By con trast, m ore  silty  an d  san d y  
in te rv a ls  characterise  the cresta l a reas (Fig. 2). The m u d  volcano dep o sits  co n ta in  variab le  
q u an titie s  of clasts (cf. Flecker an d  Kopf, in press), w h ich  are  dom in an tly  m u d sto n es , an d  
c laystones o f P lio -Q uaternary  age. U pper C retaceous, O ligocene a n d  Early M iocene 
m icrofossils w ere  fo u n d  in  the clasts, b u t are considered  hav ing  been  rew o rk ed , as b io slra la  
o f M iocene age is also p resen t. Pore fluid chem istry  at N apoli a n d  to a lesser ex ten t a t 
M ilano, ind ica tes p rox im al halite, p resu m ab ly  of M essinian  age. H y d ro carb o n  gas 
(p red o m in an tly  m ethane) is actively venting  from  the N apoli s tru c tu re , an d  gas is also 
p resen t in the M ilano m u d  volcano cresta l-sed im ents an d  e lsew here on  the M ed ite rran ean  
Ridge (Cita et al. 1995). In ad d itio n , m ethane  h y d ra tes  (clathrates) w ere  d iscovered  for the 
first tim e in the M ed ite rranean  in the crestal sed im en ts of the M ilano dom e.
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Fig. 1: O u tline  m ap  of the E astern  M ed ite rranean  show in g  the location of Ihi' M ilano (Site 
970) a n d  N apo li (Site 971) m u d  volcanoes drilled  d u rin g  Leg 160.
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Fig. 2: S um m ary  of the lith o s tra tig rap h y  of the M ilano (Site 970) an d  N apoli (Site 971) m ud  
vo lcanoes d rilled  d u rin g  O D P Leg 160. The seism ic reflectors visible w ith in  the tw o  m ud  
s tru c tu re s  are  sh o w n  below . N ote  the presence of in w ard -d ip p in g  reflectors ben ea th  b o th  
flanks o f  N apo li an d  the W SW -side o f the M ilano.
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MUD BRECCIAS OF THE MEDITERRANEAN RIDGE

C. van der Zei 
Free U niversity , A m sterdam , The N e th e rlan d s

A fter the  d iscovery  o f m u d  volcanoes d u rin g  the TTR-5 cru ise  in  an  a rea  so u th  of 
C re te  (33-34° N  a n d  25-26° E), g rav ity  cores a n d  a TV -controlled  g rab b er w ere  u se d  to  collect 
m u d  breccias. M ud  breccias w ere  sam p led  in  the area o f the D ublin  a n d  S toke-on-T rent m u d  
vo lcanoes to  d e te rm in e  the age an d  o rig in  o f the rocks p icked  u p  d u rin g  an  e ru p tio n  to 
re la te  them  to the h isto ry  of the M ed ite rranean  Ridge a n d  m u d  volcano  activ ity . The 
m ajo rity  o f the  clasts a re  fo u n d  to he m u d s to n e  fragm ents. C alcaren ites, san d sto n es, m arls, 
breccia a n d  g y p su m  w ere  also  recovered . Som e clasts sho w  signs o f defo rm atio n , o th e rs  are  
m assive , lam in a ted  o r  h io tu rh a ted . F u rth e r s tu d y  of sm earslid es  a n d  re s id u e  from  the 
m atrix , an d  th in  sections a n d  resid u e  of the  clasts is p lan n ed . To co rre la te  the  m .d  
volcanoes, O retech , seism ic lines a n d  ev en tua lly  O D P-sites w ill be s tu d ie d .

SECTION 5: FLUIDS IN MARINE SEDIMENTS AND GEOCHEMISTRY 

ON RESULTS OF PORE WATER STUDIES, EASTERN MEDITERRANEAN

D. Abezgauz
S t.-P etersburg  State U niversity , Faculty o f G eology, R ussia

E ighteen core sam ples, frozen  ab o a rd  a t a tem p era tu re  o f -12°C, w ere  availab le  fo r the 
a u th o r  for p o re  w a te r  s tu d ies  from  the TTR-5 cruise. The p o re  w a te r  w as sq u eezed  o u t w ith  
a steel sc rew  p ress  w ith  doub le-side  w a te r  d iversion . C hem ical analyses w ere  m ad e  a fte r 
the sam p les  have been  d ilu ted  w ith  d istilled  w a te r a t a ra tio  o f 1:10. C o n cen tra tio n  of 
ch lo ride-ion  w as d e te rm in ed  by  a rg en to m etric  titra tion , su lfa te ion  b y  the w eig h t m e th o d  
th ro u g h  the use of p rec ip ita tio n  w ith  b a riu m  ch lo ride  an d  to ta l a lka lin ity  by  titra tio n  w ith  
lean  so lu tio n  of hyd ro -ch lo ric  acid. Eh an d  p H  w ere  d e te rm in ed  w ith  the use of the EV-74 
p o ten tio m ete r. In the sam p les  tak en  a t sites 169G, 170G, 179G, 187G a n d  195G, the 
fo llow ing  changes o f concen tra tions w ere  no ted : ch lo ride-ion  - from  18.7 g /k g  to  67 g /k g , 
su lfa te-ion  - from  2.1 g /k g  to 20 g /k g , to tal alkalin ity  - from  0.1 g /k g  to  0.5 g /k g , Eh - from  
-280 m V  to -155 mV, p H  - from  7.57 to 8.27. The m o st obv ious regu la rities  w ere  o b se rv ed  in 
the ch lo ride-ion  d is trib u tio n . It is possib le to d is tin g u ish  th ree  typ es o f eh lo rin ity  
variab ilities th ro u g h  the section . Type I is charac terised  by a co n stan t ch lo ride-ion  con ten t, 
w h ich  is s im ilar to th a t in  the sea w ate r. Such a d is trib u tio n  w as o b serv ed  a t Site 179G 
s itu a te d  on  the  m u d  flow  o f the  S toke-on-T rent m u d  volcano. T ype II is o b se rv ed  in  the 
sections of sites 169G an d  187G, w here  pelagic sed im en ts  w ere  p en e tra ted , a n d  p e rh a p s  at 
site  195G. It is ch a rac terised  by a dow nsec tion  increase in eh lo rin ity  w ith  a g ra d ie n t o f  u p  
to  153.7 (m g /k g ) /c m . Such type  of the  d is trib u tio n  is exp la ined  by the vertica l d iffu sion  o f 
ch lo rides. It seem s reasonab le  to  no te  tha t in b o th  sites the increase in  m e th an e  
co n cen tra tio n  is o b served  dow nsec tio n  w here  the d e p th  o f its h ighest g ra d ie n t co incides 
w ith  th a t for eh lo rin ity  (A .V .Egorov, personal com m unication). T ype III w as n o te d  a t site  
170G, w h ere  a s lu m p  breccia w as recovered . There is no  noticeable increase in  eh lo rin ity  
d o w n sec tio n  d o w n  to a d e p th  of 240 cm . At a d e p th  o f 268 cm, ch lo ride-ion  co n ten t rises, 
a n d  th a t is p ro b ab ly  re la ted  to w a te r  flow  in the in te rb ed s o f san d  in  the in te rv a l o f 268-288 
cm. b.s.f. Therefore, there  is no  sites s itu a ted  w ith in  zones o f flu id  seepages, o th e rw ise  there  
w o u ld  be a h ig h  eh lorin ity  w ith o u t ch loride concen tra tion  g rad ien t sh o u ld . The above 
m en tio n ed  also  refers to  the situ a tio n  a t Site 179G. Because the ch lo ride  d iffu sion  co incides 
w ith  the d iffusion  of m ethane, it can  be su p p o se d  th a t the deep  sou rce  fo r b o th  co m p o n en ts  
are  gas-brine flu ids. P erhaps, at site  170G a sub-la tera l o ffshoot o f such  flu id  asso c ia ted  w ith  
h y p o th e tica l zones o f h ighest perm eab ility  (sand  in terbeds) w as p e n e tra ted . The s tu d ie s  of 
p o re  w a te r  an d  geotherm ic s tu d ies  w o u ld  be necessary  in  m arine  geological investiga tions.
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CARBONATE MINERAL ASSEMBLAGE IN BOTTOM SEDIMENTS FROM THE 
UNITED NATIONS AREA, EASTERN MEDITERRANEAN RIDGE. 

