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the preliminary shiphoard record of the operations
and results of the second phase et BMR ~ Marine Division's Esmout i
Flateau research program. It is intended for use anly within BMR
and is not for general distribution The results pregsenhed are
provisional and may not be guoted or cited in any form.
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CHAFTER 1: Inbroduction

This Report describes the preliminary results of the second
phase of a three phase, Exmouth Plateaw rasearch pRrogram,
undertaken by B.MUR. s Division of Marine Beosciencas and
Fetroleun Geology (B.M.R. Marine) during 1984, This phase
ronsisted of a one month, two-ship seismic raflection and
refraction study to define the deep basinal and crustal structurs
af the Exmouth Flateau. The ultimate obiectives of bhis research
program are a better understanding of passive continental margin
subsidence and tectomic evolution and a redefinition of” the
regional petroleum potential of the Flateau.

The Exmouth Flateau is a submarine marginal plateau with an
area of about 150,000 sq.  km. gituated off the NM.W. Australian
continental margin (Fig. 1). The Flateau consists of deeply
rifted and subsided continental crust. it is separated from the
N.W. Bhelf by the Kangaroo Syncline and is bounded to the north,
seuth and west hy oceanic crust., At its crast, the Flateaw iz 800
m. below ssalevel and sedimentary thicknesses, consisting of
pre-hreakup Faleozolc to early Mesozoic sediments, and _
post—breakup Mesozoic and Tertiary sediments, are up to 10 km.

The large areal closwes in the post~breakup section, which
drape the underlying fault controlled rift structures, encouraged
petrolewn exploration in the late 1970y and early 1980°'s. This
led to the collection of more than 20,000 km. of multichannsl
seismic data over the central Flateauw and the driliing of 14
puploration wellis on five sxplaration permits. Exploration showed
the Flateaw to be mainly immature in the post~breakup section and
pradominantly terrigengus,gas prone and partly overmature in the
prebreakup section wiith a passible increase in marine intluences
and possible eil souwrcing potential to the west. The perceilved
gas prone nature of the area and the deep water over the Flateau
has resulted in permit relinquishments through the sarly 1980°s,
with the exception of the area surrounding the Esso Scarborough
gas discovery. Hydrocarbaon guploration. has ceased in recant
Cvears e e S

BE.M.R. Marine Division planned this three phase rasearch
program to re-stimulate petroleum puploration over the Flateau.
The first phase was a & day, heatflow program on the Flatean
during January, 198b4. This was designed to examine prasent day
source rock maturation levels and is reported in BuM.R. Report
¥%¥¥., The second phase, conducted in March/April, 19864, and
reported here, involved a cooperative two-ship study in
conjunction with Lamont-Doherty Geological Nheervatory, New York
(LDEOY. Broad structural analyses of the Flateau, its normal and
transdtorm faulted margins and adjacent oceanic foatures wers
carried out using maltichannel seismic data hoth $rom two-ship
Eupanded Spread Frofiles (ESE) and Wide Apertuwre C.DWF. Seismic
Erofiles. Data were collected from 18 ESF's arranged along three
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transecks, with the centres of the individual ESF's tied with Wide
Aperture C.D.F. seismic reflection profiles shot along the
transects.

The study also addressed the nature of the continental to
oreaniec crustal transition. Suggested mechanisns for continental
margin formation include lithospheric cooling, continental crustal
streching, deep crustal metamorphism, subcrustal srosion and
supracrustal erosion. This work provided a sound crustal data
hase on the different styles of ncean/continent boundaries
associated with the Exmouth Flatean as evidenced by trahsform
faulting in the south, rifting in the west and rifting and
intrusion in the north. Thus, the Exmouth Flateaun is an ideal
logration to study the transition from continental to oceanic
crust. a8 full uriderstanding of the formation of the Exmouth
plateau may be possible from this and other existing data sets.
The project is therefore of worldwide scientific importance, as
wall as providing important insights inte the origin and history
of the Flateau, which might re-stimulate further petroleun
euploration. ‘
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CHAFTER = b jechtives

B.M.R. ‘s Exmouth Plateaw program consists of thres distinct
research cruoise projects.  The broad objectives of this program
are: to determine the history of basin suheidence; to define
regional basin thermal history; to determine the structuwral and
stratiaraphic framework of e entire Exmoubth sedimentary basin,
as wall as the structure of the desp crust wndéerlying the basing
trn relate the svolution of the crust and basin to the formation of
the surrounding ozeanic crust of the Argo, Gascoyne and Cuvier
abyssal plains; and finally, to relate all these factors to the
parameters governing regional petroaleum potential.

This Report covers the second research trulse, whose
principal objective was the deternmination of deep ssdimentary
hazin and crustal structure by two-ship seismic reflection and
refraction methods. The project was conducted inm conjuction with
the ressarch vessel Robert Do Conrad, of Lamont—Doherty
Genlogical Observatory, Columbia University, New York. I
particular, the two ship seismic project was designed to address
guestions related to the nature of the continental crust
underlying the Exmouth Flatead, the nature of the continent-ocsan
crustal transition, the mechanisms of deep crustal modifications
assnciated with rifting and breakup, the relationships betweasn
these various-mechanisms and the thermal history of the overlyling
sedimentary pasin, as well as its gsrtructural fabric.

6 great deal is already known about the Mesorolc—-Tertiary
sedimentary basin which underlies the southern, central and
sastern Exmouth Flateauw. This knowledge is derived from the large
amount of good gquality seismic data now on open file from industry
sources, as well as soma published results from exploration
drilling. Little was known of the pre-Mesozoic sedimentary basin
e the underlying crust. Gravity arnd magnetic data interpreted by
Exan and Willoox (1980 suggest that pasement iz about 8-10
km. below seabed over much of the Flateau arnd that igneous bodies
and crystalline basement are at shallow depths at its smaward

. mai"gif't e F{E’.?g imral crustal bl ekness WAE - = Dl,__lght Lo bhe ab oub 20 l Ma

The deep seismic project forussed on the problemns of basement
depth, crustal thickness and structwre in some detail.

The crustal structurs of a rifted continental margin should
pe clearly related te the mechanism af basement subsidenos:
lithosphere cooling and contraction; ceontinental stretoching and
crustal exkension; deep crustal metamnarphism; supra-crustal
ergsiong igneous injection and sub-crustal erosion — to name jush
a few proposed models. The determinaticon of which mechanism
applies, or the relative combribetions of various mechanisms, can
then be related to models which can be used to predicht
paleoheatflow and thus petroleuwn sowrce rock matwration hishory.
Understanding of the mechanisms also provides a means of
predicting and modelling hasin subsidence patterns.

s
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A clearly lomtherm obisctive of deep crustal studies at
passive continental margins ie the development of a general model
of the processes involved in continental margin formation in
particular, and the processag involved in basin formation on
continental crust in general.




