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COVER: Gas Hydrate recovered from Hole 4984, Leg 67

GAS HYDRATES

The GLOMAR CHALLENGER has reecovered gas hydrates on several legs. iMost
recently gas hydrates were encountered on Leg 66, where there wus a clear Bottom
Simulating Refleetor (BSR), and on Leg 67 where no BSR was recorded. Both of these
legs were in the Mid-America Trench region. Gas hydrates were recovered in previous
passive margin drilling (e.g. sites 102, 103, and 104}, They are anticipated to be a safety
consideration during the Atlantie program. In view of this, the Safety Panel heid a
one-day symposium on Gas Hydrates at their October meeting,

Gas hydrates* are crystalline compounds in which the iee lattice of water expands
to form cages that contain the gas molecules. The hydrates are solids resembling wet
snow in appearance, and they form both above and below the freezing point of water
under specific pressure-temperature conditions. The water molecules form two kinds of
unit cell structures. The smaller unit structure contains 46 water melecules, which will
hold up to 8 methane molecules. Gases such as CHy, HgB, COg, and CyHg will fit into
this strueture. The larger unit cell contains 136 molecules of water. Gases such as
propane and isobutane will fit in it. These are the only gaseous hydrocarbons that will
form hydrates. The pentanes and n-butane molecules are too large.

Hydrates are formed by increasing pressures and are decomposed by increasing
temperatures. Assuming a normal pressure gradient, & methane hydrate will form under
about 274 m (900 ft) of permafrost, providing there is sufficient methane available. On
the continental margins, where ocean bottom lemperatures are around 29C (360F), a
methane hydrate can form in the surface sediments under about 335 m (L,100 ft) of
water. The other gases, ethane, propane, isobutane, COg and HgS, ail tend to lower the
pressure requirements when forming mixed hydrates with methane. The salinity of water
lowers the temperature at which the hydrate forms, the effect being greater at high
temperatures than at low temperatures.

Since the pressure required to form gas hydrates increases logarithmically with a
linear increase in temperatures, it is apparent that the hydrates in most sedimentary
basins will decompose in the temperature range 21-279C (70-80CF), because the pressures
are inadequate to preserve them. This puts a depth limit of about 1,524 m (5,000 ft) on
hydrate formation.

Hydrates can be recognized in the subsurface by seismic data and variations in
drilling rates, but sampling with a pressure core barrel is required for proof of a hydrate.
Stoll et al. (1971) based their suggestion that there were gas hydrates in the deep ocean on
the fact that seismie reflectors tended to follow surface contours, as would a hydrate,
rather than to follow the bedding planes. Stoll formed hydrates in the laboratory and
found that the seismic velocity inereased from 1.85 km/s to 2.59 km/s as the solid
erystalline hydrate was formed. Drillers on the Deep Sea Drilling Project have noted a
marked decrease in drilling rates from less than 1 minute per meter to 5 or 6 minutes per
meter when crystalline hydrates were encountered.

The bottom of a hydrate interval is usually well defined on seismic records due to
the sharp drop in velocities from around 3 km/s to 0.5 and even 0.2 km/s. Sometimes a
bright spot shows up, indicating free gas to be below the hydrate.

*This information is taken from: John M. Hunt, 1979, Petroleum Geochemistry
and__ Geology, San Francisco: W. H. Freeman and Co., pp. 156-162.
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DUE TO PRINTER'S ERROR, THE LAST LINES OF THE GLOMAR CHALLENGER SCHEDULE WERE
OMITTED, THIS REPLACES THAT PAGE, . \

LEGS 71-82—Tentative GLOMAR CHALLENGER Schedule*

Port of Leg Leg Days :
Leg  Departure Begins Ends At Sea Purpose .
71 Punta Arenas 10 Jar, 22 Feb 40 Falkland Plateau
’ 1980 ’ Palecenvironment
72  Santos, 27 Feb 09 April 42 Rio Grande Rise
Brazil Paleocenvironment
73 Santos 14 April 01 June 48 Mid-Atlantie Ridge
" Palecenvironment
74 Cape Town 06 June 16 July 40 Walvis Ridge, Cape Basin
. . . Paleoenvironment
75  Walvis Bay 21 July . 09 Sept 50 Walvis Ridge, Angola

Basm-*Paleoen\uronment

f

TRANSIT--Recife to Port of Spain (Curacao)

76  Port of Spain 23 Sept 12 Nov 50 . Mid-Atlantie/Continental
Rise-Passive Margin
77  Nassau T 17 Nov 14 Jan, 48 Blake-Bahama/Florida
1981 " SBtraits—Passive Margin
78  Curacao 09 Jan 22 Feb 44 Caribbean
79 Curacso 03 March 26 April 54 Off W. Africa/Portugal
. Passive Margin
80 Brest 0l May 16 June 46 Bay of Biscay
Passive Margin
81 Plymouth 21 June 15 Aug 55 Rockall—-Passive Margin
82 Halifax 18 Aug 07 Oct 50 Canadian-Nova Scotian

Rise—Passive Margin

83 Norfolk

*This schedule is only approximate &nd is subject to change.
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SUMMARY OF
DEEP SEA DRILLING PROJECT

| " LEG 67‘ ‘ _ i

| l oy
THE MID- AMERICA ’I‘RENCH TRANSECT

l[ OFF GUATEMARA | v
(Co—Chlefs :R. von Huene and J Aubouin)

"The Mid-America Treneh Transect off
Guatemaia is the seecond of two active margin
geophysical and drlllmg transects across the
convergent margins ‘of southern’ Mexico and
Central America. The first, a transect north .
of the Tehuantepec Ridge off Oaxaca, was '
drilled on Leg 66 to investigate a convergent
margin where ' tectonic erosion may ha;e-;
occurred.  Off Guatema]a, and south of the
Tehuantepec| Ridge, i‘the prmcupal ob_]ectwe

was to study ran. accr‘eponary convergent

margm where imbrication may be the

dominant tectonic process. E ‘
The Mld-Amenca (Trench ! was

recommended for this study by the IPOD
Actxve Marg‘ms Pane]l on the basis of !past
drlllmg expemence along other convergent
margins,  Ani| early]" transect . across |ithe ;.
Aleutlan 'I‘renchl(Leg 118) flrst showed that. the' .}
detriléd reeolutloniof age 'fis lreqmred to
demonstrate|“. repetltlon of - lSECthI‘l
detalled resolution 1sileaSIér to obtain ln low
latltudes wher'e' mierof aunall dlversnyj lxs
greater than in ;the high |lat1tudes. In high -
latitudes, the influx. of terrlgenous sedlment
durmgl glaclatlon( v obscures structural o
relanons. It ‘was v1r'tually 1mpossmle to;
dlfferentxater ocean basm deposnts from slope
deposits, by,ﬂ! their 4 11tholog1es when  both
envwoqments have . belen over\.\!rlhelmed byl the‘
terrigenous [[Isedlmentatlonll associated w1th'

glacml] penqu- IThus pit was";reasoned that f

optimum condltlons for al| tectonie study of
converrrence *.would be found 1n|an area where. .
temgenous sources lare small where faunal
leBI‘Slty 15 g'reat and where} subduction is:
relatlvely rapld lThese conchtlons appear to
exist along Centrarl and South Amenca Vo

|

| e o e

Another factdr\mﬂuencmg the chowe
of a transeat was the paper || by, Seely, land
others]!|(1974)4 | shotving la | well -processed
multichannel ”selsmlc ul:reflecuon‘ record alcross

the Mid-Ametica’ Trefich - off IGuatemala' In
their article,| and’ at dl|Pentose Conference in

IThlS' e

\ model ot sibdiiction propoaed'by beely

, consistent with . the 1mbmcate thrust

December 1972,. those 'authors made a
convincing case ' for ‘the | imbricate thrust
model 'based von  their selsmlc record 'and,
proprietary dmll hole mformatlon. Durmg the

followlr'lg year, two multlchannel lines were

shot !across the ,Peru . Trench. The
mterpretatlon of th'ese lmes was more
of f
1

complek . g‘ H‘than'

i
! i
r o
‘I.
i

‘ lh 1ns d“lt.

i

@
I ||s i | :ill’nl

Guatemala (Hussong and others, 1978). When
it becarpe apparentI th:ut either the transects
off Peru or, the one off Guatemala could be
studied |dur'1n<r the flr'st pn.:u:eI oir IPOD, the
Ac'twe '\u]ar"rns Pm'1e1| reu,O'nmendeo| a first
pnomty for! th latlter 1w1th addition |of tire
Oaxaca Transect to study tectomc “eromon
in' the opinion "of tne' banel, more could be
learned by mvestlcratmg the nhd—Ame: icn
Trenceh because of the existing data base and
because of less extensive loglstlc
requirements. This choice resuiteg in the
multichannel site surveys by the Umversuy or
Tekas Marine Sciences Institute {UTwISi). In
1977, the initial grid was shot and tien
p[’O(.‘ebSEd | After jreview by an Active
‘viar'rms Panel Workmg|uroup, a t[‘dll?:e‘Ct wus
uelectedl Olf (z..late‘maia that lnC‘J.U.t.IEb Sanl
Jose Cav1yon~ Drmmgfm the scetion |eut by
San Jose Canyon allows deep pe letrauo..,
possibly ' Palevccne.  Seely {i979)

into the
reports that upuft of the .present eage oi the
sheh occiurred in P&leoccne time.

| ' |
h

In the mltlal period of pianning for
IPOD, I'} the prmcxpal objective | along tie
Mld—Amerlea Trem,hl u-lanset_t wus jto ﬂ.ebL ‘Itm.
=nd
others (197 ) Despltelthe limiteq depth of
GLOMAR' T CHALLENGER drllimg,” these
aughors‘xnoleate;a dOIO to 300 my thiek xayel' of
slope deposits, a layer easﬂy penetrated 'with
CI{ALLENGEI; i capdolhty Water depths,
even in the trench axlb,!are also -within reuch
of the C,HAL.JJENGER drlll steing. | Thus with
the CHAL_,ENLIEL{ dullmg, the tluust_s seen
in semmc records can be penetrated anu tig
mferred 3, 1andwayo progrenswn , of mereasvn=
age of the roeks in thei:mumcate sta<‘_k ean

lso be verlfled i i

.
ol

n \ o

: Records made dulrng tae [Lr dl‘iliingI
site surveys were useld to d(.tme qlore
speuflc lob]ectlves ’[“1e records ! mace Ly
UTMSI (Ladsi and othu‘s, 1978) do not show as
many clear !reflectmg |honzons as does!| t'le
record of. Seely and others (t974). The' UTHISI
records are obscurcd muen |more oy

dlltractlo‘rns in the alrea where Scely Ian(. his

‘ co—y\rorke{s show[ 1mbrlcat10u, and jtie cOVEl

dl

ofi seismically defiped | Jc:aposns oi] the! upper

ope HO\vever”:nterva]s with u hign th.lemlmc
veloclty‘ (4.9-5.8 km/e,) observed in! OBS
séismic refractlon duta| indicate 1andward
dipping slabs} of 1g‘1eouslrocks (Fxg’ure 0. The
UTMSI recordsd can also  be interpréied
model.
To test the selsmlc mterpretatlon,'referonce
sites on eitheér side of the selsmlcady defined

accretlonarv'zone and within the Zzone were'

! proposed (F1gure 1).

¥ |
: { ' : : {1

I,
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Location map for DSDP Leg 67, sites off Guatemals, and cross-section
inferred from UTMSI multichannel seismic reflection profile.
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“not in the gprder of |

“unifagm ﬂ;th:ekneési{‘- @4 &) mimicking:
topographyy;aslis |typieel *in} oceania pelagic. |
areas. Magnetle anom&lles; ati the sne \aré

| Within  the  zome of  seismically |
getermined  accreted | and  imbricated
materlais, ;sites were positioned to sample the |
matemal with high seistmic veloeity {4,9-5.8
i<m;"s) Perhaps these] materiais are the
sourf:e folr ultra—bas;c roak fragments in.
gravel onnthe; lower stopelt The remainingr

C*mu, on the trenc-h":;!ope were pomtmned o 4
t}eformatzon, &

investigate progressive |
dmgenems, gnd the ordermg of the age of
units within the subductmn complex.” The
model of Seely and omers (874} prediets that
these sitet: will yleld matenal with ceehnic
afﬁmty

}
}
The. followmg are sumimaries for each |
of the SII(EES actuaﬂy | dﬂiled They are :
_arranged ina seaward to 1andvyard ord'er’and
Grmmg | These, summames
are }followed by ’aﬁrdascuss;on‘of mterrmted
conclusiond} for 4+ of | the sites’ and the
s&nsmmtransect . i )
ot . L

‘ P
sue495(o (SA) . N i ‘
H H : ¥ ; f
S;Le 1495 is the ocean‘;c referencelfor ,
the Mld—Amenc& « Trenchi transect off
,Guatlemala.i it is jon qeean erust, 22+ km ;
seaward 01‘3 thetrench axis,. anq about‘l%?a m
.above it, on an isolatediricge pr;hzll formed

by M\orst—-like strueture (Figure .. AL |

! §
Bathymemc 1pmf:1es i made a.sisi Etﬁe"
CHA‘LLENGER c&me an isne indicate a
seafloor depth within 25 mll of tnat  at.{the-
posttmn se]eeted mkse:srmc[ record GUA-—IS,
howelver, the gmorpholcgy ﬁaround the site-
seems to Uiffer somewhat from that i Ithe
record The. sediment cover is of generally

only |kncmnifrom reconnajssance data and iareﬁ
indicated 1o el off Eocens” agfe onthe map of,
“Pitman and?others {1974) !: b 5{ !
. ) : . 1

Fort§y coresI w;th 75% recovery w}ere
obtained, The sequence oE sed:ment‘ is
typ:cal of low. llat;tude oceamc areas and it
hes a hemlpelaglc caver. |

|§é.

i Lo k m ! hemipelagic,
‘distomaceous i‘ green . and.
4 ;olwe~gmy]mud g L

3 f
171 178 m browrz ab%ssai olayy . v -

l
3. I?Svt}% m chalky;tcarbonate opze
wnh ‘ehert in the ]ower section; i
.'t‘:«.’u’»,h
and chert“

] n | A
- 423 §-446,5 m basalt

L : ) E o i l- ‘.
ol
S B *i..‘ . o : b

i

v
4. 408-428.5 |m manganiferous lehalk

ir

0

The seifiment is highly bioturbated, i
genersl but some thin intervals o6f finel;
laminated material were ) reeeveredj
Immednately sbove the basalt, and in the thlr
chalky lager mtercalated between ﬂows, ne
'baked sediment waﬁ recg{wered !

phoo A

y ummfussﬂ | assemblages lmdwate an

i unbroken ée tence: froin Quaternary to. lower
Y.

I\moeene.
Lexcept iq

Foramlmfera are well—preserved
the n*mq and  upper Mmc@na
'seetion.. Benthic assemblages mc‘:c&te a
‘gradual increase mﬂepth -with perhaps a
slight {upltft ?t the iend of the, Quaternarv\
Radmlamans are common ta abundant thraugrh
mo&t of the secuonl ‘and are absent in the
[mver lpart where lehert layers were dm]ler‘

o Nanpog:.]aml«ton oceur | throughoutE thﬂe seetion

’ ;carbonate

. ‘ioggmgﬁ‘ data
. (measured in the iabaratory because athe some
. velocsty downhole

,li,and ar”e wellfpreserved, Tertiary movement
fof e Cocos Plate | with respect! to the
‘equi off (high productivity .is
recorded ‘hy & lower and 'm1d~Mmcene
increase in the rate of jbiogenic sedlmentatwn
{56 m/Mak .Today, this belt is near the
Calapsgos and at water depths between about
2500-3000 m, Al pronounced | absence of
sedsmenti ‘and slow rates  of
,sedlmentatwn 1!8 m/Ma‘! in the upper,chene
ey i;correspond to . the' enviroaments
breseatly | foiind fin| |the regibn § [petween
{100-159N, 3ustl}bevond! the. earbonate belt EIn
the hemonpeiaglc| sediment’ the | hibgenic
.component{ may eorfespond 'to thei present

“beit of upwelling nealr,ime Central ‘Amencan

eontment. ! . !
| . 1» l !
Thls seetwnl has a regular mcrease in
‘density, with depth as|seen in the GRAPE and
Vetorities could }only be

S

loggmg oo {did) not
functx-cmr IThus, there] is lsttle!mfnrmatmn
from wmch to resolve, the disparity] between
<]the depth’ to basalt.from drilling (428 m)} and
fthe [depth {fmm cajellations using: 1aboratory
.velocmes {ay. l?)km;’s) and the basement
reflection mtereept t:me {6.38 's; 3281 m),
Plots of, effective everburden as a funetion of
depth sug’gest‘[ that! the Quaternary- sediment
‘may" be underconsoludated and ;the seetmn
betow, [norfeally consdlidated.. Essentially fo
mleasurable quantities Eof gaseous }hydrocarbon
were found at thzs Slte.

Coneclusions . .. | . '

. l l |

TheE sedlment ){ section’ at S}te 495
records the northwar{i 'passage of the Cncos
Plate through the :equator-;al carbonate belt
to a deep ocean  environment of * slow
deposztlon ;and finally, to an environment in
the praxsmxty of &' terrigencus source,

. ! I i
! ‘.‘ L , l
: .

1)
]
4
N
i rkl y
, .

1

i
| }\



Superimposed on this trajectory 'are the
effects of subsidence as the newly formed
ocean crust moved away from the ocvean
ridge. The section provides. observation of a
well-ordered, gradual diagenesis of deep
ocean sediment with increasing depth of
overburden and finally the mobilization of
silica. i‘ i

The development oflthe hemlpelaglc
cover, especially its thlckness, is Jimpressive
because the site is now almost 2.km above
the trench and 20 km- seaward. -The
Mid-America Trench is about 3000 'km ilong,
therefore, silt and even sand size material
must have been transported across’ the
trench. If the present rate of convergence, 9
em/yr, is assumed back to the age of the first
appearance of hemipelagic material (10. Ma),
the resut is a transport distance of ‘900 km.
Interpreted simplistically, | the terrigenous
source first affected sedimentation when the
area of the site was 900' km away. This
number is not consistent with the resuits of
other DSDP drilling in this region. For
instance, - only voleaniey ash  and no
hemipelagic mud was recovered from Sites
156 and 157, ebout 500 km off South America,
or from S1tes B4 and 158, wh1ch are 240 km
and 300 km from land, respectlvely 'Thus,
projecting plate convergence rates back 10
Ma may be too simplistic, although the
occurrence of hemipelagie sednnent.seaward
of trenches has now been observed in DSDP
cores from at least four reg1ons. got

The lowest Miocenel or possxbly late
Oligocene age of the crust] now entermg the
trench i{s considered to have been established
by the results from Site 495 and other Leg 87
sites despite the confliet §w1th the map of
Pitman and others {1974}

Site 499 !

f

Site 499 is on the Mid-America trench
floor and the five holes drilled there are at
water depths between 6126.5 and #6132
meters. In seismic reflection records ACross
the trench in this location, a sequenee of
horizontal reflections is E underlain by a
sequence of  gently landwarld'- dipping
reflections.The first hole (499) was' sited to
avoid sampling the thlckest partslof ‘both
sequences. Hole 499 is also shghtlyl seaward
of the trench axis to avoid an axial depressnon
and suspected channel f111 where excessive
sand might prove lmpenetrable, as happened
on Leg 66. After dnllmgl an upper section
that is largely mud, the bottom of the
channel was drilled (439A) to see if there
were more sands in it. K When it became
known that Site 494 could not be drilled, 499
was paralleled (499B) and drilled to basement
depth. The rubbly nature

of the basalt’ recovered impeded drilling te
the point where there was danger of getting
struck However, ithe basalt rubble did not
seem to be a convincing basement indicator
so another hole (499C), offset .3 km along
strike, was washed to basement to try to
obtain a better sample Again the rubbly
nature of basement caused sticking. of the
drlll and drilling hed .to be stopped. To get a
log', 499D was washed but: it encountered s
rubbly conglomerate about 50 m above
basement. . - |
‘ The - 11tholog'1c sequence at 499 is the
same as at .495 the oceanic reference site,
but 'with the, addltlon !of a cover of trench fill
'tirbidite. Trench! filling turbidites, 117 m
thlck are predommantly muddy, although
preferent1a1 recovery of 'mud versus sand is
suspected. The safne turbidite units appear in
the channel,, about 1 km away, at Hole 499A
w1thout any apparent lateral change. In Site
499 turbidites ehd ' abruptly, and burrew
mottled hemlpelaélc muds, caleareous o0ozZe
"and chalk, and basalt rubble, follow in that
order. However, ;the calcareous section is
_about 1/3 as thick as it is at Site 495.

The ..measurements of
. properties and gaseous hydrocarbens  also
break between the trench fill and the
.underlymg' deep ocean section. There is a
surprlsmglv large améunt of gas in the trench
- fill. Methane vvasl the| most abundant,
l?lthane, although lh muech lower amounts than
at|stte up the landward slope, was unexpected
|n ‘trench fill (present in quantities up to 20
|ppm), it rnaiy|haveI been transported with the
| gediment {lowing down slope into the trench,

' o ' |

- Conelusions » :

physical

' The trench is filled with a rather
" uniform upper Quaternary sequence {slightly
.less than .4 Ma)lof alternating muddy and
sandy turbidites. | The fill was transported
frorn shallower areas landward and deposited
rapldly The young age of these deposits is
cons1stent with rapld subductlon, but is not
known with enough precision to test more
‘than gross! |rates iof plate convergence.
| Beneath - the turbidite fill there is &n
?abbrevxated but Icomplete oceanic , section,
and thus |‘the sequence of sediment is
: con51stent with that ‘suggested by the seismic
data The |cause !of the abbreviated oceanic

‘ Sect1on is indeterminate but it may result

from basement 1r'regularlty perhaps inherited
from conditions at the spreading center. -The

' sectlon at 495 w'as anomalously thick based
:Ion a comparison of the seismic and the
* drilling evidence.
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Site 500

i Site: 500 is. at |the base of the
"md*Amemca Trenchj landward slope at the
]uncture of the slope and the trench floor.
L1tho]og1es,and ages’ are ba51 cal}y the same as
at Sites 499 and 495, but basement and . hard
undrllllable | eobble | conglolmerate zones | were
encountered at unexpectedly, shallow . depth.
In IIole 500 . the Quaternary treneh-fill
turbldnte sequence s ;elther‘ faulted - or
deposnted against a fault searp in lower
M1ocene chalk;: basalt basement oceurs at 161

m. At 5004 .arid 500B near the center of the -

trench theﬂ ‘trench fill tUI‘bldlteS are deeper,
Coarse basalt - and lsandstone ecbbles ' were
encountered at 14~ and (125 m  depth,
respectwely and proved lundmllable in' both
holes. Neither the basement . nor the,
conglomerates can be clearly ldEﬂtlf!ed in
seismie records although m hindsight, a
strong reflection in GUAH3 ‘may correspond
to the basement at Site 500.
;l * I
Strueturally, the . bedding in both
turbidite and chalk units is nearly horlzontal
as is also indicated in selsm1c records. The
chalks preserve struc':ture best and show, one
or two local, small (less than 501 mm
displacement), reverse faults 'and & . well
developed slickensided normalyfault. Someiof
the small reverse l‘aults appear to be caused
by syh-sedimentary, deformatton and they are
no better deveIoped at thls sxte'than at S1te
495. ! ol
N
!Generally, however, the sectlon at' 500
sho»\s' | more deformatlon than , the
equivalent seettons at. Sltes 499 and 495, |A
large |fault between turbldrteland chalk cuts
out at least 100 m of seetton and !is
interpreted as a normal f'ault because given
horizontal !bedding, 'l it l is 1 geometrically
dlt‘fleult to | place young rock over old Irock
and reduce the thickness of the section at the
same time by reverse faultmg Furthermore,
in brlttle chalk, which |should be readily
deformed, compressional! deformation is
essentlally absent : |
i
|B1ostrat1graphy, as| I1thostrat1graphy,
is the same as at, the oeeanward sites.|
Surprtsmgly the 'deposmonal lrate of trenchi
fill turbldlte ist about‘ 1/3 the rate previously’
observed. Very likelyy thlS is & functlon of\not
having| recovered' the |[base ) the ' turbidite.
The trench fill contalns blogemc components,
such as wood fragmens} that are more
ChaFHCtEI‘lStlc of slope deposats at 494 than
the turbidites at 499, |
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Phys1ca1 properttes of the section at
500'm are similar to ,those at 499. The first
80 m appear underconsohdated and, the last
40 .m | are shghtly Icovera::onsohdated This
pattern’is common in. the sites drilled on Leg
67. ; | .

: A

|
¥ The | of!

composmon gaseous
hydrocarbons is SJmllar to what would be
expected in a trench. { Ethane‘values‘ ‘are, low
and most of the. gas is methane.| It appears

that anoxlc] eondmons [may exist 1n the trench
as mdlcated by thel development of the large
amount of pyrite and HQS even in some ‘eores
Of\ the chalk. U (L

i ‘ 1 i i
Conclusmns l b o
o '
;F Site 500; at’ the ;front of the subduction
zone, does. not reveal any more signs of
compressive deformation than the two sites
further ' seaward inj the . trench andnion the
oeeame plate., Deformational features and
physncal properties |aret|essent1ally the same
at 500,499, and 495| The largest structure
appears| to be & normal fault but |there is no
way to' be|sure whether it represents down
faulting,from the oceanward or landward side
(a !Iandward|or seaward dip), orlwhether it is a
strueture llnherltedl from normal |fault|ng
along the trench seaward wall. NOPJ|C&“ | the
possablllty of a transcurrent Tault be ruled
out ' Trom |the! drlllmg and seismic evndence
the Ieast likely: p0551b111ty appears 'to Ibe 8
reverse‘ fault, | t H‘

o The structurlall complexity Jof i the
trench at Sites 1499 and 500 were unexpeécted
from seismic records alone The 11m|t of

resqutlon of the se:smlc reflection technlque
is demonstrated well by comparison of " two
multichannel, three ' smgle channel, and 3.5
kHz Se:lSIT]lC reflection records at this s:te,
with the dr111|ng’results.‘ ! \

o :
Site 494, | b !

| b ' '
y Slte 494 on ‘the lower' Slope of the
N‘td—Amerlca Trench offlGuatemala, lS just 3
km| from, and 580 m ahdve, the trench It is
s1tuated ‘on a terrace, as mueh\ as |2 km w1de
and at least| 181 km long, that is like the one
Qeelv and others (1974)§1nterpreted[as a large
thruat sllce.[ A |ma]or objectivelof the] drtllmg
at Site 494 was to test.the model of Seelv and
his 'eo-workers. b I i

N ' ! 1!

, A" landward weontmuatlon of istrong
reflections - from the igheous -oceanic' erust
pass from the ocean basin under the trench
and below the site, as shown in the’ Umversuy
of  Texas (U'I‘MSI)?, seismie  record.

l I
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Above the oceanic  crust, other reflections
suggest a Jandward, dipping section. Above
the landwaid dipping section, at 0.3 and 0.4
sec below the seafloor, some relatively strong
sub-horizontal ,reflections are seen, above
which  weak, discontinuous sub-horizontal
reflections are observed. Drilling at the site
penetrated 367 m through the section of weak
discontinuous reflections, perhaps to the
underlying strong ones, but lack of accurate
velocity data precludes precise determination
of depth to the seismic reflectors. Study of a
detailed high resolution seismic survey around
the site, made by the KANA KEOKI during
the drilling, shows a ‘stfong transverse
topographic trend that projects through the
site. Thus, the site may be near a major
transverse fault.

Below the Pleistocene, the recovery of
whole core pieces was rare (average recovery
less than 30%), vet overall, the strata ocecur
in an orderly stratigraphie sequence of young
over old. From top to bottom, the lithologies
recovered are: ‘ .

l. 213 m of Holocene to Pliocene
dark gray diatomaceous mud,
decreasing in' diatom content
downward, containing
reworked material . from water
less than 2000 m deep and
sometimes rich in biogenic gas.
This sequence is interpreted as a
deposit of material transported by
downslope sediment movement.

27T m of blue'—gra'y hemipelagic

clay separated \from units above .

by an unconformity .and identified
by early Miocene-late Oligocene
nannofossil assemblages consisting
of species found *in open ocean
environments.

34 m of dark gray sandy mudstone

of middle Eocene age in which one.

undisturbed and very complete
section has many closely spaced
faults with smalll displacement. |

19 m of derk gray mudstone mixed
by faulting or drilling disturbance
with blue-gray }nicritie limestone
of' mid-Eccene  and
Cretaceous ages,irespectively.

5 9 “‘r_n of medium | gray mudstone  of

Upper:; Cretaceous age containing .

abundant Globotruncana, and the
unit has an open ocean-character.
. - b ‘

abundant

Upper -

6. 5 cores with recovery of small
amounts of altered mafic and
intermediate igneous rock
atypical of ocean floor basalts: it
was not possible to determine the
type of deposit sampled from the
material recovered.

At deeper levels, seismic records
indicate continuation of layered material,

Effective overburden pressure and
Atterberg | limits show  apparent over
consolidation for the section below 48 to 80
m, & pattern consistent'with the response of
the section |to’ drilling., Average drilling time
in the first 200 m is more than 4 times longer
than drilling time required at equivalent
depths in 495, the ocean reference site.
Below 80 m, the drill cuttings are lithic chips
rather than the drill slurry normally produced
by drilling mudstone. Such lithic chips have
been observed at previous sites (434, 441)
when drilling in miecrofractured rock. Despite
the clearly microfractured rock at 290 m,
poor recovery precludes establishing the
beginning of mierofracturing.  However,
based on core recovery and drilling character,
it appears abnormally shallow.

A relatively complete sequence of
mierofossil assemblages waes recovered at the
site but with the exception of Quaternary
diatoms representatives of most groups are
sparse. Benthie foraminiferal assemblages
are displaced downslope, especially in the
post-Miocene and perhaps post-Cretaceous
interval. Nannofossil assemblages lack index
species and’ diversity due to water depth.
Radiolarian , assemblages are less than
abundant, often fragmented, and lack certain
index species. Radiolarians were found in
clder " clasts throughout the
Pliocene-Pleistocene section.

Tﬁé paleontology indicates three long

.hiatuses separating sections of different age

and  provenance. The
sedimentation ' rates
compaction, is as follows:

with
for

sequenege,
uncorrected

0-35Ma - o

(Pleistocene-upper Pliocene) fauna displaced
from 1000-2000 m water depths,
sedimentation rate 55 m/Ma.

4
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Unconformity, eontact observed.




18 - 25 Ma

(Middle Miocene-Upper Oligocene} fauna
deposited near CCD, about 3000 m,
sedimentation rate 3 m/Ma.

25 - 45 Ma

Unconformity or fault, contact not observed.
42 - 46 (?} Ma

(Middle Eocene) fauna deposited below the
foraminiferal CCD but above the nannofossil
CCD, sedimentation rate 10 m/Ma.

46 (7)- 68 Ma
Unconformity or fault, eontact not observed.
68 - 71(?) Ma

{(Upper Cretaceous) open marine fauna, above
CCD, sedimentation rate 2.5 m/Ma (7).