ƒ. B elen'kaya
Faculty of G eology, M oscow  State U niversity , M oscow , Russia.

The objective of this investiga tion  w as to s tu d y  of the carbonate  m inera l assem blage 
in  bo ttom  sed im en ts  from  the U nited N ations rise an d  the ad jacen t areas of the 
M ed ite rran ean  Ridge, w h ich  are  characterised  hy intensive h y d ro carb o n  fluids. A varie ty  of 
au th igen ic  m inerals, first of all do lom ite , c a k ile  and  su lp h id es  w ere  observed  d u rin g  the 
v isual core d escrip tion  an d  m icroscopic s tu d y  of sm ear slides an d  th in  sections. In one 
sam p le  (170G) a la rg e ' field of w ell-crystallised  do lom ite  w as described . In som e th in  
sections, an  a lm o st com plete  rep lacem en t o f organic d e tritu s  hy su lp h id es  an d  a filling of a 
fo ram  shell in te rio r w ith  pyrite  an d  m arkasite  w ere observed . 23 sam ples from  13 sites taken  
in the w a te r  d ep th  ran g in g  from  2180 m to 2470 m  w ere selected  for defin ing  the 
com position  of carbonate  m inerals from  som e characteristic  levels below  sap ro p e l SI an d  
above sap ro p e l S6. All of the sam ples w ere analysed  in p o w d er test hy X-ray m eth o d  w ith  
the C o-ta rg e t in the  lim ited  in terval o f the Bragg angles (25.040-55.040). The analysis w as 
c a rr ie d  o u t in an  au to m atic  m ode, w ith  IBM PC based  data  processing . M ethods of th is k ind  
a re  suffic ien t for exact iden tification  of carbonates com position , b u t they do  no t p ro v id e  the 
q u an tita tiv e  ev a lu a tio n  of carbonate  conten t. G enerally  in  o u r sam ples four types of calcite 
a n d  th ree  types of do lom ite  w ere  found . "N orm al" calcite (dio4=3.0357A) is p re sen t in all of 
the an a ly sed  cores. In m ost of the sam ples, the high-M g calcite an d  "com plex" carbona tes 
(w ith  v a rio u s am o u n ts  o f Ca, Mg, Fe in  th e ir lattice) w ere iden tified . Side by side  w ith  the 
o rd in a ry  ra tio  o f the carbonate  m inerals, high-M g calcite (d]04=3.006A) p red o m in an ce  over 
the "norm al" calcite is also freq u en t (172G, 185G, 184G an d  175G). The com position  of 
d o lo m ite  is variab le  as well. Besides the o rd in a ry  do lom ite  (dio4=2.889A), w e also  observed  
som e varie ties w ith  ab u n d an ce  of CaCCh (dui4=2.90A) an d  FeC C h/M gC O ? (dio4=2.90A). 
These d o lom ites in all o f the sam ples w here  they w ere found , are  ch arac terised  by a very  
u n stab le  crystal s tru c tu re , th a t m ay be caused  by C a2+, M g2+ an d  Fe2+ being  a rran g ed  
d iso rd e rly  (170G, 175G, 169G, 185G an d  177G). D istribu tion  of "com plex" carbonates and  
d o lo m ites  co rre la tes w ith  h ig h er concen tra tions of hyd ro carb o n  gases an d  b itu m en  in 
sed im en ts . The geochem ical investiga tion  of organic m a tte r an d  h y d ro ca rb o n  gases sh ow s 
th a t the p red o m in an ce  of w ax - a sp h a lth en o u s com ponen ts is o b serv ed  in  the u p p e r  p a rts  of 
cores 168G ,169G , 170G , 175G a n d  172G ( E gorov et a l . , th is book; S tadn itskaya , th is hook). 
The sh a re  o f the ligh t h y d ro ca rb o n  gases in the com position  of the b itu m en  increases 
d o w n w a rd  a long  all cores. The com position  an d  deg ree  of tran sfo rm atio n  of b itum en  
ind ica te  its a lloch th o n o u s n a tu re  an d  possible orig in  from  a deep  source of h y d ro ca rb o n  gas. 
In the low est p a rts  of the cores h igher concen tra tions of gases, m ainly  m ethane w ere 
o b serv ed . S ed im ents w ith  such  d is trib u tio n  of b itum en  an d  gases concen tra tion  are 
ch arac terised  hy an  ab u n d an ce  of MgCCh (FeCCh) an d  unstab le  crystal s tru c tu re  for the 
carbona te  m inerals. The o b ta ined  resu lts  are  in line w ith  sim ilar investigations, w h ich  w ere  
ca rried  o u t on  the C ascad ia  m arg in  (Ritgen et al.,1987), in the G ulf of M exico (Ferrel et al.,
1994) an d  o th e r regions. Such a rare  assem blage of carbonate  m inerals in the subsu rface
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sed im en ts  o f the deep -w afer basin  as w ell as the un u sû a lly  h igh con ten ts o f M gCCb m ay he 
exp la ined  by the fo llow ing  reasons:
1. P rec ip ita tion  a t h ig h er tem p era tu re  . The tem p era tu re  of n ear bo tto m  w a te r  in this 
area  of the M ed ite rran ean  Sea is m u ch  h igher then  the n o rm al for th is d e p th  w hich  is 
eq u a l to 13 C (M arta  E strada , 1984). A dditionally , the tem p era tu re  o f the w a te r can be 
risen  in  the gas ven ts  areas because of up g o in g  flow s of ho t flu ids from  d ep th , w h ich  w ere  
n o ted , fo r exam ple, in the m u d  volcano area of the B arbados accre tionary  com plex  (Le 
P ichón X. et al., 1990).
2. H igh  in p u t o f the m eth an e  - d e riv ed  CO? in to  sed im en ts

C H 4 +SO 4 2- =HS + H C O 3 + H 2O 
This p rocess cou ld  give rise to local d ev e lopm en t of anoxic cond itions a ro u n d  h y d ro ca rb o n  
seeps, caused  by  H 5 reduc tion  to H?S w ith  the h y d ro g en  from  the o rgan ic  m a tte r  in 
d eposits . The p resence  o f au th igen ic  Fe-su lphides in sed im en ts a n d  the s tro n g  sm ell of H 2S 
in som e cores m ay  he taken  as ind irec t evidence.
3. S u p e rsa tu ra tio n  of po re  w a te r w ith  M gCO? w hich  m ay  occur by being  b ro u g h t to  the 
su rface  by flu ids from  the M essin ian  evaporite  layer, ly ing a t a sm all d e p th  in the area.