CHAFRTER 23 Cruise Flan

Two—ship multichannel seismic data were collected duwring this
cruise with BMR Rig Beismic as principally the receiving ship and
LDE0 Robert D. Conrad as principally the zhooting ship. The data
mere collected on 18 ESF's in three transects, together with Wide
Aperture C.D.F. and other multichanne! seismic data (Fig. 2). The
basic technigue for such ESF operations ig for two ships to! steam
rowards sach obther through and past a comaon midpoint, one ship
firing an airgun array at a & gsecond repetition rate, the other
recording arrivals on & pultichannel streamer (Fig. 3.  The
shooting ship may also collect vertical incidence multichannel
smismic data at the same time on it's own steeaner, thus abtaining
etructural information which i= subsequently used in ESBF data
Feduction. After a group of ESF's has been mhot, the two ships
then form up in=line and shoot a Wide aGperture C.D.F. seismic
profile through the midpoints of all ESF locations, as tdesoribed
by Buhl and athers (1982). EGE s can also be collected by the two
ships steaming apart from & Ccomnon midpoint. in this instance it
is necessary for the shooting ship to rerun Lhe ESF track to
ohtain the vertical incidence seismic data. &t the end of the run
the ships proceed to the midpoints af the next ESBF line. The
centers of these ESF ‘s, shot from midpoint outwards, must also be
subsequently tied by a regular reflection or wide aperture
prafile. 0Only the former af these methods of field acquisition
was used during the co-oparative BMR/LDEBO survey program. A Full
description of both the ESF and WACDE methods and operations is
contained in Chapter 3.

The ESF's were collected with a maximum mffeset of 100 km.
Coanrad had at that time the greater airgun capacity (6000 ou in at
2000 psi on a 60 sec repetition rate! and consequently was the
ghooting ship, with Rig Seismic heing the receiving ship.
Explosives were emgployed at longer ranges whers seismic signal
strength from the airguns was ihsufficient. LhE0 i=
experienced in this technigue and have acquired and processed
arcund 100 ESE's to date: off the Varing Flateauw, the East
“Greenland Marging in-the-North Atlantic,.on. the East Pacific Rise,
around the Hawaiian Swell and on the Chima Margin of the Souih

China S=a.

The three transects cellected during the Exmoulh Filateau
project are referred to as the Exmouth, Cape Range and Cuvier
Transects and relate to the centre/westsarn and southern margins of
the Flateau, and the normal margin south of the Flateaw. Each ESF
fook around 12 hours and the 18 ESBF’s and I WACDF profiles ware
collected in approgimately 23 days of oh-station time.

ESF data will be processed using the methods ef Detrick and
others, (1982); FMutter and others (1987313 Diebold and Stoffa,
(1981)3 and Wenzel and others (1987)y. This involves binning of
the seismic data and analysis in the X-T and t~p domains to

4



gensrate velocity/time information relating to the ESF midpoints
{Fig 4. These data can then be converted to veloocity/depth
profiles by inversion.
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CHAPTER 4:  Background

The regional geological sebting af the Exmoukh Plateaw is
shown in Fig. 1. The Plateaw is & rontinental block bounded on
the north, weet and south by aeeanic crust forming ths Argo,
Bascovine and Cuvier Obvesal Flains respectively.  The Canning and
Carrarvon Basin sediments which cover the Flatean extend to the
cast and abut the Filbara Frecambrian block. Frebreakup, rifh

phase depesition has been identifing on the Flateau and beneath
the shelt to the sast (Fig. 3. The stratigraphic seguences in
the region are shown in profile in Fig. &a and h, These consist

of Tertiary limestones overliying Cretacesus to Permian clastics

overlying Frecambrian Fasement. 6 more detailed description o

the regional structural history and stratigeaphy focusing on the
Tumowkh Flateauw is given below.

4.1 Tectonic Framework

The geological development of the Exmouth Flateaw has been
disrussed in some detail by Falvey (19720), Falvey and Yeasvers
(19747, VYeevers and others {1974y, Ewxon and others (1973, iRea,
Hogan and Jacobson (19735, Veevers and Cotterill (1974), Powell
(1974, Willoow ant Exon (1974), Exon and Willocox (1978, Lo,
Wright and Wheatly (1%79), Larson and others (197%), wvon
Stackelberg and cthers (1980, Falwvay and Muttsr (1981 and
Willeax (1981).

The present structural configuration of the Exmouth Flateal
region was initiated by Fifting in Triassic to middle Jurassic
prior to seafloor spreading. The western oargin reflects a normal
rifted structure and the soubthern margln reflects a transform
dominated structure. The northern rifbed margin may contain at
least ane crustal block of post breakup igneous origin.

The northern margin of the Flateau formed i the Callovian
(approx. 190m.y. ago?, when seatloor spreading commenced in the
Argo Abysesal Flain (ancmaly M-2% timed. The northeast-trending
~gpatloor-spreading -anomnaly pattern. was initially describad by
Falwaey (1972a) and basin age wWas gastablished by DEDFP drilling
(Veevers, Heirtzler and others, 1978) . Throughowt the Jurassic,
prebreakup rift graben rectonics affected the sntire western
margin {(Falvey and Mutter, 1981 (Fige 7 and 8). The initiation
of rifting may be associated with the ooourences of
Trisssic—Jurassic inbtsrmediate and acid voloanics (213194
m.y. agol, which overlie a thick Triassic paralic seguence.

Steady subsidence along the incipient nortiern marging north of an
gast-west hinge line allowed several thousand metres s Lower and
Middle Jurassic carbonates and coal measuras to accumalabte hefore
hreakup. Breakup cccurred along & series of rifted and shzarsd
margin sagments, the toactonic setting being further complicated by
mortheest trending Callovian horsts and graberns. The horets wers
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planed off in late Jurassic and early Dretaceous himes, and the
whole rorthern margin was coversd by a few undred metres of Upper
Cretaceous and Cainozoic palaglic carbonabtes as it subsided
steadily to its present average depth of ZOOO--S0O00 M.

The northeast-trending western margin of the Blatean Formead
y breakup in the Neocomian as Ereater ndia" moved off to the
marthwest. At approximately 120 m.oy. bh.ope (marly Drebaceocus),
seafloor spreading began in the Cuviar and Perth Basins (anonaly
M- to Me-10 time). FPortions of the rortheast trending seatlones
gpreading magnetic aromally pattern ware initially desoriibaed by
Markl (1974) and larson (19771, and have hesn Lntegrated recently
by Larson and others (1979). At a regional scale howsver, details
mf the spreading pattern around the southwest corner of fGustralila
may be comples (Markl, 1978) and are yet to be fully described.
Threough the earliest Cretaceous, lats stage rift graben tectonics
affected the Auetralian southmest margin where it bordersd ITndia
and Artarctica. Early Cretaceous rifiting also of focted Eastarn
Australia, bthe Gippsland Basin, Lord Howe Rige, and Suesnsland
Flatean. The sarliest phase of rifting also began on the soubthern
margin adjiacent to Antarctica (Falvey and Mutter, 1981y, On bhe
Western margin of the Exmouth Flateau, Callovian nornal faults
parallel the margin. A thick Triassic paralic sequence is
nnconfornably overlain by a thing post-reakup Upper Jurassis antd
Tatsr marine sequence indicating that the area was Figh in the
garly and middle Jurassic., Thin Upper Cretaceous and Cainozoic
pelagic carbonates cover the western margin, which now lies more
than 2000 m. below ssalevel.