71(2) Ma
Contact not observed.

Gaseous hydrocarbons in the section
are mainly methane and only minor amounts
of ethane were observed. The ethane might
be concentrated in a specific interval and
migration may be controlled by lithology.

Conclusions

If the Mid-America Trench transect
off Guatemala is viewed as a test of the
imbricate accretionary model proposed for
this margin by Seely and others (1974}, the
results from study of the cores from 494 are
surprising in two respects. First, the
discovery of rock as old as the Upper
Cretaceous within 3 km of the trench, which
is underlain by subducting ocean crust of
early Miocene age, is unexpected. Second,
the regular’ downward ordering of rock age
over 360 m and 70 Ma time, young on top to
old below, at the foot of a convergent margin
indicates that the section isn't itself cut by
thrust faults, because imbricate thrust
faulting would reverse the order of rock age
from young to older above. However, the
total section could be contained in a larger
thrust slice. The data from this single site
seems somewhat inconsistent with the simple
imbricate thrust model, 'but they are -not
complete enough to change the model or to
convincingly constrain an aiternate model.
The data are minimal because the length of
hiatuses in the section exceeds the period of
time represented by the rock samples, and
the overall core recovery was less than 30%.

The sequence’drilied could have been
transported as & Iarge block from a landward
location or part of it from a seaward source,
or it might have; orlglnated near its present
position with respect to a continental
sediment source. The original envircnments
represented 'by the seguence, and the nature
of the hiatuses between them, are interpreted
from top to bottom as follows:

. A Plio-Pleistocene deposit
consisting principally of material
transported from the shelf and
upper slope to the site.

2.  An upper Miocene unconformity
coineident with the widespread
upper Miocene unconformity on
the shelf.

3. A lower Miocene hemipelagic clay
that accumulated in water near
3000 m and at rates an order of
magnitude slower than’ age
equivalent deposits on the
adjacent shelf (3 m/Ma vs. 100
m/Ma), and thus recovered section
is a distal terrigenous sequence,

4. An upper Eocene-Oligocene
hiatus, the age equivalent of a
widespread unconformity in the
adjacent shelf section but of
unknown origin in the section
drilled.

5 An Eocene hemipelagic clay
deposited below 3000 m depth at
rates at least 5 times slower than
age equivalent shelf deposits
(maxirnum 10 m/Ma vs. 55 m/Ma).

6, ‘A hiatus of unknown origin and of
an  age ' represenfed by thick,
widespread Paleocene sediment on
the adjacent shelf.

7. An Upper Cretaceous claystone
ithat iaceumulated in an open
‘ocean, envu-onment above the
CCD, and” at depths about
equwalent to, but at rates
apparently lower than the age
lequivalent rocks on the present
1shelf. -

8. A eontact of unknown origin.

9. Igneous rocks ongmally of
basaltic and andesitic composition
and atypical of igneous oceanic
erust;; the type of deposits or body
sampled is unknown.




0. A layered sequence of rock at
least 500 m ,thickfas indicated by
seismic and magnetic records and
resting on probable Miocene
igneous ocea crust: The lithology
and age of this sequence remains
unknown without fufther drilling.

The sequence shows apparent signs of
tectonic stress from the base of the Pliocene
section, but the age of various episodes of
deformation earlier than the Pliocene
undetermined, Although there are hiatuses of
unknown origin below the Miocene, the
sequence of ages remains essentially normal
and there are no major” repeated sections.
Thus, major thrust faulting and subduction
must be eonfined to the undrilled section.

Site 498

Site 498, on the landward slope of the
Mid-America Trench, is loeated in about 5440
m of water, and on a narrow terrace about
400 m above, and 4 km from the adjacent
trench axis. This pesition is about 1.8 km ESE
or down strike from Site 494. A preliminary
compilation ,of KANA KEOKI bathymetric
and seismie records made during GLOMAR
CHALLENGER drilling at Site 494 suggested
that the site. is located in'a zone of faulting
transverse to the trend of the trench, a
coincidence perhaps responsible for the low
core recovery at 494. Based on geophysical
data, Site 498 is in a less faulted but
structurally identical position as Site 494.
Site 498 was drilled to fill the gaps in the
stratigraphic seetion of Site 494 and to
establish the nature of ‘critical contacts
missed during the previous drilling. However,
the . recovery of clathrate caused
abandonment prior to reaching depths greater
then at Site 494. '

The mud end mudstone from the first
213 m of 498-is esentially identieal to that at
Site; 494. This dark olive gray sediment
resembles the downslope apron recovered at
previously drilled, sites. Abundant biogenic
material tni'ns'ported from upslope was
observed. This'| unit, which  is  of
Plic-Pleistocene age, is underlain by a unit of
similar lithology ; of Miocene [age. The
Miocene lithology is dissimilar’ from the
lithology of equivalent age rock i!:l 494. The
unbreceiated part of the section is dark olive
gray mudstone glthough chips of the familiar
blue-gray Miccene mudstone of 494 are
abundant in the drilling brecéia, which
constitutes most of the recovered material.
Additionally, at 498, the Miocene section is
thicker than at 484 where the equivaelent

is

this site.

Site 497

interval is not only of Miocene but also of
Eocene age. The poor core recovery and
drilling conditions below 213 'm at 498
indieate that fracturing.is well developed.

The disparity between the Miocene
lithologies at these two sites, 1.8 km' apart,
indicates a degree of variability in rocks and
ages along strike., Perhaps the regularity of
horizontal reflections in seismic records gives
& deceivingly simple picture of the lower
slope structural complexity.

The biostratigrépﬁy of  this - -site
appears disordered in part by the mixed and
poorly recovered drill breccia. Three

intervals of repeated ages are evident and
poor recovery can explain two of them. The
third repeated age sequence may be caused
by downslope reworking of older mudstone
clasts, for instance the blue gray Miocene
mudstone or tectonism.

Gas hydrates were encountered at
about 316 m. The single occurrence of
hydrates was accompanied by a single rapid
inerease of the methane/ethane ratio. The
presence of hydrates was again confirmed by
placing the icy sediment in a sealed vessel
and measuring pressure as the hydrate came
to ambient temperature.

Conclusions

The similarity of Plio-Pleistocene
downslope lithologies at Site 494 and 498 is
indicative of, comparable structural histories
during this time interval, but the differences
between Miocene lithologies at equivalent
depths is suggestive of tectonic displacement
between Miociene units one mile apart.

The Jpresence of gas hydrate was the
most dramatic difference between Sites 494
and 498. On deck, the!"smoking," unopened
eore betrayed the now familiar association of
coarse grained vitrie| sand, between 300-400
m ' depth, and clathrate. The recovery of
elathrate and a single 'low methane/ethane
ratio caused the premature end of drilling at

b

Drilling was s;ol:;ped for rehsons. of
safety at Site 497 prior to reaching the
original  objectives. - The Plio-Pleistocene

j lithology

section cored was recovered previously at
:Site 496 only 5 km away. The dominant
encountered is  oclive gray,
" hemiterrigenols mud, with varying minor
-biogenic and vitrie constituents, A short
"period of rapid deposition of sandy mud and
,pebbly mudstone occurs at sbout 280-295 m.




vertieal  dark

Near veinlets,  probably
associated with | dewatering and
syn-sedimentary  tectonism, ocour i the

lower, more lithified part of the section. !

Mierofossils  of + Quaternary  -and’

Pliocene age ore generally abundant in the:

section and no unusual age discrepancies were |
observed. ~Ages increase linearly with depth
except tn the pebbly mudstone interval where

the rate is high, and immediately below the

interval where for a short time, the rates are

exceptionally low.

The sediment has physieal
characteristics that change with depth in
wmuch the same manner as those at Site 495.
The effects of gas and perhaps gas hydrates
are obvious in the small chenge of void ratio
with depth. FPerhaps excess pore . pressuie,
related to expansion of gas, has affected the
lower part of the recovered section.

Seismic records between 498 and 497
indicate a thinning of the Neogene section
toward 497.0 Drilling shows, however, that
the Pleistoeene is thinner but the Pliocene is
much thicker at 487 than. at . Site 436. The
reasgin for . this diserepancy between the
seismie interpretation and dreilling is not
obvious.

Several lines of evidence were used 1o
document the presence of clathrate at this
stte. Probably the mest convineing evidence
is from pieees of frozen vitrie sand allowed
tg come to ambient temperature in & pressure
vessel. However, the overall methane/ethane
ratio was mueh higher (more bwgeme) than at
equivalent depths in-Site 488, ' Variation - of
the ratio and the aceompanying variation of.
traee  amounts of heavier . hydrocarbons,
tndicates local variability between the sites
with respect to hydroearbon composition,

Conclusions

The section recovered at Site 487 js'a
mongtonous, { hemipelagic hemlterr:genous
slope section: with g thin, pebbly mudstone
proably t’epresentmg downslope mass
movement. §The rate of sedimentation
decreases for a shori period m the upper
Pliocene, Clathrates at this sitefand frozen
materiels {probably clathrate) at Site 496
geur &t about: the same depth but in sediment
of different age. Clathrate oceurs in vitrie
sand and notu throughout the core indicating
an association between lithology snd the
oeeyrrence of elathrate.
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Site 496

Deilling at Site 496 ended at 378 m,
about 500 m short of the prineipal objective.
This  abjective was! to  sample rock
represented in seismic. profiles by landward
dipping reflections "at' the top of a high
valoeity body. The section above this body is
a2 cover of slope deposits that appears to
unconformably drape the sediment and roek
comprising the bulk of the eontinental
margin. Drill samples showed that the siope
cover consists of an upper sequence of
biogenic mud {0 to 226 m} of Quaternary age.
Beneath this sequence is a similar but
semi-lithified  biogenic  sandy  mudsione
(228-387 m] of Ptiocene to DNMiocene age.
Both units are rich in terrigenous detritus,
some voleanie ash, and rare lignite.

All three wnierofossil groups being
studie¢ onboard are represented in this
section, Radiclarians ~are sparse due to

dilution by terrigenous debris, and reworked
older species indicute an area of older saurce
roek. Nannopiankton are rare to sbundant,
Above Core 3, nannoplankton assemblages
are oeeanic;’ below Core 3, they are typical
of shallow water. Benthic foraminifera also
indicate subsidence of 'this srea in Mioccene
time, from shelf to lower bathyal depths, A
well-defined reductmn in rates of
sedimentation or perhaps a histus i3 seen in
the upper Miocene and Pliocene,
)

Physical prépei;ties measurements
show g elear dlfferenee between the 'upper
soft mud and ‘the (lower semi-lithified
mudstone. Neo veloclty‘ measurements ; were
possihle becsuse of ga.ss cottent. The upper
sediment appesrs underconsolidated whereas

the lowermost “sediment appears
overconsolidated.

Gaseous hydroéarbons were abundant
at this site. The methanefethane ratio

devreases abrormally; fast' and in the last
three cores heavier eomponpnts up ta C-5
appeared. = This evzdence of proximity to
petraleurt and apparent high pressure in the
sore, caysed qbandonment

Conelusions

Litho- and b1ostrat1graphw data in the
seetion penetrated at Site 496 are consistent
with  the seismie , interpretation of =
downslape apron of sedxment The seciion is
at least as old as early Mmcene at which time

! deposition was in much sh&uower water than
-8t present.

This permd of shallow water
deposition may eorrespond to the peried of
erosion on the shelf in Oligocene and earliest

| Miocene time {Seely, 1979) but, unfortunately,

deiliing had to  be termipated before




this possibitity could be adequately tested.
There is another curious period of relatively
slow deposition or perhaps. a hiatus in late
Miocene and Pliocene time that may
correspond to a hiatus on the shelf during this
period. The subsidence of this site in early
and mid-Miocene time is consistent with the
inte?pretation of Seely (1979) for the adjacent
shelf.

Lithology, sedimentation rates, and
paleo-depths based on microfossils indicate
that the lcwer and mid-Miocene sediment
recovered at 496 is of a facies more proximal
to a terrigenous sediment source than the
sediment facies recovered at Site 494 on the
trench iower slope. The Miocene section at
Site 494, therefore, must originally have
formed seaward of the Miocene section at
Site 496. A long distance of tectonic
transport from a landward source seems
unlikely for the Site 494 Miocene section
unless there has been lateral faulting of one
section with respeat to the other.

LEG 67 CONCLUSIONS

The disecovery of clathrate greatly
changed the emphasis of Leg 67. Originally
most of the time was planned for drilling on
the trench landward slope; however, the
repeated recovery of clathrate, which for
reasons of safety prevented drilling there,
resulted instead in our spending about
one-half of the drill time in the treneh and on
its on oceanward slope. Thus, the original
plan, . to link the geology of the Nicoya
Complex and the shelf to that of the trench
slope, and to understand the geology of the
slope in terms of the origin of the trench
wall, was not realized. Nonetheless, the
results of Leg 67 show a change in rock and
structure at the trench more fundamental
then expected from the .simple accretionary
model, a change that only becomes fully
apparent in the pre-Pliocene rock. Lower
Miocene chalk and basalt of the incoming
ocean basin lithosphere are immediately
adjacent to the trench landward wall which
consists of continentally derived Upper
Cretaceous through Miocene mudstone, The
implications of this discovery are that a great
amount of oceanic sediment has .been
subducted without aceretion to the continent
and that the ,thecretical orderly imbricate
stack resulting from subduetion is too
simplistic & model to explain the age and rock
sequence recovered.

The rock precovered from sites of the
Leg 67 Mid-America Trench transect,
particularly those of pre-Pliocene age, can be
separated into an oceanic and continental
group (Figure 2). The oceanic group, best
sampled at the ocean reference site (495), has
sediment that clearly records northward
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passage of the Cocos Plate beneath the
equatorial carbonate belt, and into proximity
of a terrigenous source. The sediment also
records subsidence of ocean crust with age
and distance from the ocean ridge. This
oceanic reference sequence is normally
faulted as it enters the trench (Sites 499 and
500) and before subduction it receives ponded
turbidites that eollect in the trench.
Surprisingly, the composite, oceanic sediment
section recovered at the foot of the trench
landward wall has . recorded little added
deformation or consolidatin to mark its
passage across the trench into proximity of
the assumed thrust zone.

The continental material recovered 3
km away from the trench on the landward

wall appears more defermed, and also
includes rock of greater age. The Miocene
rock is a distal, terrigenous mudstone

sequence deposited near 3000 m water depth.
The Eocene rock is of similar facies deposited
in water deeper than 3000 m and the Upper
Cretaceous rock has a continental source but
was deposited under open ocean conditions

and above the CCD. Roeks of Upper
Cretaceous and Eocene age on the oceanic
plate are carbonate: - rocks of Upper

Cretaceous to Eocene age on land are largely
shelf and shelf basin clasties, Therefore,
much of the pre-Pliocene sections recovered
at 494 appear to have greater continental
than oceanic affinities. Just where these
rocks under the trench landward slope were
originally - deposited is not known, but large
tectonic transport is not required to explain
their position,

) The apparent few hundred meters
separating oclder mudstones at the foot of the
trench slope from incoming Mio¢ene ocean
crust is hardly sufficient to accommodate
accretion of the vast quantity of ocean
sediment that passed through the trench as
erust of Eocene or Upper Cretaceous to’
Miocene age was subducted, Therefore, since
little material could have been accreted at
this part of the margin, most of it must have
passed under the slope.

The eontrast in original provenance of
rocks at the trench-slope juncture diminishes
in the Plio-Pleistocene sediment. The trench
landwerd slope consists. of mud and sand,
much of which was deposited during the

downslope  transport that also earried
material to the trench. Ponded sediment in
the trench has the highest rates of

sedimentation. but a small volume, and rates
measured locally on the slope (Figure.3) are
almost equally as great. Paradoxically, a
foraminiferal fauna transported from very
shallow water was recovered from the
trench. Thick (170 m), hemipelagiec mud
recovered 20 km seaward and 2000 m above




the trench (493) has a transport history across
the trench that i{s more difficult to explain,
Foraminifera foreign to the deep ocean were
recovered at the ocean reference site. These
interesting observations not withstanding, the
Plio-Pleistocene sequence of sediment from
landward to seaward is consistent with the
present geologic setting. Thus it seems that
a ‘trench has been in this area since at least
the Pliocene. But from the Leg 67 data it
eannot be established exactly when the
present trench first formed. Either a late
Miocene jnitial age, as has been proposed for
the trench north of the Tehuantepec Ridge or
an egrliest Pliocene age is consistent with our
data. The pre-Pliocene configuration of the
margin is as yet problematical.

The Leg 67 drill and seismic data give
g revealing but incomplete picture of the
complex loecal struetural fabrie superimposed
on the trench, We showed by drilling that the
seismiecally deduced sequence of basalt, ccean
basin sediment, trench turbidite does in fact,
exist. A few normal and reverse faults were
observed in cores from both the ocean
reference and trench sites. The reverse
faults have small displacement (less than 50
mm) and are sometimes syn-sedimentary.
The normal faults in cores are larger and
tectonically more  significant.
faulting also dominates the trench seaward
well in seismic records and are covered by
trench fill. A normal fault was apparently
penetrated at the foot of the landward slope
(Hole 500). This fault, with more than 100 m
displacement, is obscure in the seismic
records, and thus its dip direction and extent
are conjectural (Figure 4). Three scismic
lines a few hundred feet apart, navigated
accurately using the CHALLENGER
positioning system and seafloor beaecons, each
differ with regard to the local structure
recorded. A similar degree of complexity
was found in comparing the Mioeene rock
from Sites 494 and 498, 2 km apart, and in
comparing seismic and drill results between
Sites 496 and 497 on the mid-slope. The
limited resolution of the reflection seismic
technique in deep water is demonstrated well
at all Leg 67 sites, even at the ocean
reference site where 100 m more section was
recovered then is illustrated on the
multichannel seismic record. However, the
gross features in seismic records, especially
when constrained by limited drilling and

logging, appear to give resolution within
roughly 100 m. Although it would seem more
comfortable to have evidence for

compressional structure at the .base of the
lendward trench siope, the combined drill and
seismie data are most simply mterpreted as
showing normal faults, perhaps, but not

Normal |
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necessarily, inherited from the normal
faulting along thna‘I trench seaward wall.
Additionally, there is 'no direct evidénce of
imbrication of underthrusting to the levels
drilled, which emphasizes  the  great
importance of penetratmg the master thrust

fault of the subduectidn zone with the drill,

Leg 67 results bearing on regional
geology are the dating of the Cocos Plate and
some possible limits on Caribbean Plate
movement. If the direction and succession of
magnetic anomalies is paraliel to the East
Pacific Rise, than the Cocos Plate is oldest
at the Mid-America Trench where drilling in
three holes recovered lowest Miocene
sediment on top of ocean basalt. Formerly,
this area was thought to be of Eocene age.
Thus the same disparity between magnetic
anomaly determinations and sediment ages of
the Cocos Plate found on Leg 18, was found
also on Leg 67. If the Miocene age is
accepted, it removes the presently proposed
complex and nonsymmetrie spreading from

»  this area.

Another regional implication is related
to the history of the Caribbean plate. The
Cretaceous and Eocene rocks recovered at
Site 494 appear to have affinities with rocks
that erop out in Costa Rica and Panama.
Those rock outerops are extended by
geophysics along the Mid-America Trench to
the Tehuantepee Ridge. Sinee they' have
terrigenous affinities it appears that the
influence of the North American continent
extended south of the proposed transform
Caribbean ptate boundaery during this time.
Thus it is possible that the proposed large
eastward movement of the Caribbean plate
did not occur after Meastrichtian time.

! Leg 67 samplés verified the existence
~ of clathrate, Melting ‘of the ice liberated
© greater quantities of gas than is soluble in
, water al in situ pressure and temperature.
Gas hydrates were recovered a two sites and
" are suspected to have been recovered at a
third. Using uncorrected temperature
gradients from loggmg (probably maximum
* gradients), pressure—temperature conditions
| on much of the margin are far into the gas
hydrate stability. - field. Sutiable
pressure-temperature conditions however, are
, only a partial requlrément for clathrate; gas
I in proper gquantity and composition is also
! necessary. The regularvassoclatlon of vitrie
| sand and clathrate on Leg 67 suggests that
. greater porosity than that of the hemipelagic
' mudstone is required to accumulate sufficient
' gas 1o form enough clathrate so that the ice
' can be recovered at the surface,
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Rock-Eval and C-H-N data indicate a
terrestrial origin for most of the sedimentary
organic matter. Lignitic or woody material is
present on the slope and even 20 km seaward
of the trench on the oceanie plate. Carbon
values for the slope sites average about
2-3.5% in Quaternary sediment, and about
half as mueh was measured in the underlying
sediment. The history of the closing of the
former Panamanian waterway may have
affected the organic carbon input. One
expected consequence of a landmass between
the Americas is a change to more tropical
climate which could in turn affeet the
composition of terrigenous input.

On Leg 67 we drilled through a trench
sequence into the ocean crust. Our study
indicates that subduction necessitates neither
accretion of ccean plate sediment at the foot
of the trench landward slope nor pervasive
compressional structure, We also recovered

physical evidence of clathrate from the
trench siope. :
489
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LEG 68/HPC
(Co-Chiefs: J. Gardner and W. Prell)

The recovery of undisturbed sections
of uneonsolidated deep-sea sediment has long
been a, goal of DSDP. Unfortunately, rotary
drilling  usually  disturbs  unconsolidated
sediment which renders them uséless for
high-resolution investigations. However, the
recently developed DSDP Hydraulic Piston

Corer (HPC) provides an opportunity to
obtain these previously unrecoverable
sediments. Leg 64 used the HPC and

successfully recovered s spectacular section
of varved, diatomaceous sediment at Site 480
in the Gulf of California {Curray, Moore, et
al., 1979). .

Leg 68 took advantage of the HPC
capability by ‘devoting an entire leg to
recovery of two undisturbed Neogene .séctions
from sites previously drilled by conventional
drilling techniques. Drilling at Site 154 in the
Caribbean and Site 83 in the eastern
equatorial Pacific recovered very disturbed
sediments but the section did allow the
recognition of sediment thicknesses, gross
accurulation rates, and abundances and
preservation. of mierofossil groups, Leg 68
was ‘to return to these two sites and recover
an undisturbed and continuous Neogene
section, During Leg 68 two sites were cored
{Figure 5).

Our major seientific objectives for Leg
68 were:

l.  To determine the high-resolution
Neogene biostratigraphy of each

site and correlate it to the
detailed paleomagnetic
stratigraphy;

2. To determine the detailed oceenic
record assoeimted with events
suech as the eclosing of the Isthmus
of .Panama and the initiation of
glaciation in the northern
hemisphere; and

3. To study the inter-relationships. of
Quaternary and Neogene
paleoceanographic phenomena.

The planned coring also provided

an  extensive test of HPC
operations on-board the GLOMAR

CHALLENGER that will define
the limitations of the HPC
system, the number of holes

necessary at a site to -ensure
complete recovery " of ~  the
stratigraphic section, and the best
means of processing HPC cores
ohboard the ship.

The use of -the HPC to obtain long,
continuous sections- of undisturbed sediment
poses several questions concerning the

continuity of section.and detajled correlation
between multiple holes, Because | the
sediments recovered by the HPC should be
largely undistrubed, they will be used for
studies of high-frequency biotie and sediment
variations. The precision required by such
studies . places: new , demands on the
CHALLENGER coring operations and on the
level of detail of shipboard duties.

Two specific questions which coneern
the correlation of cores and holes were raised
on Leg 68. First, is any section lost between

" successive HPC cores,: and second, ean a
eontinuous stratigraphic section be reecovered
by overlapping cores?

Overall the HPC worked flawlessiy
© throughout Leg 68. We found that the HPC
strokes out. to its full 4.4 m length in
sediment. with shear strengths 1200g/em?
Shear strength between 1200 and 2500 g/cm2
did not inhibit coring, but the HPC did not
extend its 4.4 m. Shear strengths 3000
g/em? halted: recovery and we feel that this
is the limit for coring with the HPC. When
the HPC did not fully extend during ecoring,
we lowered the drill string to the nearest 0.5
m less than the previcus recovery. This
scheme worked exceedingly well for us.
Recoring unrecovered intervals was not
successful.

The HPC cores are virtually
undisturbed when compared with conventional
| DSDP drilled cores. ' Special attention was
“given to deformation of any kind in this series
of holes because of its possible influence on
paleomagnetic measurements and as an
indication of the performance of the HPC.
We estimate that about 90% of all sediment
. recovered had no deformation of any kind.
!When present, disturbed sediments almost
| always oceur in Section 1 of the cores and
iprobably represent downhole contamination
rather than uncored seetion. Qur HPC coring
procedure elmost insures overcoring . ~of
| previous cuttings in' order to recover a
complete section. This type of deformation
1is easily identified and presents no problem in
constructing complete sections.,

We examined the .possibility of missing
Isediment between ‘successive = cores by
|comparing .the detaile:d ‘records of carbonate
and paleomagnetie intensity (NRM) for Holes

502 and 502A. We estimate that the 30-em

"_sal_npling-‘éinterval for carbonate represents

12.5 x'10° yr intervals, respectively. Figure 6
shows the percent carbonate plotted versus
depth in Holes 502 and 502A along” with the
;eore breaks and intervals of no recovery.
|

We believe that the

sediments
\recovered.' from the Brunhes

Epoch are

- jvirtually eomplete based on:the correlation of

1
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carbonate stages between Holes 502 and 502A
and comparison of these carbonate data to
the oxygen-isotope ecurves of V28-238 "' and
V28-239 (Shackleton and Opdyke, 1976). We
have identified all the isotope-~carbonate
stages in the Brunhes Epoeh (Figure 6). No
stege was eliminated due to non-recovery.
The largest gap occurs in Stage 7 of Hol
S0ZA and is 50 em in length (about 20 x 10
yr). A similar case can be made for the NRM
data although they contain high-frequency
noise due to occasional partieles of rust from
the drill pipe.

The strategy of overlapping cores. in’

adjecent holes was sucecessful and insured a
complete section. We found the major
obstacle to recovering a continuous section
was failure of the core catcher and brittle
fracturing of the core liner.

We  encountered minor problems,
especially at Site 502 in correlating
paleomagnetic boundaries, ash layers, and

biostratigraphie horizons between holes on
the basis of sub-bottom depths of diserete
events. Sub-bottom depths of diserete events
at Site 502 varied by as much as 5 m. Events
at Holes 503A and SO3B were within 1 m of
each other. Differences in the sub-bottom
depth of events would not be recognized in
rotery-drilled sediment because of the
disturbance and the large distance between
holes. The possibility of eorrelating adjacent
holes on a scale of em's or tens of em's also

places new demands on our ability to measure -

the length of the drill string.

Sites 502 and 503 were selected to
provide continuous records of the
biostratigraphy and magnetostratigraphy of
the low latitude Atlantic and Pacifie Oceans.
We recovered virtually complete sections by
continuously coring several holes at each site,
and overlapping the cored intervels in one
hole and the core breaks in adjacent holes.

Site 502

Site 502 is located at 1929'N and
79923'W in the Western Caribbean. Site 502
is near Site 154 but is located on a
topographic high to avoid the turbidite sands
encountered '  at Site 154. The
acoustically-transperent seetion has diffuse
reflectors which suggests that Site 502 should
have a longer record and possibly more
pelagie sediment than Site 154. .

The primary objectives at this site
were: =

To recover a complete record of
the late Neogene and Quaternary
in a carbonate section with a
relatively high accumulation rate;
and

2. To obtain a detailed
paleomagnetie  stratigraphy  to
correlate’ with the biotic and

volcanic ' history associated with
the closing of the Isthmus of
Panama.

Four heles were cored to a maximum
depth of 228.7 m. Although reeovery varied,
the  composite section is a virtually
continuous, undisturbed record from
lowermost upper Miocene to Holocene (Figure
7a). The sediment consists of feram-bearing
nannc marl which grades to caleareous clay
with depth. The top 7 m of the section is
yellowish brown but the remainder is various
shades of gray to greenish gray. The later
colors  indicate reduced conditions and
because the upper seetion is oxidized, we feel
that post-depositional reduction of sediment
is pervasive. )

We divided the section into four
lithostratigraphic subunits, based on
differences in eolor, foram content, ahd the
ocurrence of siliceous microfossils. We found
distinet  cyeclie variations in  carbonate
content, foram abundance, and physical
properties of the sediment superimposed on
the dominant lithology. We found that shear
strenEth increased uniformly from about 100
g/em? to 3000 g/em? with a rapid increase at
88 m and 'II0 to 130 m. The shipboard
carbonate data for Holes 502 and 502A show
a cyclieity which correlates with
oxygen-isotope cycles of the Brunhes Epoch
(Shackleton and Opdyke, 1976) and carbonate
fluctuations from the Caribbean (Prell, 1978}
and inversely with carbonate cyeles from the
Pacific (Hays, et al., 1969). The periodieity in
carbonate for the Brunhes Epoch from Site
502 averages about 70,000 years per cycle,
similar  to other isotope and carbonate
records (Shackieton and Opdyke, 1976; Hays,
et al., 1969; Dean, et al., 1977). The record at
Site 502 extends these carbonate cyecles back
through the esrly late Mioeene. Although the
amplitude is variable, we find that the length
of the carbonate cyecles does not change with
depth, and the accumulation rate is almost
constant, Climate-related variations in sea
level and earbonate dilution, productivity end
dissolution have been used as the predominant
foreing funection for both the carbonate and
isotope fluetuations for the Quaternary (Cline
and Hays, 1976; Prell, 1978). OQur data
supports the suggestion by Dean, et al.
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(1977) that these climatic events can be
extended at least back into the Mioccene.
However, in the case of Site 502 we have a
detailed, high resolution record of the history
of these fluctuations.

The high accumulation rate and long
record (>7 Ma) of Site 502 provides a unigue
section for identification of paleomagnetic
epochs and events, and inereases . the
resolution of the palecmagnetic stratigraphy
by a factor of two. We ean identify all 19
major paleomagnetic events of the Pliocene
and Quaternary in this section (Figure 7).
Although the record continues into the
Miocene, shore-based work is necessary to
resolve the Tdetails of that period. This

20

record should provide & new high resolution -

standard for age calibration of

biostrtatigraphic horizons.

In addition to the major paleomagnetic
events, several excursions of the field were
observed within the Metuyama Epoch near
the Jaramillo Event. These normal-polarity
exeursions appear to be real (several are
30-em  long) and will provide new
paleomagnetic datums.

We found the caleareous microfossils
of Site 502 to be generally well preserved,
diverse, and  abundant. Well-preserved
siliceous mierofossils are found in the top few

meters of the seetion and then not again until .

lower upper Miocene sediment was
encountered. We do not observe enhanced
preservation in association with voleanic ash.
Very rare fragments of radiolarians, sponge
spicules, and diatoms did ocecur throughout
the whole section which suggests that silica
dissolution has been very sctive throughout
most of the Neogene.