References:
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BRIGHT SPOTS ON THE TTR-5 SEISMIC PROFILES: IS IT REALLY GAS?

S. Bouriak
Faculty of G eology, M oscow  State U niversity , M oscow , R ussia

O n seism ic sections ob ta ined  d u rin g  the TTR-5 cruise of the R /V  Professor Logachev, 
a n u m b er of b rig h t spo ts  w ere  observed . These local acoustic  anom alies of sign ifican tly  
increased  reflectiv ity , re la tively  to the re st o f the seism ic section, a re  assoc ia ted  w ith  the 
no tab le  nega tive  relief o f the M -reflector, an d  are  o bserved  d irectly  above the evaporitic  
layer. The b rig h t sp o ts  a re  b e tte r seen after the low  frequency  b an d -p ass  filte ring  (V. 
G ainanov, perso n a l com m unications), i.e. they are ch arac terised  by a lo w er frequency  
sp ec tru m . T hese acoustic  anom alies have been assu m ed  to ind icate  gas sa tu ra tio n s, h o w ev er 
there  are  no  reliable evidence, except for the increase in the reflected  w av e  a m p litu d es . O n 
the  o th e r h an d  it is w ell-know n th a t seism ic am p litu d es  are affected hy  bo th  geom etric  an d  
lithologie fea tu res of reflecting  layers, an d  therefore, b rig h t sp o ts  are  a fu nc tion  of n o t only 
po re  flu id  sa tu ra tio n s, b u t also of layer thickness an d  su rro u n d in g  rock  type. T hickness of 
the  layer is an  im p o rtan t fac to r here  d u e  to possib le in terference of the reflected  w av e  
com ponen ts. Therefore, am p litu d e  analysis alone is no t sufficient to define realistically  
w h e th e r there  is gas sa tu ra tio n  of a layer o r not. This w o rk  aim s to  check the n a tu re  o f the 
b rig h t sp o ts  m ain ly  hy m eans of the reflected  w ave analysis in  frequency  d om ain . C o m p u te r  
s im u la tio n  of the seism ic d irect p rob lem  w ill be carried  o u t in o rd e r  to find o u t the m o st 
p robab le  cause for the  b rig h t spots, an d  construc t the m ost reliable m odel for th e ir o rig in  in  
the area.
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SHALLOW GAS VENTS OFFSHORE BULGARIA

L. Dimitrov
In stitu te  o f O ceanology, B ulgarian A cadem y of Sciences, V arna, Bulgaria

The existence of gas vents an d  pe rm an en t gas seeps a long  the B ulgarian  Black Sea 
coast has been kn o w n  for m any  years. Based on the geological-geophysical da ta  o b ta in ed  in 
1980s, n u m ero u s  acoustic  anom alies, such as acoustic tu rb id ity , b rig h t spo ts, enhanced  
reflections, etc., w hich  are  an  ind ica tion  of the presence of gas in m arine  sed im en ts, are 
d isco v ered  a lm o st ev ery w h ere  offshore Bulgaria. W ater co lum n anom alies an d  seabed  
pock m ark s have  also been localised.

A coustic  tu rb id ity  is re la ted  m ainly  to H olocene gas-charged  sed im en ts, w h ich  are 
w id e sp re a d  in the cen tra l p a rts  of the shelf an d  on the u p p erm o st con tinen ta l slope. The 
p resence  o f gas in these sed im en ts  is connected  w ith  a very  high ra te  of sed im en ta tio n  and  
in tensive  p rocesses of tran sfo rm atio n  of the accu m u la ted  organic m atte r. S im ilar acoustic  
fea tu res are  reg is te red  in  d eep e r ho rizons in  b u ried  paleodelta ic  bodies.

B right sp o ts  an d  the ir shallow  co u n te rp a rt - enhanced  reflectors - are  d iscovered  
p red o m in an tly  on the n o rth e rn  shelf. They are irregu la rly  sca tte red  bo th  la terally  an d  
vertically . U sually  they  occur at 16-20, 45-60 and  85-105 m s (TWTT) below  seabed . M ost 
p robab ly  they  a re  resu lt of free gas u n d e r anom alous p ressu re , trap p ed  in shelly -sand  layers.

Seabed  pockm arks are  d iscovered  a long  the periphery  o f the so u th e rn  shelf an d  
u p p e rm o s t co n tinen ta l slope a t w a te r d ep th s  from  95 to 250 m. A to tal of 305 pockm arks 
have  been  localised  w ith in  an  area of m ore Lhan 100 k m 2 (2-5 km  w ide  an d  41 km  long). 
Both w ith in  the pockm arks zone and  in the n e ighbourhood , the specific reflections in the 
w a te r  co lum n on  the ech o so u n d er an d  shallow  seism ic reco rds suggest th a t there  is the 
release of free gas from  the seabed . This suggests  th a t som e of the pockm arks are  active at 
p resen t. The m ain  trig g erin g  m echanism  for the pockm ark  fo rm ation  is a ssu m ed  to  be 
e a rth q u ak es  an d  slope processes.

N a tu ra l gas seeps occur a t n u m ero u s  sites in the aqua tic  area a long  the B ulgarian  
Black Sea coast. Som e of them  has been know n to the old fisherm en a t least since the en d  of 
the 1940s. M ore th an  2500 seeps are  know n  now , w hich  occur a t w a te r  d ep th s  be tw een  4 and  
15 m an d  it is assu m ed  th a t there  could  he m ore Lhan 5000 seeps. M ost of the gas seeps are  
s itu a ted  in a reas w ith  know n o r possib le shallow  gas fields an d  m ost p robab ly  they are 
re su lt of gas m ig ra tio n  a long  fault zones.

HYDROCARBON GASES CONNECTED WITH MUD VOLCANOES AND VENTS ON 
THE MEDITERRANEAN RIDGE.