The northwest trending soubhern margin of the FEateaun Form
along an incipient transtors in the BMeoccomian, at the same bime
the western margin. Tt is cur by northeast trending normal
faults, which formed in the late Triassic and Callovian, and i
paralleled by Neocomian and later normal faults, A thick Juras
paralic sequence is unconformably overlain by a thick Upnee
Jurassic and Meocomian delta. This suggests that the ares was
high in the early and middle Jurassic, but a depocentre before and
atterwards., There was thermal wuplift of more than L0 me ol d g
the hNeocomian. Igheous intrusions bublress the margin. Later
mormal faulbting lowered the outermost mardin, and borned the
aplift intoc a marginal anticline trending northwest.  The
anticline had sunk beneath the sea by late in the Cretaceous, and
thereafter this margin was covered by & thin sedquence af pelacic

L

carbonates, wWRich fow Tie ata water depttr-of - LEOO g CER SR AP

ohhers, 19820,

Yen Stackelberg and others (19800 have reported 30 dredoe
Fauls €rom the outer slopss of the Exmouth Flateau. Mowre than
half contained Jurassic and Triassic prebreakup shallow water
codiments. Four dredges also contained intermediate to acid
voleanics dabted at abpout the time of rift onset. This suggasts
1imited continental crustal anatexis very near Lo the incipient
continent-ocean boundary. These data also indicate that it is nob
valid teo interpret the occurrence of volocanics @ o marginal
plateau slope as definitive evidence =f non-continental crustal
structure, aither in whole or in pari (Falwvey and Mubther, 1981},




4.2 Grtratigraphy

The paleageographic evolution of the Exmouth Flateaw is
sketched in Fig. 2 and the stratigraphy is cutlined In Figs. 10a
and b. Sediment starvation has led to a greatly reduced post
breakup sequence an the continental margin. Thus, ssismic
profiling and drilling have besn able to penetrate well inhto the
prebreakup sequence and resolve sarly stages of margin evoloubion
(vor Rad ang Exon, 198%). Fourtsen petroleam wells have Breen '
drilled and results from Fhillips Jupiter No. i1, Sabwn No. i and
Marcury Mo, 1 ohave been published (Fig. 11, Barber, 17821,
Stratigraphic studies have been carried out by von Stackelberg and
others (1980), Colwell and von Stackelberg (1981F, and von Fezmgl and
Exon (198%2). The axtensive seisslc control consists of 12,000
tm.,  of BMR seismic reflection, magnetic and gravity gdata from the
1972 BME continsntal margln @suryey, 2300 km. of B9 seismic data
collected in 1976 and 1977 (Wright and Wheatlay, 17791 and
subseguent patroleum industry seismic data. ‘ '

interpretation of ssismic profiles indicates that wp Lo DOOO
m. of Falepzoic strata and up to =000 M. ofF younger strata overlie
pasement. The sediments have been gqently folded, and the
prehreakup section is affected by northeast trending faults.

The sediments beneath Exmouth Flateaw ars constdered to have
heen deposited in an svtengion of the Carnarvon Basin. This
formed a north—facing Tethyan smbayment in Gondwanal and and
received detrital sediments from the enuth until early Cretaceous
Fime. In the central plateau region, at least 3000 m. of mainly
paralic and shallow maringe detrital sediments were deposited £ 1 e
Farmian to middle Jurassic times. After Lhe late Triassic
rifting, about 1000 m. of shallow marine and deltalc deterital
sediments derived from the south and zazt, covered the blook
faulted swface in late Jurassic and early Cretaceous bLimes.
about 200 m. of marine ferrigeEnous sediment was deposited in the
middle Oretaceous, end SO0 to 1000 m. of carbonate ssdiment in thea
late Cretacecus and Cenozoic. In bhe Miocens2, the rate of
cubsidence exceeded the rate of cedimentation and thereafter, Lhe
Cwmouth Flateau arch and Kangarco Syneoline took their present fora
(Exon and Willeoe, 1978 and 1980},

4.3 Fetroleun Expleocation

Im the mid 1970’ the Exmoubh FPlatman was ragarded as the
possible location of major pebtrolaun resserves. Reconnal ssanos
surveys shob in the Mmid—1970 s (Fig. 12} revealed the presencea of
large fault bounded structures (Exon and Willoox, 1979 Wright and
Wheatley, L%79) and, in spite of wabter depths greater than BLOO
m. ., the cloze proximity of major hydrocarion accumalations on bhe
My Sheld and at Barrow Island in the Carnarvon Basin ancouragsd
optimism. Five exploration parmits divided up the Flateaw in 1977
and 14 puploration wells were drilled (Fig. 1%, Thess included
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three wells by the Phillips Group {(British FPetrolewm, Guld, Mount
lsa Mines, Mobil and PRillips? in Fermit Wa-84-F on the centeal
Eymouth Flateaw, s=hich have been published (Barber, 1982,
Several non-commercilal gas shows wars snocountered as am bl
Srarborouwgh gas discovery thabt has hesn retalned by cAm

Mowever, no heavier hyvdrocarbons whees ercounieresd.

Early axploration concepts invalved generation of oll from
Upper Jurassic and Meocomian shales in the Kangaroo Syncling and
subsaguent migration inteo the Jurassic and Triasssic tilted fault
blocks on the Exmouh FPlateauw High.o The lachk ef o Ldourid
hydrocarbons was attributed to unfavouwrable souwrce rocks,
unsuitable hurial history and a low paleo-thermal gradient. For
the three wells published (Fhillips Satwrn No. 1o, dupiter Moo 1
and Mercury Ho. 1) Upper Triasssic, Jurassic and Crataceous
mections were tound to be immature and incapable of gensrating
hydrocarbons. Most hvdrotarbons so far sncountared on the Domouth
Flateaw are thought to have originated from deep (5 k. oo mored
avermature gas sowrce rocks, probably Lower Trisssic and Fermlan

shales, by desp tapping of source peds along faults bounding the
tilted block structures, enabling the gas to migrate upwards
{Barber, 192832,

The lack of sucress in finding oil in the major Exmouth
Plateaun structures has resulted in dropping in all sxzcept part of
one permit and cessation of petroleum prploration on the Flatesd.
The re-stimulation of further petroleum exploration interest would
appear to depend on demonstrating a marine oll prone source at
matwre depths, either in Jurassic graben fill in the kKangaroo
Syneling, in local grabens, o in Triassic and Peramian pracidt
sediments on the wmestern margin of the Flateaw , along with
suitably located trapping structures.

4.4 Evelution of the Continental Margins

The geological and structural epvolution of a continental
margin is a complex and protracted process. While this has been
recognised to a greater or lesser extent ever since the concephts
mf coantinental drift were first enunciated, the majority of
evolutionary schemss proposed have heen largely qualitative and
generally have nobt been hased on studies of continsntal margins
PR e (‘Htlmplf’?fﬁ mEE L‘Jaq Eree ,i t:“p':f:?}a}j“”['m }I;g R e g HEE T E. g
19603 Dewey and Bird, 19707.