With curious exceptions, the
assemblages were tropicsl throughout the
seetion. Early Pliocene and older sediment

has abundant sinistral Neogloboquadring
pachyderma associated with predominantly
tropicel assemblages. N. paehyderma is a
planktonic foraminifer that, in Quaternary
sediments, is known to inhabit polar waters.
The sinistral~coiling form is the coldest water
affinity of the genus. This same association
was noted in sediment from Site 154A
(Keigwin, 1978). To our knowledge this
peculiar association has not been described
elsewhere, At this point, we can only
speculate that either the Columbian Basin
experienced a time of inereased seasonal
upwelling or that the early form of N.
pachyderma was not a cold water Species.
We also identified oceasional specimens of
Discoaster icarus, a species which has been
reported only from the late Miocene of the
Mediterranean. The occurrence of this

species in sediment from Site 502 ocecurs
stratigraphicelly lower than it does in the
Mediterranean but its environmental
significance is presently unknown.

The basalt sediments of Site 502 are
early late Miocene, based on nannofossils (D.

heomamatus Zone, D. bellus Subzone),
radiolaria  (O. antepenultimus Zone), and

diatoms (occurrence of N. porteri and T.
burkliana).

Accumulaticn rates at Site 502 reflect
the complex interaction of carbonate
produetivity, carbonate dissolution,
terrigenous influx and tectonic uplift. The
bulk rates decrease from late Miocene 54.8
g/em?/10° yr) to Quaternary (2.6 g/em</10
yr) with m interval of high accumulation (4.7
g/em2/10 yr) at approximately 3.6 Ma and a
rapid decrease from! 3.45 g/em?ip yr at 2,1
Ma to the Quaternary rates. The ratio of
non-carbonate to earbonate flux decreases
from 2.43 g/em2 ip the late Miocene to
approximately 114 109 yr at about 3.6 Ma and
then remains constant through.the remainder

of the Pliocene and throughout  the
Quaternary (Figure 8a).
The decrease in accumulation of

non-carbonate (mostly elay) sediment at Site
502 may be explained by a decrease in the
source of elay or by the site being uplifted
above the active benthic boundary layer of
transport of eclay. Comparison of the
reflector (turbidite sands) in Site 154 and
reflection profiles in the adjacent basin
indicates that turbidite deposition has been
active from late Miocene through Holocene,
The lack of turbidites indicates that Site 502
wes uplifted above the level of turbidite
deposition prior to 7 Ma. We note that this
uplift substantially predates the uplift of Site
154 whieh is located on a much smaller ridge
between Site 502 and Central America.

Because the terrigenous flux has not
decreased, we interpret the time when the
non-carbonate/carbonate flux became

. constant (about 3.6 Ma) to reflect the site's

' benthie boundary layer deposition.

elevation above the level of dominantly

The 3.6

" Ma datum is an interesting time because it

falls within the period that the Isthmus of
Panama is thought to have closed (Kaneps,

_1970; Saito, 1976; Keigwin, 1978).

Site 503

Leg 9 of DSDP drilled Site 83 on the
eastern flank of the East Pacific Rise and
recovered sediment which indicetes that an
almost continuous pelagic section of the past
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10 Ma of the Neogene (Hays, et al., 1972)
exists there. Unfortunately, the sediments
recovered at Site 83 are badly disturbed by
rotary drilling and most of the detailed
reeord is lost. Overall, the section has =
uniforgn accumulation- rate of 2.0 to 2.5
em/10¥ yr with good to moderate preservqtionl
of all the major microfossil groups. We
returned to Site 83 to recover the same
section using the hydraulie piston corer (HPC). ,

Our primary objective was to recover'i
a complete, undisturbed Neogene seetion, to!
compile, together with the date collected at.
Site 502, a high resolution intercalibration of
the Neogene magnetostratigraphy with both

Atlantic and Pacific biostratigraphy.. In
addition, the evolution of  equatorial
foraminifera, nannoplankton, radiolaria, and

diatoms throughout the Neogene should be
available for study in one section with
excellent time control. We should find a
detailed history of the Neogene oscillations in
oceanographic conditions, as revealed by,
fluctuations' in isotopes, earbonate and opal
contents, and faunal and floral assemblages.
We should be able to address the questions of
timing of |the elosing of the Isthmus of
Panama and  initiation of Northern,
Hemisphere glaciation by combining the
record at Site 503 with that obtained at Site
502.

The sediments at Site 503 should
record changes in  surface circulation,
especially the Equatorial Undercurrent and
the South Equatorial Current which respond
to changes in atmospherie cireulation. The
record of intensity changes of the southeast,
trade winds may be reflected in the quartz:
content of the sediments (Molina-Crugz, .
1977). We hope we have provided the high
quality cores that are necessary to approach
these major areas of interest,

Our major cbjective was met by «coring -
two holes to a total depth of 235.0 m -and
recovering an almost complete section which
represents approximately the past 8 K Ma
(Figure 7b). We recovered 62.5% of the cored
interval in Hole 503A and 85.5% in Hole 503B
with 80./9% and 85.7% of the recovered
sediment undisturbed, respectively, in each -
hole. The HPC performed spectacularly well
throughout the operations. '

The scientists of Leg 9 felt they
drilled Site 83 on the east flank of the East -
Pacifie Rise (EPR). The possibility exists,
however, that Sites 83 and 503 are located on
the north flank of the Galapagos Spreading
Center (GSC). Bathymetry, of the detail
available for both sites, eannot easily resolve
this  problem. The magnetics of the
basement, however, can define whieh flank
was sampled. The total-field magnetometer
data recorded on
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our approach to Site 503 suggests we crossed
the north flank of the Galapagos Spreading
Center, not the east flank of the East Pacifie
Rise. The data show no magnetic anomalies
up to Site 503. The magnetic date from our
transit to Ecuador suggest we steamed at an
angle to the magnetic gnomalies. This could
only be the case if we were over the northern
flank of the Gelapagos Spreading Center.
Therefore, we feel both Sites 83 and 503 are
located on the north flank of the Galapagos
Spreading Center and not on the east flank of
the East Pacific Rise.

The section at Site 503 consists of
uniformly-pelagic sediments with only minor
compositional changes. Carbonate and color
cycles sare apparent throughout the entire
section with periodicities on the order of 4 x
10% yrs per ecyele. Curiously, very little
volcanic glass and no zeolities were found,
The sediment changes from an oxidized to a
reduced oxidation state at 8.45 m and is
reduced throughout| the remainder of the
section. The lack of sediment disturbance is
llustrated by open burrows which were
observed from 6.3 to 64.0 m. Burrows,
cemented with carbonate or silica(?) to form
nodules, occur from 13.5 to 235 m and are
common from 13.5 to 60 m. Clay content
remains fairly constant at low percentages to
226 m where it abruptly increases to greater
than 25%. This increase oceurs within 10 m
of the basement &nd may be caused by
hydrothermal or thermal alteration of the
sediment,

e .

Detajled measurements of shear
strength, sonic veloeity, bulk density, water
content, porosity, and penetration were made
on the sediments. The section proves to be
exceedingly undercompacted, Shear
strengths vary around 400 g/cm2 from 15 to
about 210 m. Similer values were obtained at
25 m depth at Site 502 but continued to
increase with depth. The maximum value of
1686 g/cm2 occurred below 210 m. Porosities
are approximately 90% and water contents
are sbout 80% down to a depth of 210 m.
Sonic veloecities average 1510 m/s down to a
depth of 210 m. The change in all ppysica]
properties at about 210 m may indicate a
"ecllapse" of the section at this level. One
explanation may be that the siliceous
mierofossils, especially radiolaria, may hotd
the sediment in a highly porous state until
some threshold lithostetic load is applied.
The. section collapsed at loads above the
threshold and became less porous which
resulted in higher velocities, shear strengths,
and lower water contents. :

The recovered sediment contains
microfossil assemblages whieh range in age
from Quaternary through the latter part of
the late Miocene. Both calcareous and
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siliceous microfossils are sufficiently
numerous and well-preserved for detailed
_stratigraphic interpretation. Cyclic zones of ,
earbonate dissolution principally occur in the
Quaternary but are also apparent in the
Tertiary section. Reworked assemblages of
nannofossils and a single species of diatom
appear in the late Miocene. Radiolaria and
diatoms show effects of dissolution in
" Quaternary sediment but preservation is good
in the Tertiary section.

We were able to identify most
meagnetostratigraphic boundaries {events)
above the Gauss-Gilbert ng_l.lndary even
though rust contamination wWas a serious
problem, especially in Hole 503A. Most
boundaries are located to the nearest 1 m
interval because discrete samples were used
to avoid rust contamination. We observed
clear cyecles of NRM intesity with wave
lengths comparable to the carbonate eycles
which implies a direct correlation of intensity
with  Iithology. Unfortunately, the rust
problem obscured many trends, but as was
found st Site 502, we see a decrease in the
NRM intensity during the lower Gilbert Epoch.

The megnetostratigraphics of Site 502
and 503, combined with their blostratigraphy,
provide the .most detailed records of their
kind available and together are very likely, to
become reference sections for, at least, the
Plio-Pleistocene, and probably into the Upper
Miocene. For perspective, it should be
considered that ordinary piston cores that
penetrate into Upper Miocene sediments are
only about 25 m long f{e.g., RC i2-66,
equatorial Paecific) whereas between 130 'm
and 15 m were recovered at Sites 503 and
502, respectively, which represents the same
time interval. Also, prior to our coring at
Site 502, no paleomagnetic record even .
through the Brunhes was available from cores
in the Caribbean. An important product - of
our work will not only be detailed
bicstratigraphy tied directly to the magnetic
polarity reversal time scale, but also an
unprecedented record of paleomagnetic field
behavior should emerge.

Bulk aceumulation rates at Site 503
steadily decrease from late Miocene (4.0
g/em2/103  yr) to late Quaternary (1.2
g/em2/10% yr) with a distinet interval of low -
accumulation rates (1.2 to L6 g/em2/103 yr) in
the mid-Pliocene. The data from Site 502, in
the Caribbean also show a period of low

accumulation rates during this same time,

The rate of both carbonate and non-carbonate
accumulations mimies the trend of bulk
accumulation and non-carbonate components
(silica and clay) generally refleets carbonate.
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SITE REPORTS

Leg 68

Co-chief scientists J. Gardner and W.
Prell report:

Site 502 (WC-1) Lat: 11°929.42'N
Long: 79922.78'wW
Water Depth:  3051.5 m

Four holes were cored. A maximum
depth of 224 m was reached at Hole 502C.
The HPC stopped fully stroking out when the
shear strength of the sediment reached about
9.6 kPa (1000 g/em?). This did not impede
recovery of a econtinuous section.

The length of each core recovered was
recorded. For the next core, the drill string
was dropped 0.5 m less than the previous
recovery. The only problems were attributed
to poor performance of core' catechers or
failure of the core liner. Intervals of no
recovery did oceur. The presence of a
mudline on the outer core barrel suggested
that sediment hed been penetrated. When
these intervals were recored, very disturbed
sediments were recovered.

Maximum shear strengths of 28.8 %Pa

(3000 gm/cm2) were encountered. For the
western Caribbean, this was the limit for
coring. We are confident that we ecan

correlate between the cores and that we have
recovered a high-resolution, " high-quality,
continuous section for the past 6.5 Ma. We
have correlated carbonate datal taken at 30
em intervals for the entire Brunhes and find
all 19 cyecles in each core. This detailed
correlation eliminates the possibility of
having more than 0.6 m of section missing at
any interval.

The sediment at Site 502 consists of
foram-bearing nannoe mari grading into
caleareous clay at about 155 m. Carbonate
eycles are obvious throughout almost all of
the section, but the baseline shifts from a
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range of 40 to 50 pereent in the upper section °

to less than 30 percent in the lower seetion.
Ash horizons were found, with the greatest
number oeeurring in the late Miocene. We
used the long-core spinner magnetometer to
obtain more than 4500 measurements of NRM
for the Quaternary and Pliocene. All 19
recognized magnetic reversals from 0 to 5 Ma
were found. NRM intensity shows a rough
correlation with carbonate fluetuations.

A precise correlation has been made
between the magnetostratigraphy and the

- from voleanie basement.

nanncfossil biostratigraphy. All nanno zones
were found. Radiolaria and spo ge spicules
were found in the top 6 m (Quaternary) and
below 21l m. The evidence suggests that the
absence of siliceous microfossils in  the
Caribbean from early. Miocene to Quaternary
is the result of dissolution within the
sediment. Abundant sinistral-coiled N.
Pachyderma were found in sediments older
than 3.8 to 4.1 Ma which were also found at

' Site 154A. This may provide new insight into

the evolution and environmentai
interpretations of N. Pachyderma Average
sedimentation rates are uniform from 0 to
2,37 Ma at 2.35 ¢m/1000 years and increase t
over 3.85 em/1000 years at the base of the
recovered section. Caleulated eccumulation
rates of bulk sediment and earbonate indieate
an event in the mid-Pliocene where carbonate
accumyiated at muech higher rates than
before or after. Non-carbonate material has
steadily decreased sinee the late Miocene.

Site 503 Lat: 04904,04'N
Long: 953038.21I'W
Water Depth: 3872 m

Site 503 was located within a few
kilometers of Site 83. Site 503 consists of
three holes. Hole 503 is only one core (4.4 m
long) taken to recover the sediment-water
interface. The drill string was then raised 3
m and commenced coring hole 503A. We
recovered 54 cores at Hole 503A wiile
drilling to a total depth of 235 m
sub-bottom. Coring stopped less than 10 m
We were cautious
not to core in the basalt for fear of bending
the HPC in the bit assembly wiieh would
necessitate a round trip of the drili pipe ang
almost certainly preclude any significant
additional eoring in the time remaining.
Total recovery was only 62.5% because of

. core catcher failure and cracker liners. Part

of nearly every core was disturbed,

The ship was then offset 100 m and
began Hele 503B with modified core catchers
and shear pins which allowed the HPC to fire
at 5.5-6.9 kPa (800 to 1000 psi) rather than
those previously used which fail at 25.7-28.8
kPa (1800 to 2000 psi). We attempted 26
cores, continuously coring to a total depth of
112.8 m and recovered 85.5% with littie
disturbance. Qur  modilications  were

' significant in improving the performance of

the HPC. Coring was terminated because of
time constraints associated with our arrival
at Salinas, Ecuador. , The section consists of
cyelie color alterations of siliceous-bearing
calcareous ooze overlying siliceous-bearing
marl whieh rests on siliceous nannofossii
ooze. The sediment changes from oxidized to




reduced colors below 8.5 m sub-bottom. Low
shear strength (1.92 - 3.84 kPa or 200 to 400
g/em?) and high water content and porosity
throughout most of the seetion suggest that
the sediment column
The HPC was able to extend fully as deep as
we cored. We recovered undisturbed, and in
many cases still open, burrows. Many
features referred to as both indurated
burrows or nodules of carbonate silica were
alse recovered in situ. These were not
reported at Site 83. Carbonate eycles with
periods of 50.000 to 100,000 years are found
throughout the section. The same
lithostratigraphic succession ean be deseribed
from the sediments at Site 83 but the high
quality of the cores at Site 503 gives us much
more detail. Initial shipboerd paleomagnetic
measurements detected the Jaramillo event,
the ~ Matuyama-Gauss boundary, and the
Gauss-Gilbert boundary. Unfortunately, rust
flakes from the drill pipe added
high-frequency NRM intensity noise to the
data and decreased the high quality of the
long core spinner data. Rust was less of a
problem in Hole 503B.

All four mierofossil groups were found
in abundance and used to subdivide the
section. Samples indicate distinctive =zones
of carbonate dissolution and generally good
preservation of siliceous microfossils. The
oldest sediment recovered is early late
Miocene (Hole 503A) and is thought to be
approximately 8 Ma old. This sample is
within 10 m of basement and probably within
6 m of it. Data from Site 83 indicates the
age of the oldest sediments to be 10.2 Ma We
are uncertain of the diserepancy but we
believe neither Site 83 nor Site 503 are
located on the east flank of the East Pacific
Rise but rather are on the north flank of the
Galapagos Ridge. Our age of about 8 Ma for
the age of the basement is consistent with
this conclusion. The HPC exceeded our
wildest expectations in its ability to recover
undisturbed continuous sections. We believe
that Sites 503 and 502 will become the
standards for Neogene stratigraphy, whether
it be isotope, bio—ecarbonate, magneto, ete.

Leg 69

Co-chiefs J. Cann and M. Langseth
report: :

Site 504 Lat: 01913.6'N
Long: 83043.9'W
Water Depth: 3470 m

Site 504 was located 250 m east and 90
m south of Hole 501. Hole 504 was cored

is under-compacted.
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using the hydraulie piston ecrer to sample the
sedimentary section prior to re-entry. Coring
was continuous from 10 to 235 m sub-bottom,
with 76% overall recovey, and 90% recovery
of the top 130 m. The penetration rate was
73 m per day. The core contains a continuous
section into uppermost Miocene sediments.
Siliceous fossils were well preserved out
caleareous nannofossils were increasingly
corroded with depth.

Sedimentary units are:

1. 10-66m greenish gray to grayish
yellow green siliceous nannofossil
coze with voleanic ash layers. -

2. 66-99 m dusky yellowish green to
clive gray  siliceous  siliceous
ngznnofossil coze with dark to very
dark grayish brown layers.

3. 59-130 m greenish gray to olive
gray siliceous nannofossil ocoze with
increased clay content.

4, 130-143 m light gray to light olive
gray marly siliceous nannofossil
ooze, :

5 143-235 m light gray to light
greenish gray siliceous nannofossil
chalk with voleanie ash layers.

Chert” was recovered‘ at 235 m, which caused
the hole to be terminated.

Paleomagnetic measurements in the
sediments show a low intensity of
magnetization, on the order of 10-6 e.m.u./cc
throughout. Declinations measured using the
long core spinner were variable within all
cores, and expected correlations with
reversal history were not observed.

The pore water chemistry shows Ca and
Mg profiles similar in shape to those at Site
501, but with systematically smaller
gradients. Mg decreases to a nearly steady
level of 17 millimolar at 183-231 m. X-ray
fluorescence analysis of the sediments shows
a high manganese level at one point in Unit 2,
and that the ash layers are rhyolitie. In
summary, the hole was satisfactory and our
objectives were achieved.

Site 504B was
December. See page 34.

re-entered on 3

Site 504B Lat: 019i3.6'N
Long: 83943.8'W
Water Depth: 3473 m

Hole 504 B was established as a
multiple re-entry hole 500 m east of Hole
0L, The hole was cased into the



top of the basement at 280 m. The sediments
were 274.5 m thick and similar to those at
Bite 50l. Cores of limestone and chert were
recovered from the lower part while the top
part was washed. The basement was cored
for 214.5 m with a recovery of 36%,.
Downhole logs, the Russian magnetometer,
the borehole televiewer, and the packer were
all run successfully in the hole. The basalt
section cored and seen by the televiewer
consists mostly of pillows with some thin
sheet flows and one massive flow unit. Zones .
of brecciated basalt found at 10 and 205 m
into basement are perhaps faults. Three
types of basalt were recovered, ohe with
phenocrysts of plagioclase. olivine, and minor
chromite; a second with plagioclase, olivine,
and phencerysts. The basalts are all similar
and rather basie in chemistry with TiOy = 0.9, .
Ni =120 ppm and Mg/Mg+Fe = 0.62; although

some are somewhat evolved, none are
ferrobasalts.  Alteration to saponite and
other clays is moderate to intense. The

physical properties are typical of those for
submarine basalts. Paleomagnetic studies
show that the rocks are reversely magnetized
with consistent inclinations and intensities
within magnetic  units. The reverse
magnetism was confirmed by the downhole
magnetometer which also detected breccia
zones. The Lynes packer was set at the
bottom of the hole and also 40 m from the
top. Flow tests gave a mean hole
permeability of about one darey and thus
showed that water must convect in the erust.
The water sampler obtained a .057 m3 15!
gallon sample split into six fractions iwith -
increasing (up to 20%) formation water
content. Two dramatic temperature logs
show ocean water being drawn_down into the |
hole to a depth of 90 m sub-basement at a
calculated rate of one-half eubie m per hour.
During the course of drilling, this eirculation
cooled the sediments and basement near the
hole to less than I0°C. Below the outlet, the I
regime seems econductive. The ecaliper log
shows the hole to be clean and to gauge,
while the density logs show generally 'low '
porosity. Preliminary correlation of drilling
and downhole televiewer results look very'
promising. A massive flow unit shows  up
clearly on all logs. The hole drilled quickly ,
and cleanly with little trouble and only minor
torquing. The hole seems ideally suited for
further geothermal work. '

Site 505 (CR-2) Lat: 01054.82'N
505A Long: 83947.39'W
5058 Water Depth: 3538 m

Three single bit holes were drilled at’
Site 505 (CR-2) in a valley loeated in an area
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of low heat flow and more rugged relief than
at Site 504. Hole, 505 wus rotary cored
through 233 m of sediment and 9.5 m of
basalt.  Very difficult basement drilling
conditions forced abandonment of the hole
The sediments consist of siliceous nannofossil
ooze very similar to,that at Site 504 but with
darker coloration, .8 higher sedimentation
rate and less advanced diagenesis. The pore
water chemistry shows a marked contrast to
that at Site 504; the calcium content
decreases and the alkalinity increases with
depth to 100 m, below which the gradients
reverse towards basement. HgS is avundant
end Mg is constant with depth. Four
downhole temperature measurements indicate
a linear temperature gradient of 29/100 m and
a8 basement temperature of 99C. The neat

flow is about 12.7 mwW/m? (0.4 HFU). No
cherts are present. Good stratigraphic
correlation  of  lithology and  physical

properties between Sites 504 and 505 suggest
regional controi of sedimentation.

The basement consists of
plagioelase-olivine-clinopyroxene-chrome
spinel porphyritic basalt. The Lynes Packer
was included in the bottom hole assembly put
the inflatable element was shredded during
drilling. Hole 505A was iocated 500 m north
of Hole 505 in 3525 m of water. The
basement was reached at 196.5 m sub-bottom
after washing through the sediments. Twelve
meters of plagioclase-olivine-chromite pliyric
basalt were cored before the hole was again
abandoned because of poor drilling conditions.

highiy

Hole 505B was loeated 250 m farther
north in 3517 m of water and washed through
the sediments to basement at 3654 m
sub-bottom. The basement was cored to 3695
m with considerable difficulty. The basalts,
which are similar to those recovered in Hoile
9054, are highly caicic and rather busic, with
Mg/Mg + Fe 0.64 and TiOg 0.96.
Downhole . magnetometer measurements show
that the section is, uniformly reversed and
shipboard paleomagnetic measurements
indicate that the basalts have high intensities
and low suseeptibilities. Downhole logs show
a complex basement structure consisting of
interlayered pillow flows, breccia zones and
thick low density sediment (?) layers to a
depth of 3790 m. The difficulty of drilling
was ascribed to this structure and to the
small alteration of the basalts. Fresh ciivine
and glass are still 'abundant and the rocks
display high seismic velocities and bulk
densities, ;




Leg 70

Co-chief secientists R. von Herzen and
J. Honnorez report:

Sites 506 Lat: 0936.59'N
Long: 86°05.49'W
Water Depth: 2713.7 m
J06A Lat: 0936.59'N
Long: 86°905.48'W
Water Depth: 2713.7 m
5068 Lat: 0036.61'N
Long: 86°05.48'W
Water Depth:  272L.6m
506C Lat: 0936.46'N
Long: B86205.48'W
Water Depth: 2716.6 m
506D Lat: 0035.42'N
Long: 86005.48'W
Water Depth: 2716.9 m
506E Lat: 0936.59'N
Long: 86905.48'W
Water Depth:  2713.7 m
506F Lat: 0036.63'N
Long: 86°05.48'W
Water Depth:  2721'm
506G Lat: 0936.59°'N
Long: 86°05.49'W
Water Depth: 2741.0 m
506H Lat: 0936.42'"N
Long: BEO05.48'W
Water Depth: 2743.0m
5061 Lat: 0035.46'N
Long: 86905.48'W
Water Depth: 2743.0 m

- Seven holes were drilled or cored, and
three heat flow  measurements  were
attempted at Site 506 in an area of high heat
flow within the Galapagos Mounds, about 18.5
km south of the Galapagos Spreading Center.

Two holes were drilled in the mounds
themselves using the hydraulic piston corer
(HPC): Hole 506 which was 37 m deep with
63% recovery, and Hole 506C which was 31 m
deep with 93% recovery. Two holes were
cored using the HPC in the sediment cover
off the mounds: Hole 5306B which was 21 m
deep with 96% recovery, and Hole 506D
which was 32 m deep with 87% recovery. All
four holes are thought to have hit basement.

Two holes were drilled into the
‘basement beneath the mounds: Hole 506G
and 5060 which penetrated 5 and 3.5 m of
basement, respectively, for recoveries of 20%
and 8%. One hole, 506H, was drilled § m into
the off-mounds basement for a recovery of
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2%. Heat flow measurements and pore water
samples were collected in Holes 5064, 50GE,
and 506F which were washed through the
sediments.

The
about the
following:

observations
the

most  remarkable
sediment stratigraphy are

1. The mudline was at almost the
same depth (+ a few meters) at all
four holes in the sediment.

2. In the mounds, Mn-hydrated oxides
(mainly todorokite} form a layer up
to 30 em thick resting on an
alternating  sequence  of  thin
pelagic sediment layers and green
smectite layers, the latter being up
to 3 m thie<, X-ray diffraction
was used for the first time on the
GLOMAR CHALLENGER, allowing
the todorokite and smectite
identifications. Both minerals are
thought to be of hydrothermal
origin on the basis of their
simnilarity with Leg 54 material and
their occurrence which is
restricted to the mounds. The
"hydrothermal” {(?} units are
separated from the basaltie
basement by an 1l to 13 m thick
basal unit of foraminifer
nannofossil ooze, and they are
overlain by a 1.3 to 3.7 m thiek unit
of foraminifer siliceous nanncfossil
ooze. No detailed correlation can
be made between the
"Hydrothermal" (?) units of Holes
506 and 506C.

3. Off the mounds, the
"hydrothermal® {?) components are
either completely missing (Hole
506B), or their presence is reduced
to an 80 em thick layer of green
smectite-rich sediments. This
indicates that, eontrary to the
conelusions of the Leg 54 Scientific
Party, the lateral extent of the
"hydrothermal" (?) sediments s
limited to the mounds themselves.
In Holes 506B and 506D the
sediment column consists
respectively of 31 and 21 m of
nannofossil ooze.

The reduced thickness of the pelagic
sections in the mounds themselves compared
to those of the off-mound holes indicates
either .that the "hydrothermal" (?) deposits
are at least partly a product of replacement
andfor dissolution of pre-existing pelagic
sediments, or that the pelagic sediments have
been removed from the mounds by slumping
into the ofi-mounds areas. No clear evidence
for or against either of these hypotheses was
found at this site.



Preliminary NRM measurements on the

long core spinner show no apparent difference .

in the direction. and intensity of remanence
between the off-mounds sediments and the
Mn-hydrated oxide or pgreen smeectite-rich
sediments from the mounds.

A signifieant density change in the
sediments from Holes 506 and 506C
corresponds to the lithological change from
pelagic ooze (specific gravity L3) to
"hydrothermal™(?) material (specific gravity
L.3 to L.7). All the physical properties in both
Holes 506B and 506D vary continuously with
depth. The depth gradients of the physical
properties in Holes 506, 506B and 506C are
significantly larger than those at Sites 504
and 505, but are compatibie with those at
Site 424 (Leg 54).

The only sample of basalts from the
basement which was studied shows typical
values of physical properties for Layer 2
rocks.

Two successful heat flow measurements
at depths of about 30 m sub-bottom in Holes
506E and 506F located. respectively on and
off the mounds gave values of about 587 and
1007 mW/m?2 (24 and 14 HFU). A non-linear
temperature gradient measured in the former
hole suggests significant upward movement of
pore waters.

The .pore water chemistry -is complex,
reflecting the influence of biogenic debris,
diagenesis, convection, and reactions with the
basement. The dominant features are:

l. A low concentration of elements
produced by  biogenic  decay
indieating that both on and off the
mounds the sediments are flushed
out.by econvecting waters.

',2. A 10% to 20% caleium enrichment
believed to be due to seawater
basalt reaction.

The basement samples retrieved in the
holes et Site 506 appear to be mostly {resh,
finely ecrystalline, aphyric to sparsely
Plagicclase-phyric basalt. Fresh glassy rinds
are observed. No alteration minerals of
unequivocally . hydrothermal origin are
present. The basalts appear to be similar to
thnse observed on Leg 54 and on the ALVIN
dives, - . o

.» The basalts display high magnetization
intensities, high ratios of remanence to
induced magnetization and shallow negative
inclinations  -consistent  with  the high
amplitude magnetic anomalies and equatorial
location of the site. : .

- . [ Pt

Site 507 Lat: 0034.0'N
Long: 86005.4'W
"Water Depth: 2701 m

Site 507 is: located within a
concentration of mounds and mound' ridges.
It is about 4 km south of Site 506 and 23.5 km
south of the Galapagos Spreading Center.
The mounds oecur on the north flank of a
relatively broad elevation, the slope of which
appears interrupted by small faults. Six holes
were cored or drilled. Four heat flow
measurements and in situ pore water samples
were collected. -

Hole 507D was| cored 38.7 m into s
mound for a sediment’ recovery of 94%. Hole
507F was cored at the edge of the same
mound for a recovery.of 98%. We attempted
drilling two holes into the basement off the
mounds with little success. Hole 507B
penetrated 7 m for a recovery of 9%, whereas
Hole 507C penetrated 29.5 m with a 96%
recovery in the sediments and a 6% recovery
in the basement. Hole 507E and 507G were
respectively drilled  to take heat flow
measurements and pore water samples near
the center and edge of. the same mound.
Holes 507A and 5071 were drilled north and
south of .the mound, respectively, for heat
flow measurements and pore water samples.

Hole 507D cored into -a mound
recovering 26 m of interbedded green
"hydrothermai'(?) clays and pelagic sediments
underlain by 8 m of pelagic oozes overlying
basement. In contrast to Site 506, the
“hydrothermal™(?) products extend virtually
up to the surface of the mound where a thin
manganese oxide crust is present, suggesting
that some "hydrothermal™(?) materials were
recently deposited. In Hole 3G7F, apparently
on the flank of a mound, 2 m of green
"hydrothermal™(?)  -clays were found
interbedded in the upper portion of a 31 m
thick section of pelagic ecaleareous ocoze.
Smectite, todorokite, and elinoptilolite were
identified by X-ray diffraction in the green
clays, the Mn-oxides and the pelagic oozes,
respectively. '

The fossil assemblages at Site 507 were
essentially the same as those at Site 506.
The radiolaria and diatoms, however, are less
abundant and more poorly preserved,
especially below a depth of 12 m sub-bottom.
At age of 0.27 to 0.44 Ma is inferred for the
basalt sediments from the paleontologic data,
leaving a hiatus of at Jeast 0.25 Ma since the
basement is estimated to be 0.69 Ma old from -
the spreading rate.