A. Egorov* and M.Ivanoi'**
*Shirshov Institu te  of O ceanology, Russian A cadem y of Sciences, M oscow , Russia 

**Faculty of G eology, M oscow  State U niversity , M oscow , Russia

D urin g  tw o  T rain ing-T hrough-R esearch  U N E S C O -sponsored  cru ises (1993 an d
1995) a n u m b e r o f m u d  volcanoes an d  fluid vents on the M ed ite rran ean  Ridge w ere  
d isco v ered . H y d ro ca rb o n  gas com position  w as investiga ted  for fo u r of them  (m u d  
volcanoes: 1 - N apo li (33« 43.47'N , 24«41.13'E), 2 - S toke-on-T rent (33« 28.8'N , 25« 35.1 'E), 3 - 
D ublin  (33« 37.66'N , 25« 46.00'E) an d  4 - fluid vent (34« 03.2'N , 26« 46.0'E). G ases for the 
analysis w ere  ex trac ted  from  m u d  breccia an d  sed im en t hy the "h ead -sp ace"d eg ass in g  
m eth o d  a n d  by free degassin g  (for N apoli m u d  volcano).In gas sam ples light h y d ro ca rb o n  
( C 1 - C 4 )  co n ten ts  a n d  iso topic  com position  of m ethane S  13C w ere  de te rm in ed . Very h igh gas 
co n ten ts in N apoli m u d  breccia w as o bserved  in the form  of in tensive free degassing . We 
estim ate  gas co n ten ts as m ore  then  1000 cm 3/k g . A nalyses of this gas w ere  m ade in  the 
AGIP lab o ra to ry  a n d  w ere  m ade availab le to us hy courtesy  of M.B. C ita. The p rinc ipa l 
co m p o n en t o f the gas sam ple  is m ethane, e thane  con ten t is ab o u t 7,5%, there  are  only  traces
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of p ro p an e ; Ô n C for m e th an e  is 37,l%o. For the D uhlin  m u d  volcano, very  low  (~10 x IO-4 
cm 3/k g )  gas concen tra tion  w as d e te rm in ed . W e beleive th is m u d  volcano to  be p resen tly  
inactive. G ases from  the S toke-on-T rent m u d  volcano breccia a n d  the flu id  v en t sed im en ts  
are  very  s im ila r in  sp ite  o f significant d istance  be tw een  them . G as con ten t is ab o u t 1 
cm 3/k g , ra tio  of sum  of C i,  C 3 , C 4 to C iis  ab o u t 2%; ¿> 13C H 4 is ab o u t -55%o. For b o th  these 
s ta tio n s a p red o m in an ce  of i-C n o v er n-C n is observed . W e su p p o se  th a t these  gases h av e  the 
co m m o n  source. F rom  genetic p o in t o f v iew  the d iscussed  here  gases m u s t he co n sid e red  as 
therm ogen ic : h igh  tem p era tu re  cond itio n  (>150° C) for N apo li gas fo rm atio n  a n d  low  
tem p e ra tu re  cond itio n  (~90° C) fo r o thers. Isotopic com position  falls in to  lim its o f topical 
va lues of iso top ic  com position  for onsho re  m u d  volcanoes.

GAS COMPOSITION AND ORGANIC GEOCHEMISTRY INVESTIGATIONS OF 
EASTERN MEDITERRANEAN RIDGE SEDIMENTS DURING THE TTR-5 CRUISE.

A. Egorov*, A. Stadnitskay**, and D.Abezgauz***
*Shirshov Institu te  of O ceanology, R ussian  A cadem y o f Sciences, M oscow , R ussia 

**Faculty o f G eology, M oscow  State U niversity , M oscow , Russia 
***St.-Petersburg S tate U n iversity , Faculty  o f G eology , R ussia

Bottom sedim ents and m u d  volcano breccia w ere investigated using a set of 
m ethods. (1) Degassing of the sam pled sedim ents and  chrom atographic m easurem ents of 
concentration of hydrocarbon gases: Ci, C2, C 2 , C3, C3 , 1-C4, «-C4; sam pling gas phase for 
isotopic analysis of m ethane carbon ¿>13Ci. (2) Sam pling of sedim ents for total organic 
carbon (TOC) content determ ination. (3) Sam pling of w et sedim ents (frozen at -12° C ) for 
pore w ater analysis: SO42- , CF , H C O 3- , pH. (4) Sam pling of sedim ents for lum inescent 
organic carbon analysis. (5) Sampling of sedim ents for bitum inological analysis of organic 
carbon using hot extraction.

All o f the inv estig a ted  s ta tions can be d iv id ed  in to  th ree g ro u p s o n  the basis  of th e ir 
se tting : (1) n o rm a l (background) station; (2) m u d  volcanoes a n d  (3) s ite  o f flu id  ven ting . 
For n o rm a l sta tio n s the m ain  fea tu res are  s tro n g  litho logical con tro l ( th ro u g h  sap ro p e l 
layers) o f b o th  the  con ten ts o f h y d ro ca rb o n  gases an d  TOC an d  th e ir  com position . For 
exam ple, TO C  co n ten ts in  sap ro p e l varies b e tw een  2% a n d  7% , b u t for m arls  it varies from  
0,15% to 0,9%. In sap ro p e l w e observe  the sh a rp  increase in  heavy  ( C 2  - C 4 )  h y d ro ca rb o n  
gases conten ts; in  general, gas con ten ts  for n o rm al s ta tio n  being  low  (<100 x IO"4 cm 3/k g ) . 
Salt co m position  o f p o re  w a te r  is no t regular, an d  w e d id  no t observe  the decrease  in  S O 4 2 '  

concen tra tion  w ith  dep th , w hich  is typical o f sed im en ts  o f in te rco n tin en ta l seas.
A s ta tio n  from  the active S toke-on-T rent m u d  volcano is ch a rac te rised  by  h igh  gas 

concen tra tion , sign ifican t con ten ts of m ethane hom ologues, the  a lm o st com plete  absence of 
u n sa tu ra te d  h y d ro ca rb o n  gases, an d  a b u n d a n t i-C 4 fo r n-C 4 . Iso topic  com po sitio n  of 
m e th an e  carbon  is ab o u t -55%o by PD. s ta n d a rd . C oncen tra tion  o f TO C is low , b u t the  sa lt 
com p o sitio n  is s im ilar to th a t from  a n o rm al station .

The core on  the ven ting  side taken  ra th e r far aw ay  from  the active m u d  volcano 
zone has a gas concen tra tion  increasing  w ith  d e p th  (4 cm 3/ k g  a t 4 m ) a n d  its com po sitio n  is 
s im ila r to  th a t for gas from  the S toke-on-T rent m u d  volcano. C on cen tra tio n  of TO C  is low . 
Salt co n cen tra tion  has an  alm ost linear increase w ith  dep th .
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ORGANIC CARBON PRODUCTION AND PRESERVATION IN MARINE SEDIMENTS