Falvay (1974) envisaged an svolulionary gsehemne for the
Soubhern Australian margin which invelved three digtinct phases:

1. Inmitially, intracratonic basins and then rift basins
developed as regions of major basenent subsidence, generally
in the viginity of an incipient breakup aris. The rifhing
occurred some 50 m.yv. before the initiatlion of & divergent
plate houndary (the "eift valley" ohase). Subsidence and
deposition rates genevally decreased towards bDreakup Time.

2, During a 5-~10 m. y. period near the time of breakun, the
irtensity of relative uplift and than subsidence increased
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(the breakup phassd.

T A ber seafloor spreading bad been active for a faw miliion
yeals, subsldenoe ancd deposition rates again genarally
decrepased with sedimsntation showing a marked decrease i
narine influences {(the post breakup nhasal.

e

These evolutionary phasses appear to provide a ~ally
satisfacktory descriphion of the davelopnent of most parts of
pustralia‘'s rifted margins.

The mechanism of continental margin formation has Reern
described in terms of models which uswally relate cyoles of uplift
and subsidence to the thermal evolution of continsntal and oosanic
lithosphere (Dewsy and Bird, 1970y Sreep, 19715 Falvey, 197 4%y
Mutter, 1978). However, suoh tertonic models didfer markediy, and
appear strongly dependent on the tvype ot continental margin ochosen
by a partiowlar awthor for analvsis. Thus, the smergence of &
general continental margin modsl has been hindered by apparent
genlogical and structural complanity, and also by Timited depth of

penetration and resclution mt relevant marine geophysical metiods .

There are major advanhages to the Exmouth Flatzauw as a stuody
area for conbtinental margin problems:

1, The progressive dispersal of Bondwanaland from around
rontinental Australia has provided twa parts of the wasbern
margin with different breakup timss:

a.Northwest— Late Jurassic (183 m.y. Dupa?
h.Southwast~ Early Oretaceous (120 m.y. D.p.?

= The kinamabic svelution of the occean hasins adiacent to these

margineg is fairly well understood (Figs 7 and 8.

7. For various climatological and praancgraphic ressons, poat
hreakup deposition on these eontinental margins consishs
dominantly of thin carbonates. This alleviates many problems
involving seismic resolubtion and depth of pengtration.

4, Fairly extensive oll saarch coupled with governmant policy on
wpen file and public relsase af information already provides

a substantial seb of shallow data on thaese margins.
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F.l Exupanded Spread Frofiles {ESH)
ST | Data Collection

A ESP is a highly specific two-ship amiznic reflection/
Frefraction experiment, that achieves a large spatial offset and a
vary high spatial density in a common reflesction mid poink
geometry by use of a multichannel recgiving array and Fepet
fired high snergy sound sourc . as shown in Fig. E ASkodda and
Eughl , LRFE) .

an ESE involves collection of a set of goprre-recel ver palrs,
with ore ship providing the souroe {airguns and/or srplosivesk and
e other ship, the receiver (Lowed multichannel ssismic
atrmameri . Source-recelver separation was up to 100 km. on the
Cumouth Flateaun. The receiving system, provided by Rig Sl Smis,
consisted of a 2.4 km., 48 channel Teledyne s@iamic shraames
(fppendix Ry, The sowrces used during each ESF and shob from
Fobert D. Conrad, were of two bypes:

1. & dusl sowce, consisting of 10 alrguns in oa F& Litve
funned array shob on one side of the ESF mid point; with grplosive
charges of 20 kg. shot on the mther side. This combination of
sources was used when desper continental crust was anticipated.

2, The airgun array source alone was e on both si ot
the ESF in regions of thinner continental , transitional or 3 EEn L
crust.

The shot repetition rate for the gun array was A msoond,
which at 5 kts represented a shobt interval f 150 m. or A
This gives an @-fold stack o
48 channels when summed in 500 om. bins. The shob

ihively

repetition rate tor the explosive sources wWas 7Tominntesy o Thig

gives an sffective single fold stack.

The shookting and receiving ships sach zailed inwards fromn
opposite ends of the selected EBF line (Fig. 14Y. A line was
defined by its end points, which in turn dedfined & mid point,
maintain correct gmomebtry Lhe source ghip bhegan shooting at it e
end of the line, wrderway abt 9 kts with the cenhre of the sowo
array over it’s end point at the start time. The recetving ship
sailed into it'e end of the line at O kts with the certre of the
raceiving array over it's mad peint at the start Time. With both
ships maintaining a "cellision” course st constant speed, the
cantre of the receiving array would then cross the centre of the
souwrce array at the mid point. The profile was then ewtendacd, a8
the sourts and receiving ships centinued on course and massad outb

1&



e ends of the ESP profile sioulianecusly. Thias, hwa

of opposite E LUSS 4
nominally ddentical ESF's were reoorded during saech full o run.
a 100 km. line, this took L1 hours at 5 kta. T the case of BB

limes shot wsing only airguns as sowrce, the souros ghip also
fowad its own sbreamsr, bthus obfaining a weartical incidence g-fold
s amic profile.  That prodl

e 1w reculred for structueal
coptral doaring subszguent ESF PEOCESEE MG In the case of ESP

v mhob owith bDoth airgun and explosive scwces, the proadilae wWas
Begun with airguns and finished with explosives. 6%t the end of an
EaF, the twa ships would then procesd along parallel tracks Lo the
pext ESF line (Fig. 13al.

The ESF shooting method desoribed above el e, 2]
in two ESFs: one on the inward bracks and one on the oubward
vrack. @ simpler method can he used which collects only a single
ESE, as shown in Fig. 13b. fSobth ships turn, say to port, Just
atter the mid pointy one looping to avoid entangling shreamers.
The pocsedure is reversed at the start of the next EBF. This
method was used only once during the Exmouth Flateauw projech.

Clearly, an avoldanoe manouEvime wWas el ered at the mid goint
{(Fig. 14h). This was general ly carried oub by the source ship
faking avoidence action. The side chosen was that opposite to the
‘direckion in which the stresmer was fgathering astern of the
receiving shipy; eg. if the streamer festhaerad to starboard, the

shipa passed porb-to-port. Avoidance action commenced 2 km. ahaad

and concluded up to 4 km. astern of the Feceiving ship (ie. &E0
minutes either side of the ESF linse mid point). During Bt
Flateaw operations, Rig Beismic and Conrad passed betwesn 200 and
1250 m. abeam, depending upon weather and the feathering angle of
shreamars on one or both ships.

Corrections wera often reguired Lo account For differaent
convergence rates. These were most masily and frequently carcied
out by the source ship through direct bridge-to-bridge
communication. UWUnlses the convergences rates Fanaired constant,
the mid point would shift towards the slower ship, disrupbing the
mommon mid point geomstry.