There appears to, be better evidence at
this.site for the formation of the green clays
by the coating and partial replacement of
siliceous  organisms.  The ; possibility  of
sediment slumping from the mounds down to
off~-mound areas still exists. ‘




The pore water chemistry, a5 at Site
506, is characterized by a slight Ca excess
ard a Mg deficiency relztive to bettom
water, reflecting  resction  with  the
basement. Low ammonia and constant Ca
eoncentrations indicate rapid conveation.
Physieal end thermul properties of the
sediments are basically the same as those at
Site 508. Heat flow measurements agree
with previous shart probe determinations,
giving values of 134.9 to 50L4 MW/m?2 (8 10 12
HFVY)L Nearly linesr temperature gradients
suggest a present-tday conductive thermal
regime, ’

The basement rocks recovered .in the
various holes at Site 307 are either
fine-grained aphvrie to sparsely
plagioeclase-phyric basslt or coarse-grained
subophitic basalt. The lstter asppear ta be
fresh wheress the former display black
sureocies indicating low temperature
alterafion mccompanied by the filling of pore
spaces by green smectites and  iron
hydroxides. No sign  of Thydrothermal
atteration has been observed. 'The shape of
the alteration bands indicates that the basalt
piecves belonged to a fragmented basement
whieh has been further broken during drilling.

As at Site 508, the .basalts from Sife
507 have high megnetization intensities (the
average NRM intensity = 22 mgauss), high
ratios of remanence to induced magnetization
{average Q = 33}, and shellow inclinations
{both positive and negative, less than 159},
consistent with the high amplitude magnetic
snomalies and equatorial location of the site. .

Site 568

Lat: = 0032'N
Long: BEPOB'W
Water Depth: 2787 m

Site 508 is located aboul 28 km south of
the Galapagos Spresding Center and 4 km
south of Site 507. Hole 508 was continuausly
eared through a 35 m thiek sediment cover
for sn avevage recovery of 99%. In Hole
5088 only a mudline core was recoverad after
which the bit was washed down to the
basement. Basement drilling was attempted
with only 8. m of penstration and 6.5%
recovery. Drilling was slow with excessive
torquing and was finally abandoned when the
kit became jammed. Hole 308C was drilled
within 15 m of Hole 5088 for the purpase of
recovering the sediments directly averlying
the basement. Heat flow measurements were
carried out in Holes H0BA. $08D and $68E.
The sediments in Hole 508 consist of siliceous
foram-nannofessil ooze. It is not eertain that
the basement was reached since no basaltic
fragments were found in the core catcher of
the lowest core from this hole. Holes 508B
and 5308C were drilled through 515 m af
sediments similar to those found in Hole

v
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508. The recovery of & WD-cm thick interval
of semi-tithified sediments about LS m abovd
the bottom of Hole 508, the presence of an
indurated cliallk pebble in the last core above
the basement in Hole 5088, and the recovery
of partly indurated sediments in the only core
of Hole 308C indieated that several m of at
least partly Jithified sediments directly
overlie the basement,

Compared to the sediraents {rom ather
sites drilled on this leg, the sediments [rom
Site 508 show the following principle
differences:

1. The pelagic cozes in the lowermost
portion of the sediment column are
lithified or semi-lithified.
Diagenesis related to eompsction is
unlikety o explain the formation of
such roeck.

2. ‘The sediments at Site 508 do not
show a decrsase in the amount of

silicecus  organisms toward the
potiom of the sedimentary
ecotumn. The sediments display the

best microfassil preservation of all
the sites.

3. The presence of hydrogen suilfide
and irzces of pyrite indieate that
reducing | conditions are present
throughout mueh of the
sedimentary caver at Site 508, The
fossil assemblages are essentially
identical to those in Holes 508 and
507. Similarly, all of the puysical
properties are approximately the
same as those of the pelsgic
sediments {rom Mole 387, in spite
of the differencves belween the
thermal regimes of the two sites.

The heat [low measurements yielded
relatwely low values canging from 134 to 97
mW/m? {3.2 w0 4.7 HFU}, in agreement with

previous shart probe measurements from
resgarch vessels. Each measurement shows
an  increasing . temperature gradient with

depth, possibly due to hydrothermal recharge
at rates on the order of 1676 cm/s.

Pore water Mg and Ca concentrations
are close to battom water values, suggesting
that there is little input of formation waters
in this area of presumed cecharge. The
relatively high ammonia coneentrations found
at this site are compatible with such
conelusions, '

Basement drilling was attempted in one
hole (58BB), with relatively poor results.
Drilling conditions were the same 4as the




mound sites and penetration (8 m)) and
recovery (6.5%) were poor. The basalts are
fine- to medium-grained and aphyric to
sparsely plagioclase-phyrie. The gragments
are often partly surrounded by a dark
alteration rim and a few are slightly altered
throughout. The alteration products consist
of smectites, unidentified =zeolites, and
Fe-oxyhydroxides in vesicles and pore
spaces. No sign of unequivocal hydrothermal
alteration could be found.

0035.34'N

Site 509 Lat:
Long: 86907.90'W
Water Depth: 2702 m

Site 509 is centered on a mound field 21
te 22 km S of the Galapagos Spreading
Center, and 4 km west of the north-south line
passing through Sites 506 and 507. Site 509
coineides with Site 424. Holes 509 and 509B
are located, respectively, off and on a mound
about 30 m and 200 m west and slightly north
of Hole 424A. Three heat flow measurements
were carried out at these same locations.
The sediment cover is 32 to 34 m thiek and
the underlying basement is assumed to be
0.60 to 0.63 Ma old on the basis of a
half-spreading rate of 3.5 cm/yr inferred
from magnetic anomalies.

The overall thickness and lithological
sequence of the mound sedimentary column in
Hole 509B is very similar to those from the
other two mound sites drilled, i.e., Sites 506
and 507. The stratigraphy observed in the
33.4 m of sediments cored in Hole 509 B
consists, from top to bottom, of the following
units:

l.  About 4 m of manganese
oxyhydroxide erust in fragments up
to 2.5 em thick,

2. About 12 m of green
interbedded with pelagic coze.

clays

3. About 174 m of
foraminifer-nannofossil
overlying basaltie basement.

non-siliceous
00zZe

The sedimentary column cored in Hole
509, located on the edge of a mound, is made
up of 3.9 m - of siliceous
foraminifer-nannofossil ooze. This
observation demonstrates that the
"hydrothermal” material is not regional in
extent at this site either and, therefore,
could not explain the sub-bottom reflectors
observed by Lonsdale (1977). The fossil
assemblages present at Site . 509 were
essentially identical to those at the previous
sites,
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Small enrichment of Ca and depletion
of Ma again imply a fiow of formation water
through the mound area sediments. Ammonia
concentrations are also low, especially in
Hole 509B suggesting rapid flushing by
upward convection.

_ Heat flow values were quite high in
each hole at this site, about 418.7 and 773.6
mW/m?2 (10 and 18.5 HFU) in Holes 509 and
509B respectively. The thermal gradieats in
Hole 509B decreased with depth, suggesting
hydrothermal discharge through the mound at
a rate of 40 em/yr. The gradients were
almost linear in Hole 509, suggesting that a

conductive thermal regime exists in the
off-mound area.
Manganese oxide ecrusts have the

highest density, sonic wveloeity and lowest
porosity of all the sediments recovered on
this teg: the wet bulk density = 1.98 g/ce, the
grain dénsity = 3.75 g/ee, the porosity =
58.1%, and the sonic veloeity = 2.22 km/s.
The green clays have .a slightly higher density
and sonic velocity and a lower poresity than
those from the previous sites: the wet bLuik
density = 1.66 g/ce, the grain density = 3.12
g/ee, the porosity = 70.1%, and the sonie
veloeity = 1.72 km/s. On the other hand, all
of the physical properties of the pelagic
sediments are similar te those from the
previous sites.

The preliminary results of the magnetic
measurements on the sediments are similar to
those for Sites 506 and 507. However, the
Mn-oxide crusts exhibit surprisingly coherent
NRM directions despite their very low
intensities (which latter are consistent with
their presumably low Fe content).

In summary, the major differences
between the Site 509 sediments and those
from the other sites are:

l.  The manganese crust fragments are

much larger and they form a
thicker layer in Hoie 509B.
Moreover, the oxidized "mudline"

layer is much thinner and no other

pelagic  sediments overlie the
hydrothermal material. These
observations may indicate that

Hole 509B was cored closer to the
top of the mound than the other
holes, and/or that the hydrothermal
activity was more recent (or stili
active?) at -this loeation than at
any of the previous sites,

2.  Unlike the sediment sections from
the other 'off-mound hotes, the
lower halves of which are almost




devoid of siliceous microfossils, the
Hole 509 sediments contain
~ (include?) such silicecus remains
down to the bottom of the
sedimentary column. No basement
drilling was attempted at this site,

Site 510 Lat: 1036.79"N
Long: 86924.60'W
Water Depth: 2798 m

Site 510 is located in a moderateiy high
heat flow region 167.5 to 209.4 mW/m?Z (4 to 5
HFU)} sbout 90 km north~ of the Galapagos
Spreading Center and 353 km west northwest
of Site 425, The sediment cover is about 115
m thick. The site is near magnetic anomaly
2; assuming a 3.25 em/yr half spreading rate,
the curst should be 2.7 Ma old.

The main objective of Site 510 was to
determine whether the basement could be
drilled in a region of the Galapagos Spreading
Center which was older than that of the three
mound fields previously studied.

One hole was cored by washing the drill
bit down to 38.5 m sub-bottom,
"punch-coring" the sediments between 38.5
and 48 m, and then washing the bit down to
67 m. Thereafter the sediment column was
continuously  punch-cored down to the
basement at 114.5 m sub-bottom. Sediment
recovery varied between 93% and 100%.
Eighteen m of basement rocks were drilled,
with about 27% recovery, until the drill bit
became jammed and the hole had to be
abandoned for fear of losing the bottom hole
assembly.

The sedimentary column appears to be
uniformly made up of foraminifer diatom
nannofossil  oozes. The  diatoms  are
particularly abundant and the biogenie silica
content is therefore higher than in any of the
other pelagic sediments studied during this
leg. There appears to be no decrease in
siliceous organism eontent with depth.
Reducing  eonditions prevailed in the
sediments as indicated by their distinetive
olive green color, HoS odor and minor pyrite
content.

Both caleareous  nannofossils  and
planktonic foraminifers indicate an age of 3.0
to 2.6 Ma. The planktonic foraminifer
assemblages are dominated by warm water
species. The Pliocene-Pleistocene boundary
is located at about 90 m sub-bottom. The
abundance of benthic foraminifers and the
presence of poorly preserved planktonie
foraminifer tests st 105 and 12 m depths,
respectively, indicate dissolution.
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The physical property gradients with
depth are very small compared to those at
the other sites, except near the basement.
The lowermost 20 m of the sedimentary
column oxnibits larger depth gradients, as
found at other sites. This trend could be
explained by some interaction between the
sediments and the basement, but there was no
other evidence of such a process.

In situ temperatures measured at 39.5,
67 and 95.5 m sub-bottom yielded a linear
gradient of 0.22°C/m. An average thermal
conductivity of 2.1 meal/em®C s gives a
conductive heat flow of 190 mwW/m? (4.6
HFU), whieh is about two-thirds of the vaiue
predicted-by the cooling plate iodel for a 2.7
Ma old ecrust. .

The Site 510 pore waters have Ca
enrichments and Mg depletions of up to 15%,
extremely high SiOg concentrations {(up to
166 ppm) reflecting  biogenie  silica
dissolution, and NHg and Hg8 concentrations
indicating the produetion of about 400 ppn of
CO9g by sulfate reduction.

The basalts retrieved are significantiy
different from those from the other
Galapagos Spreading Center sites. The main
differences are:

1. The basalt is more phyric with 15%
to 40% plagiocluse phenocrysts.

2. The average size (1.5 mm) of the
phenocrysts is larger.
olivine

3. The basalts contain

phenoerysts.

4. The primary Fe-T oxides are only
about half as abundant.

The basalts are surrounded by a thicker
alteration rim than those from Sites 506 and
507. The dark rim ranges in thickness from 5
to 40 mm. In addition to variously colored
smectite, caleite is present in the vesicles
and other pore spaces of these alteration
rims. The more pronounced alteration may
be due to a longer interaction of the crust
with sea water, or to higher permeability of
the basalts.

The average basalt magnetization
intensity at Site 510 is 6 x 103g, i.e., less than
one-third of that observed at Sites 506 and
507. The remanent magnetization s
dominant over induced magnetization with a
mean @ vratic of 22, The remanent
magnetization is stable to AF.
demagnetiation with an average NRM
inclination of -13° and an average stable
inelination of -169,




The basalts have higher sonie velocities
and lower grain densities than those at the
previous sites. The latter is probably due to

alteration.
Site 504B Lat: 01913.6'N
Long: 83943.8'W
Water Depth: 3473 m

On 3 December, Hole 504B, driiled
during Leg 69, was re-entered. During
fourteen consecutive duys on site, the hole
was re-entered three more times and 347 m
of basement were cored. A final depth of 836
m sub-bottom (561 m into basement) was
reached on 13 December. Penctration rates
varied from about 2-6 m/hr, with an average
close to 4 m/hr. Recovery varied from 0 to
100% with an average of 26.4%.

The 347 m of basement cored during

Leg 70 in Hole 504B consist of 26
petrographic  units  corresponding to. 15
paleomagnetic  units. Unfortunately, the
unavailability of XRF echemieal analyses

prevented correlation of the petrographic or
paleomagnetic units to magmatic-. units.
Three major kinds of lava were encountered:
massive flows (at least 23 m thick), flow
brececias and highly fractured sequences of
pillow lavas and/or thin flows. The basalt
ranges from aphyric to sparsely and highly
olivine-plagioclase-clinopyroxene phyric. The
association of the first two phenceryst
minerals is the most common. Spinel
microphenocerysts oceur in a few units. Five
petrographic types of basaits were
distinguished on the basis of the oeccurrence
of the various phenoeryst minerals.

The lowermost 347 m of basalts drilled
in Hole 504B during Leg 70 exhibit alteration
which is slightly different from that of the
upper 214 m of basalt drilled during Leg 69.
The basic differences are as follows:

1. Calciie

occurs  below 660 m
sub-bottom depth (385 m into
basement).

2. Fe-oxyhydroxides are not common
between 600 and T80 m and below
800 m sub-bottom depth (that is,
between 325-485 m and below 515
m into basement).

3. Vein pyrite was not observed above
340 ‘m -sub-bottom depth (260 m
into . basement) and becomes
progressively more abundant with
depth. As in the Leg 6% portion of

. the hcle, various types of smeectite
form the most abundant alteration

products (accompanied by minor
amounts of zeolites). In addition,
anaicite  and nontronite were

identified by XRD. A mixed-layer
mineral was tentatively identified
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as saponite-tale by. XRD. Olivine
phenocrysts are frequently
replaced By various combinations
of tale, smeectite and red idaingsite
(probably an Fe-oxyhyaroxide rich
smectite mixture). Preliminary
reflected light observations
indicate that the igneous Fe-Ti
oxides are severely altered into
mainly non-opague secondary
products (Fe ana/or
Ti-oxyhydroxides and  silicates?)
filling up large cracks whieh
separate rather small Ti-magnetite
relies. It appears that the
basement alterations probabiy took
place in mainly suboxie conditions
in-"the upper portion of the hole
{i.e., - down te 265 m into
basement), and suboxic to sanoxic
conditions in the lowermost 296 m,
or at least as far as the basement
was . drilled. The alteration
processes and the resulting
products do not appear to differ, as
far as our shipboard observations

indicate, from those of
basalt—seawqter reactions at low
' temperature.

Paleomagnetic ‘data suggest 15 units
with an ‘overall mean stabie inclination of
-18¢. Two of the units, each extending over
five cores, have mean stable inclinations of
-53% and -639, respectively, i.e., steeper than
would be expected {rom geomagnetic secular
variation alone. Tectonic tilt, geomagnetic
excursions, stable secondary remanence, or a
combination of these might be responsible for
these anomalous inelinations. The overall
mean intensity of magnetization is 7 x 103
Gauss and the overall mean Q ratio is 10.

The average sonic velocity of these
basement rocks measured on-board s
significantly higher than the' wave velocities
derived from site survey data: 5.71 km/s vs. 4
to 5 km/s, respectively. This difference ecan
be~attributed to the widespread occurrence or
frectures on a scale larger than the cored
samples.  These fractures are probably
responsible for the water flow.

Drilling was followed by an extensive

legging and downhole measurements
program. Buecessful logs over the entire
basement seetion include sonic velocity,

resistivity, temperature and caliper logs. The
Natural gamma and neutron density logs were
partially successful; compensated density was
unsucecessful, Successful logs show prominent
massive basalts at about 325, 590 and 690 m




below mudline (50, 315 and 415 m into
basement), and  otherwise generally
fractured/altered basalt. Downhotle
experiments  included the large  scale
electrical resistivity and oblique seismie
experiments, the latter run in cooperation
with the R/V GILLIS.

Four borehole temperature profiles and
in situ water samples were made during the
deepening of Hole 504B on Leg 70; the first
was before any disturbance of the re-entered
hole, 54 davs after the last previous logging
during Leg 69. These confirm that the strong
downward flow of water to sabout 350 m
sub-bottom observed during Leg 69 is still
oceurring. The present flow rdate down the
cored hole was estimated at a few m per
hour. The data also suggests that a
conductive temperature gradient of about
0.120C/m  exists below about 430 m
sub-bottom depth, %zielding a heat flow of
roughly 200 mW/mZ {4.8 HFU) which is in
good agreement with the measurements of
Leg 6%, The maximum temperature at the
bottom of the hole on the last profile
measured 111°C. The estimated equilibrium
temperature of the bottom of the hole is
about 120°C.
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IPOD AVAILABLE DATA*
Introduction

The dissemination of geologie data
gathered by deep-sea drilling is a primary
function of the Deep Sea Drilling Project
(DSDP). The Initial Reports of the Deep Sea
Drilling Project, a series of volumes published
by the U.S. Government Printing Office, is

the primary publication of DSDP. Space
limitations however prevent the Initial
Reports from including all of the

observational data, It has been necessary to
develop other methods of making this data
available to the scientific eommunity. The
Infermation Handling Group (IHG-DSDP) has
developed e ccordinated, automated Master
Data file with associated computer software
to process, store, and retrieve DSDP data in a
useful form. A series of informal specific
memoranda entitled "Data Data” contain
more detailed deseriptions of the procedures
and capabilities of the IHG. They are
obtainable by writing to the group at DSDP.

A Bample Distribution Policy has been
adopted by DSDP (approved by the National
Science Foundation, September, 1976) which
restriets the release of seientifie data
gathered aboard D/v GLOMAR
CHALLENGER to those immediate members
of the respective shipboard scientific party
for a 12-month period following completion of
the cruise. This policy exeludes the
Preliminary Report on Underway Data,
eontaining only track charts and data indexes
that has immediate unlimited distribution, (If
8 data request costs more than $50.00,
reimbursement for expenses will be charged.)

Physical Properties and Other Quantitative

38

" mierofiche and on magnetic tape.

Aids to Research

In addition to the filling of reauests for
prime data, the THG is developing secondarv
tools to assist researchers in finding
materials relevant to their studies, Two of
these are discussed below,

The Guide to DSDP (lores summarizes
the core material and available information
that is published in the Injtial
Thirty categories of data have heen
established in which to select relevant
information. A computerized online search
system to the Master - Guide File,
GUIDESEARCH, is available for formulating
online searches. The guides are available in
Requests
for a list of cores per specific criteria
through use of GUIDESEARCH should bhe
addressed to [Tillian Musich, eolngist.
Inquiries for documentation deseribing the
syntax used in GUIDESEARCH should he
addressed to Peter Woodburv, Princinal
Programmer/Data Manager**,

A computer-generated Kevword Index
has been developed to retrieve infarmation
relating to current research on core material
after an initial shipboard deseription has heen
prepared. The Index aids in planning future
investigations by enabling scientists to know
what studies are currently in progress, and
will help in preventing duplication of
research, The data base is constructed from
the sample request and bihbliographv files of
DSDP, and is updated everv six montbhs.
{Index requests should be addressed to Trudy
Wood**, and requests for core samples should
be addressed to the Curator**,)

DSDP Core Photographs

Core Data

Al of the quantitative data are
processed through a series of data reduction
programs. These programs also convert the
standard DSDP labeling notation to a
subbottom depth in meters, providing a more
readily interpretable sample location. Before
a file is declared eclean (in an
ALGOL-readable format), the data is scanned
for points that are clearly in error.

MUDPAK is a flexible graphies program
which is used for displaying and comparing
sets of coordinated dats against a common
depth axis. It can make a composite plot of
curves from individual data files as well as
the superimposition of like parameters
measured by different methods. (Requests
for quantitative data should be addressed to
Barbara Long, Data Resource Coordinator**,)

The west and east coast core
repositories of D.S.D.P. each maintain »
cemplete collection of black and white and
color photographs of all cores retrieved by
GLOMAR CHALLENGER. Legs | through 44
are archived as prints. Legs 45 onwerds are
archived as 35 mm slides, They are available
for viewing at any time at the repositories.

Individual copies of prints or slides are
available upon request to the Associate Chief
Scientist, Science Services**,

*This  contains information about the
availability of DSDP data and how to obtein
it. For a detailed diseussion of the historv

and management of DSDP data, see
Rosenfeld, M.A. and Davies, T.A., 1978,
"Management of Deep Sea Prilling

Informetion,” JOIDES Journal,
p.67-84,

Vol. 1V, No. 2,

**Deep Sea Drilling Project, A-031
University of California at San Diego
La Jolla, CA 92093,

Reports,
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DEEP SEA DRILLING PROJECT—DATA BASE STATUS

GENERIC DATA FILE

CARBON CARBONATE
DSDP Shore Lab

CHEMISTRY
Water content/
Shipboard Lab

DEPTHS
From underway recording

GRAIN SIZE (Sand/Silt/Clay)
DSDP Shore Lab

G.R.A.P.E.
(Gamma Ray Attenuation
Porosity Evaluator)
Points taken on board.
Data processed and
edited onshore. -

SCREEN
Output from JOIDESSCREEN.
Computer-generated lith-
ological classifications.
Includes basie composition
data, average density, and
geologie age of classified
layer.

SMEAR SLIDES
Shipboard observations

SONIC VELOCITY
On board ship-Hamilton
Frame methed

VISUAL
Shipboard cbservation

COMPLETE STORAGFE

THROUGH LEG MEDIUM
59 FT
68 FT
69 FT
66 FT
62 FT
44 T
44 FT
67 FT
44

FT

COMMENTS

No carbonate for Leg 4R

No chemistry for Leg 41

No grain data for Lex 18

G.R.A.P.E, data were
not eollected on Leg 4R:
Leg 45 G.R.A.P.E, is not
complete.

Ler 38 SCREEN file bas
not been created vet.

‘There are no SONIC data
for Legs 1 and 2,

UNDERWAY DATA: Recorded on board between drilling sites. The underway data is
processed jointly by DSDP and the SIO Geologie Data Center.

Bathymetry

Magnetics

Navigation

Seismie

T=magnetic tape
F=microfilm

Legs 07-09
13-56
61-66

Legs 07-09
12-66

Legs 03-66

Leg 66

© FT

FT

FT




REPORT FROM IPOD
SITE SURVEY MANAGEMENT DATA BANK

The following data have been received:

L. Final Site Survey Report--Walvis
Ridge sites from E. Simpson and P.
Rabinowitz.

II. Magnetic tape of underway
geophysies and microfilm of seismie
records, GLOMAR CHALLENGER
Legs 54-66.

Il.  Charts and microfilm of data from

Lease Sales 40 and 49, Baltimore
Canyon (e.g. bathymetry) structure,
hazards, ete.) from NGSDC.

V. Open File Reports 79-1159 about the
COST B-3 well in the Baltimore
Canyon, from the  conservation

division, U.5.G.5.

V. Open File Report
Mid-Atlantic Seismie reflection
. .+, from the U.8.G.S.

79-948,

VL Cruise Report; negatives of seismics;
photocopies of digitized records; and
track chart, from the R/V THOMAS
B. DAVIE, Cruise 397, around SA I-2
area—from Lesley Shackleton,

University of Cape Town.

for South
Ridge, Site

VIIL Contoured bathymetry
Atlantic-Mid-Atlantic

1V-1 through Site [V-7; and final
navigation- for 3 Angola Basin

sites—from Jim, Austin, UTMSI.

VIIIL. Geological mep of Japan Trench and
Kuril Trench; geological map of
Quter Zone of Southwest Japan (DB
962 and 961)—from Dr. Shozaburo

Nagumo, University of Tokyo.

IX. VALDIVIA-West Africa Cruise, 1979,
17.9.79 - 2L1079, DB #963—from Dr.

-Wilfred Weigel, Germany.

X. Jepan Trench Site-[POD Prospectus
for  1981-1983  drilling—from Dr.
Shozaburo  Nagumo, University of
Tokyo.
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IPOD DATA BOOKS

At their April meeting the JOINES
EXCOM approved the proposal to prepare site
survey information in three documents, a
Data Benk Catalogue, Data Bank Rooks falso
called folios), and large-senle reproductions
of the original data. The IPOD Pata Rank
catalogues have been prepared and are
continuallv being updated. These list data
that are available for different PO drill
sites. The [POD Data BRank Rooks will
contain smeall-geale (BxIN} reproductions of
the data availahle for eseh site, and
summaries of the site survev cruise resnits
written bv the chief seientists,
Approximately four site survev books are
planned, each emphasizing a different
geographie location. The Atlantic volume is
currently being prepared. It will contain data
for 13 Atlantic sites, with approximately 25
bages per site. Data for the sites is being
prepared, including drafting and brief
summary statements describing how the data
was collected. Cemera-ready copy for the
Atlantic volume should be ready during the

spring.




DRAFT REPCRT
EXECUTIVE COMMITTEE
26-29 November, 1979—Moscow

CHALLENGER OPERATIONS

I.

m.

PERFORMANCE DURING RECENT
LEGS

The hydraulic piston coring leg
{Leg 68/HPC) and Leg 69 in the Costa
Rica Rift area went well. Towards
the end of Leg 69 there was a short
cireuit in the AC switchboard from
the main bar to the ecabinet. It is
speculated that this short cireuit
migrated causing a surge of power to
go through the dynamie positioning
part of the computer. Upon shut
down several components must have
failed, and the dynamic positioning
system refused to work. GMI sent
several people to fix the computer.
About a week's time was lost.

Leg 70 is proceeding well. A
pinger has been placed on the drill
string and is very useful in locating
the exact position on the mounds.

INITIAL REPORTS

An index and errata sheet are
being prepared for the pre-IFOD
volumes (1-44). The index to volumes
1-35 has been finished. The complete
(1-44) index will be about 50 pages.
DSDP was asked to send a letter to
the co-chiefs asking for errata. This
has already been done, but may be
necessary again.

LOGGING

In their deep drilling program in the
Kola Peninsula,’ the USSR has
developed a full suite of logging
instruments. These instruments are
physically and electrically compatible
with the Soviet downhole
magnetometer, that was successfully
operated at Site 50l The Soviets will
be ready by February or March to
make this equipment available on the
GLOMAR CHALLENGER. They
would prefer that the equipment be
onloaded at a port with Aeroflot
connections, An effort will be made
to equip the GLOMAR
CHALLENGER with Soviet logging
tocls in Santos, Brazil, prior to Leg
73.

41

v,

ORGANIC GEOCHEMISTRY
FROZEN SAMPLES

HPC

A new sampling method will be
implemented for frozen organic
gecchemistry  samples. The new
method would remove 60 em of half
the ccre every 30 m for organic
geochemistry analysis, The organic
geochemistry half would be frozen;
half of the organic geochemistry
sample (1/4 of the core) would be
permanently archieved as a frozen
sample. The other half (1/4 of the
core), also frozen, would be sampled
for organic geochemical analysis. Of
the non-organic geochemistry half of
the core, haif (1/4 of the core) would
be sampled, and the other half {1/4 of
the core) would be archieved.

STATUS OF EXPLORER PROGRAM*

L

REVIEW OF
STATUS

HISTORY/CURRENT

The OMD program has been
discussed since 1973. It was formally
proposed in 1974 but was considered
technically premature. It was
proposed again, and since the FUSOD
meeting has undergone considerable

review and reworking. In 1978 the
revised program, ineluding
engineering costs and budget

revisions, was estimated at $560 M.

A Blue Ribben Panel chaired by
H. G. Stever met last spring (1979} to

review the Ocean
Drilling/EXPLORER program. This
panel noted the expense of the

program and the mutual science and
resource interests. It suggested that
funds be sought outside of the NSF
and recommended that the
Government explore the interest of
major U.S. industries in participating
in snd helping to support such &
project.

Industry was approached through
the Office of Science and

Technology. Since the early fall,
several meetings have been held
between industry, government, and

geademic science. These negotiations

¥The EXPLORER program has been
undergoing continual revision. The
information contained in this section
is several months out of date.




.

are reaching -a semi-final stage. A
draft  agreement, sxpressing the
interest of industry and governmeni
in . participating in an  Ocean
Drilting/EXPLORER  Program  has
been prepared. It iz hoped that the
sgreement will be signed by 3
December, and be negatiated

. between NSF and OMB between 5-10

December. This  agreement  is
preliminary; many of the actual

.details of the science program will be

worked out between the signing of
this agreement in December and &
more f{inal agreement that will be
signed sometime nexi summer before
the Systems Integration Contragt

(SIC}is let.

PRELIMINARY
AGREEMENT/BUDGET
CONSID ERATIONS

The oil industry hss been asked
to fund hsif of the program, and in
refurn  is  expecting to have =&
eonsiderable influence on the
program. They . expressed
resecvations about the estimated
total cost of the program. They felt
the costs were too low and could run
three times the NS8F estimates. In
addition, the government estimates
are only inflated by 7%, when
off-ghore drilling costs have bdeen
inereasing at a rate of 15%.

The Santa Fe  Engineering
Services Company, which has been
hired &ty the NBF as the Systems
Support Contractor for the
EXPLORER program, reviewed the
casts  of . 2 hypothetical orogram,

- outlined at the 2-3 October Houston

meelittg.  They found - that the
estimated cost of $560 M. was very
elose to their $660 M estimate {both
figures at 7% infiation). Even et
these oprices, the oil companies
ecgnsidered the program 1o be oo
expensive. This waes partieularly
viewed as a probiem in 1931 when the
NS8F budget is stili paying for the
CHALLENGER program.

- Te eut eosts, it has been
propased to eliminate the [8-month
#iserless program, saving an
estimated $55 M in ship’s operationhs
and $720 M in science. In such a
shortened program, the ship could dbe
converted on either coast, and begin
operations in early (sboutl January)
1984 with a riser. This program
allows the conversion of the ship and
commencement of, operations  to
proceced at a slower rate. The
amount of money needed during the
initisl phases is deereased.

1981-83 CHALLENGER PROPGSAL

A revised version of a preposal to
continue CHALLENGER  operations  was
presented. Several revisions were suggested.
Some minor changes in the wording may be
made before the final version is submitted.
Unfortunately the time avagilable 1o make the
changes is very small.

The praposal will be submitted to the
University of California Regents in Januasry
for review and to the National Seience
Foundation shortly thereafter. A letter of
intention to submit a proposal will be sent to
the National Secience Foundatien before the
propossal arises.