G. O 'Sullivan and S. Wakefield 
U niversity  of W ales, C ardiff, UK

Q u a te rn a ry  an d  recen t sed im en ts  of sem i-enclosed m arine basins con ta in  cycles of 
o rgan ic-rich  an d  p o o r sed im en ts. H igh-reso lu tion  geochem ical an d  sed im ento log ica l 
analyses w ere  carried  o u t on  such  sed im en ts  recovered  in cores from  the E ra tosthenes 
Seam ount, easte rn  M ed ite rran ean . O rganic chem ical d e te rm in a tio n s in c lu d ed  carbon  an d  
n itro g en  hy th e rm al e lem ental analysis an d  biogenic opal con ten t hy seq uen tia l leach 
ex trac tion . Inorganic analyses inc luded  Ba, Cr, Cu, Mii, Ni, P, Sr, U, V an d  Zn 
d e te rm in a tio n s  effected hy XRF an d  ICP techniques. The genesis of o rganic-rich  layers 
rem ains con troversia l. Tw o m ain  m odels are p u rp o rted ; decreased  oxygen concen tra tions 
re su ltin g  in en h an ced  organ ic  p rese rv a tio n  o r an increase in  photic  zone p ro d u c tiv ity  
lead in g  to  an  increased  organ ic  flux to the sea floor. The d a ta  genera ted  w ere  in te rp re ted  
w ith  resp ec t to  these tw o m odels. G eochem ical proxies w ere u sed  to con sid er the tw o  m ain  
fo rm atio n a l m odels. D espite som e prob lem s w ith  rem obilisation  u n d e r d ep le ted  oxygen 
cond itions, b a riu m  can he u sed  as a proxy for past p ro d u c tiv ity . Redox sensitive trace 
m eta ls  have  been  u sed  as proxies for d ep le ted  oxygen conditions. T hus C u, Ni, U an d  V 
seem ed  to  he u sefu l proxies; in  co n trast the beh av io u r of C r an d  Zn seem ed  lo  he con tro lled  
by  d e trita l processes, u n d e rm in in g  the ir use as a proxy . The tw o  organ ic-rich  ho rizons 
s tu d ie d  exhib it d iffe ren t geochem ical s ignatu res. These ind icate  th a t SI organ ic-rich  layer 
w as d ep o sited , fo llow ing  an  p ro d u c tiv ity  increase, in an  oxygenated  w a te r co lum n. The 
overly in g  m anganese  m ark er bed  is a d iagenetic  fea tu re  m ark ing  the orig inal u p p e r  
b o u n d a ry  o f S I. The o ld e r S5 w as dep o sited  d u rin g  increased  p ro d u c tiv ity  in  d ep le ted  
oxygen  cond itions. This s tu d y  has d em o n stra ted  th a t anoxic cond itions are no t req u ired  a 
p rio ri for o rgan ic-rich  sed im en ts  to accum ulate.

COMPOSITION OF ORGANIC MATTER AND HYDROCARBON GAS FROM RECENT 
SEDIMENTS OF THE UN AREA, EASTERN MEDITERRANEAN RIDGE

A. Stadnitskaya
Faculty  of G eology, M oscow  Slate U niversity , M oscow , Russia

D urin g  the 5 th  TTR cruise of the R /V  Professor Logachev, a to tal o f 562 sam p les  of 
seab ed  sed im en ts  from  19 cores w ere  collected  from  the UN Rise area. The w a te r d e p th  w as 
1739-2800 m . The core reco v ered  v a ried  in  length  from  1 to 4 m.

G eochem ical investiga tions consisted  of fluorescent analysis of ex trac tab le  o rgan ic  
m a tte r  (EOM ) (106 sam ples), d e te rm in a tio n  of to ta l o rganic  carbon  con ten t (50 sam ples), 
h itum en o lo g ica l analysis (106 sam ples), d e te rm ina tion  o f the organic carbon  concen tra tion  
(50 sam ples), gas-liqu id  ch ro m ato g rap h y  (176 sam ples) o f the b itu m en  fo r the d e te rm in a tio n  
of h y d ro ca rb o n  com position  of o rganic  m atte r, an d  gas ch ro m ato g rap h y  for de tec ting  
con cen tra tio n s o f h y d ro ca rb o n  gases (m ethane an d  its hom ologues). C oncen tra tion  of the 
o rg an ic  carbon  in  cores 168G, 169G varies in  a w id e  range: from  0.1% in grey a n d  b ro w n  
m arls  to 6.9% in sa p ro p e l layers.

The fluo rescen t analysis o f EOM w as the first geochem ical s tu d y  carried  ou t. The 
cores 166G, 167G, 168G, 169G, 170G, 172G, 175G, 178G an d  179G being exam ined  hy this 
m e th o d  a llow ed  us to define a few d ifferen t types of b ilu m o id s acco rd in g  to the ir 
com position : w ax-asphalthenes, oil-w ax w ith  h igher concen tra tion  of oils, an d  oils. The oil 
a n d  o il-w ax b itu m en  seem  to be alloch lhonous. They w ere found  m ainly  in the cores taken  
from  the fau lt zones an d  m u d  volcano area (169G, 170G, 172G, 175G, 178G, 179G).

For d e te rm in a tio n  of h y d ro carb o n  com position  of the o rganic  m a tte r  w ith  gas-liqu id  
c h ro m a to g rap h y , EOM cores 172G (the c ra te r o f the D ublin m u d  volcano) an d  166G (a 
pelag ic  core) w ere  taken  an d  analysed . Peaks co rresp o n d in g  to the n-alkanes w ere  o bserved
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on  the  ch ro m ato g ram s o f all o f the sam ples. In core 172G they are p re sen ted  by Cis - C 3 5 , 
w ith  the m ax im u m  for C 2 0 , w here  they also reach  there  m ax im um . O n  the ch ro m ato g ram s 
for core 166G n-alkane peaks w ere  a ttrib u ted  to  Cis - C 29 , a n d  an  increase in  the  baseline of 
ch ro m ato g ram  w as o bserved  in  the reco rd  in  m uch  h ig h er p a rt. These tw o  cores are  also 
very  d ifferen t acco rd ing  to  the resu lts  o f the fluorescen t analysis of EOM  a n d  gas 
ch ro m ato g rap h y : in  the core from  the D ublin  m u d  volcano (172G) m u ch  m ore  m eth an e  
hom ologues w ere  found , re la tive to th a t in the  pelagic core (166G).

In general, the  m ain  re su lt o f the geochem ical investiga tions is th a t the cores from  
the active areas d iffer from  the pelagic cores. These difference are  as follow s:
1. C o m p osition  of EOM : oil-w ax a n d  oils a re  p red o m in an t in  the cores from  the active areas, 
w hile  in  the  pelag ic  cores w ax-asphalthenes an d  asp h a lth en es p revail.
2. C o n ten t o f EOM: 0.01-0.42% in the pelagic cores, 0.01-5.41% in the cores from  the active 
areas.
3. M olecular com position  o f EOM: it is h igh-m olecu lar in  the pelag ic  cores, a n d  low - 
m o lecu la r in the  cores from  the active zones.

C o m p osition  a n d  con ten t o f h y d ro ca rb o n  gases: the gas w as defined  as therm ogen ic  
in  the cores taken  from  the active areas, an d  as biogenic in  the pelagic cores (A. E gorov, this 
book).

It seem s to be rig h tfu l to conclude th a t all the above m en tio n ed  differences b e tw een  
the cores taken  from  the active a reas (fault zones, m u d  volcanoes) an d  the pelag ic  cores are  
m o st likely cau sed  by  the im pact o f upg o in g  flu id s in  the active areas. This is also 
co rro b o ra ted 'b y  the fact that, it is o b served  the u n u su a l ra tio  of carbonate  m inera ls  a n d  h igh  
co n ten t o f M gCCh in  the sed im en ts from  core 172G, w hich  is abnorm al fo r recen t m arine  
d ep o sits  (I.B elen 'kaya, th is book). T herefore, the resu lts  o f the  geochem ical analysis m ay  be 
taken  as ev idence o f the h y d ro ca rb o n  inflow  from  deep  sources.