These geonebrical mid couwrse corrections were Dased on
pracise navigational data. Waypoints were set in each ship's
navigational computer corresponding to the ESF mid point and each
ship’'s corresponding stacrting point. Each ship's bridgs wabch was
resporsible for minimizing comptlted cross oolrs2 errars arel
differences in down line distance to and from the FEf micd point.
“Bch~Ehipgmw@ramequipad~withmﬁateilitmmnavigatimﬁmand.Glﬂbalmm.m
Fositioning Svstem (BPS). The latter was available for only 10
11 hours each day during this suwvey, dus o the smnall number of
satellites in the constallation at present. Full ooverage will
mot Be available untll 1969, During most of the suwrveay, Fed g3
Geiemic wsed HIFIX, provided by NATMAF, as backup to BFS.

Frecise processing reguires knowlesdge of the relatively
separation of source and raeeiver to an aven greater precision.
This was provided at short cangs by minirarger (less Lhan 30 ko)
and at longer ranges by RAYDIST. The actual lane numbsr provided
Hy RAYDIBT was not necessarily reliable at the start of an ESF
lime, It was calibrated from minirangsr later in the line ard
previous ships’ separation roacomputed.  When taken in conjuntion
with the absolube HIFIX position for Rig Ssismic, the relative
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range data also helped minimize errors in dead reckoning on
Cor-ad.,

The geomebry on passing iz also reguired to proocess the near
range ESF data. Since neliher smisirarger nor FayDIBT proviades
imformation on bearing, these were provided from the bridge of
wach ship, at gach shot ingtant, by optical or radar ghita.

Finally, the shot ins oM@l ho be available o i
receiving shig to an accuracy of about 1 millisscond.  The
racording cycls on the receiving ship was i bl ated by & master
cleck which zlso transmithted a calibrabion tone, ab shicir
ship~to-ship distances, to a slave siock on bthe sowce ship.  The
guin array was fired on ths minute, arnd explosives timed for every
7ominuies.

ESP lines involwing both airguns and explosives weve shat, as
autlined above. The switch from airguns to sxplosives always took
place atter the sowce ship had passed the mid point and cleasred
the receiving ship’s tail bouy (Fig. 14ch. Thie would resullt in
an approsimately 30 to D0 minute, or 4 to B km. oap, 2 km.o bhmyond
the mid point while Conrad retrieved hse gun array. this gap is
covered by, records made on converging rangas. Clearly, Doread
could net also tow a streamer during explosive lines and
consequently, ne vertical incidence GDF profile could b
collected. Thus a separate mulbichannel seisnic profilse had toe be
subsequently collected by one ar obther ship, o the ESF lald out
on oA pre-existing seismic line. &411 mid courss oorrections wers
undertakan by the source ship, since she had no straamsr asharn.

ESR liness on the Exmouth Flateaw were laid oubt in three
Pransects: an Exmouth Transecd, running WMNW across the Flateaw
frmm the shelf north of Barrow Island to the Gascoyne Abyssal
Plain, consisting of 9 ESF =y a Cape Range Transect, rurning SH
from the centre of the Flatgau to the Cuviar Ahyvszal Plain,
consisting of 9 ESFP's; and a Juvier Tramsecd, running EBE from
Duvier Abyssal Flain to the shelf south of bW Cape, consishting of
= EGE‘w. ALl 19 ESF s were laid out to avoid known structural
complexity or along-line variation, to be representabive of known
structural or physiographic provinces, and Lo simplify operations
and minimize transits, Wherse possible, ESF's on the Exmouth
Teransect were laid pub along segments of the G581 1576 "group
shoot" multichannel seiemic grid, as well as other commpercial and
B.M.H. data.

Seiemic redlection and refraction data from all EBF's was
recorded on Rig Seismic. In the case of the sxplosive segoenis
ESF lines, the varicus shot inshants cannobt be precd 2ly krowWn
until navigation and seismic data from both Rig Beismic and Conrad
are marged during post cruiss processing.  Howsvee, for the ailrgun
portions of all EBF e, the relative shot instents wers set by the
slave clock on Conrad, which was calibrated to the masher clods
Rig Seismlc. The sxact calibration will nobt be known unhil post
cruise processing of navigation data, but since heth clooks
initially resest to the transit satellite clock, the aghaolubs
instant ie known to within one second.

£
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Simcs the airgun segmenhs of ED st B-fold, displavs
mf data panels consisting of all 48 channels from eveary Bt shot
were “"spliced" togethae to formoa continuoos, single fold

gmants. A saople display section
ie shown dn Fig. 14 (From ESF L. Mipor hares in the data can
b sesn whare the different panels imin (eg. hetweaen pansls 400
and 408, ab 0B&.1703 . Such bares arise when the relative speasd
of the ships varies from 10 kts. These minoe disconting 3
ignored during prealiminary interpretation and mach panel was
assumed to be 2.4 km. widae.

The wupper right-hand coraee of Fig. 14 plmarly shows bobh oz
direct arrival through the water {(the reflection hyperbola alb
about 0.9 sec. below khe top time mark) and & suwite of seakbed
raflertions (at about 2 sec. below the top i omemar k. Heo 5
the avoidance manouver, the sesabed retlection is notoa Brue
reflection hyperbola at naar rangas. Zaro wn bhe x-amxis of the
display coocurs abt the roll-over on the direct reflsction
hyparbola.

Tern on the time axis may be sstimated from the abipbo-shin
soparation abeam during the avoldance manosuviee. Thess
messorenents were baken directly from radar ©anges mzasuared on Rig
Geismic, o caleoulated indirectly from the angular separation of
conescutive ong or bwo sinute ship-to-ship slghtings {assuming a
Felative spesd of Z00 ou/minute, wWith the ships on a parallel, but
ppposite CoWwrsel.

Witk the origin and scales of the record ssoblon Lhus
defined, significant refraction svents were picked and velooiiy
dnd intercept time read off graphically. A omimple flat-lying,
multilayer case solution {with the water layver as laver 1) was
chitained. Thess preliminary results are prasentaed in the naxt
zaction. To ftie refraction and reflection enlutions coreectly at
Lhe seabed, an uppermost sediment laver with velocity 2.1
bm. fosec. on the sheld and 1.8 km./sec. off the ahel f was assumed.
The intercept time for this laysr & was gstimated so that the
thickness of laver 1 was the same as the walter depih.

=]
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Hal.3.10 Summary of Assults

A compilation of the refraction results from bhe Exmouth
Flatesaw Transect is given in Fig. 17. Only the upper 10 kms. of
crustal structurs may be resolved using the unprocessed, replayed
moni tor records.  This data display does, however, give shrong
indications of obther deeper events which will certainly emergs
with post cruise processing. At this preliminary stage thers are
maior gualifications concerning soma raesults which must be
pnphasi seds

1. Bhelf ESF's -1 and E~-2 will be strongly affected by i el
sones and velocity inversions. Velocity data from West Tryald
-

Rocks No. i oindicates an inversion of velocity below the AR
km. /@ec. laver.

i

. Duter slope ESF E-7 may be strongly affected by steep dips

and wnsesn structuee.

o

navigation errars and seabed topography. Indesd, R-9 was

rashot as E-90 bhecauss of a ssamount.