Alternative sources of funding and
even & partial style program were discussed.

PLANNING COMMITTEER
23-26 Qetober, 1979—Mascow

REVIEW OF ACTION ITEMS

The cost of producing microfiche
masters for LR. Yeolumes 1-42 is estimated to
be $1,050. DSDP bas agreed to fund this and
production is underway. When microfiching is
completed, snnouncements of the availability
of LR. microfiche on a cash basis will pe
made in Geotimes and the JOIDES Journsl.

Prior to the meecting 8 report listing
the GLOMAR CHALLENGER work histery,
from DDecember, 1978 to September, 1979 and
the tentative projectéd work scheduled for
1980 was prepared by DSDP and distributed to
the PCOM members. After discussing the
report, the PCOM reguested that DSDP
prepare en  additional report, prier to the
February PCOM meeting, evaluating the
CHALLENGER's performanece capability for
the 1981-83 time frame. The report should
include dats on mechaniesl down time for the
ship and. drilling eq{xipment (as. separate
items) by guarter, for the iast five vears.

PSP
L CEVELOPMENTAL ENGINEERING

A.  Pressure Core Barrel

The PCB is currenily at
DBDP  undergoing refurbishiment.
Testing of each of the units will
be conducted at the Hydraulie
Lab during November, {979, Two
complete PCB  units and two
additional  spare ball  valve




assemblies will be onboard the .

CHALLENGER when it is
deployed, Seq trials are
scheduled for Leg 72 and full
operation is planned for Leg 74
or 75, '

Bydraulic Piston Corer (HPC)

Based on the success of
Leg BE/HPC, an HPC
Development Program has been
detailed  to  further improve
performance,  Items considered
for design modifieations are the
eare  Hner, core catchers, and
core arientation. Collapse af the
liners and failure of the core
eatehers were the two wmajor
problems with core recovery
during Leg  G8/HPC. Core
arientation is gvailable now bDut
it is not very reliable. It is
considered to bhe a long-term
development.

Design 18 also continuing on
the non-trip HPC system which
will enable piston coring to be
followed by  rotary  dritling
without having ta trip the pipe.
This hes been given the highest
priority. By Leg 7! it is expected
to have 3 system for dropping
the bit. Work is continuing on
developing a longer ecore barrel,
but this has been piven second
priority. During Leg 83/HPC it
was found that’ the work load
created by 8 4.4 m core was
shout the maximum that could
be handled. Paleomagneties and
GRAPEing were the limiting
factors. Preventing even minor
bending in the longer cores,
which upsets the palecmagnetic
stratigraphy, may alse he a

‘probliem.

A seaond HPC (HPC-I) s
under  development. It s
anticipated that this will Dbe
designed  to  obtain  several
different core lengths, depending
upon the material being cored.
In  addition, corrosion resigtant
materials will be used in the
mast eritical parts. Sea trials
for the HPC-II are planned for
Leg 74 or 75.

Vessel modifications are
also being discussed te minimize
the interference when retrieving
and handling the cores. The use
of heatilow probes in econjunetion
with the HPC are also being
investigated,

Plans for  the  South
Atlantie Program involve
extenzive utilizatios of the
HPC. DSDP hes prepared &
developmental sehedule to make
the HPC as efficient as possible
far these legs. As improvements
are made, DSDP was askes fo
keep the eo-chiefs in  the
technical development foop.

. Extended Core Barrel

& first prototype of the
extended core barrel is scneduled
for Lep 71, with a more finel
version oplanned for September,
1580, The gystem is being
designed to ensure that the
landing snd laten system are
compatible with the HWPC. This
will allow the extended care
barrel to be used when piston
coring  is  terminated without
tripping the drilt steing,

COSTS OF CURATING HPC CORES IN OR
CR TWO REPOSITORIES :

The HPC cores recovered dutiﬁg Leg
64 were strip photographed in both bizek and
white, and color. This was considered to be

sucecessful. It was suggested that all cores,
gnd particularly HPC  cores, be  strip
photographed. This  would  allow leg

participants to have microfilms of all of the
cores on their legs. These photographs can be
enlarged and projected onto acetate, printed,
and run through an ozalid machine, providing
large core photographs.

Continuous strip- cameras, however,
are very expensive. DSDP is currently using .
a camers developed and operated by T,
Chiase, of the U.8.G.8., Menlo Park.
pays his and any techoicians’ expenses while
they are photographing the cores. These
expenses would be inceeased if he had to
travel tg the east coast core repositary. It
was suggested thal expenses might be cut by
using the strip photagraphs in the LR.s.
Prior to Leg 43, the eores were individually
photographed, The present method of group
pnotography was not considered by some to
be adequate.

DSDP is glse buying an x-radicgraph
ta use gn the cores. The X-rays should be
taken at the same time as the photographs.
It wes considered unwise to photograph and
X-ray the samples at DSDP and then ship
them to LDGO. The costs of preparing the
cores for photographing {e.g. scraping and
arranging) were thaught to be minimal, and
funds could be found at LDGO. In asdivi--

DIDP -
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LDGO already has an x-radiograph, so
X-raying the cores would not present a
problem. The consensus wes that it was
important to keep the HPC cores end the
rotary drilled cores for each site together,
jand therefore two HPC repositories should
be maintained.

It was suggested that money for a
strip photography camera be included as a
high priority in the FY '81 budget. It may be
possible to shoot the photographs onboard the
ship. This would certainly give the best color
reproductions in the LR.'s. It was suggested
that DSDP check with the Dolphin Marine
Station which uses eolor reproductions in its
reports.

EXPLORER PLANNING

The representatives from the
non-U.5. countries were asked to comment on
the status of their countries' interest in, or
plans to participate in the EXPLORER
program. All of the representatives agreed
that it was difficult for their countries to
decide whether or not to participate until
they knew what the program was going to be,
e.g. how much resource evaluation and how
much science, the expected role of the
non-U.S. countries in the proegram, and the
cost. Discussions are underway in France.
Germany is very interested. R. Brett from
NSF has been asked to give a presentation
about the program in Germany, and a letter
of intent to participate in the EXPLORER
progrem has been sent to the U.S. The U.K.
is also interested in participating and hopes
to be able to formulate a final policy within
the next six months. As expressed, their
major concern was finaneial. If the cost per
country is high, would it be posssible to
inerease  the number of participating
countries, or find a less expensive way to
carry out the program. The U.S.8.R.
expressed an interest, but is also waiting to
learn more about the details of the program.
Japan was not represented.

The EXPLORER program has a sense
of momentum in the U.S. The Blue Ribbon
Committee report is out and was favorable.
The Nagtional Research Couneil's engineering
review (Hocott) committee plans to have its
report out in January. High-level
negotiations are underway between the
petroleum industry and the NSF. It is hoped
that these negotiations will have reached a
more final state by the EXCOM meeting.

A new ad hoc EXPLORER planning
committee is being established in the U.S. to
address the development of the EXPLORER
program. Both industry and the government

want Lo be sure that the EXPLORER plens be
based on a strong seientific program. NSF is
interested in the ultimate participation of the
non-1.8, countries. | -

The EXPLORER Engineering Support
Services contract has been let to Santa Fe
Engineering Services Company of California.
They are reviewing the previous studies and
cost estimates. A preliminary review will be
ready by early November.

1981-83 CHALLENGER PROPOSAL

The 1981-83 CHALLENGER proposal
is being rewritten and will be submitted to
EXCOM and SIO. The IPQD representatives
were again asked to state their eountries'
intent. They are waiting until the U.S. makes
a clear statement of its intent. They agreed
that if there were a program bresk and
funding stopped, that it would be very
difficult to regain the funds.

DRAFT REPORT
OCEAN CRUST PANEL
5-7 September, 1979—Albany, N.Y.

FUTURE CHALLENGER DRILLING

L. COSTA  RICA
RIDGE

RIFT/GALAPAGOS

The OCP was distressed that these
two legs (69 & 70) were shortened. Such a
loss was viewed as deleterious to the well
formulated and timely scientific goals of the
leg. Decisions such as this seriously comprise
good science and violate the fundamental
principals of research. Two years of drilling
remained and it seemed clear to the OCP
that the reduetion of drilling time could have
easily been absorbed over this interval
without significantly perturbing the seientifie
objectives of the remaining programs.

IL GEQCHEMICAL TRANSECT

The OCP had been asked to prepare a
detailed presentation of the data pertinent to
formulating a geochemical traverse. It was
noted that the CHARCOT ecruise that was to
obtain more samples to document the
patterns of North Atlantic geochemical
heterogeneities was postponed until the fall
of 1979. Furthermore, Cann, who is the
PCOM representative designated to present
the information, will be out on Leg 69 and
therefore will not be able to ettend the
PCOM meeting. The OCP wilt submit a short
but detailed document that outlines the
seientific rationale behind the geochemical
traverse. The CHARCOT data will, however,
be available for the PCOM meeting to be held
in February in Washington, D. C.




II. CARIBBEAN PROGRAM

Although the OCP agrees that further
drilling in the Caribbean would certainly help
to better understand aspects of Caribbean
geology, it maintains that this program will
solve problems local to the Caribbean and
will not address problems that will shed light
on the fundamental processes that govern the
evoiution of the ocean basins and margins in
time and space. In addition, the success of
several of the holes depends on deep
penetration (greater than 1000 m) in
relatively deep water {3500 m to 5000 m) and
into lithologies (cherts, mixed voleanies) that
have been difficult in the past to penetrate.
Using hindsight as a guide, the OCP suspects
that the secientific goals of the program could

be compromised by these environmental
constraints. )

EXPLORER PROGRAM

I. PLANNING ORGANIZATION

The OCP urged that progress be made
with regard to deciding how committees were
to be organized during the EXPLORER phase
of drilling. 1t was emphasized that subject
panels, which identify problems, must be
retained. In this regard OCP considered it
very important that EXPLORER engineers

work closely with scientists as drilling
objectives are identified.
1L, OCP OBJECTIVES

The Panel reviewed the drilling

objectives identified by the OCP at previous
meetings and prepared a proposal for

"Bare-rock drilling on an active
sulfide-producing hydrothermal system.” The
Panel noted with some concern that

EXPLORER plans were still so preliminary
that preparatory geological and geophysical
surveys could not yet be planned. This survey
data is of paramount importance if the
scientifie potential of drill time is to be
meximized. Given the lead time needed to
design, implement and interpret the results
from a rigorous arine geological and
geophysieal survey, it is none tooc socon for
PCOM to reach the decisions necessary Lo
begin the initial phases of the EXPLORER
program. The panel urged that EXPLORER
plans De established for at least the initial
phases of the program.

BARE-ROCK DRILLING
ON AN ACTIVE SULFIDE-PRODUCING
HYDROTHERMAL SYSTEM
ON THE EAST PACIFIC RISE AT 2i°N

L INTRODUCTION

The following presents a proposal by
the OCP that a bare-rock drilling capability

be developed for the GLOMAR EXPLORER.
Such a capability has long been advoeated by
the OCP. The present mode of drilling
{requiring a minimum of 25 m of sediments to
spud in) only very rarely, and in special cases,
allows drilling at the actual zones of plate
aceretion (zero-age erust). This  is
unfortunate in  view of the excellent
resolution of observations and sampling that
ecan be obtained by near-bottom studies of
spreading centers (e.g. FAMOUS, CYAMEX,
RISE/ROSE. etc.); which need to be
complemented by vertical sampling and
examination of the crust. Also, we need to
investigate the transient properties of plate
aceretion, such as hydrothermal circulation,
heat flow, voleanism, end even structure.

Recent discoveries at 219N on the
East Pacific Rise- have reinforced our
conviction that bare-rock drilling is urgently
needed and moreover is economically as well
as seientifically justified. Once such a
eapability is developed, we envision & wider
use of it than that advocated here. This
document is preliminary and exploratory in
nature, since we will need to develop a more
complete statement to incorporate it in a

larger proposal coneerning the GLOMAR
EXPLORER.
1L SULFIDE DEPOSITION AT 219N ON

THE EAST PACIFIC RISE

Recent dives on the East Pacific Rise
at 219N as part of a US-French-Mexican
program established that syngenetic sulfide
deposition occurs above hydrothermal vents
on the sea floor very near the crest of the
rise axis (CYAMEX, 1979, SPIESS et al, in
preparation). The active vents are arrayed in
the zone of axial extrusion along strike
paralleling the rise crest, and are of two
types.

The first type is characterized by a
general low temperature {100-200C) [fairly
dispersed flux between pillows over areas of
tens to hundreds of square meters. These
areas contain the second more restricted
types of vents, which are chimneys 2-10 m
high and 1-5 m in diameter from which
econeentrated, hot solutions are vented.
These solutions are rich in small particulate
sulfides and sulfates, and are commonly
vented at temperatures in the range of
200-5000C with some reaching 400 +10°C. In
some cases the fluids vent with high hydraulic
pressure.

The chimneys themselves can be

chemically zoned, consisting of porous
aggregates of oxide, sulfate and sulfide
minerals (predominantly Fe, Cu and Zn

sulfides). From exterior to interior, a typical
zonation is:




1. Iron oxides and oxy-hvdroxides
(gossan minerals);

2. Sphalerite;
3. Pyrite (+ sphalerite);
4. Chaleopvrite & sphalerite.

Anhvdrite is an ACCESSOTY mineral.
Partictilate matter dispersing from the vents
includes sphalerite, pyrrhotite and barite.
Rare metals (Au, Pt. and especielly Ag) are
present at unusually high levels.

These deposits oceur in an area that
has been extensively mapped using deep
towed instrumentation (Larson, 1972; Larson
and Spiess, 1969; Larson et al., 1974; Normark,
1976, ANGUS) and submersibles (CYANA and
ALVIN) and will be investigated again by
reseqrchers in November 197% using ALVIN.
The active vents areas occur in an area of
very voung virtually unfaulted crust near the
summit of the East Pacific Rise axis, and are
delimited by concentrated colonies of
macrobenthos including large clams (up to 40
em diameter), long tube worms and Galathea
crabs. Tube. worms cluster near the highest
temperature orifices on the chimneys.
Inactive chimney vent systems, variapility
degrated by oxidation and gravitational
collapse. have been found away from the rise
erest area, where 10-50 meter high normal
faults are prevalent.

1. THE PROPOSAL -

The OCP proposes that this complex
of hydrothermal deposits be considered as a
target for bare-rock drilling using GLOMAR
EXPLORER | following development of a
suitable structure to support a bottom-hole
assembly while spudding in. The rationale for
this drilling would be investigation of the
ocean crust beneath and around both active
and inactive hydrothermal vent areas.
Economic grade ore deposits may be present
in these areas. The drilling would be designed
to explore in three dimensions the interaction
of outflowing hydrothermal solutions
containing high coneentrations of dissolved
metals and sulfur with the oceanic ecrust, and
the downhole thermal and geophysical
structure of the crust in the vieinity-of the
vents. The chemieal factors leading to
zonation of sulfide minerals on a small scaie
in the vents may be acting on a larger scale
in the c¢rust, and may have.a specific
relationship to the sea-{loor geology and the
crust thermal structure.

,. Detailed exploration of such a system
might eventually allow development of
strategies for tapping high-temperature
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submarine aguifers with high concentrations
of particular metals. These solutions could
be pumped directly to the surface by a
drilling  ship  with reverse ecirculation.
Filtration and precipitation of ore minerals
could be carried out on the drilling ship, and
eollected in tanks for shipment to ore
refineries.

The principal advantage of working in
the 219N East Pacific Rise area is that tie
area has been sufficiently mapped and
observed to identify targets where local
basement variability is preeisely known. This
will aliow accurate specification of design
parameters for the construction of a
strueture to support a bottom-hole assembly.
Presently it appears that many vents eould be
explered in fairly flat areas, or areas with
moderate slopes. Local relief (flow froats,
faults, ete.) can be as little as 5-10 meters.
The present and planned detailed surveys will
also allow transponder coordinated targeting
of drill sites. :

Iv. DESIGN OF A BOTTOM-HOLE
ASSEMBLY SUPPORT SYSTEM
Several alternatives might be
considered for bottom-hole assembly

sea-floor support structures, depending con the
type and depth of penetration desired, the
number of holes to be drilled, dnd the
desirability of having a .movable and/or
retrievable system. Several alternatives are
listed below.

I. A permanent re-entry cone and
casing structure mounted on the
sea~floor in a large
cement-inflated bag or net. The
original looseness of such a
structure would fill in any local
basement relief  and  allow-
vertical  suspension of  the
re-entry cone while the cement
sets.

2. A movable, retrievable re-entry
and casing structure which could
be hydraulically or mechanically

leveled from three or four
corners, and perhaps
intermediate points.

Alternately, & number of legs or
struts could be fully extended
prior . to touching
the seafloor, but each would be
free to slide upward until all had
touched down., Then all could be
mechanically locked in place. To
move the structure to another
location, the lock would (first
have to be released, either
remotely or by divers beneath
the tending drill ship.
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3. Bhorter penetration, high
recovery holes could be drilled,
not necessarily vertically, by
high speed - diamond drilling
techniques from g  similar
platform suspended and powered
{electrically or  hydraulieally)
from a more conventional drill
string. The actual drilling/ecoring
device would be housed in the
platform and need not be
directly linked to the drill string.

The GLOMAR EXPLORER seems like
the logical ship for such a venture, because of
its (a) superior uplift, positioning, and
heave-compensation ecapabilities; (b) it will
have reverse circulation; and (¢} its
moon-pool ared will be large enough to allow
construetion and servieing of a large
retrievable re-entry structure beneath the rig
floor above the vessel's waterline. Such a
structure would be designed and tested in the
next several years, before acquisition of the
GLOMAR EXPLORER for deep sea seientifie
drilling.

The  engineering and  seientific
planning should proceed simultaneously. The
latter ecould include further submersible
mapping and geophysical exploration of the
vent areas using site survey funds. The
program could be initiated by the Ocean
Crust Panel, and planned in coordination with
the Qcean Crustal Dynamics program of JOI
Ine. It should be of considerable interest to
private ocean-floor mining concerns, and
ocean-engineering firms developing these
types of technologies. These could be
approached for both consulting and finaneial
assistance.

Development of barerock drilling
technigues on the sea-floor has been a
long-standing request of the Ocean Crust
Panel. The major difficulties this request has
faced have been the lack of a clear scientific
program for such drilling, uncertainty about
whether a drill string could penetrate
significantly into zero-age crust even with a
bottom-assembly supporting structure and the
anticipated cost of developing such a
structure. Here, however, the seientific
advantage is clear, many  important
conclusions could be reached even with
shallow penetration holes, and the cost of
development can be weighed against potential
economic gain. The penetration problem in
particular will not be as -serious with the
GLOMAR EXPLORER, especially if it has the
flexibility to case and cement unstable zones
in the crust.

V. RECOMMENDATIONS

With the approval of the Planning
Committee, the OCP would like to prepare &
more  complete ' proposal dealing  with
bare-rock drilling at the East Pacific Rise at
219N (and/or other rise/ridge crest segments
where similar deposits could well exist). This
proposal would be incorporated in the larger
proposal concerning EXPLORER drilling to be
submitted to NSF. To prepare the bare-rock
drilling proposal, we will constitute a working
group which will also investigate the
feasibility and cost of the alternative
bare-rock drilling structures suggested here.

DRAFT REPORT
ACTIVE MARGIN PANEL
5-T7 September, 1979—La dJolla

FUTURE CHALLENGER DRILLING PLANS
L. BARBADOS RIDGE PROPOSAL

The Active Margin Panel and the
Caribbean-Mediterranean Working Group
have recommended drilling on the Barbados
Ridge to sample the accretionary complex
and the shear zone separating the continental
from the subducting igneous ocean crust. The
water and drill depths are within GLOMAR
CHALLENGER capability. The drill hole
could be used to emplace downhole
instruments as was done off Guatemala where
seismic -activity, rates of tectonie tilt, and
heat flux are being measured. The necessary
geophysieal site surveys have been done, and
in addition, the University of Durham and
IFP-CEPM have planned GLORIA, high
resolution CDP &and single-channel seismic
reflection, and SEABEAM surveys in this
area. Data are now ready for Safety Panel
review.

The reason for drilling the Barbados
Ridge is based on some unexpected results
from previous drilling. Tectonically acecreted
sediment, thought to comprise the bulk of a
eonvergent margin, was sampled on only one
of 5 active margin legs. Thrust faults were
not observed in proximity to zones of
subduection as was expected, possibly because
most of the thrusting is concentrated in a
deep- narrow zone with low shear resistance.
The teectonic features thought to be most
common were not commenly found in drill
core . data. Perhaps the drilling depths
achieved were insufficient to penetrate the
anticipated imbricate thrusts and tectonically
accreted sediment.

A chance to penetrate the
accretionary complex and mega-shear of &
subduction =zone off Guatemala  was
inadvertently stifled on Leg 67. As the
results of the drilling have become Kknown,




inereasingly greater importance has been
given to drilling on the Barbados Ridge than
was given by the AMP during the planning of

IPOD-1. Thus' the AMP has remained
persistant in  calling attention to this
opportune scientific target that can be

achieved in half a leg, at almost any season.

IL GUATEMALA TRANSECT

Leg 67 objectives were only partially
met due to the encounter of gas hydrate. The

AMP does not consider the Guatemala
transeet a4s . having successfully met its
objectives. There still has been no

penetration of a presumed master thrust fault
at the base of the accretionary complex.
(Only the top of the accretionary complex
was penetrated during Leg 65.) The AMP
considers that significant penetration of the
accretionary  complex is a  feasible
CHALLENGER target off Guatemasla.

I1I. JAPAN AREA DRILLING

Several Japanese scientists (Nasu,
Kagami; and Kobayashi) have proposed new
active margin sites on the Japen Trench
margin, along the Nankai Trough, and on the
Amami Plateau. The Nakai Trough is
considered to be an interesting target in light
of the Leg 3l results from one hole at the
base of the trench slope. They will be
considered for the 1981-83 Japan Trench
proposal once more specific data -is received,
The Amami Plateau was considered to be a
better target for the EXPLORER. Piston
coring for tephrastratigraphy and in zones of
deformed sediment are appropriate in the
1981-83 program -provided the material is soft
enough to be cored with this tool.

Iv. CHILE TRENCH

A proposal submitted by Cande and
Herron to drill at the collision of an active
spreading center and the Chile Trench was
considered to be an interesting problem,
different from the Peru-Chile Trench
objectives. This seems to be a singular
opportunity to study a phenomenon that must
have occurred often in the past. It is
ineluded in the proposed EXPLORER program
pending more geophysical work in the area.

SITE SELECTION RATIONALE

The AMP agreed that it is more
advisable to drill each transect sufficiently to
answer most of the major questions there,
rather than to partially study many margins.
This has been the basic consideration in all
IPOD proposals.
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Furthermore, the fundamental
approach has been to do as much as possible
with  the CHALLENGER to optimize
EXPLORER targets.- The additenal work
along the Japan Trench transeet is consistent
with these basic considerations. It seems
advantageous to restudy the Guatenalan
Trench ' transect geophysical and drili data
and to work out the safety aspeets of drilling
clathrates before further driiling. Drilling on
the Guatemalan transeet must therefore be
postponed until the EXPLORER program.
The area of next priority is ajong the Peru
Trench and since the area has been studied
geophysically for about 8 years, it s
considered ready for the 1981-83 program.

REVIEW OF PREVIOUS RESULTS
L. LEG 56-57

The history of vertical tectonic
changes off Japan shows a surprising net
subsidence sinee upper Miocene time.
Current studies in Japan indicate that during
the upper Miocene there was a change trom
tensional to compressional stress. More
emphasis is now given to constrain the
time/space vertical tectonie history along the
Japan Trench transect.

i1 LEG 58

A draft report was distributed
showing the proposed history of the northern
Philippean Sea. The conelusions presented in
the Geotimes account apparently have not
changed significantly. This report suggested
that a hole in the Amami Plateau would test
the hypothesis developed as a result of Leg
58, but drilling to basement may be marginal
with the GLOMAR CHALLENGER capability.

1. LEG 60

Based on proprietary magnetic data,
the south Philippean transect appears to be
located in the beginning of a confused
magnetic zone. Farther north the anomaly
pattern is clear and it indicates spreading;
nevertheless, the half rate computed during
Leg 60 agrees with the proprietary magnetic
data. A comprehensive report on arc and
forearc drilling has been prepared. The
report outlines some problems regarding the
development of arc related igneous roek in
arc and foreare regions of the south Phillipine
transect. The - report emphasizes low
temperature metamorphism and the role of
interstitial water.

An  interesting study by Soviet
investigators regarding a possible reiation
between sediment thiekness on the oceanic
plate and the amount of subducted sediment
was also presented.




Iy, LEG &6

On this leg the top of an accretionary
complex was penretrated for the first time.
Hole conditions were poor belaw the
hemipelagie slope deposits and oaly the top of
the landward dipping section seen in seismic
records was recovered prior to hole failure.
The oldest sediment recovered is of lale
Miocene age and the sequence of ages is from
youngest neer the trench to oldest up slope.
This sequence requires reverse ot thrust
faulting along unspecified faults: most of the
reflections in the seismic records are thought
to record bedding. Crystalline rocks exposed
at the the shore were recovered offshore and
the abrupt break between old rocks and young
aecreted  rocks  postulated  from  seismic
records was confirmed. A thick hemipelagic
sequence was recovered seaward of the
treneh fill indicating a terrigenous influence
far beyond the trench. The ascoeretiopary
compiex is from 7-20 Me oid. At least 50%
of the sediment entering the trench appears
to have been subducted.

V. LEG 67

The recovery of clathrate prevented
drilling at the primary sites selected for this
leg. Nonetheless, the section penetrated at
the base of the slope consisted of a distal
equivalent of the section reported from the
edge of the shelf except that the Paleocene
seetion is  missing. The recovery of
Cretaceous age pock 3 km landward of the
{rench makes it difficult to interpret the
structure of the margin off Guatemalz in

aceord with the simple imbricate
accretionery mode.
Sediment recovered from the deep

ecezn basin 20 km seawsrd of the irench
indicates that considerable hemipelagic
sediment accumulates as the ocean plate
nears the continent. The same oceanic
section was recovered from beneath the
trench filt mud and sand turbidite at two
sites, Material in the trench, even ail the
trench landward wall, shows no compressional
deformation indicating that accreted and
subducted material intercepts the slope
without mueh echange during its transect
across the trenen. '

GAS HYDRATES

Legs 66 and §7 definitely confirm the
existence of gas hydrates in the deep oceans.
Thus, although there has been much drilling
at sites in the gas hydrate pressure
temperature field, the ' existence of gas
hydrate must be considered in siting future
drill heoles. In particular, penetration below
the gas hydrate zone and into the gas

" heatflow  probe  and

pressure-temperature field must be avoided.
In the Leg 56 seismic reflection data there is
a clear "base of hydrate" botiom simulating
reflection {BSR). In the Leg &7 dats there is
no BSH, despite the similarities in geology,
and the gathering of seismic reflection data
by the same organizgtion. Thus it was shown
that gas hydrate may oaccur with, or without,
the BSR. Present safety requirements are
that no gas hydrate is drilled without a 8SR
to indicate the base of hydrate and thus the
maximum permissible depth of drilling, In
the situstion encountered on Leg 67, the
recavery of gas hydrate and noc clear BSR
prevented drilling of the primary sites.
However, the experienes of Leg 67 may show
some alternate procaedure far safe
operations. These  alternate  procedure
suggestions were presented by the organic
geochemist on Leg 67,

With knowledge of the geothermal
gragdient and gas composition the thickness of
8 gas hydrate field can be plotied on a PT
disgram. Both the Uyeda temperature probe
and the HRT log ean measute jn  §itu
temperature without release of the drill bit.
Thus, the position of the bottom of the hole

" with respect to the hase of the gas hydeate

gan be monitored. Simple plots which could
be used in such a situation were prasented.

The Organic Chemistry Panel {OGE}
was asked to consider the use of such plots.
In addition, the AMP advises that the Uyeda
thermal eonductivity
apperatus be improved. A workable pressure
core barrel would aid greatly in monitering in
situ conditions. Perhaps a device that tskes
only & 8" long small diameter core would be
easier to design. It seems that there are
procedures by which the thicknesses of the
gas hydeate zone can be astablished without a
clear BSR. The Safety Pane! will be asked to
consider  these  alternatives onee  the
assassment of the OGP has been made.

DOWNHOLE INSTRUMENTATION
L PACKER/TELEVIEWER

The packer was used sueccessfully on
Leg 68/8ite 501, although it suffered some
damage. The downhole televiewer gave very
interesting results. Fractures and pillows
could be ideutified in the records. After
viewing shiphoard pictures, the panet [lelt
that this instrument eould contribute valuable
information about fracture patterns in the
deformed sections penetrated in aceretionary
compiexes. The panel endorsed the proposal
toe put sueh an instrument aboard the drill
stiip.

Bt .



II. HIG DOWNHOLE INSTRUMENT

Preliminary results were given from
the HiG downhole instrument emplaced off
Guatemala. The tiltmeters and heat flow
components gave unexpected results during
the first recording period. Change in tilt
perpendicular to the regional trend of the
trench oecurred during the first month. Heat
flow required abut 7 days to come to a
constant value indicating that the effects of
drilling persist for a mueh longer period than
expected. Many earthquakes have been
recorded but, due to unresolved difficulties in
the digitizing components, . noise  was
superimposed on the seismie records and work
is proceeding on correcting this problem.

1L FUTURE

INSTRUMENTATION

DOWNHOLE

The AMP has been concerned with
three types of downhole geophysics:

1. Downhole logging with
instrument tools.
2. Intermediate scale geophysical
data.
»

3. Long-term downhole observation.

- During the period when there will be no

drilling on active margins, the AMP is
interested in  further developing and
optimizing downhole  geophysics. The

following are suggested improvements that
would enhance the data sets from future AMP
transects:

L Downhole Logging with Industrial
Tools .
A, Update the present suite of tools

in use . on GLOMAR
CHALLENGER which are of a
past generation.

B. Experiment further with sonic
televiewer, the dipmeter and the

magnetometer.
C. Incorporate a heatflow
measuring system into the HPC.
II. Intermediate Scale Experiments

Oblique seismie measurements in
areas of complex structure to
augment seismie reflection data.

I Long-Term Downhole Observation

Take  advantage of the HIG
instrument development program,
demonstrating that the highest data rate
instrumentation (seismic) ean be successfully
deployed. Suggested improvements include:
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first, the present instrument should be
optimized; second, the satellite data link
should be developed; and third, other

instruments could be added, such as strain
meters, tide gauges, and magnetometers.

Downhole measurements are
particularly appropriate  in active- margin
areas because:

l. Recovery of «core is often

poorest at sume of the most
interesting sites and the
geophysical indication of
recovered intervals has been of
great value.

2. Complex strucuture often makes
it difficult to bridge the gap
between the interpretation of
seismie reflection records and
the interpretation of core data.
Detailed refraction information
and veloeity control become
important in bridging the gap.