THE INORGANIC GEOCHEMISTRY OF A MEDITERRANEAN RIDGE MUD BRECCIA

S. Wakefield and G. O 'Sullivan  
U niversity  of W ales, C ardiff, UK

A shallow  p en e tra tio n  core from  the N apoli D om e w ith in  the O lim pi M ud  V olcano 
field  h as  been  ch arac terised  geochem ically. The sed im en t can be co n sid e red  to  be essen tially  
a m ix tu re  o f a  carbonate-rich , a lu m in iu m -p o o r com ponen t w ith  a carbonate-poor, 
a lum in iu m -rich  one. This m ajo r lithological varia tion  con tro ls the  geochem istry  o f Sr an d  
M n (carbonate  associated ) an d  of Fe, Zn, Si an d  Ni (a lum in ium  associated). O th e r m in o r 
e lem ents e.g. C u, Rb, V, an d  Z r show  a surface en richm en t in the hem ipelag ic  ven eer a t the 
to p  o f the core w hile M o an d  As are  enriched  sub-surface  in association  w ith  su lp h id es. 
O rgan ic  carbon  a n d  n itrogen  show  clear decreases w ith  d e p th  b u t d ifferen tia l d iagenesis 
d eg rad es  the organ ic  m a tte r  such  th a t the C /N  ra tio  increases w ith  d e p th  from  9 to  18. 
L inked  to  th is o rgan ic  m ateria l is a m assive peak  of b ariu m , an  o rd e r  o f m ag n itu d e  above 
b ack g ro u n d , cen tred  on  a n itrogen  p o o r ho rizon  at 31 cm  w ith  a C /N  ra tio  of 29. Pore w a te r 
Si a n d  P profiles increase w ith  d e p th  to 200 pM  an d  31 pM respectively  ind ica ting  th a t this 
m u d  breccia facies is a p o ten tia l source  of n u trien ts  to  the M ed ite rran ean  Sea.
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SECTION 6: 

GEOPHYSICAL METHODS, EQUIPMENT AND DATA PROCESSING 

PROCESSING TOBI SlDESCAN SONAR DATA FROM AROUND THE FAEROES

K.Akcnticva*, Tj. van Weering**, and N.Kenyon***
*Faculty o f G eology, M oscow  State U niversity , M oscow , Russia 

**NIOZ, Texel, The N eth erlan d s 
***Southam pton O ceanography  C entre, S ou tham pton , UK

A d eep  tow  sidescan  so n ar su rv ey  of tw o areas a ro u n d  the Faeroe Islands w as 
c a rried  o u t w ith  the 30 kH z TOBI system  in 1995, as p a rt o f the EC fu n d ed  EN A M  
p ro g ram m e.

A m osaic  w as m ad e  of an area of giant su b m arin e  slides on  the m arg in  n o rth  of the 
Faeroes. M ass flow  dep o sits  on the u p p e r slope are  partia lly  covered  hy recent dep o sits  LhaL 
are  p re su m e d  to he co n to u rites  an d  only the trace of the h eadw all is p resen t a t the seafloor. 
The slide  com plex  on  the low er slope is yo u n g er an d  b e tte r defined . It has a steep , irreg u la r 
head w all, u p  to  300 m  high, below  w hich is a zone of very  large in tac t blocks. Below the 
block zone there  are sev era l types of debris flows, som e w ith  a long itu d in a l flow  fabric. The 
base o f the  slide has m any  10-15 km long tracks w ith  in d iv id u a l o u tru n n e r  blocks a t the end .

An area  so u th  w est of the Faeroes w as investiga ted  to check on the sites of cores 
tak en  for s tu d y  of the h isto ry  of overflow  w a te r from  the N orw eg ian  Sea an d  to investiga te  
the  tra n sp o rt p a th s  of the overflow  w ater. A reas of increased  bo ttom  c u rren t activ ity  w ere 
m a p p e d  as s tro n g e r acoustic  backscatter an d  several types of sed im en ta ry  hed fo rm s. 
P roven  p a th w ay s  inc lude  a clockw ise c ircu lation  a ro u n d  at least a p a rt o f Bill Bailey Bank 
an d  Lousy Bank.

Post cru ise p rocessing  w as carried  o u t a t the S o u th am p to n  O ceanography  C en tre  in  
o rd e r  to im p ro v e  the sh ip b o a rd  im ages. The steps in the p rocessing  include co rrec ting  for 
the d is to rtio n  of the im age a long  the p a th  of the vehicle th a t is d u e  to  the v ary ing  sp eed  of 
the  vehicle o v er the g ro u n d . M issing sw a th  lines are  rep ea ted  in o rd e r  to acco u n t for the 
v a ry in g  d istance  covered . T im e vary ing  gain (TVG) is app lied , to m ake allow ances for the 
d ro p  off in signal s tren g th  w ith  increasing  range, using  sh ad in g  correction  files.

As TOBI o p e ra te d  in  re la tively  shallow  w a te r (average d ep th  of ab o u t 2 km ) the d a ta  
is c o rru p te d  hy a sea su rface reflection. A p ro ced u re  for su p p ress in g  it is ap p lied  to the da ta  
before  s lan t-ran g e  correction . Speckle noise has been rem o v ed  using  a sm all m ed ian  
d ifference kernel an d  line d ro p o u ts  have been rem o v ed  using  a ra tio  of tw o  box-car filters, 
each  w ith  a p p ro p ria te  th re sh o ld in g  techniques.

PROCESSING AND INTERPRETATION OF SEISMIC AND SIDESCAN SONAR 
DATA OBTAINED DURING THE TTR4 CRUISE IN NORTHWESTERN PART OF 

ALGERO-PROVENCAL BASING

R. Almendinguer 
Faculty of G eology, M oscow  State U niversity , M oscow , Russia

D urin g  the 3rd Leg of 4 th  TTR cruise, geophysical an d  geological investiga tions 
w ere  ca rried  o u t in the area o f the d istal p a rt of the Rhone Deep-Sea Fan an d  assu m ed  
V alencia Fan. The geophysical investiga tions inc luded  6-channel seism ic p ro filing  com bined  
w ith  the O K EA N  long-range sidescan  so n ar an d  MAK-1 d eep -to w ed  s idescan  so n a r 
su rv ey s. P rocessing  of the seism ic an d  O K EAN data  w as carried  ou t in o rd e r  to im prove  its 
q u a lity  an d  lo ob ta in  reco rds for m ori' de tailed  in te rp re ta tion . Seism ic data  w ere  p rocessed  
on a Sun Sparc 2 w o rk sta tio n  using  the Seism ic Unix so ftw are  (C o lo rado  School of M ines), 
an d  the O K EA N  da ta  w ere p rocessed  on an  IBM PC using  a so ftw are  dev e lo p ed  hy the
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U N ESC O  C en tre  for M arine G eology an d  G eophysics. The O K EA N  d a ta  p ro cessin g  resu lted  
in  a d ig ita l m osaic  o f the so n ographs, p lo tted .

The d a ta  in te rp re ta tio n  w as a im ed  to reveal fea tu res re la ted  to  the V alencia C hannel 
d ep o sitio n a l system . S ed im en tary  bod ies filling erosional valleys are  the m o st p ro m in en t 
fea tu res  o b serv ed  on  the seism ic sections. Three genera tions of the erosional valleys w ere  
d is tin g u ish ed . Tw o ancien t valleys are  filled w ith  sed im en ts, an d  the m o d e rn  one fo rm s the 
seafloor surface. The overa ll th ickness of the sed im en ta ry  b od ies filling the ancien t valleys, is 
ab o u t 70 m s (TWTT) o r ab o u t 60 m . The la teral lim its of the u p p e rm o st sed im en ta ry  bo d y  
are  w ell co rre la ted  w ith  the m arg in s  of a lobe-shaped  s tru c tu re  seen  on  the O K E A N  m osaic.