The interpretation of the velocity layering has been atded by
knowledge of the stratigraphy and upper velooity structurs in N
Shels and Flateaw exploration wells, the interpretation ot the
WACDF profile through all ESF’s on the rransect (Section 3.2 and
Fig. 20) and gensral knowledge of the gignificance of various
crustal velocities, An ismmediately obvious conclusion ig that the
principal depocentre of the basin complex, consisting of the
Exmouth Flateauw, the MW Shelf continental margin and the nertharn
Carnarvon Basin - prebreaskup as well as post breakupn elemanhs -~
lims in the vicinity of the HKangaroo Synoline. The total sedisent
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thick

)

el i

2.1

mess ahove bhasemert s abowt 7 kms.

s less than 2 km. Jsec. on bhe Flatesu,
seiiments of

Lavers with velooits
ites lower slope and rise can be associated with
post Triassic rift onset wnconformity age.

fn the shelf, these sediments have velocities from @.3 to B.0é
bima FEsc.

Lavers with velocities in the range ELE bo 4.8 ko Ssec.
(mainly 4.0 to 4.4 km.o/sec.) can be assoeiated with Triassic,
probhably Fermian and possibly obbhear Upper lenrola
semdiments.  The structuwral reliefd of the Rankin Trand is
apparent on either side of E-Z. A lowsr set of velocitiss
within hhe general range (3.3 to .7 km. /sec,  oocurs beneaih
she Wangaroo Syncocling and may represent uppernost Triassic or
Towermost Jurassic seciion which elsewhsrs has bhemen ranoved
by srosion. Other layers with lower wealooitiss (3.3 fto .4
k. /sec. ), also lying beneath fhe Triagssic rifh onset
uwnconformity on the outer Plateaw, butb which are clearly
strongly sroded (Fig. 20} and may indicate that this part of
Fhe - section was never subiscted to sigrificant burial
compared with that beneath the lnner Flatesy and shelf.

an intermediate crustal laver with a velocity range of .35 to
5.5 kme/ses. (e@xcepting E-7) lies bensaith the Dampier
Sub-basin (E-1) and also extends from benmath the Central
Dome of the Flateauw Lo the rise. It is interpreted as
representing Lower Paleozoic sadiments and metasediments.

Mormal mid continental crustal velocities in the rangs 5.0 5

5.4 km. /eec. (sxcepting E-7) are observed beneath the
continental shelf, the Plateauw and the rise.

Deep crustal velocities in the rangs Tufn ko (T27.3E km, Feso
typical of continental margins {(Falvey and Middieton,
peour beneath the outer rise and possibly beneath tha Platasau
itself. In this respect, the structure of the Exmouth
Blatean and the Duesnsland Platean are quite similar.

s (Mﬁcmp)mmmm”mummmmm

Nata Collection

A WACDF achieves the eq%ivalent of a conventional
channel seismic profile with an extra long recelvifng array.

It is constructed from the strzamers of two ships towed gaparately
in lina, sach ship firing its own alrgun amray alternately into

both
henef

streamsrs, as shown in Fig. 1B (Buhl et al, 1981y, The
it derived from use of a wide aperture, or lang rEeEd vl rg

Lo B vl
akwd




array is that it provides a combined high GDF fold (4
cufficient source-raceives offset that travel Time se
orimary and multiple reflections can e achisved in re
desp waber. Thie is sufficient Lo enhance very deep reflection
svents and provide greater wveloclity diserimnination at greafer
depths (Fig. 195, T+ ig tharetors ideally swuited to deep orus
studies, in particular, in tying individual ESF lines btogsther a
their mid points.  Centres of all the BESF's in the Exmooth, Cape
Rarge and Cuvier Tranzects were tiad with WACDF profilas.

Irn all three WACDF profiles, Rig Beismic was the lmad snip
and Conrad was the tail. BEoth ships towed & nominal 2400 m., 4%
channel streamar, O 2450 m. gap (48 plus | channels) was laftt
hetwesn the last channel on the lsad streamer and the Tirat
channel on the trailing streamer. Rig Seismic fired its alergun
pair on the minuts and Conrad Fired its sirgun array on theg half
minute, both shots being recorded in both etraamsrs, on bobth
z=hips.

Timing of ths shot cycle to l millisecond was achieved by
using the same synchronized clocks an hoth ships, as wsed during
ESF operations. Bhip separation was maintained at better than 10
me, o less than a quarter of a group, by using miniranger. Thus
a streamer of apparent nominael length 7200 m. was synthesizad. Ir
sractice the mush smallesr alrgun pair on Fiig Seismic maant that
the arrivals on the streamsrs from 4800 Lo 7200 m. were vrelatively
weaker than those from O to 4B0OO m. and may thersfore not always
be usafual.

B owith
parabion of

i

atively

TeR. 2 Preliminary Resulits: Exmouth Flateauw Transech

The Exmouth Plateau WADDF transect ties the midpoints of
ESF's El through 9. Four of the range data sets wers il 1 eoted
hy the cable of the Rig Seismic and the ramaining twe by the cab
mf¥ the Conrad. The Rig Seismic was the lead ship and thus
racorded the © te 2400 m. and the 2400 to 4800 m. ranges.

The monitor records of the WACDE profile are single channsl
and =0 do not have the signal-to-noise enhancement obtained from
stacking all 144 channels. Nonetheless, the monitor racords do
digplay the rift structure and define the main tectonic features
investigated by the transect (Fig. &00.

The sastern end of the transect crosses the Rankin Trend, Tihe
oo ati one-ode-curren e madd o g as .p;—'rmﬂl petdmnat. North, Rankin. gty The
Fankin Trend diplays a dominantly horst and graben gshruchure
formed hy normal eift faulting. Downfauliting west of the Rankin
Trand forms the Eangaroo Synoling.

Further west of the Eangaroo Syncline, the reflecstor
corresponding to the Triassic rift onset ursonformity 1s
progressively slevated along narmal et faulits to form the
Tumouth Flateaw Central Dome and fuwrither west, downthrowsn o Farm
the contingntal slope and rise of the Exmouth Flateau. Thie
character of the seismic reflections below the rift onseat
unconformity suwface over the Flateauw and to the sast is

gedimentary, as will he further discussed in the contgsxt of lines
mE 0D and B55/04 in bthe following section. On the deep margin if
s

the Flateau {(the "rise') the character of everts bhelow the rift
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poosurface, although fthese are nob as mrleErnsl v tihe
autpowrings producing parallel Feflectors on bhe Yoring Flatsau
(Hinz, 198%) ., The volcanic flows in Phis instance are inbarsupbed
award by a ssamount towards the westsrn end of fthe line. The
seamount is downslope to the volcanic strata which wers grabably
courraed From velecanico aounds near the base of the Exmeuth Flateaw
lLower slope.

Eoneath these reflectors desper weak seismic events dipping
fandward are identified. These svaents are domn-faul ted west o an
uplifted zone at the rift wncontorai by and ceuld & aryh el e
hasement o deep orustal reflectors.