3. DMany questions about modern
active margins are related to
earth dynamies that is in turn
related to earthquakes and rates
of tectonism. These parameters
are best imeasured by in-situ
instruments. If the Barbados
Ridge is drilled it would be most
eppropriate te obtain the
geophysical measurements
outlined here. If development of
the HIG type of instrument
proceeds at a steady pace, an
advanced version could be ready
for deployment at about the time
when the CHALLENGER transits
from the South Atlantic to the
North Pacific.

EXPLORER PROGRAM
L AMP SITE OBJECTIVES

The explanation of the EXPLORER
program and the statement of objectives
were left as previously written. However,
the priority of various areas was shifted.

II. CORE DIAMETER

The question of core diameter size
was posed by the PCOM. Logging alone could
be very advantageous in some circumstances,
but coring should remain the prime mode of
sampling. Logging alcne can be advantageous
when the major target is buried beneath
"overburden" such . as slope deposits over
accretionary complexes, or when weather
allows only short windows in which to hit the
high priority deep target.




in regard to the smallest acceplable
eore size, small diameter core is acceptable
in hard rock where delormation of core is
small {down to 2.5 em). But, coring should
always be an option.

SYNTHESIS VOLUME

As noted in the minutes of the last
two AMP meetings, the pane! recommends
compilation  of a synthesis volume sponsored
by 1POD. IPOD groups of individual member
nations plan to produce summary volumes
also, each with a different emphasis. The
subjecls proposed for the 1POD-AMP
synthesis velume take this into aceount to
aveid significant duplication.

The AMP thinks such & synthesis is
timely becawse of the Wl in active margin
driliing {1979 to 188183}, A comprehensive
synthesis of 1POD results will clearly provide
a good basis for f{uture aetive margin
investigations.

The 'preliminary table of econtents is
as follows:

L Introduction and overview of IPQD-I
geophysical and drilling results.

i Processes in modern fore-are areas:

A. Earthgueke and exploration
geophysies combined with  on
land and driil data across the
IPOD-1 active margin transects.

B. Bedimentolegy . of fore-are,
trench and ocean basin areas
along the 1POD-] active margin
transects.

C. Kinematic models.

IH. Some processes acltive in  the
development of istand ares:

A. Geochemieal knowledge of island
gres  along  the [POD-I  active
margin transects.

B. Geophysieat abservations

ineluding erustiel structure,
-hestfiow, gravity, and
magnetism.

C. Metamorphic processes.

Time and space history of island
are igneous activity,

v, Origin of backare basins.
A. Geochemistry of dredge and

drilled rocks in backares along
the IPOD-1 transects.

ire

e

B. Tectonic spresding histories.

C. Sediment sequeaces in ackar

basins. Ei

V. The status of kngwledge along thé

IPOD transeats and definition of
probileras.

Compilation and structuring of the
synthesis volume should involve one to threc
editors who can solicit contributions ang
prepare  overview chapters. An  expensive
($10~$15} paperbound volume is  envisaged.
Funding will be sought from a U.8. source.

DRAFT REPORT
ORGANIC GEQCHEMISTRY PANEL
24~-25 September, 197 8--Bristol, Englang

The panel made several
recomumendations to DSDP regarding samples,
partieularly  tempersture monitoring  and
sampling frequency. Staffing and other
operational matters were also discussed.

Resulis and the status of sample
analyses from recent legs were reviewed.

L.eg 64

At Site 478  fluorescence  of
petratiferous organic matier was used 85 a
measure of the effect of the presence aof sills;
at Site 479 methane sbundances were asbout
the same with depth but ethane incressed and
higher homaologues reach a maximum and then
decreased which may be evidence for
migration; at Site 481 methane, the main
gaseous hydroearbon, inereased in
concentration with depth but decressed near
siils. At this site evidenee was- found for
hydrothermal  activity in the form  of
cooked~out, amorphous organic carbon with
adsorbed gas.

Leg 88

Samples were from the Middle
America Treneh area, FEvidence for gas
hydrates was found: frost forming on liner,
ice inside liner, and gas expaasion 20 times
greater than expected. Gas I8 mainly
methane prabably of biologieal origin,

Leg 67

Frozen interstitial water was found in
voleanie msh composed of silt and sand-sized
particles. Thawing and gas release from this
sediment indicated the presence of gas
hydrate. An  B88ce  sediment  specimen
{sssumed to have 20 cc of gas hydrate} was
sealed in a 3808 cc reaction vessel. After 28
winutes the pressure reeched 116 kPa Q7%
psil. During core recoverr © °
sediment -~



l.  More heat {low measurements;

2. Gas hydrate stability disgrams
with reasonable safety factors;

barrel
frozen

3.  Modified pressure
that »can close
sediment; and,

core
an

4. Stiffer temperaturs probes for

peaetration inio gas hydrates.

As a result of these summary reports,
it was econcluded that there iz a need for
more temperature information at DSDP
sites. In eddition to more detailed
temperainre measurements, there is a need
to develop better meihods and medels for
temperature  considerations, To  devise
models there i3 also a need for measurements
of porosity, permesbility, sedimentation
rates, and lithology.

HYDROCARBON MONITORING

The panel reviewed the "Hydracarbon
monitoring &s a means to assess safety
canditions for DSDP operations,” by W.
Harrison, shipboard organie geochemist, Leg
67. In addition ta discussion specifie to that

document, the f{ollowing suggestions were
made far hydeocarbant monitoring:

1. Tetsl amaeunt of gas s
important. This  should be
monitored by anelysis data and
by ghservations on core
expansion,

2. Where /Ty ratios reach the
region of about 406 to 500,
greater care most be exercised
in the monitoring process,

3,  Abrupt changes in the trends of

the Cy/Cg ratios are more
important for safety
considerations than the trends

themseives.

4. Maturity should be compared and
monjiored by, for example,
pyrolysis technigues,

5, Consideration should be given to
the overall geology and seismic
information,

6. Pressure core barrel should be
deployed when high hydrocarbon
accumulations are suspecied.

New criterin are needed in Safety
menitoring. A panel member, Welte, agreed
to iest & method of Cy-Cgq analysis on Leg 75
in the South Atlantic.

y ol
not
of
"ed
we
A enange in the proposed location ‘,18";
a site in the Cape Basin (3-1} thai cann,
regeh black shales for a site on the flank |
the Walvis Ridge (1-5) was considare
essential. The OGP wants to obiain a mor
or less eontinuous record of the oxic-anoxi:
transitions in the South Atlantic. Highess
priority is the black shales. The organic
geochemistry program shomid examine Aptian
and Albian events with eollection of
continuous sequences corresponding io these
events. To achieve this gosl several meters
of continuous core are ngeded.

STATUS OF SOUTH ATLANTIC SITES

For sampling it is recommended that,
for important intervals, the core be sphit on
shipboard and half the core be frozen and
used for organic gecchemistry and for tne
frozen sample archives. Such sampling will
have ta be approved by OPP and DSDP. The
sampling represenis a major depacture fram
the way samples have besn collected and
allacated in  the past. It was also
recommended that two organie geochemists
be on board.

REVISION OF  SHIPBOARD  ORGANIC
GEOCHEMISTRY GUIDE/HANDBOOK

The present documettt was criticized
for emphasizing apalytical procedures and
problems rather than technigues, approaches,
and interpretations. The decument should:

1. Delineate the roles of the
shipboard  organie  geochemist
and shipboard techaieians

regarding sempling and analysis.

2. Deseribe what information the
instruments are expected to
provide.

3. Provide guidelines for

interpretation of analytical data.

The document wil be

pending panel input,

revised,

SHIPBOARD AND DSDP MEASUREMENTRE

It was suggested that onboasrd
determination of Eh as soon as cores come on
deck would be waluable in assessing early
reactions. Such & measurment would be
useful in shallow piston cores but less useful
in deeper conventional weores. If Eh
measurements are to be made routinely in the
future, the design, fabrication, and operation
rmust be done by an investigator interasted in
this problem. A discussion foliowed about the
use of geochemical parameters o distinguish
pxie and anoxice environments. It was



emphasized that there are a2 number of
crganic moleauldes that potentially can give
information on oxie/anoxic condifions, but
none of these wolecules has been studied in
enough  detail to provide unambiguous
reswits.  Oxoporphyrin compounds offer a
good possibility. Oxidation states of iron are
al50 useful.

GAS BAMPLING

Although there was disagreement in
OGP about whether or not plastie sacks could
be wuse:d to contain samples for later €
through €4 gas analyses, there was
agreement that canned samples are the most
reliable for gas analyses. The project was
encpuraged to take more canned samples fov
gas analyses, When No. I cans are used, & 50
m!l headspace is sufficient. Freezing provides
the best method of preservation.

HYDBRAULIC PISTON CORE

Organie  geochemical programs for
hydraulic piston coring were discussed. These
studies  will consider palesenvironments
including the global carbon  bHudgets,
diggenetic processes, both  chemical and
microbial, =nd the origin and migration of
petroleum. The work will require lang cares
and {requent sampling in order ta detail the
relglionship between sediment layers and
organie geochemistry.

CURRENT AND FUTURE ORGANIC
GEQCHEMISTRY IN DSDPAPOD

Panel members diseussed aspects of
organie  geochemistry relevant {0 cores
obtained by the GLOMAR CHALLENGER.
Some of these included: -~

1. Details of the use of tetrapyrole
pigments for diagenesis models

and as palecenvironmental
indicators,

2. The role of feed-back
mechanisms in petroleum
generation, Through  material
bpaiance calenlations the

composition of suurce materials
can  be  determined  through
compositions of Rerogens.

3. The use of isotope fractionation
to  uynderstand’ the source of
arganie matter and its
evolution. Isotope {ractionation
during diagenesis  depends on
intermotecular isotopic
distrivution effects and
polymerization isotope effects,

The disgenetie alteratior®
thraugh miercbial and carboniud
ion  reactions in  pefroleu

formation, of simple
distributions of alkanes, alkenes,
and arenes and carbonium o
reactions io complex
disteibutions  sceompanied by
decreasts in aikenes and arenes
and increases in alkanes.

The evaluation of the amount of

thermally reactive organic
matter through
pyrotysis~fluorescence anu
pvrolysis-FID methods.

Measurements of Cgpp can be
related 1o the van . Hrevlin
diagram  and  thece i &
parallelist  between  Cofp/Copg
and Iron Index.

Possible inputs tg marine
sediments  were  summarized.
Gas and  lpids  are  minor,
humates are vaciable and
kerogen is the major form of
organic matter. ‘Fhe lipids aet as
molecular markers to {ingerprint
meligbolic, diagenetie, and
catagenstic processes in recent
and ancient sediments., Aeolian
teansport  forms  an  important
tnput  mechanism  in.  marine
sediments,

The kineties of the production of
hydrocarbons upon pyrolysis
follow first-order reaction
kinetics. Aetivation  energies
{Ea} ean be  caleulated that
relate to the timing and origin of
petroleum. It should be possible
to relate Es to Typgy of pyrolysis.

Organie  matter in  sediments
recovered thus far in DSDP is
generally of low  maturity.
Vitrinite refiectance is not of
greal use at these levels of
maturily, and more information
is needed on the onset of
petroleum generation, This
information may reside in low
molecular weight hydrocarbons.

There iz & problem distinguishing
migrated from indigenous
hydracarpans. Ta relate
maturation with temperature
there is a need for ‘good
temperature dals that can be
used with lithology,
sedimentation  rate,  porosity,
permesbility, and vitrinite
reflectance (o construct heat
flow models and termal history.
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DRAFT REPORT
OCEAN PALEOENVIRONMENT
PANEL MEETING
5-6 September, 1979--Barbados

HPC AD HOC WORKING GROUP MEETING

The HPC ad hoe working group
mecting was discussed (See JOIDES Journal,
Vol. 5, No. IIl, p. 50-52). A telegram from
the ship to DSDP was read giving the latest
results at CR-1 (Site 502). It was noted there
are presently 3 to 4 U.S. ships and 3 non-U.S.
ships capable of HPC operation; daily costs
are about $50,000. The Health memo for
second generation long (200 m)} piston coring
was briefly discussed.

SOQUTH ATLANTIC PROGRAM

Various factors (delays, ship repairs,
mini-leg, ete.) have caused rescheduling of
the South Atlantic drilling pregram. It will
now begin in the SW Atlantic (Falkland
Plateau). The latest ship schedules for the
GLOMAR CHALLENGER and the
recommendations of the South Atlantie and
Southern Ocean Working Group meeting, held
in April, were reviewed.

The information about the South
Atlantie Program will be presented on the
next three pages as a continuation of this
report, but in table form.
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South Atlantic Leg Locations




I LEG 71 SITES (FALKLAND PLATEAU)

A. First-Priority Sites

Site/Location

AB-1/N. Falkiand Plateau

AB-3/SE Argentine Basin
AB-4A/SE Argentine Basin

AB-6A/Rio Grande Rise

+

AB-6B/Rio Grande Rise

AB-10/Brazilian Slope

B. Second-Priority Sites

Site/Location

AB-2/Ridge between Agulhas

and Falkland Plateaus

55
TABLE 1

AB-2A/Ridge between Agulhas

and Falkland Plateaus

AB-5/Hunter Channel
{Back-up Site}

C. Leg 7Tl-—Proposed Schedule

Drilling

Site Days
AB- 8
AB-3 7
AB-4A 3
AB-BA 10
AB-6B

AB-10 3
SUBTOTAL 31
No. Days Steaming 9
TOTAL

1L LEG 72 SITES (RI0O GRANDE RISE)

A.  Site Selection

46 Days

High latitude record of CCD
fluctuations in Cenozoie and Mesozoic;
opening of Drake Passage; high
latitude biostratigraphy record.

Test Cenozoic latitudinal oscillations
and development of polar front;
biogenie productivity history.

Together with AB-3, provides transect
of the polar front; Eocene-Oligocene
boundary.

Paleodepth Transeet (with AB-6B, 7, 8,
& 9) to investigate history of
water-mass development in the South
Atlantic; complete biostrat record for

. late Cretaceous & K/T boundary.

‘Cenozoie record to go with AB-6A.

Palecclimatie history of Brazilian
Current,

Objective

OP of the 8. Atlantic and Indian
Basin. -

OP events and sediment changes
related to break in Agulhas-Falkland
fracture zones.

Examine history of AABW in 8. Atl.

HPC Drill
Yes Yes
Yes . Yes
Yes -——
Yes Yes
Yes —

Sites AB-7, 8, and 9 will be drilled. These sites together with AB-6
are designed to examine the history and development of bottom water-mass

in the South Atlantic.



1.
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B. Leg 72—Proposed Schedule

Drilling
Site Days HPC Drill
AB-7T . 10 Yes Yes
AB-8A, 8B 28 Yes Yes
AB-9 12 Yes Yes
SUBTOTAL 36
Days Steaming 4
TOTAL 7 : 40 Days
Back-Up Site: AB-10—Drill to basement

LEG 73 (MID-ATLANTIC RIDGE)

The revised site selections (following recommendations made at the Toronto
QPP meeting) were presented, Leg 73 is & ridge transect designed to examine
Tertiary Oceanography; seven primary sites were selected (several alternates
discussed), each located on & magnetic anomaly as part of a designed age~depth
traverse. In addition to the proposed sites, another site will be added to the
SA-II, 1-6 transeet. This site will be in water less than 2 km deep.

A. TFirst-Priority Sites

Site/Loeation Objective
SAIl-l/Anomaly 5/5A 10 Ma Miocene record. -
SAII-Z/Anomaly 5B 14 Me . Miocene record.
SAIl-3/Anomaly 5C/D 17 Ma Miocene; mid-Miocene event.
SAll-4/Anomaly 14-15 - Late Tertiary
SAII-5/Anomaly 16-17 Late Tertiary
SAll-6/Anomaly 20 45.5 Ma Eo-Oligocene -
SAIl-7/Anomaly 21-22 50 Ma Mid-Tertiary

B. Second-Priority Sites

The Cape.and Angola Basin sites were given lower priority because of
the additional travel time required.

Sites/Location Objective
SAIlI-2/Cepe Basin Anomaly Cretaceous and Tertiary

31 (lowest priority)

SAII-6/Angola Basin Mid-Cretaceous events

C. Leg 73 Schedule

It is estimated that the seven first-priority sites will each require 4 to
6 days of drilling time. :

37 days operation (sites SAIV 1 to 7)
10 days steaming time

TOTAL 47 days
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LEG 74 (WALVIS RIDGE)

The major objective of this leg is an ocean gradient study across the Walvis

Ridge.

A.

Leg 74 Sites
Sites/Location Objective

SAI-1 to 6/Walvis Ridge Tertiary and late Cretaceous

SAII-7/Walvis Ridge; North Shallow water site

of SAII-1 in 1800 m.

Leg 74—Schedule

HPC and drilling of SAII 1 to 6 is estimated to require 6 days per site
and 1 day per site to log, If logging is reduced, SAII-7 can be included.

42 days operation
_8 days steaming
TOTAL 50 days

(Scheduled 44 days)

LEG 75 (ANGQLA BASIN)

A,

First-Priority Sites

Sites/Location Objectives

SAI-l/ Aﬁgola margin, located
at 200 mile limit; 4900 m
water depth re-entry.

SAl-2/Central Angola Basin

SAI-5/Flank Walvis Ridge

Second-Priority Sites

Sites/Location
SAIll-1/Cape Basin

Leg 75—=Schedule

- Examine history of Cretaceous

anoxie events; 1200 m section.

North end of Walvis Ridge Transect,
anomaly 31; Cret.-Tertiary boundary;
HPC ‘

Cretaceous Anoxic history; intermed.

site between DSDP 363 and basin;
Albian basement.

Cretaceous

On Site .
SAI-2 4
SAl-l 16
BAI-5 12
SUB-TOTAL 32 days
STEAMING 13 days*

TOTAL . 45
(Scheduled 42 days)

*Assumes Walvis Bay as port of call.




VIL LOGGING RECOMMENDATION

A. LegsT7l & 72

Because ‘of the reduced
number of operational days on
Legs T1 & 72, OPP requests that
the sites be prioritized with
respect to their logging potential
and recommends that logging be
restrieted to the deeper holes at
sites AB-6, 7, 8, and possibly 10.

B. Leg 74
OPP recommends that
logging be reduced to sites

SAIl-l, 3, and 5, and that sites
SAIl-2, 4, 6, and 7 be omitted
because of the reduced number
of operational days available on
Leg 74 and the close spacing of
the sites."

REVIEW OF OPP RESULTS IN THE PACIFIC

The results obtained for the Tertiary
phase of the recent ocean paleoenvironment
drilling in the Pacific were summarized.
Some of the suceeses included:

l.  The recovery of execellent late
Neogene siliceous record for the
Kuroshio Current System.

2. A complete Cretaceous-Tertiary
boundary on Rise.

Failures ineluded:

1. The poor recovery of the sites in
the California Current System.

2. Loss of sites GA 1, 2, & 3 in the
Guif of Alaska and EP-l in the
Mid-Ameriea Trench area due to
weather, scheduling and
logistical problems.

The Chairman of the Mesozoic WG
reviewed the failure of Legs 61 and 62 to
achieve stated OPP objectives—recovery of
early Cretaceous and Jurassic sediments. He
re-iterated that the most important Mesozoie
goals are drilling in the NW Paecifie, the south
end of the Japanese lineations and in the
Mariana and Nauru Basins.
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DRAFT REPORT
POLLUTION PREVENTION
AND SAFETY PANEL
19-20 November, 1979—Woods Hole

During the first day of the meeting
the Safety Panel reviewed the sites for Legs
71 end 72. The second day was spent in a
review and discussion of gas hydrates and the
safety problems they present.

Leg 71

AB-1 Disapproved. Inadequate data.
Poor seismic record left open the
possibility that an  angular
unconformity underlies the area,
and that a major fault nearby
could have provided a migration
route for hydrocarbons into the
section to be penetrated.

AB-lb Approved if drill site moved to
avoid penetration of lower beds
where truncation and possible
trapping could be encountered.
New loeation at 1700 hours on
CONRAD seismic line 2106, 21
March, 1878. Penetration
spproved to a depth equivalent
to 4.1 sec on that record.

AB-le Dropped.

AB-le’ the

the

To avoid penetration of
apparent unconformity at
site proposed, it was
recommended that AB-l¢' be
drilled at two separate sites as
follows:

AB-le'(a)  Approved at 0730 position on

Vema 3103 (17 March, 1978), with

penetration only to the

prominent reflector at 2.9 sec at
this location.

AB-le'd})  Approved at the 0930 position on

Yema 3103, also with penetration

only to the prominent reflector

at 2.9 sec at this location.

It was further recommended that a serious
attempt be made to resolve seismie velocities
in this area before driliing, in order that
reliable predictions of depth to the 2.9 sec

reflectors are available at these two
locations. If the veloeity problem cannot be
satisfactorily resolved, it is recommended

that Site AB-le'(a) be drilled first in order to
test the older beds nearest their outerop
position.

AB-1D Approved for hydraulic piston
coring to 150 m.
AB-2 Approved as proposed.




AB-2A Approved as proposed.

AB-3 Approved as proposed.

AB-4A Approved to basement.

AB-4B Approved to basement,

Leg 72

AB-5 Approved as proposed,

AB-6A Dropped.

AB-6B Approved to basement. Extra
precaution should be exercised to
avoid drilling into or near the
crest of one of the mid-seetion
domes shown in the processed
record. An adequate site survey
by CHALLENGER and a
complete analysis of available
processed records should be
made to insure the penetration
of the mid-section in a synclinal
position with respect to the
domes.

AB-17 _"Approved as proposed.

AB-8A Approved as proboscd.

AB-8B Approved as proposed.

AB-9 Approved as proposed.'

AB-10 Approved for hydrauiic piston
coring to 200 m.

AB-10A Dropped.

Gas Hydrates

During _the morning invited guests
presented brief talks about various aspects of
the gas hydrate problem.

The safety review of Legs 71 and 72
was completed on 19 November, and the day

. following was spent in a review and discussion

of gas hydrates and the safety problems they
presnt.

John Hunt expiained the formation of
gas hydrates and discussed their properties.

Tom Shipley talked about the BSR in
the continental margin region off Ousxaca,
and the gas hydrates encountered there
during Leg 66.

Bill Harrison discussed the absence of
an obvious BSR in the Guatemalan margin,
and the encountering of gas hydrates there
during Leg 67. ‘

Roland Von Huene talked about the
geologie setting of the Guatemalan margin,
and the estimated P-T conditions under which
the Leg 67 hydrates were found. . He
suggested that a very faint BSR. may appear
in the seismic records at the levels predicted
under these P-T conditions. .

Alfred Mayer-Gurr presented a brief
case history of a blow out at an offshore
drilling site.

Brian Tucholke
character and occurrence of BSRs . in
geophysical records and showed some
examples, He also presented & map showing
the distribution of BSR's in the Atlantie
margin of North America. ‘

diseussed the

Bill Dillon and Charlie Paull expanded
the Atlantic margin BSR discussion and
showed geophysical records and maps of the
supposed gas hydrate region in the Blake
Outer Ridge.

Tom Sﬁiglex " . talked about the
geophysical signature of gas .hydrates and
BSR's as the base of clathrate.

The day closed with a general
discussion of the present state of knowledge
of gas hydrate oceurrence in continental
margin settings, and the degree of risk
incurred by CHALLENGER-type drilling in
these regions. No clear-cut guidelines for
future decisions emerged, but it was
generally conceded that the P-T field for
hydrate formation, although experimentally
well established, is not known well encugh in
nature to accurately predict the position of
its lower boundary. Furthermore,
state-of-the-art in downhole, tempemtm-e
meeasurement for CHALLENGER drlllmg is
not sufficiently accurate, and indeed, in many
places, the geothermal gradient’ may not be
well enough known, to form the basis for
predicting a lower clathrate boundary below
which drilling should not be continued. It was

agreed that the pressure field could be
satisfactorily represented by hydrostatic
pressure, but the uncertainties involving

other factors placed the accurate location of
Y base-of-clathrate beyond present
capebilities unless a clear BSR is present.

Where a BSR is present, and is taken
to be the reflector of a hydrate/gas
interface, there still seems to be no complete
assurance of the absence of high pressure
above that marker. The  published
electrie-log-interpretation of free gas
oceurrence within the hydrate zone in the
MeKenzie delta leaves open the possibility
that zones of hydrates and zones of free gas
can interfinger under




some conditions, and that the hydrate/gas
contact may not always be a clearly
definable, and. avoidable, stratum. Until
more can be learned about the relationship in
nature of clathrate and free gas, open hole
drilling where clathrates are suspected will
continue to present a high risk.

In  summary, the Safety Panel
concluded that, although a poliecy of striet
avoidance of drilling in areas where gas
hydrates might exist is not justified, each
drillsite proposed in such areas will be
critically reviewed, and very thorough site
surveys and extensive regional background
information should be provided for safety
review. In the present program of open hole
drilling, a very conservative attitude toward
site approvals in possible gas hydrate areas
will be the rule.

DRAFT REPORT
SEDIMENTARY PETROLOGY
AND PHYSICAL PROPERTIES PANEL
2-3 November, 1979—SIO

CORE QUALITY

The reporting of core quality aboard
the drillship was 'discussed. Staff scientists,
recently aboard the CHALLENGER, indicate
that sufficient documentation of relative
disturbance is made on a routine basis for
both the hydraulic piston corer (HPC) and
rotary cores.  For cores that are
semi-indurated core splitting mey be a
problem. In these ecases cutting with the
standard wire knife is impossible and
alternate methods of cutting the core with
saws . introduces water to the  samples
rendering the samples suspect with regard to
physical properties. The SP4 recommended
that the DSDP investigate how to avoid
changing the  physical properties of
semi-indurated cores when they are split by
saw in the shipboard laboratory.

REVIEW OF ACTIONS TAKEN ON THE 1978
SP4 REQUESTS

L. TECHNICAL MANUAL STATUS

_Initial Reports Volume 44 is out
and the ad hoe Technical Manual
chairman Ross Heath is pushing all
Manual authors to revise previously
submitted papers or to prepare papers
to complete this project.
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II.

IT1.

DRILLSHIP STAFFING (IN SP and PP)

Efforts to date for SP4 members
to suggest names have not been very
suecessful. The SP4 has proposed to
establish a working group to help the
SP and PP staffing.

REVIEW OF STATUS OF QOBTAINING
ORIENTATED CORES

Apparently a prototype
orientated coring system was
developed and tested on Legs 32(?)
and  37(7). The  tests  were
unsuceessful, which is attributed to
lack of unfractured basalt that would
hold together during coring. DSDP
management, according to  old
records, recommended against
further funding and development.

The HPC can be relatively
oriented with respect to a mark to
within about 5% about 70% of the
time. Geodetic orientation is.
feasible, but initiation would cost
about $5000/leg. Because of the
cost, and lack of eclamor for true
orientation, this method is held in
abeyance. It was the consensus of
the Panel that orientated cores
should be collected. The status of
orientating . soft and indurated
sediment and rock cores will be
reviewed.

REVIEW OF RELEVANT DSDP INFORMATION

L

II.

FUEL AND LOGGING

The CHALLENGER's fuel costs
have risen over budget by about 0.5
M$. Logging is a package that may
be susceptable to being eliminated to
provide these unbudgeted f{unds,
although &  number of  other
alternatives are being explored. The
panel restated that logging is on a par
with fuli-hole coring. To delete
logging from the DSDP diminishes
critical components from the main
body of data. All  reasonable
aftempts should be made to preserve
the logging budget even at the
expense of other items such as
additional holes drilled.

INSTRUMENT DEVELOPMENT

A. Pressure Core Barrel (PCB)

The PCB did not work on
Leg 62 because of seating
problems. It is hoped to run it on
Leg 72 for tests and on Legs Tl
and 75 for operations.




B. Bit Sensor
This devise is to detect bit
motion when coring; it will be
tested on Legs 72 and T3,

C. Hydraulic Piston Corer

A new version is being
designed  that i3 capable of
eolleeting a full-length eore. A
prototype chould be ready in
February, 1980, for testing on leg
71, Plans call for the toal to be
aperational in the fall of 1383.

D.. Other Items

It was mentioned that on a
recent leg some tests were made
using the needle penetrometer.
The SP4 feels that needle
penetrometer is  an  obsolete
piece of equipment. 1t should be
removed from the
CHALLENGER and not  bhe
peraitted to be used on  any
future seditvent core at sea or in
the laboratory.

PCOM-RELATED INFORMATION

The 3P4 was asked to consider, what
shouid be

if  amy, specizl procedurss
considered relative 1o the new hydravhie
piston corer. The Panel made the following
recommendations:

i.  Somie  probing  ("ultra-sean”)
should be considered by the
DSDP a5 an aiternative to X-ray,
for rapid indication of major
structures or inclusions pricr to
splitting, This method is both
safer and quieker. The sereen
can be photographed if &
permanent recard is desired,

2. Coler photographs  would be
better if made sooner than the
present practive, onboard the
CHALLENGER, of photographing
batches of seetions at one time.

3. Plastic films are being applied to
cut surfaces befare storage. To
prevent drying and the
efflorescence and loss of detail
that accompanies drying, the
plastic  covering  shouwid bhe
applied to the working section as
soon as possible.

DOWNHOLE
REPORT

MEASUREMENTS PANEL

A orief summary was made of the
logging Hoprovements; the DMP  mini-ieg
proposals; the pasi, present, snd proposed
downhole experiments; and the socon-to-be
relensed DMP report iisting logging tools.
During the discussion no one was certain if a
dipmeter-had been proposed. The 3 arm or 4
arm  Dipmeter is a8 sophisticeted logging
device that messures rock resistivities ana
hence enables the aceurate messurement of
bedding and [racture orientation in situ, This
logging tool should be dequired, rented, or
designed for DSDP drilied holes.

-

REPORT OF THE AD HOC COMMITTEE TO
REVIEW SEDIMENTARY PETROLOGY
PROCEDURES ABOUT THE CHALLENGER

This review was requested of the ad
hoa committee. The review was summarized
and the 8P4 made  the  following
recommendations:

1.  Update and fill out the reference
stide collection,

2. Make .2 new set of posters of
instruetional  materials  giving
detpils of both counting and
sample preparation  techniques.
Common  peotlems and pitfalls
should be swmmarized.

3. Construct a new and realistic set
of  visual estimation  charts
desigried specifically for smear
siide apalysis.

4. Institute a detsiled standardized
program of initial instruction in
the technique plus & system of
replication and operator c¢hecks.
A system of periedic shipboard

aperator  checks. shouwld be
institutad  prefersbly  through
ooeasional duptication of

analyses by different operators.

5. Make frequent shipboard
carbonate bombe analyses at
horizons  where  smear  slide

samples are taken.

PHYSICAL PROPERTIES REPGET TO THE

PCOM

With regard to the SP4-DMP repor,
“Undisturbed Sampling and Physical Property
Testing,” previously submitted to the PCOM,
the SP4 members have reviewed the written
camments and recommend the following
gction plan.
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111,

FOR - DSDP - IMMEDIATE
IMPLEMENTATION ON A ROUTINE
BASIS

A. A_board the CHALLENGER:

l.  veloeity—as specified in the

report;

2. report layer interval
velocities measured to
0.001's;

3. all " Table I*, opriority 1

shipboard items.
B. Inthe shore laboratory:

1.  measure grain densities

(previously — mandated by

PCOMY);

2.7 sli Table 1, opriority 1,
laboratory items.