A nalysing  these d a ta  one can d raw  the conclusions th a t e rosion  a n d  red ep o sitio n  of 
m a te ria l are  the p rev a ilin g  processes in  the in vestiga ted  area. The V alencia Fan w as  no t 
fo u n d  in  the in v estig a ted  area, an d  p robab ly  th is fan  cou ld  be located  to the  so u th  of 
investig a ted  area, in  the cen tra l p a rt o f the Balearic A byssal Plain.

SOME SEISMIC PROFILING RESULTS OF THE 1995 TTR CRUISE.

V. Gainanov
Faculty  o f G eology, M oscow  State U niversity , M oscow , Russia

Seism ic p ro filing  w as ca rried  ou t d u rin g  the TTR-5 cru ise  by  a single channel 
m e th o d  w ith  2 a ir  guns. The p rocessing  inc luded  the gain  contro l, deco n v o lu tio n  a n d  b a n d ­
pass  filtering . A lthough  the area is kn o w n  as un favourab le  fo r seism ic p ro filing  because  of 
very  s tro n g  fau ltin g  an d  fold ing, som e in te resting  resu lts  have been  ob ta ined . The areas of 
severa l deg ree  tectonic d islocations can  he d isting u ish ed  on  the seism ic profiles; sa lt d iap irs , 
sev era l fau lts an d  folds are seen. The s tru c tu re s  sim ilar to m u d  volcanoes are  seen  on  som e 
o f the seism ic profiles. T heir com parison  w ith  the seism ic im ages o f the  w ell-k n o w n  Black 
Sea an d  E astern  M ed ite rran ean  m u d  volcanoes confirm s th a t these s tru c tu re s  a re  m u d  
volcanoes o r  m u d  d iap irs . A ccord ing  to seism ic da ta  the cen tra l p a rts  o f som e o f these 
s tru c tu re s  are  covered  hy gas h y d ra te  layers, an d  the u n d erly in g  sed im en ts  are sa tu ra te d  
w ith  gases.

METHODS OF SEISMIC PROFILING AND DATA PROCESSING DURING 
THE TTR-5 CRUISE

A. Volkonskaya
Faculty of Geology, M oscow State University, M oscow, Russia

D u rin g  the TTR-5 cruise, seism ic pro filing  w as ca rried  o u t w ith  tw o  a ir g u n  sou rces 
Pulse-5 a n d  h y d ro p h o n e  stream er PSS-12; d ig ita l system  w as u sed  for d a ta  reco rd in g  an d  
real tim e p ro cessin g  on  IBM PC AT 486. In o rd e r to achieve the h ighest signal-to - no ise  ra tio  
fou r channels of 12-channel seism ic s tream er w ere  connected  in p ara lle l as a single one. The 
b ub b lin g  effect w as d ecreased  by using  tw o  sources o p era tin g  s im ultaneously .

The m ain  task  for d ig ita l p rocessing  of seism ic da ta  w as to ach ieve the h ighest 
signal-to -noise  ra tio  an d  to p re sen t d a ta  in  a m ore  conven ien t fo rm  for in te rp re ta tio n . It 
in c lu d ed  the fo llow ing  p rocedures: read in g  da ta  from  disk; ad ju stin g  the profile  to a 
com m on  tim e delay; h o rizon ta l s lid ing  w in d o w  sm ooth ing; p red ic tiv e  deconvo lu tion ; h an d - 
pass  filtering; selecting  o p tim u m  o u tp u t param eters ; p rin tin g  the p a p e r  copies.

The above m en tio n ed  p ro ced u res  resu lted  in  getting  rid  of the ra n d o m  noise in 
frequency  b a n d  d iffering  from  th a t of the signal w ith  the help  of b an d -p ass  filtering. In the 
frequency  b a n d  co rresp o n d in g  to the signal, the signal-to -noise  ra tio  w as significantly  
increased  hy h o rizo n ta l s lid in g  w in d o w  sm oo th ing . P red ictive deco n v o lu tio n  b e ing  ap p lied  
a llow ed  us to  sh o rten  the pu lse  d u ra tio n , w hich  in tu rn  enhanced  the reso lu tio n  of the w ave 
field in  tim e, im p ro v ed  corre la tion  of reflectors an d  m ad e  s tru c tu ra l u nconfo rm ities a n d  
faults b e tte r  seen.
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Annex

4th UNESCO/IOC/ESF Post-Cruise Meeting 
"Sedimentary Basins o f  the Mediterranean and Black Seas" 

marking the 5th Anniversary o f the Training Through Research Programme
29 January - 3 February 1996 
M oscow - Zvenigorod, Russia

PROGRAMME:

Moscow, Hotel "Uzkoe"

29 January

17 :00 -20 :00  Registration o f participants 
20:00 Welcoming Party

30 January

M oscow State University, Main Building 
Plenary Session:

10:00 Opening
Salutatory address by Prof. V.T. Trofimov, Vice-Rector o f  M oscow State
University
Salutatory address by Prof. B . A Sokolov, Dean o f Geology Faculty

10:20 A E. Suzyumov, V.T. Trofimov: 5 years o f the "Floating University"
10:40 J.M. Woodside, M.K. Ivanov, A.F. Limonov: TTR Programme: main

scientific results
11:20 Coffee break
11:50 M.K. Ivanov: Mud volcanism, its origin and geological role
12:20 M B. Cita: Geological and geophysical evidence for the Holocene special

event recorded in the Eastern Mediterranean deep-sea record
12:50 Lunch
14:30 V.E. Khain: The new tectonic map o f Europe and peculiarities o f the Alpine

Belt structure
15:00 J.E. van Hinte: Looking for ways to measure change in Earth's major carbon

reservoir
15:30 Discussions
16:30 Coach leaves Main Building o f MSU for Zvenigorod

31 January

Section 1: Tectonics
Conveners: Prof. J Mascle, Dr. A Limonov

10:00 J. Mascle and E. Chaumillon: Tectonic processes o f the Mediterranean
Ridge as deduced from multichannel seismic reflection profiling

o io o A. Limonov: Shallow structure o f the eastern segment o f  the Mediterranean
Ridge deduced from seismic and sidescan sonar data



10:40 R. Flecker, A. Kopf, A. Robertson, J. Woodside, S. Spezzaferri, Y. Mart, 
M.-J. Jurado, and the Scientific Party o f ODP Leg 160: Stratigraphy and 
tectonic interpretation o f the Pre-Pliocene drilling results o f the 
Eratosthenes Seamount, ODP Leg 160, Eastern Mediterranean 

11:00 M. Ergun and E. Ozel: Structural relationship between the Sea o f Marmara 
basin and the North-Anatolian Fault Zone 

11:20 - 11:40 Coffee break
11:40 J. W oodside Neotectonic deformation o f the Anaximander Mountains 

observed from EMI 2D multibeam data 
12:00 E. Kozlova, E. Akentieva: Main morphological features o f the United 

Nations area
12:20 M. Comas and ODP leg 161 Scientific Party: A Neogene extensional basin 

in collision setting: tectonic results o f ODP Leg 161 in the Alboran Sea 
12:40 M. Comas, R. Zahn, A. Klaus, and ODP Leg 161 Scientific Party: ODP Leg 

161 drills the Western Mediterranean 
13:00 -15 :00  Lunch

Section 2: Deep-Sea Depositional Systems 
Conveners: Prof. A. Maldonado, Dr. B Cronin

15:00 N. Kenyon, J. Clark, J. Millington: Sedimentary processes and deposits on a 
steep canyoned margin: west o f Corsica and Sardinia.