WACDE processing aims at enhancing deep arriwals
shallow water arrivale of the Z400-3800 m. range

onset cnconformity sugpests that voloanic flows have oubpourad
onto the rif

recorded on bhe Rig Seismic tend to be distor ]

laong tbravael path. Consequently, & despar water
presented (Fig. 213, Weak bassment o de
e be present over the Plateaw towards
margin, as on the mondtor record of the b 5 4
Similar events area go prosent bgnsath o lowsr rise at the {foot
ot the FPlateaw and 2 downfaulted further westb.,  The mond tor
alsg shows o w1y that the arsae abt the base of the Flateau 18 &
targs downthrown block with fawlft plain reflsctors and the
locakions of the bounding faulits shows by defractions myvident =
the Flatsau edge and at the margin of the naut westward lock. On
this data sst the mounded voloanic featuwrss on the Uit apas
trm be flat bottemed and to reet on bthe rift unconforml ity

e

5.3 Multichannel Seismic Reflaction

w L Data Colleckhion

Acquisition of conventilonal 48 channel szismic reflection
data and geological dredging to assist in petrolsumn resonrcg
studies, ware planned as part of thicd phass of the Exaouath
Flateaw study. The late arvival of Robart D Coneagd for ths
szcond phase resulied in 1130 km. of mul bichannel sesiliamic
”Fe%l@ctimnmdﬁtambeing~cmllecteduduwingmthisucwuiﬁe?mprimrmtmmihﬁ
start of ESF operations. These data incloded ssven regional lines
on the soothweshern and weshbern edge of the Exmouth Platsau and on
the FPlatypus Spu, and an ODF site survey at proposed location
EF-2 ip 4000 o. water depth adjacent to the southwast of the

fh]

Flatsan. OFf parficular interest in the mualtichannel
wers any factors which could indicate the potantial fto sowros
petroleem in areass of the Flateau rather than the tharoal
discoverad in previous exploration of the Flateau creshy Thess
factors included the possible presence of matwre Jurassic grs
source areas such as are associabed with the Jabirw and obhes
Ghelf petroleum discoveries, and shallower burial which coald
reduces the theramally overmature condition of Lower Triamsic and
Perni an sourcs rocks on the Platean crest.
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.52 Southwestern Exmouth Flateau

Ling 55/02 (Fig. 22 ties Esso Vinok No. i pehrolsun
axploration well and extends Wid +o the base of Lhe Flateal 1lowse
glope and the arsa of the ODF EF-Z site survey.

Horizons imterpreted oo lineg S5/02 are timd te Vinck Mo. 1,
vihirh ercountered 477 m. of Juraszic deltaic sedimsnts of the
Barrow Group underlying 1035 m. of the glvian/aAptian Searle
Siltstone and 546 m. of the Aptian/Neocomian Muderong Shale.  The
Barrow Group overlies a thin Upper Jurassic Dingo Clavstone wnihb
which rests unconformably on btilted fault bilocks composed of
Triassic sediments (rift onset unconforoitylr.

Horet and graben rifted structures in the Triassic are.
overlain by post Triassic sediments, which progressively thin
Fewards the Flateaw margin. & relic sheld sdge is praserved inoan
wpher delta of Phe Barrow Group at the sazt of the Iine ard
seisnic character is consistent with more distal facies wat of
thie feature. & further change in seismic character from QpRague
o alternating reflectors argues for the facies of the Bar o
Group again becoming more proximal further westh around a Platean
edge high at the rift onset unconformity surfacs, which
prasunsabtly was emgrgent above sealevel during the period of
depositien of &he Barrow Group and was eroded to souwrocs the looal
Barrow Group sediments. The clearly sedimentary character of the
etrats below the rift onset unconformity changes waestward wntil at
the Flateau edge the seismic character is consistent with that of
bamement or igneous rock Lypes.

Fonded sediments occuwr at the base of the outer slope of the
Flatean on the western end of line 55/02 in the region of the
proposad ODF location EF-E. Cowreelation of seismic characters
guggests that most of the 700 . ot ponded sediments overlying the
Fift onset wunconformity in that region is composed mf Lower
Cretaceous and Jurassic time eguivalents of the Barrow Groun and
Dingon Claystone.

Line S5/04 (Fig. 23) runs approximately sast-west nortihh of
line S3/02. It ties the Fendracht Mo. 1 well to the EF-Z,
location. Eendracht No. 1-has a similar post rift ssdimentary
bhickness to Vinck No. 1 but greatly reduced Lower Cretacsous and
Jurassic sequences. The Lower Cretaceous Jlppet Jurassic Harrow

Brmup'ié‘I4Q“mv“thich“iﬁ“EEﬁdrachtmNm;“lg~cmmpawedwtmmﬁ?? FTY- ) RS

Vinck Ma. 13 the mid Cretaceous Gesrle Siltstone ig 28 m. thich,
compared with oore than 105 m. and the undeerlying Muderong Shale
im 11 m. thick, sompared with 56 m., raspeciivel v.

Basic features of line 35/04 are similar to those of line
S5/07 evcept that the westward transition in the praecift
retlaction events from sedimentary to bassment o lgneous
character is more clearly seen, and pronounced ponding of Lower
Jurassic Dingo Clayetone is observed landward of = Plateaw edas
high. @A mora proximal facies of thase sedimsnts OoCuUFe OVReE  an
uplifted rifted featuwre suggesting lateral sowcing froam an area
of atill higher relietf.
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M B Werthuwasstarn Flabeau

The rorthwestern Flateaw margin was traverssd by line EESOT
(Fig. =243, which ties industry seismic data on the Flateauw crest
rorthwest onto the continental rise. Jurassic and Lower
Cretaresous BRarrow Broup sediments are less weall developed on thes
northwestern Flateau than in the south, compatible with the
provenance of the Barraow Group deltes on the Flateaw Breadmg mainly
from south of the Plateaw in prebreakup Time.,

Thres seisemic horizons were tied fo the industry grid on the
Flateasu and grid data were in turn tied mack to the Phillips
Marcury bNo. 1 well. These horizons were base Tertiary
unconformity, base Middle Dretazeous Gearle Siltstone (breakup
unecondormity for the central, western and southern Flateaw) and
the top Triassic rifit onset urconformity. An horizon grobably
representing the top Barrow Broup appears down—flank of the crest
n4 the Plateau,. On the Plateau cresht it is replaced by the
Muderony Shale. The reappearancea nf the Barrow Droup towards the
Flateauw margin would relate to the erosion of uplifted areas prior
to breakup o the western margin of the Flatesao, producing & mors
provwimal facies differing fram the partly time eguivalent Mg e org
Shale. The Triassic horst and graben topography under the rift
onset unconformity progressively approaches the sea £1oor towards
the Plateau edge and down the Flateauw lower slopa. This is )
accommodated largely by thinming of post Middle Cretaceous shrata.
The seismic character of the prerift lithology hecones chaotic
towards the Flateaw margin and it is likely that pre-Triassic
grdiments, hasenent or igneous material ocowr hensath the rifh
maset uncemftormity on the edge of the Plateau, on the Flatesaw
lower slope and rise. At the base of the gsrarpmant they are
covered by a zone of chaotic mounded sediments.  This mounded zone
is approximately 9 km. wide and 750 m. in thickness. An
unconformity similar in seismic character e the mid Creiacsous
wase Bearle Biltstone is identified towards the top of thess
mounded sediments.  West of the moundsd :one a thinose (400 ma )l
representation of the same sediments i3 horizontally layered and
an event interpreted on seismic character as eouivalent to the top
Barrow Broup is recognised below the mid Cretaceous svent. That
svent is not observed in the moundad region due to the chaotic

The +thinning of averburden above pre-Jurassic source rocks
fowards the western Flateauw margin in gensral could result in a
zone west of the Central Dome where the Lower Triasssic of Farmian
sourtce rocks, thermally overmaturs at the crest could be less
mature and producs oil rather than thermal gas.