FOR DSDP IMPLEMENTATION AS
SOON" AS POSSIBLE OR WHENEVER
POSSIBLE

A. Sonobuoy wide-angle reflection
measurements;

B. Routinely measure heat
conductivities using the thermal
conductivity meter;

C. Use compressed velocity and

compensated density logs in .

semi-lithified sediments and
rocks; .

D. All Table 1, priority 2, shipboard
* items,

FOR NON-DSDP SCIENTIST OR
ENGINEER PRIORITY
IMPLEMENTATION AS SOON AS
POSSIBLE

A. Shear wave veloeity and
attenuation end compressional
wave measyrement in oblique
experiments;

B. All report items for igneous and
metamorphie rocks and indurated
sediments (listed in section IO of
report); some may be done by the
DSDP whenever possible;

C. All other Table I, priority 1, ship
and laboratory items.
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NEW BUSINESS
I GRAPE SPEED

It has been proposed that the core
transiation speed in the GRAPE be
increased. The SP4 has requested that before
this is done that representative cores be
analyzed by both the new and the old method
and a report be made to the Panel regarding
the gctuat difference measured.

1L REVISED SHIPBOARD MASS
PHYSICAL PROPERTY HANDBOOK

As previously requested by the SP4,
an "executive summary" to the shipboard
manual has been prepared to assist the
physical property specialists who may not
have the time to read through the voluminous
detail on physical property measurements.
Panel members were asked to review, edd or
delete information, and return the manual
and the summary to the Chairman as soon as
possible. :

v AD HOC COMMITTEE ON
LONG-RANGE PLANNING

An ad hoc committee was formed to
look at long-range planning. This committee
met at DSDP prior to the SP4 meeting. Two
areas were addressed:” '

l.  Technical developments; and,"

2. Research proposals for the
CHALLENGER and the
EXPLORER.

The list of recommended technical
developments proposed by the long-range
plenning committee, in decreasing priority, is:

l.  Hydraulie pisten core sampling
capability in sands.

2. In hole, in situ penetrometer for
the measurement of core
resistance.

3. In hole, in situ vane shear
‘strength device.

4. In hole, in situ piezometer for
the measurements of pore
pressure.

5. In situ hydrofracturing device.

6. In situ permeability device,
suitable for sediments and roeks.

7. Stress-strain meter, to measure
tectonic strains.
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NEWS ITEMS AND ERRATUM

"Palecceanic Reconstruetions™ by Fristbrook, Funnell, Hurley, and Smith is based
on DSDP drilling results through Leg 59. It consists of paleoceanic maps reconstructing
continental and oceanic positions, on 10 Ma time slices that eorrespond to stages from
.the present to the Cellovian. It is available at no cost on request to:

John L. Usher
Associate Chief Seientist
Deep Sea Drilling Project

S[0-USCD
La Jolla, CA 92093

PALEOCEANIC
RECONSTRUCTIONS
160-0 Ma
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Tel: (714) 452-2826
(714) 452-2836

Prof. T. K. Treadwell, Jr,
{Alternate: Dr. Worth D. Nowlin, Jr.)
Texas A&M University
College of Geosciences
Department of Oceanography
College Station, TX 77843
Tel: (713) 845-7211

Dr. M. N. A. Peterson (DSDP Rep.)
(Alternate: Dr. D. G. Moore)
Deep Sea Drilling Project, A-031
Secripps Institution of Oceanography
La Jolla, CA 92093
Tel: (714) 452-3500
{714) 452-3521

Dr. A. V. Sidorenko
(Alternate:  Dr. N, A. Bogdanov, or
Dr. P. P. Timofeev)
22, Staro Monetny Pereylok
Institute of the Lithosphere
USSR Academy of Seiences
Moscow,
U.S.5.R.
Tel:  233-06-20

Dr. Manik Talwani

(Alternate: Dr. Dennis E. Hayes)
Lamont-Doherty Geologieal Observatory
Palisades, N.Y. 10964
Tel:  (914) 359-2900




Planning Committee (PCOM)

Mr. John Ewing, Chairman

Woods Hole Oceanographic Institution
Woods Hole, MA 02543

Tel: (617) 548-1400, Ext. 2828

Dr. Helmut Beiersdorf
(Alternate: Dr. U. von Rad}
Bundesanstalt fur Geow1ssenschaften
und Rohstoffe
3 Hannover 51, Postfach 510153 .-
FEDERAL REPUBLIC OF GERMANY
Tel: 0-511-6468-788

Dr. William R. Bryant c
{Alternate: Dr. Stefan Gartner)
Texas A&M University -
Department of Oceanography
College Station, TX 77843
Tel: (713) 845-2153
(713) 845-2154

Dr. J. R. Cann® - ' ’
(Alternate: Mr. D. G Roberts)
Department of Geology- o

The Univesity

Newcastle-upon-Tyne

NEL 7RU

ENGLAND

Tel: 0632-28511, Ext. 3090 .
{Inst. Oceanographie Sciences

Brook Road, Wormley, Godalming™

Surrey GUS 5UB
ENGLAND)

Dr. Joe S. Creager
(Alternate: Dr. Dean A. McManus)
Department of Oceanography, WB-10
University of Washington
Seattle, WA 98195
Tel: (206) 543-5099 a.m.
(208) 543-9944 p.m.

Dr. J. Dymond

Oregon State University
School of Oceanography
Corvallis, OR 97331
Tel (503) 754-2296

Dr. Dennis E. Hayes
{Alternate: Dr. Mare Langseth)

Lamont-Doherty Geological Observatory

Palisades, N.Y. 10964
Tel: (914) 359-2900

Dr. Xavier LePichon
(Alternate: Dr. Yves Lancelot)
C.N.E.X.0. '
B.P. 107, Paris 16
FRANCE
Tel: 723-5528
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Dr. Ralph Moberly

(Alternate: "Dr. Charles E. Helsley)
Hawaii Institute of Geophysncs :
University of Hawaii .
2525 Correa Road  ~
Honolulu, HI 96822
Tel: (808) 948-8765

Dr. David G. Moore (DSDP Rep.)
Deep Sea Drilling Project

Seripps Institution of Oceanography
La Jolla, CA 92093 '
Tel: (714) 452-352]

Dr. Ted Moore
Graduate School of Oceancgraphy
University of Rhode Island
Kingston, R.I. 02881

Tel: (401) 792-6178

Dr. Noriyuki Nasu o
Ocean Research Institute
University of Tokyo

1-15-1 Minamidai

Nakano, Tokyo 164

JAPAN

Dr. L. Nikitin
Institute of Earth's Physics

of USSR Academy of Sciences
10 B. Gruzinskaya
Moscow o
U.8.8.R. - )
Dr. William Riedel {ex-officio, Curator)
Seripps Institution of ‘Oceanography
La Jolla, CA 92083 i
Tel: (714) 452-4386 -

Dr. Wolfgang Schlager o
(Alternate: Dr. Wayne D. Bock)
Fisher Island Station
Miami Beach, FL 33139
Tel: (305) 672-1840
(R.S.M.A.S., University of Miami
4600 Rickenbacker Causeway
Miami, FL. 33149)

Dr. E. L. Winterer
{Alternate: Dr. William Riedel)
Seripps Institution of Oceanography
La Jolla, CA 92093
Tel: (714) 452-2083
(T14) 452-4386




JOIDES ADVI_S‘,ORY PANELS

Downheole Measurements (D¥MP)

Dr. H. Byndman, Chairman

Pacific Geoscience Centre

Dept. Energy, Mines and Resources
9860 West Szanich Rosd

P.0. Box 6008

Sidney, B.C. V8L 4B2

CANADA

Tel: (804} 656-8268

Dr. Heinz Beekmann

Geologisches Institut

Teehnische Universitat Claustahl
3392 Cleusthal-Zeller{eld 1
Leibnjzstrasse 10

FEDERAL REPUBLIC OF GERMANY
Tel:  052323/722-2235.

Dr. Eugene Bayece {(DSDP Rep.)
Deep Sea Drilling Project

Seripps Ingtitution of Qeeanography
La Jolla, CA 92033 :
Tel: {714) 452-277%

Dr. William Bryant (Ex-officio}
Texas A&M University
Department of Oceanography
College Station, TX 77843
Tel:  (713) 845~2153

{713) 845-2154 -

De. N. Christensen

Dept. Geological Sciences, AK~2{
University of Washington

Seattle, WA 98195

Tel: (206) 5437143

Mr. A. H. Jageler

Amoco Production Research Cempemy
P.G. Box 5%t

Tulsa, OK 74102

Dr. D. H. Matthews

Dept. of Geology and Geophysies
Cambridge University

Madingley Rise, Madingley Road
Cambridge CB3 OEZ

ENGLAND

Dr. Y. Neprochnov
{Alternate: Dr. V. Dubrovskiy)
P.P. Shirshov Institute of Oceanclogy
USSR Academy of Sciences
22 Krasikova Street
Moscow, 109387
U.8.5.R.
{institute of Earth's Physics
USSR Academy of Sciences
10, B. Gruzinskaya
Mosecow, U.5.8.R.)

Dr. Vineent Renard

Centre Qeeanoclogique de Bretagne
B.P. 337

28273 Brest Cedex

FRANCE

Tel: 80-46-50

Dir. A. F. Richards (Ex-officio}
Marine Gectechnien] Laboratory
Lehigh University, Building 17
Bethlehem, PA 10815

Tel: {215} B61-3649

Mr. J. R. Severns :
MeCulloh 0l Corporation

16880 Wilshire Bivd.

Los Angeles,-CA 30(24



Industrial Liaison (ILP)

Mr. W. A. Roberts, Chairman
Executive Vice President
Phillips Petroleum Company
Bartlesville, OK 74004

Tel: (918) 661-3833

Mr. R. L. Adams
Executive Vice Presadent
Conoco Ine.

P.0. Box 2197

Houston, TX 77001

Prof, N. P. Budnikov
Ministry of Geology of USSR
4/6 Bolshaya, Gruzinskaya
Moscow 123812

U.S.8.R.

Mr. Melvin J. Hill ¢
Vice President and Coordinator
Gulf Qil Corporaticn

P.C. Box 1166

Pittsburgh, PA 15230

Tel: (412) 381-2400

H
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Dr. Ing. Guenter Peterson

Deutzche Schachtbau-und
Tiefborhrgesellschaft mbH

Postfach 1360

D-4450 Lingen (Ems) .

FEDERAL REPUBLIC OF GERMANY

Monsieur Gilbert Rutman
Societe Nationale des Petroles
D'Aquitaine

Tour D'Aquitaine—Cedex No. 4
92080 Paris La Defense
FRANCE

Mr. G. Williams

UK Offshore Operations Assceistion, Ltd.

182 Sloane Street
London SW1 90X
ENGLAND

Tel: 01-235-0762



Information Handling {{HP)

Dr. M. A. Rosenfeld, Chajrman
Woods Hole Oceanocgraphie Institution
Woods Hole, MA 02543

Tel: (617) 548-1400 Ext. 2409

Dr. D. W. Appleman
Department of Minersl Seiences
Natural History Building - -
Smithsonian Institution

Washing ton, D.C, 205686 - -
Tel: {202) 381-6331 :

Dr. Thamas Davies

Department of Geology o
Middlebury College . -
Middiebury, VT 05753 .-

Tel: (802) 388-7857

r. H. Glashoff

Documentation. Service

Bundesanstalt fur Geowissenschaften
und Rohstoffe

3 Hannover 51, Postfach 510353

FEDERAL REPUBLIC OF GERMANY

Dr. John C, Hathaway
.8, Geological Survey
Bldg. B. Quissett Campus
Woads Hole, MA 02543
Tel: (617) 548-8700
FT8: B837-4155, or 4134

Dr. A. Loeblich, Jr.
Department of Geology
University of California
Los Angeles, CA 90024
Tel: 1213) 825-1475

N

Dr. M. B. Loughridge

Marine Geology and Geophysies Braneh -

National Geophysical and Solar.
Terrestrial Data Center

Code D621, NOAA

Environmentsl Data Center -

Boulder, SO B83G2: .

Tel: {(303) 494-1000, Ext. 6487 -

Dr. Ted Moore {Ex-officio}
Graduate School of Oceanography
University of Rhode istand
Kingston, R. 1. 0288]

Tel: {401} 792—61?8 L

Dr. P. Woodbury {DSDP Rep.)

Deep Sea Drilling Project, A~031
Beripps Institution of Oceanogre.phy :
La Jolla, CA 82083

Tel: (714) 452-3526

Dr. V. V. Zdorovenin .
{Alternate: Dr. V.S. Scherbakov} )
Institute of Physics of the Earth
USSR Academy of Seiences
il, B. Gruzinskays
Moscow, 123810
L8.5.R.
{Ministry of Geology of USSR
446 B. Gruzinskaya
Moscow, UL8.5.R.)



Inorganic Geochemistry (IGP)

Dr. Joris M. Gieskes, Chairman

Scripps Institution of Oceanography
University of California, San Diego

La Jolla, CA 92093
Tel: (714) 452~4257

Dr. W. B. Clarke

Department of Physies
MeMaster University
Hamilton, Ontario

CANADA

Tel: (416) 525-9140, Ext. 4634

Dr. J. Dymend (Ex-officio)
School of Oeeanography
Oregon State University .
Corvallis, OR 97331

Tel: (503) 754-2296

De. H. Elderfield

Dept. of Earth Seiences
The University

Leeds LS2 9JT
ENGLAND

Dr. Margeret Leinen

University of Rhode Island
Graduate School of Qceanography
Kingston, R. [. 02881

Tel: {401) 792-6268

Dr. Frank Manheim
U.8. Geological Survey
Woods Hole, MA 02543-
Tel: (617) 548-8700

I

Dr. Ken Pisciotto (DSDP Rep.)
Deep Sea Drilling Project, A-031
Seripps Institution of Oceanography
La Jolla, CA 92093

~Tel: (714) 452-3521

Dr. I. D. Ryabehikou

(Alternate: Dr. A. Sharaskin)

Institute of Geclogy of Ore
Deposits, Petrology, Mineralogy,
& Geochemistry of the USSR

Academy of Sciences

Staromonetny 33
Moscow, 109017
U.8.8.R.

(Institute of Geochemistry
USSR Academy of Sciences
47, &, Vorobiovskoe Shosse
Moscow, U.8.5.R.)

Dr. S. Savin

Cese Western Reserve University
Cleveland, OH 44106

Tel: (216) 368-3690

Dr. Erwin Suess

School of Oceanography
Oregon State University
Corvallis, OR 97331
Tel: (503) 754-2296

Dr. Y. Tardy

Laboratoire de Pedologie et Geochemie
38, rue des Trente-six Ponts

31078 Toulouse

FRANCE

Dr. K. H. Wedepohl

34 Gottingen

Geochemisches Institut der Universitat
Goldschmidstrasse 1

FEDERAL REPUBLIC OF GERMANY
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Ocean Crust (QCP)

Dr. Paul J. Fox, Chairman

Centre Oceanologique' de Bretagne
B.P. 337, 29.273

Brest, Cedex

FRANCE

Tel: 98 458 055

Dr. N. A. Bogdanov
(Alternate: Dr. A. A. Tsvetkov)
22, Staromonetny Pereylok
Institute of the Lithosphere
USSR Académy of Seiences
Moscow
U.5.5.R.
Tel: 233-06-20
(institute of Geology of Ore
Deposits, Petrology, Mineralogy
& Geochemistry of the USSR
Academy of Sciences
Staromonetny 33
Moscow, 108017, U.S.8.R.)

Dr. R. G..Coleman -

U.S. Geologieal Survey

345 Middlefield Road

Menlo Park, CA 94025

Tel:  {415) 323-81li, Ext. 2334

Dr. J. Dymond (Ex-officio)
Sehool of Oceanography
Oregon State University
Corvallis, OR 97331

Tel: (503) 754-2296

Prof. Dr. Rolf Emmermann

Institut fur Petrographie und Geochemle
der Universitat Karlsruhe

Kaiserstrasse 12

D-7500 Karlsruhe

FEDERAL REPUBLIC OF GERMANY

Dr. Jean Francheteau

Centre Oceanologigue de Bretagne
B.P. 337

29273 Brest Cedex
FRANCE —
Tel: 98 458 055

Dr. J. Honnorez

Sehool of Marine & Atmospherie Sciences
University of Miami

4600 Rickenbacker Causeway

Miami, FL 33149

Tel: (305) 350-7508

Dr, Paul dohnseon

Department of Qceanography.
University of Washington
Seattle, WA 98195

Tel: (208) 543-5060

Dr. Roger Larson

Lamont-Doherty Geological Observatory
Palisades, N.Y. 10964

Tel: (914) 359-2900, Ext. 346

Dr. Ralph Moberly (Ex-officio)
Hawaii Institute of Geophysies
University of Hawaii

2525 Correa Road

Honolulu, HI 96822

Tel: (808) 948-8755

Dr. Jim Natland (DSDP Rep.)
(Alternate: Matt Salisbury)

Deep Sea Drilling Projeet, A-031

Seripps Institution of Oceanography

La Jolla, CA 92093

Tel: (T14) 452-3538

Dr. M. Ozima
{Alternate: Dr. Ikuo Kushiro)
Geophysical Institute
Faculty of Science
University of Tokvo
Bunko-ku Tokyo 113
JAPAN

Dr. Ralph Stephen

Woods Hole Oceanographic Inst1tut10n
Department of Geology and Geophysics
Woods Hole, MA 02543

Tel: (617} 548-1400, Ext. 2583

Dr. John Tarney

Department of Genlogical Seiences
The University

P.O. Box 363

Birmingham, B15 2TT

ENGLAND

Tel: 021-472-1301

Dr. M. Treuil
{Alternate: Dr. Henri Bougault)
Institute Physique du Globe
Universite Paris 6 \
4, Place Jussieu
Paris Cedex 05
FRANCE
Tel: 336-2525 )
(Centre Oceanologique de Bretagne
B.P. 337
29273 Brest Cedex
FRANCE)




Ocean Margin Active (AMP)

Dr. Roland von Huene, Chairman
U, 8. Geological Survey

345 Middlefield Road-

Menlo Park, CA 54025

Tel: {415) 856-71085

Mr. P. F. Barker

Department of Geological Smences
The University

P.0. Box 383

. Birmingham Bl5 278

ENGLAND

Tel: 021472 1303, Ext. 208} C

Dr. Rene Blanchet
{alternate: Dr. Jean-Paul Cadet)
Lab. Qeeanclogie et Geodynamique
Universite de Bretagne Cceidentale
28279 Brest Cedex
FRANCE
Tel:  (98) 63-16~94, Ext. 330
{Universite d'0rleans)

Dr. Joe 8. Creager (Ex-officio)
Department of Oceanography, WB-10
Untversity of Washington
Seattle, WA 88185
Tel: (206) 543-5098 a.m,

{206) 543-9944 p.m.

Dr. W, R. Dickinson -
Dept. Geoseiences -
Unjversity of Arizona
Tuseon, AZ 85721
Tel: (802)626-2178

De. Y. L Dmitriev

Institute of Geology of Ore Deposits,
Petrology, Mineralogy, and Geochemistry
of the USSR Academy of Sciences

Staromonetny 35

Moseaw, 109017

U.8.35.R.

De. D. M. Bussong

Hawaii Institute of Geophysies
University of Hawail

2523 Correa Road

Honoluly, HI 86822

Tel:  {BYB) 948~871

]
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Dr. Daniel Kerig ’
Department of Geologlcal Sciences
CorneRl University

Ithgea, N. Y. 14853 -
Tel: {607} 256~2679 " ‘

Dr. Kazua Kobayashi -

Ocean Researeh Institute -
University of Tokyo -
Nekano, Tekye © | - Ca
JAPAR ..
Tel: 03—396—]251

Dr. Keith Kvenvolden (OGP Rep.}
U, 8. Geologicsl Survey .
345 Middlefield Roed

Menlo Park, CA 94025

Tel: (415} 323-Bll, Ext. 2513

Dr. Xavier LePichon {Ex-officio)
C.NLE.X.O:

B.P. 107, Paris 1§

FRANCE

Tel: 7233528

Dr. T. Shipley (DSDPF Rep.}

Deep Sea Drilling Project

Beripps Institution of Qeeanography
La Jolla, TA 92083

Tel: (T14)452-4123

Dr. Hansjust Walther

Bundesanstalt fur Geowxssensehai‘ten
und Rohstoffe

Stillewag 2, D-3008 Hannover -

FEDERAL REPUBLIC QF GERMANY

Tel: 0511-64681

Dr. Joel Watking '
Exploration & Production Division .
Gulf Seience & Technology Company

P.C. Box 2038 ’
Pittshurgh, PA 15230




Ocean Margin Passive (PMP)

Dr. Robert Sheridan, Chairman
University of Delaware
Department of Geology
Newark, DE 19711

Tel: (302) 738-1272

Dr. Helmut Beiersdorf (Ex-officio)

Bundesanstalt fur Geowissenschaften
und Rohstoffe

3 Hannover 51, Postfach 510153

FEDERAL REPUBLIC OF GERMANY

Tel: 051-6468-788

Dr. William Bryant (Ex-officio)
Texas A&M University
Department of Oceanography
College Station, TX 77843
Tel: (713) 845-2153

Dr. J. R. Curray

Seripps Institution of Qeeanography,
A-015

La Jolla, CA 92003

Tel: (714) 452-3299

Mr. John Ewing {Ex-officio)
Department of Geology and Geophysics
Woods Hole Oceanographie Insitution
Woods Hole, MA 02543

Tel: (617) 548-1400, Ext. 2265

Dr. John Grow

U.8. Geological Survey

Woods Hole, MA 02543 02543
Tel: (617) 548-8700

Dr. K. Hinz

Bundesanstalt fur Geowissenschaften
und Rohstoffe, Abt. Geophysik

3 Hanncver 51, Postfach 510153

FEDERAL REPUBLIC OF GERMANY

Tel: 0511-6468330

Dr. Johnt M. Hunt (OGP Rep.)

Woods Hole Oceanographie Institution
Department of Chemistry

Woods Hole, MA 02543

Tel: (617) 548-1400, Ext. 2562

Dr. H. Kagami

Ocean Research Institute
University of Tokyo
Nakane, Tokyo 164
JAPAN

Tel: 03-376-1251

Dr. L. Montadert
(Alternate: Dr. Bernard Biju-Dural)

Institute Francais du Petrole

Division Geologie

1 et 4, Avenue de Bois-Preau

B.P. 18, 92 Rueil-Malmaison

FRANCE

- Tel: 967-11-10, 976-17-66

74

Dr. David G. Moore {DSDP Rep.}
Deep Sea Drilling Project, A-031
Seripps Institution of Oceanography
La Joila, CA 92093

Tel: (714) 452-352]

Prof. V. Nalivkin
(Alternate: Dr. M, E. Artemiev)
Liteynyi Prospect
Leningrad
U.8.5.R.
(Institute of Earth's Physics
USSR Academy of Sciences
10 B., Gruzinskaya
Moscow, U.S.5.R.)

Mr. D. G. Roberts

Institute of Oceanographic Sciences
Brook Road, Wormley, Godelming
Surrey GUS 5UB

ENGLAND

Tel: 042-879-4141

Prof. Dr. E. Seibold
(Alternate: Dr. von Stackleberg)
Geologisch~Palaontologisches Institut
Universitat Kiel
Olshausenstrasse 40/60
D-23, Kiel
FEDERAL REPUBLIC OF GERMANY
(Bundesanstalt fur Geowissenschaften
und Rohstoffe
3 Hannover 51, Postfach 510153
FEDERAL REPUBLIC OF GERMANY)

Dr. 8. Snelson
Shell 0il Company
P.O. Box 481
Houston, TX 77001

Dr. J. Thiede

Institute for Geologi
Universitetet I Oslo
Postboks 1047

Blindern, Oslo 3
NORWAY

Tel: 46-6800; Ext. 9692

Dr. P. R. Vail

EXXON Production Company
P.O. Box 2189

Houston, TX 77001

Tel: (713) 965-4884

RAN




Ocean Palecenviranmeni (QPP}

Or. Robert G, Douglas, Chairman
Dept. of Geological Sciences
University of Southern California
University Park

Los Angeles, CA 20007

Tel:  {213) 741~7676

Or. Charles Adelseck (DSDP Rep.}
Deep See Drilling Projeet

Secripps Institution of Qceanography
La Jolla, CA $2093

Tel: {714} 452-4172

Dr. W. Y. Berger

Scripps Institution of Oceanogmphy
La Jolla, CA 82083

Tel:  {214) 452-2730

Or. Geofirey Bglinton (OGP Rep.)
University of Bristol

Schoal of Chemistry

Bristo] BS8 ITS

ENGLAND

Dr. d. Hays

Lamont~Doherty Geological Observatory
Palisades, N.Y, 10964

Tel; {514} 359-2000, Ext. 403, 404

Dr. James C. Ingle
Department of Geology
Stanford University
Stanford, CA 94305
Tel: {415} 497-2531

Dr. H. C. Jenkyns

Department of Geology and Mineralogy
University of Oxford

Parks Road

Oxford 0X 1 3PR

ENGLAND

Tel: (0865} 5451

Dr. James P. Kennett

University of Rhode Istand
Graduate School of Qveanography
Narragansett Bey Campus
Kingston, B. I. 0288}

Tel: (401} 792-6215

- Do, Y, Leneelot

{Alternate: Dr. Henri Chamley)
C.N.EX.O.
B.P. 107
Paris 16
FRANCE
Tels 723~5528

{Universite de Lille

Dept. of Earth Sciences)

Dr. Ted C. Maore {(Ex-officio)
Graduate School of Oceanography
University of Rhode Isiand
Kingston, R. 1. 0288i

Tel: (401 792-8178

[h=]

Wi

Dr. Willigm Ruddiman

Lamont-Doberty Geologieal Observatory
Palisades, N.Y. 10964

Tel: {814) 359-7900, Ext. 528, 529

Pr.Michael Sarnthein )
{Alternate: Dr. Gerhard Einsele}
Geol.~Paleontol. Inst. der Univ, Kiel
23 Kiel, Olshausenstrasse 40/608
FEDERAL REPUBLIC OF GERMANY
{Geologisches Institut
Sigwartstr, 10
7400 Tuebingen .
FEDERAL REPUBLIC OF GERMANY)

Dr, H. d. Shecklaton
University of Cambridge
Gowin Laeboratory

Free Schaol Lane
Cambridge, CBZ 3RS
ENGLAND

Tel: (223-58381

Dr. W, V. Sliter

U. 8. Geologieal Survey . .
National Museum of Natura}l History
Room E-501 .
Washington, D.C. 20560

Tel: {202) 343-3208

Dr, Y. Tekayanagi
{(Alternate: Dr. Hakuyu Okada)
Geol. and Paleont. Inst,
Tokohu University
Sendai
JAPAN
Tel: 0542-37-1111 _
{Geoscience inst., Shizuoka Univ.
Shizuoka 422
JAPAN}

Dr. P. P. Timofeev
{Altermate: Dr. L Murdmas)
Institute of Geology
USSR Academy of Sciences
7 Pyzhevsky per
Moseow ZH-1T
U.8.8.R.
(nstitute of Oceanalogy
USSR Academy of Sciences
22 Krasikous Streat
Maoscow, 109387
U.8.8.R.}

Dr. E. L. Winterer {Ex~officio}
Seripps Institution of Oceanography
La Jola, CA 92093

Tel: (714} 452-2083




Organi¢c Geochemistry (OGP}

Dr. Keith Kvenvolden, Chairman
U.S. Geological Survey

345 Middlefield Road *

Menlo Park, CA 94025

Tel: (415) 856-7150

Dr. Earl W. Baker

Dean of Science

Florida Atlantic UmverSlty
Boea Raton, FL 33431

Tel: (305) 395-5100, Ext. 2701

Mr. Geoffrey Eglinton (OPP Ligison)
University of Bristol

School of Chemistry

Briston BS8 1TS

ENGLAND

Dr. J. Gordon Erdman
Phillips Petroleum Company
Bartlesville, OK

Tel: (918) 336-6600

Dr. E. Galimov
{Alternate: Dr. E. Romankevich)
Institute of Geochemistry
USSR Academy of Sciences
47 a, Vorobiovskoe shosse
Moscow
U.5.5.R.
(USSR Academy of Sciences
Inst. of Oceanology L
22 Krasikoua Street” - ‘
Moscow, 109387, U.S.S.R.)