15:20 A.Maldonado: The post-Messinian opening o f the strait o f Gibraltar: growth 
patterns o f the Alboran Sea and Gulf o f Cadiz controlled by paleoceano­
graphic events.

15:40 B. Cronin: Modelling turbidite hydrocarbon reservoirs: how best to use 
modern geophysical and ancient outcrop data.

16:00 A. Akhmetjanov, P. Shashkin: The Holocene-Upper Pleistocene sands and 
silts o f the Marsili Basin (Tyrrhenian sea). Pathways o f transportation, 
composition and possible sources.

16:20 - 16:40 Coffee break
16:40 R. Lucchi, R. Kidd: Sediment transport processes in and around Stromboli 

Canyon, SE Tyrrhenian Sea 
17:00 S. Morris and J. Alexander: Predication o f thickness variations in 

experimental turbidites in front o f topographic features.
17:20 A. Akhmetjanov, M. Ivanov, V. Arkhipov: The Danube Deep-Sea Fan: 

main features and origin 
17:40 Meeting o f the TTR's Executive Committee

1 February

10:00 - 14:00 Field trip and local sightseeing tour.
14:00 -15 :00  Lunch

Section 3: Pelagic and Hemipelagic Sedimentation 
Conveners: Prof. M B. Cita, Prof. J. van Hinte

15:00 S. Gablina: Diatoms o f the Late Quaternary sediments o f the Eastern 
Mediterranean and Aegean Sea.



15:20 S. Kortekaas: Foraminiferal analysis o f sapropel S5, core TTR5-188G, 
Eastern Mediterranean.

15:40 W. Ordelman. Carbonate platform-to-basin correlations o f  paleoceano­
graphic events.

16:00 - 16:30 Coffee break
16:30 Round Table. The future development o f the TTR Programme

2 February

Section 3 continued

10:00 E. Iking: Orbitally-forced Upper Cenomanian deposits on the Crimean 
Peninsula, Ukraine: climatic control on cm-scale.

10:20 FI. van den Bosch: Rhythmic-bedded Upper Cenomanian sediments in the 
Crimea: climatic response to orbital forcing.

10:40 E. Ivanova: Netherlands Indian Ocean Programme: tracing a seasonal 
upwelling in the Indian Ocean.

11:00 A. Mazzini: Sedimentation processes and provenance o f the sediment o f 
deep sea piston-core (APNAP T86 cruise - Mid Atlantic Ridge).

11:20 E. Felser and J. van Hinte: Sequence boundaries in the Western 
Mediterranean.

11:40- 14:00 Free discussions
14:00 -15:00 Lunch

Section 4: Mud Volcanism
Conveners: Dr. N. Kenyon, Dr. J -P. Foucher

15:00 M. Cita: Mud diapirism in the Eastern Mediterranean: where we are now.
15 :20 J.-P. Foucher: Fluid venting from mud diapiric structures: an example o f the 

mud diapiric field seaward o f the Barbados Accretionary complex at 14°N.
15:40 A. Kopf, R. Flecker, A. Robertson, J. Woodside, H. Brumsack, A. Cramp, 

and the Shipboard Scientific Party, ODP Leg 160: Mud volcanism on the 
Mediterranean Ridge - insights from the Milano and Napoli mud domes 
(ODP Leg 160).

16:00 G. Akhmanov, J. Woodside, and Shipboard Scientific Party, ODP leg 160: 
Lithological and fabric variations o f Olimpi area mud breccia samples 
from ODP Leg 160.

16:20 - 16:40 Coffee break
16:40 E. Felser: Mud volcanism on the Mediterranean Ridge.
17:00 C. van der Zei: Mud breccias o f the Mediterranean Ridge.
17:20 A. Akhmetjanov, O. Krylov, E.Basov, E. Kozlova, G. Akhmanov, and 

A. Stadnitskaya: Mud volcanoes o f Kerch Peninsula: general review 
(field trip 1995).

17:40 E. Basov and L. Meisner: Mud volcanoes o f the Taman Peninsula (western 
Caucasus). Morphology, structure and lithological composition.

19:00 Dinner
20:00 Round Table: Homogenites and other evidences for catastrophic events in 

the Eastern Mediterranean.



3 February

Section 5: Fluids in Marine Sediments and Geochemistry 
Conveners: Dr. M. Ivanov, Dr. L Dimitrov

10:00 G. O'Sullivan, S. Wakefield: Organic carbon production and preservation in 
marine sediments.

10:20 C. Corselli: Macrofauna communities sustained by chemosynthesis.
10:40 A. Stadnitskaya: Composition o f organic matter and hydrocarbon gas 

from recent sediments o f the UN area, Eastern Mediterranean Ridge.
11:00 I. Belen'kaya: Carbonate mineral assemblage occurring around hydrocarbon 

vents in the United Nations area. Eastern Mediterranean Ridge.
11:20 - 11:40 Coffee break
11:40 S. Wakefield, G. O'Sullivan: The inorganic geochemistry o f a M editerranean 

Ridge mud breccia.
12:00 L. Dimitrov: Shallow gas vents offshore Bulgaria.
12:20 D. Abezgauz: On the results o f pore water studies, Eastern Mediterranean.
12:40 A. Egorov and M. Ivanov: Hydrocarbon gases connected with mud 

volcanoes and vent o f the Mediterranean Ridge.
13:00 A. Egorov, A. Stadnitskaya, and D. Abezgauz: Gas composition and organic 

geochemistry investigations o f Eastern Mediterranean Ridge sediments 
during the TTR-5 cruise.

14:00 - 15:00 Lunch

Section 6: Geophysical Methods, Equipment and Data Processing 
Conveners: Dr. J. Woodside, Dr. M. Ergun

15:00 V. Gainanov: Some seismic profiling results o f the 1995 TTR cruise.
15:20 S. Bouriak: Bright spots on the TTR-5 seismic profiles: is it really gas?
15:40: R. Almendinguer: Processing and interpretation o f seismic and sidescan 

sonar data obtained during TTR-4 cruise in the northwestern part o f the 
Algero-Provencal basin.

16:00 E. Akentieva, Tj. van Weering, and N. Kenyon: Processing TOBI sidescan 
sonar from around the Faeroes.

16:20 A. Volkonskaya: M ethods o f seismic profiling and data processing used in 
the TTR-5 cruise

16:40- 17:00 Coffee break
17:00 Round Table: Planning the 1996 TTR Cruise programme
19:00 Dinner and Farewell party.

4 February

Departure o f  the participants from Zvenigorod to Moscow