Dr. John M. Hunt

Woods Hole Oceanographie Instltutlon ‘

Department of Chemistry
Woods Hole, MA 02543 ~
Tel: (617) 548-1400, Ext. 2562
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Dr. Philip A. Meyers

Department of Atmospherie’ & Oceamc Science
University of Michigan'

Ann Arbor, MI 48109 -

Tel: (313) 764-0597

Dr. Bernd R. Simoneit
Institute of Geophysies and

Planetary Physies
University of California
Los Angeles, CA 90024
Tel: (213) 825-3331

Dr. B. Tissot

Institut Francais du Petrole
1l et 4, Avenue de Bms-Preau
B.P. 18

92502 Rueil Malmaison
FRANCE

Dr. Dietrich Welte
(Alternate: Dr, E. Degens)

Lehrstuhl fur Geologie, Geochemie, und
Lagerstatten des Erdolsun derKohle

Rhein-West. Techn. Hochschule

3! Aachen

FEDERAL REPUBLIC OF GERMANY
(Dept. Geologie, Univ. of Hamburg

Hamburg, GERMANY)

Dr. E. L. Winterer (Ex-officio)
Seripps Institution of Oceanography
La Jolla, CA 92093

Tel: (714) 452-2083




Pollution Prevention and Safety Panel (PPSP)

Dr. Louis E. Garrison, Chairman
U.5. Geological Survey

P.Q. Box 6732

Corpus Christi, TX 79411

Tel: (512) 888-3295
(512) 888-3294
Dr. N. L. Beliy

(Alternate: Dr. O. O. Scheremet)
Ministry of Gas Industry
8UL Strolitelei
117939 Moscow
U.5.5.R.
Tel: 1330130

Dr. George Claypool
(Alternate: Dr. Keith Kvenvolden)
U.S. Geological Survey ’
Branche of Qil and Gas Resources -
Denver Federal Center
Denver, CO 80225
Tel: {(303) 234-3561
{U.S. Geological Survey
Menlo Park, CA 94025
Tel: (415) 323 8111, Ext. 281‘7)

Mr. Brian E. Davies

Schio Petroleum Company
100 Pine Street

San Francisco, CA 94111
Tel: (415) 445-9400

Dr. Robert Douglas (Ex-officio, OPP sites only)
Dept. of Geological Seiences

University of Southern California

University Park

Los Angeles, CA 90007

Tel: (213) 741-7676

Mr. John Ewing (Ex-officio)
Department of Geology and Geophysics
Woods Hole Oceanographie Institution
Woods Hole, MA 02543

Tel: (517) 548-1400, Ext. 2828

Dr. P. J. Fox (Ex-officio, OCP sites only)
Centre Oceanologique de Bretagne

B.P. 337, 29.273

Brest, Cedex

FRANCE

Tel: 98 458 055

Dr. H. Grant Goodell

Department of Environmental Sciences
University of Virginia

Charlottesville, VA 22901

Tel: (804) 924-7761, Ext. 219

SN
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Dr. Arthur E. Green

EXXON Production Research Laboratory
P.O. Box 2188

Houston, TX 77001

Tel: (713) 965-4172

Dr. A. J. Horn

34 Lloyden Drive
Atherton, CA 94025
Tel: (415) 323-7126,

Mr. J. Laherrere

(Alternate: Mr. Chnstlan Bois) .
Director, Dept. of Assnstance Research
Total CFP--39 Quai A, Citroen ~
75739 Paris Cedex 15 .
FRANCE

Dr. David B. MacKenzie.
Marathon Oil Company
P.O. Box 269

Littleton, CO 80160

Dr. Arthur E. Maxwell (Ex-officio)
Woods Hole Oeeanographic [nstltutlon
Woods Hole, MA 02543

Tel: {617) 548-1400, Ext. 2250

Dr. Alfred Mayer—Gurr

Eichhaldestr, 79

D7417 Urach

FEDERAL REPUBLIC OF GERMANY

Dr. R. Sheridan (Ex-officio, PMP sites only)
University of Delaware

Department of Geology

Newark, DE 19711 '

Tel: (302) 738-2569

Mr. G. D. Taylor

British Petroleum Company Ltd.
Britannie House/Moore Lane
London, EC2Y 9BU

ENGLAND

Dr. R. von Huene (Ex-officio, AMP sites only)
U.S. Geological Survey

345 Middlefield Road

Menlo Park, CA 94025

Tel: (415} 323-8l11




Sedimentary Petrology and Physical Properties (SP4)

Dr. A. Richards, Chairman
Marine Geotechnical Laboratory
Lehigh University, Building 17
Bethlehem, PA 18015

Tel: (215) 861-3649

Dr. Richard Bennett

NOAA/AOML

13 Rickenbacker Causeway

Miami, FL 33149

Tel: (305) 361-3361, Ext. 318/319/320

Dr. John Conolly

Era North America Inc.
200 Railroad Avenue
Greenwich, CT 06830
Tel: (203) $22-9130

Dr. John W. Handin
Center for Tectonophysics
Texas A&M University
College Station, TX 77843
Tel: (713) 845-3251

Dr. George deVries Klein

Department of Geology~

University of Nlinois

Urbana, IL 61801

Tel:  (217) 333-3540 (message)
(217) 333-2076 (office)

Dr. I. N. McCave

School of Environmental Sciences
Univ. of East Anglia

Norwich NR4 7TJ

ENGLAND

Tel: (0603) 56161

Dr. F. Melieres

Laboratoire de Geologie Dynamique
Universite Pierre et Marie Curie
75230 Paris Cedex 05

FRANCE

Tel: 336-2525, Ext. 5157

Dr. Ralph Moberly (Ex-officio)
Hawaii Institute of Geophysies
Univesity of Hawaii

2525 Correa Road

Henolulu, HI 96822

Tel: (808) 948-8765

Dr. O. H. Pilkey
Department of Geology
Duke University
Durham, N.C, 27708
Tel: (919) 684-2206

Dr. Peter Rothe

Geographisches Institut der Universitat
Mannheim

Abteilung fur Geologie

6800 Mannheim 1

Schloss, Postfach 2428

FEDERAL REPUBLIC OF GERMANY

Tel: 0621-292-5458

Dr. Matt Salisbury (DSDP Rep.)
(Alternate: Dr. E. Boyce)

Deep Sea Drilling Project, A-031

Scripps Institution of Qeeanography

La Jolla, CA 92093

Tel: (714) 452-3388




Site Surveying (58P}

Dr. E. 4. W, Jones, Chairman
Department of Geology
University College London
Gower Street

Loadan WCIE 6BT
ENGLARD

Telr 01-387~7056

Dr. Rabert G. Douglas {(Ex-~officio, OPP)
Dept. of Geologiesal Sciences

University of Southern California
University Park

Los Angeles, CA 90007

Tel: 1213} 741-7676

Dr. P. J. Fox (Ex-officio, OCP)
Centre Oceanologique de Bretagne
B.P. 337, 28.273

Brest, Cedex

PRANCE

Tel: 99 438 055

Dr. Dennis Hayes {Ex-officio, PCOM)
Lamont-Doherty Geological Observatory
Columbia University -

Palisades, N.Y. 10964

Tel:  {814) 358-2900

Dr, Brian Lewis

Department of Qeeanography, WB-10
University of Washington

Seattle, WA 98195

Tel:  (208) 543-8043

Dr. Shozebure Nagumo
{Alternate: Dr. Nadamori Murauehi)
Earthquake Research Institute
University of Tokyo
Bunkyo-ki, Tokyo 13
JAPAN )
(Department of Earth Seiences
Chiba University
Yayoi-cho, Chiba
JAPAN 280)

Dr. Philip Rabinowitz {Ex-officic, Data Bank}

Lamont-Doherty Geological Observatory
Columbis University

Palisades, N.Y. 10964

Tel: {W14) 358-2500, Ext. 501

br. Roland Sehlich

Institute de Physique du Globe
Observatoire Geophysique du Pare
St.~Maur, 4 Avenue de Neptune

94 St.-Maur-Des~Fosses

FRANCE

Dr. Wolfgang Schlager {(Ex-officio, PCOM}
Fisher Island Station

Mismi Beach, FL 33149

Tel: {307} 6721840

Dr. A, A, Schreider
(Alternate; Dr. I Kosminskaye)
Shirshov Institute of Oceanoclogy
22, Krasikova Street
Moscow, 109387
U.5.8.8.
{Institute of Earth’s Physics
USSR Academy of Sciences
18, B. Gruzinskaya
Moseow
U.5.5.1.)

Dr. Robert Sheridan {Ex-officio, PMP)
University of Delaware

Department of Geology

Newark, BE 19711

Tel: {302} 738~2569

Dr. Roland von Huene {Ex-officio, AMP)
U.8. Geologiesl Survey

345 Middlefield Road

Menlo Park, CA 34825

Dr. Wilfried Weigel

Institute fur Geophysik der
Universitat Hamburg

Bundeskasse 55

D~2600 Hamburg 13

FEDERAL REPUBLIC OF GERMANY




Stratigraphic Correlations (SCP)

Dr. R. H. Bensan, Chairman
E-208, NHB

Smithsonian pstitution
Weshington, D.C, 20568
Tel: {202) 381-6400

Dr. L. Basov .

22, Swaromonetny Pereylok
Institute of the Lithosphere
USSR Academy of Sciences
Moscow

U.8.8.R.

Tel: 233-0629.

Dr. P. Cepek .

Bundesanstatt fur Geowissenschaften
und Rohstoffe

3 Hannover 51, Postfach 510153

FEDERAL REPUBLIC OF GERMANY

Tel: §53{1-6468783

Dr. Joe 8. Creager {Ex-officic)
Department of Qceanography, WEB-10
University of Washington 98195
Seattle, WA 98185
Tel: {206) 543-509% a.m,

{208) 543-9944 p.m.

Dr. D. Graham Jenkins
Department of Earth Science
The Open University
Mitton Keynes, MEKT5AA
ENGLAND

Tei: (0908} 6316

i

Dr. Catherine Nigrini

510 Pepyrus Drive

La Habra Heights, CA 90831
Tel:  (213) 59T-8842

Dr. Richard Paore

U.8. Geolagical Survey

345 Middlefield Road

Menlo Park, CA 94025

Tel: {415} 323-8111, Ext, 2768

Dr. J. B. Saunders .
Naturhistorisches Museum Basel
CH-4051, Basel, Augustinergasse 2
SWITZERLAND

Tel: 06(~-258742

Dr. John Usher {Ex-officio}

Deep Sea Drilling Project, A-G31
Seripps Institution of Oceanography
La Jolla, CA 92083

Tels (714} 452-3528




JOIDES WORKING GROUPS

Guif of California

Dr. J. R. Curray, Chairman

Seripps Institution of Oceanography

La Jolla, CA 82093
Tel: (714} 452-3299

Dr. Augustin Ayala-Castanares

Coordinacion de la Investigacion

Cientifica

Universidad Nacional Autonoma
de Mexico

Mexico 20, D.F.

MEXICO

Dr. Jim Ingle
Department of Geology
Stanford University
Stanford, CA 94305
Tel:  (415) 497-2531

Mediterranean/Caribbean Sea

Dr. L. Montadert, Chairman
Institut Francais du Petrole
Division Geologie
1 et 4, Avenue de Bois-Preau
B.P. 18
92 Rueil-Malmaiscn
FRANCE
Tel: 967-11-10

976-17-66

Dr. Mahlon M. Ball
U.S. Geological Survey
Woods Hole, MA 02543
Tel: (617) 548-8700

Dr. A. W. Bally
Shell Oil Company
P.O. Box 209%
Houston, TX 77001

Dr. V. Chehovich

Inst. of Geology

USSR Academy of Sciences
7, Pyzhevsky per ZH-17
Moscow

U.S.5.R.

Dr. Kenneth Hsu

Geologisches Institut der E.T.H.
Sonneggstrasse 5 :
Zurich 6

SWITZERLAND

Tel: (01) 32-62-11, Ext. 3669

o

Dr. Roger Larson

Lamont-Doherty Geological Observatory
Palisades, N.Y. 10964 ’ '
Tel: (914) 359-2900, Ext. 346 '

Dr. Brian T, R. Lewis

Department of Oceanography
University of Washington

Seattle, WA 98195 :
Tel: (206) 543-6043 o

Dr. David G. Moore

Deep Sea Drilling Project, A-031
Seripps Institution of Oceanography -
La Jolla, CA 92083

Tel: (714) 452-3521

Dr. William Ludwig

Lamont-Doherty Geological Observatory
Palisades, N.Y. 10964

Tel: (914) 359-2900

Dr. I. Premoli-Silva
Instituto di Paleontologie
Paizzale Gorini 15

20133 Milano

ITALY

Tel: (02) 29 2813

Dr. W. Schreyer

institut fur Mineralogie
Rugh-Universitat Bochum

D 463, Bochum-Querenburg
Universitatstresse 150

Postfach 2148

FEDERAL REPUBLIC OF GERMANY

Dr. Joel Watkins

Exploration & Production Division
Gulf Science & Technology Company
P.O. Box 2638

Pittsburgh, PA 15230
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Cenozoic

Dr. James Ingle, Chairman
Department of Geology
Stanford University
Stanford, CA 94305

Tel: (415) 497-2531

Dr. W. H. Berger

Geological Research Division
Seripps Institution of Oceanography
La Jolla, CA 92093

Dr. Jere H. Lipps

296 Geology-Physics Building
University of California
Davis, CA 95616

Dr. H. Schrader

School of Oceanography
Oregon State University
Corvallis, OR 97331

Mesozoie

Dr. Hans Thierstein, Chairman
Scripps Institution of Oceanography
University of California

La Jolla, CA 92093

Tel: (714) 452-4646

Dr. Robert G. Douglas

Dept. of Geological Sciences
University of Southern California
University Park ’

Los Angeles, CA 90007

Tel: (213) 741-7676

Dr. Hugh Jenkyns

Dept. Geology and Mineralogy
University of Oxford

Parks Road

Oxford, OX1 3PR

ENGLAND

Tel: (0865) 54511

Dr. Yves Lancelot
C.N.E.X.0.

B.P. 107

Paris 16

FRANCE

Tel: (723) 5828

Dr. Roger, Larson

Lamont-Doherty Geological Observatory
Columbia University

Palisades, N.Y. 10964

Tel: (914) 359-2900, Ext. 346

Dr. W, Sliter

U.S. Geological Survey, Room E-501
Natural Museum of Natural History
Washington, D.C. 22560

Tel: {202} 343-3206




Middle America

Dr. Joel Watkins, Chairman
Exploration & Production Division

Guif Seience & Teehnology Company -

P.0. Box 2038
Pittsburgh, P4 15230

pDr. R. Couch

Schocl of Dceanography
Oregon State University
Corvallis, QR 97331

Dr. J. C. Moore

Department of Earth Sciences
University of California, Santa Crug
Santa Cruz, CA 3506(

Tel: {408) 428-3504

iR

Neorth Atlantie (Eastern)

Ur. L. Montadert, Co-~Chairman
Inst. Francais du Petrole, Div. Geol.
1 et 4, Ave. de Bois-Preau )
B.P. 18
92-Rueil-Malmsison
FRANCE
Tel: 9§7-11-10

976-17-68

br. David G. Roberts, Co-Chairman
Inst. Oeeancgraphic Bciences

Brook Road, Wormiey, Godalming
Surrey GUS 3UB

ENGLAND

Tel: 042-879-4141

Dr. Karl Hinz

Bundesansialt fur Geowissenschaften
und Rohstaffe

Abt. Geophysik, 3 Hannover 51

Postfach 518153

FEDERAL REPUBLIC OF GERMANY

Telr 051~6468330

Dr, E. Seibold

Geol.-Paleon. Inst., Univ, Kiel
Olshaysenstragse 40/60, I~23 Kiel
FEDER AL REPUBLIC OF GERMANY

Dr. Jorn Thiede
Institut for Geologi
Universit et | Oslo
Posthoks 1047
Blindern, Oslo 3

NORWAY -

Tel: 46-6800, Ext. 9692

Dr. B. Sealy

EXXON Production Research Compeny |
P.0O. Box 2189 o
Houston, TX 7700

Tel: {713) 985-4222

Dr. L. Sykes

Lemont-Doherty Geclogical Ouservatory
Palisades, N.Y. 16964 ’
Tel: (914 359-2800

Dr. R. van Huene

118, Geological Survey
345 Middlefield Road
Menlo Park, CA 94025
Tel:  (415) 323-811

North Atlantie {(Western)

Dr. R. Shertdan, Chairman

Department of Geology -
University of Delaware

Newark, DE 19711

Tel: {302) 738-2568

Mr, John Ewing

Department of Geology and Geophysics
Woods Hole Oeesanographic Institution
Woods Hole, MA 03543

Tel: (617} 548-1480, Ext. 2265

Dr. John A. Grow

U.8. Gealogical Survey
Woods Hole, MA 02543
Tel: (617} 548-8700

Dr, James P, Kennett

Graduate School of Qeeanography
Narragansett Bay Campus
University of Rrode Island
Kingston, R.I. 02881

Tel: {401} 782-5216

\\




Southeast Atlantice

Dr. Kenneth J. Hsu, Chairman
Eidg. Technische Hochsechule Zurich
CH-8006 Zurich :
Sonnegstrasse 5

SWITZERLAND

Tel: (B1) 32-62-1, Ext. 3669

Dr, Karl Hinz

Bundesanstalt fur Geowissenschaften
und Rohstoffe

Abt. Geophysik, 3 Hannover 5}

Postfach 510153 .

FEDERAL REPUBLIC OF GERMANY

Tel: 0511-6468330 -

Dr. Hugh Jenkyns

Dept. Geology & Mineralogy
University of Oxford

Parks Road )

Oxford, OX1 3PR

ENGLAND

Tel: (0865) 54511 ;

Dr. Yves Lancelot
C.N.E.X.0.

B.P. 107

Paris 16

FRANCE

Tel: 723-5528
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Dr. David Needham

Centre Oceanologique de Bretagne
28273 Brest, CEDEX

FRANCE

Dr. K. Perch-Nielson
Technische Hochschule E.T.H.
Sonnepggstrasse 5

Zurich 6

SWITZERLAND

Dr. Phil Rabinowitz
Lamont-Doherty Geological Observatory
Palisades, N.Y. 10964

Tel: (914) 359-2900, Ext. 501

Dr. N. d. Shackleton
University of Cambridge
Sub-Dept. of Quaternary Research
The Godwin Laboratory
" Free School Lane
Cambridge
ENGLAND
Tel: 0223-58381

br. B. Tissot

Institute Francais du Petrole
Division Geologie

I et 4 ave de Bois-Preau

B.P. 18

32502 Rueil Malmaison
FRANCE




Southwest. Atlantic and Southern Ocean

Dr. James P. Kennett, Chairman
Graduate School of Qeeanography
Narragansett Bay Campus
University of Rhode Island
Kingston, R.1. 02881

Tel: (401) 792-6216

Dr. P. F. Barker
Department of Geology
University of Birmingham
P.O. Box 363

Birmingham B}5 2TT
ENGLAND )
Tel: 021 4721301, Ext. 208

Dr. R. Dingle

Geology Department
Cape Town University
Rondebosch, Cape Town
SOUTH AFRICA

Dr. Dennis Hayes

Lamont-Doherty Geological Observatory
Palisades, N.Y. 10964

Tel: (914) 359-2900

Dr. David A. Johnson :
Submarine Geology and Geophysics
National Science Foundation

1800 G Street, N.W.

Washington, D.C. 20550

Tel: (202) 632-4215

J
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Dr. J. LaBrecque

Lamont-Doherty Geological Observatory
Palisades, N,Y, 10964

Tel: (914} 359-2900

Dr. R. Schlich

Institute de Physique du Globe
Observatoire Geophysique du Pare
St.~-Maur, 4 Avenue de Neptunc
94 St.~Maur-Des-Fosses

FRANCE

Dr. John Sclater
Department of Earth and
Planetary Sciences
Massachusetts Institute of Technology
Cambridge, MA 02139
Tel: (617)253-1980

Dr. Tj. J. Van Andel
Department of Geology
Stanford University
Stanford, CA 94305
Tel: (415} 497-0765

Dr. S. Wise .
Department of Oceanography”
Florida State University
Tallghassee, FL 32306




NAME

ADAMS, R. L.
ADELSECK, C.
APPLEMAN, D.
ARTEMIEV, M.

AYALA-CASTANARES |

BAKER, D..J.
BAKER, E.

BALL, M.

BALLY, A.
BARKER, P.

BASOV, I
BECKMANN, H.
BEIERSDOREF, H.
BELIY, N. J.
BENDER, F.
BENNETT, R.

BENSON, R.
BERGER, W.
BIJU-DURAL, B.
BLANCHET, R.

BOCK, W.
BOGDANOV, N,
BOIS, C.
BOLLI, H.
BOUGAULT, H.
BOYCE, E.
BRETT, R.
BRYANT, W.
BUDNIKOV Py

CADET, J-P
CANN, J.

CEPEK, P.
CHAMLEY, H.
CHEHOVICH, V.
CHRISTENSEN, N.
CLARKE, W.

CLAUSEN, C.
CLAYPOOL, G.

CLOTWORTHY, J.
COLEMAN, R.
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ALPHABETIC/TELEPHONE DIRECTORY

PANEL
AFFILIATION

ILP

OPP

IHP

PMP

Gulf of CA W.G.

EXCOM
OGP

Med Carib W.G.

Med/Carib W.G.
SW Atl/S. Ocn W.G./AMP

sCp
DMP
PCOM, PMP
PPSP
EXCOM
SP4

SCP
OPP
PMP
AMP

PCOM

EXCOM, OCP
PPSP

SCP

ocp

DMP

NSF

PCOM, PMP, DMP
ILP

AMP
PCOM

SCP

OPP

Med/Carib W.G.
DMP

IGP

SP4
PPSP

JOI Ine.
ocp

TELEPHONE

(203) 359-3500
{(714) 452-4172
{202) 381-6331

(206) 543-7160
{305) 395-5100,
Ext. 2701
(617) 548-8700,

Ext. i41

021 472 1301
Ext. 2081
233-0620
05323/722-2235
0511-6468-788
1330130
0511, 64681
(305) 361-3361,
Ext. 381, 319

"(202) 381-6400

(714) 452-2750

(98) 03-16-94,
Ext. 330
(305) 672-1840

233-06-20

(714) 452-2779
(202) 632-4274
{713) 845-2153

0632-28511,
Ext. 3090
0511-646-8783

(206) 543-7i43
(418) 525-9140,
Ext. 4634

(303) 234-3561

(202) 333-8276

(415) 323-8111,
Ext. 2334

NON-U.S.
COUNTRY*

USSR
Mexico

U.K.

USSR
FRG
FRG
USSR
FRG

France
France

USSR
France
Switz
France

USSR
France
U.K.
FRG
France
FRG

Canada

Denmark

*Due to the abundance of U.S. participants, if no country is listed assume USA.




NAME

i~ A

CORQLLY, 4.
COUCH, R,
CREAGER, J.

CURRAY. 4

DAVIES, B.
DAVIES, T.
DEBYSER, J.
DEGENS, B
DICKINSON, W.
DINGLE, B.

DMITRIEY, Y.
DOUGLAS, B.
DUBROVSKIY, V.
DURBAUM, H.
DYMOND, 4.

EGLINTON, (3.
EINSELE, G.
ELDRRFIELD, H.
EMMERMAN, R
ERDMAN, G.
EWING, 4.

FOX, P.

FRANCHETEAU, J.

GALIMOV, E.
GAHRISON, L.
GARTNER, 8.
GIESKES, J.
GLASHOFF, H.
GOODELL, H. G.

GREEN, A.
GROW, .

HANDIN, J.
HBARRISON, C.
HATHAWAY, I.
HAY, W.
HAYS, J.

BAYES, b.
HAYS, 4.

HEATH, R.
HEIRTZLER, 4.
HELSLEY, C.
HILL, M.
HIND, B

HONNOREZ, J.
HORN, AL
HsU, K.

PANEL
AFFILIATION

$P4

Mid Am 9.G.

PCOM, AMP, SCP
EXCOM

PMP, Gulf of CA W.G.

ppsy

me

EXCOM

QGY

AMP

SW Atl/Se Oen W.G.

AMP

OPP, PRSP, Meso W.G.

DMP
EXCOM
POOM, 1GE, OGP

oGP, OPP-

orP

WGP

ocy

oGP

PMP, W Ho A1 W.G.
PCOM

SEP, PRSP, OCY
acP

oGP
FPEP
PCOM
1GP
ji:3
PPER

PSP
PMP, W No Atl W.G.

SP4
EXCOM
1HP
ERCOM
oPP

POOM, B8P,
S0 Atl/So Oen W.G,
QPP

EXCOM

301 ine.,

BXCOM, PCOM

e

PMP, SE AU &
E No Afl W.G.

GOP

PPSP

SE ALl &

Mad Carib W.G.

. 723-55%8, Ext. 420 France

RON-U.B.

TELEPHONE COUNIRY |

{243} 6929130

(206} 543~5099,
(206) 543-8844
{7143 452-329%

{413} 445-9400
{#02) 3887957

FRG
(6092) 626-2178 .
South

Africe
: UBER
(213 7411676
USER
0511, 64681 FRO
{503} T54-229%

{91B) 3365600 UK.
' FH
UK.
(@721} 6083323 FRG
{212) 336-6800
{517 548-1400,
Ext, 2828

88 $58 855 France
49 458 055 Prance

USSR
{517) 8883295

{713) BAS-2154

(F14) 4534257

FRG
{804y 924-T 761,
Ext, 218
{713) 965-4172
{B17) 5458-8700

{713} B45-3251
£365) 350~7400
{8i7) 348-8700
(385} 330-7514
{514} 3582900,
Hxt, 403, 404
{914) 359-2800

{914} 355-2000
Ext, 403, 404
{503) T54-3504
{202) 133-8276
{808} 948-8760
{412) 39i-2400
0511-5468338 FRG

{305} 350-7508
{3153 323-TH26
10D 32-a00



NAME
HUNT, J.

HUSSONG, D,
HYNDMAK, R.

INGLE, J.

IPOD Data Bank

JAGELER, A.
JENKINS, G.
JENKY NS, H.

JOHNSON, D.
JOHNSON, P.
JOL INC:.

JOIDES Office

JONES, E.

KAGAMI, H.
KARIG, D.
KELLER, G.
KENNETT, J.

KENT, P.

KLEIN, G.
KNAUSS, J.
KOBAY ASH]I, K.
KOSMINSKAYA, L.
KUSHIRO, L.
KVENVOLDEN, K.

LABRECQUE, J.
LAHERRERE, J.
LANCELOT, Y.

LANGSETH, M.
LARSON, R.

LEINEN, M.
LEPICHON, X.
LEWIS, B.

LIPPS, J. ‘
LOEBLICH, A., dJr.
LOUGHRIDGE, M.

LUDWIG, W.

.
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PANEL
AFFILIATION

PMP, OGP

AMP
DMP

OPP, Cenozoic &
Gulf of CA W.G.

DMP

SCP

OPP, Mesozoic &
SE Atl W.G.

SW Atl/So Ocn W.G.

ocp

SSp

PMP

AMP

EXCOM

OPP, SW Atl/So Oen
& W No Atl W.G.

EXCOM

SP4
EXCOM
AMP

ssp

ocCP

OGP, AMP

. SW Atl/Sc Ocn W.G.

PPSP

OPP, 58P, SE Atl &
Meso W.G.

PCOM

OCP, Gulf of CA &
Meso W.G.

iGP

PCOM, AMP

88P, Gulf of CA W.G.

Cenoczoic W.G.
IHP

- IHP

Med-Carib W.G.

TELEPHONE

(617) .548-1400,
Ext. 2562
{808) 948-8711
{604) 656-8269

(415) 497-2531

(914) 359-2900

Ext. 502

{0908) 63116
{0865) 54511

(202) 632-4215
(208) 543-5060
(202) 333-8276
(617) 548-1400,
Ext. 2828
01-387-7050

03-376-1251

(607) 256-3679
(503) 754-4763
(401) 792-6216

{0793) 40101
Ext. 314
(217) 333-2076
(401) 792-6222
03-396-1251

(415) 856~7150

(914) 359-2900
723-5528

(914) 359-2900
{914) 359-2900
Ext. 346
(401) 792-5268
723-5528
(206) 543-6043

(213) 825-1475
(303) 499-1000,
Ext. 6487
(914) 359-2900

NON-U.S.
COUNTRY

Canada

cc
o

U.K.

Japan

U.K.

Japan
USSR
Japan

France
France
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NIERENBERG, W.
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OKADA, H.
OZIMA, M.
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PETERSON, 1.
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PIKETTY, G.
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PISCIOTTO, K.
POORE, R.

PREMOLI-SILVA, L.

RABINOWITZ, P.

RENARD, V.
RICHARDS, A.
RIEDEL, W.
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PANEL

‘AFFILIATION

PPSP

IGP

EXCOM.
DMP

PPSP
EXCOM, PPSP

SP4
PCOM
sp4

EXCOM .

OGP

PCOM, OCP, SP4
EXCOM

PMP, E No Atl &
Med Carib W.G.

PCOM, PMP, EXCOM
Gulf of CA W.G.

Mid Am W.G.

PCOM, OPP, IHP

sSSP

OPP

SSP

PMP

PCOM, EXCOM
OCP

SE Atl W.G.

DMP

EXCOM

SCP

PCOM

EXCOM -

OPP
OCP

S5P

SE Atl W.G.
ILP

EXCOM
EXCOM

SP4
iGP
scp

Med/Carib W.G.

$SP, SE Atl W.G.

DMP
SP4, DMP
RCOM

TELEPHONE

(303) 794-2601
. Ext. 410

(617) 548-8700

(617) 548-1400,

Ext. 2250
{0603) 56161
(206) 543-5099
336-2525,

Ext. 5157
(714) 452-2836
(313) 764-0597
(808) 948-8765

967-11-10,
976-17-66
(714) 452-3521

(408) 429-2504
(401) 792-6178

(714) 452-3538

(714) 452-2826
(213) 697-8842

{713) 845-7211

{714) 452-3500
723-5528,
Ext. 420
(919) 684-2206
(714) 452-3521
(415) 323-8111,
Ext. 2768
(02)-29-28-13

1
{914) 359-2900,
Ext. 501
80-46-50
(215) 861-3649
(714) 452-4386

NON-U.S.
COUNTRY

Japan"'
U.K.
FRG

U.K.

France

Japan
USSR

Japan
USSR
Japéan

Franée
USSR

A}

‘USSR

Jépan'
Japan -

USSR
Switz
FRG

France

 ltaly

. France -

L




NAME
ROBERTS, D.

ROBERTS, W.
ROMANKEVICH, E.
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ROTHE, P.
RUDDIMAN, W.

RUTMAN, G.
RYABCHIKOV, I.

SALISBURY, M.
SARNTHEIN, M.
SAUNDERS, J.
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SCHEREMET,
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SHACKLETON, N.
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PANEL
AFFILIATION

PMP, E No Atl W.G.,
PCOM

ILP

OGP

1P

SP4
OPP

ILP :

IGP

8P4, OCP
OPP
scp
IGP
IHP
PPSP
EXCOM
PCOM, SSP
S5P, SW Atl/So Oen W.G.
Cenozoic W.G.
sSsP
Med/Carib W.G.
SW Atl/So Oen W.G.
Mid Amer W.G.
PMP
DMP
OPP, SE Atl W.G.
1GP
PMP, SSP, PPSP
W No Atl W.G.
AMP
EXCOM
oGP
OPP, Mesozoic W.G.
PMP
EXCOM

OCP

IGP
Mid Amer W.G.

OPP
EXCOM
IGP
ocP

- PPSP

NSF
PMP, E No Atl W.G.

Mesozoic W.G.
OFP, EXCOM
oGP

EXCOM

ocPp

OCP

EXCOM

TELEPHONE

NON-U.5.
COUNTRY

042-879-4141
(918} 661-3833

(617} 548-1400,
Ext. 2409
0621-292-5458
(914) 359-2900

Ext. 528, 529

(714) 452-3388

061-258282

(216) 368-3690

1330130

(401) 792-6262
(305) 672-184¢0

{617) 253-1980
(713) 965-4222

0223-58381
(302) 738-1272
(714) 452-4193

(213) 825-3331
(202) 343-3206

{617) 548-1400,
Ext. 2500
{617) 548-1400,
Ext. 2583
(503) 754-2296
(914) 359-2900

0542-37-1111
(914) 359-2900

021-472-1301

{202) 632-5849
46-6800,

' Ext. 969
(714) 452-4646
231-9418

(713) 845-7211

336-2525

(0793} 40101

U.K.

USSR

FRG

France
USSR

FRG
Switz

USSR
USSR

France

USSR
FRG
FRG

U.K.
USSR

_ USSR

Japan

France
U.K.
U.K.

Norway
USSR
France
France

USSR _
U.K.
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WINTERER, E.
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WOODBURY, P.

ZDOROVENIN, V.

PANEL
AFFILIATION

SCP

PMP

SW Atl/So Ocn W.G.

AMP, SSP, PPSP
Mid Amer W.G.

PCOM

PMP

AMP

AMP, Mid Amer &
Med Carib W.G.

IGP

sSSP

oGP

NSF

ILP

PCOM, OPP, OGP

SW Atl/So Ocn W.G.

IHP

IHP
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TELEPHONE
(714) 452-3529

(713) 965-4884
(415) 497-0765
(415) 856-7105

0-511-6468-788

0511-64681

(202) 632-4134
01-235-0762
(714) 452-2083

(714) 452-3526

NON-U.5.
COUNTRY

FRG
FRG

FRG

FRG
FRG
FRG

U.K.

USSR
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