TeZud Flatypus Spur Region

The Flatypus Spur is an extension of the e kheestern
Flateau. Lt is separated by a bathymetric low and Mas an arsa of
4000 sg. km. at the 2000 o, isobath. Lines 95/08 and 35/0%
crossed this feature and investigate the natuwe of the Flatypus

i
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Bpur and the possible presencs ot substantial parbicualarlty
Jurassic souwrce rocks in the graben f2ature separating the Exmoath
Flateaw from the Spur.

Line 55/09 is presented to show the characteristics of the
narthrestern Flateaw, the Spur and the interveaning G AR en
iFig. 2%, A thickening of graben £111 sediments in the resntrant
hetwsaan the SBpur and the Flatesad was miyserved but the maximum
dapth of Jurassic sedisents is 2.0 ko which, at least on line
5509, wold not allow these sedimnents to ke thermally mabuwrse for
hydrocarbon generation even given the relatively high heatdélow
avir the FPlatesw (approx. B0 moW/sqg.m.l.

Smismic horizons representing a base Tertiary wnceonformity,
the mid Cretacsous Base Bearle Siltstone and the rifb onset
uneonformity were tied from the Spur to the industry grid ssismic
an the Platsau. Thickening of sediments betwean the Spur and the
Flatesy were accomnodated mainly in the thickening of pre-Toertiary
strata. Triassic prerift strata exhibited ridft graben topography
wWith bedded Triasssic sediments being evident on the Platead
iteself.

Line S5/09 shows that the soubhern hald of the Platypus Spur
i composed of an uplifted Triassic seoimentary hlock covered by
TO0 m. of Tertisry and later sedimentez,and in ite northern hald by
an accunulation of 2 km. of post Triassic sediments. The Spur is
clearly continental and sedimentary in origin.

e d 0.D.F. Site Survey: EF -~ 2

Dbl Bacbkground

In December, 1785 Australian and West berman molentistes
presernted & proposal teo JOIDES for the driliing of a rumber pf ODF
holes on the margin of the Exmeouth Platesu {(collated by von Fead
and Exon, 198%). Breadly, these drillheles aim to resolve
gquestions concerning the early rifting Mistory of passive
; continental margins. The DDF proposal was considered by the
i Indian Docean Fegional Fanel and tentatively endocsed by the

Flanning Committee of ODF in January, 1986, zubyisct initially to
P T— s tEeurvey congideratfons and - Safaty-Fanel -2 8 S@ 6 Smerth :

One of the proposed ODF sites was surveyed during this second
phase of BMR's Exmouth Flatesau project. The indicatsd siie
location is at 19 deg. B6'8, 110 deg. Z5'E and designated ER-2in
the 1985 oroposal. Specifically, site EF-2 is designed to teaat
subeidence and stretching models for rifh and subseguent
continental margin evelution, leading to marginal plateau
formation.  The Exmouth Flateaw is an old, sediment starved
i marigin, beneath which pre-rift, rift phase and post Dreakup
sedimentary sections are easily accessible by JoF-tvpe drilling
operations. Site EFP~2 is one of a number of locations proposed
for the Exmouth Flateau margin. It should be possible to
integrate stratigraphic and paleontological gata from thess sites
wWith similar data from open file commercial sxploration walls on

RO




the summit of fhe Plateaw and adjacent shelt , to astabklish a
comprehensive piocture of margin and platean evolufion.

B, E Nata Collestion

The track layout for the EF-2 site survay iwm shown in
Fig. 2¢. It consists of a 94 km, grid of multichannel wmi smis
data, broadly sovering an area 5 obo 1o km. around the el
involving 190 line intersections. The lines into (line 55/02) and
aut of (line SS/038) the arsa wers shot wikh two B litre airguns
and the intermsediste detailed grid was shot with ore § litre and
ore 1.4 litre airgun.

I Data Interpretation

The onboard seismic data interpretation utilizged the
real-bine, unprocessed oonltor reeord sections of the near channel
o the 48 channel straamer. The guns-near Lrace separation was
280 m. Seismic ties wers made to Esso vinchk Mo. 1 oalong ling
5= 00 and to Esso Eendracht No. 1 oalong line snsnd, The following
reflection events were carried into the site survey area and
assigned the following Fectonic and stratigraphic intearpretation:

"Green' — top Barrow Gp.y top late rift phase or early post
breakup phase depositiong top Mepcomian overlain by Uppesr
Crataceous.

"TElue” - tap Dingo Claystone pouivalent; top early Fift phassy
intra Upper Jurassic overlain hy Lower Cretacsous.

DRt - fop Triassic rift onset pnconformity, as recognized an
the Rankin Trand bensath the shelfy Upper Triassic overiain
by late Lower to sarly Upper Jurassic o yvounger.

Interpretative contouwr maps od the bathymetery, Triassic
urconformity depth and isopachs of sediment above the Tria
pneonformity are given in Figs. 27, 28 and RO, The site arsa lies
at the foot of the main outer slope of the BW corner of tha
Fxmouth Plateaw. Triassic and older sediments, voloanics and/or
masenent outorop east and west of the site area {gea Fig. 22,
showing the regional interpretation of line ESA00) . The watear

depth lies between I950 m. and 4100 m., sloping gently from MME fo
. X

a5W.  The seshed is gently terraced (Fig. 307, spach step downwards

i

FELFEEETTE LY prmgr@ﬁﬁivm“ermﬁimﬁ”m%“Tﬁrtiary~amdmthemCretamﬂmug ........
cediments. This is probably caused by boundary currents along bhe
hase of the plateauw slope. 0Over the &Y guartaer of the survay
area, post Meocomian sediments are absent (Fig. 2%

The Trisssic unconformiby surface forms a broad gynolines,
plunging gently to the sauth and genevally brending parallel to
the foot of the Plateau slope. A basement block or voloanio
inkrugion outerops in the 85W corper of the survey arsa. Early
rift phass Jurassic sadiments are thickast over the synolinal axis

in the Triassic unconformity surface and thin ot on both flanks.,
The Jurassic sectior is absent over the western hal+ of thse survey
area and to the east below the Flateaw slope (Fig. 28y, The
Fhickast overall section abdve the Triassic wrcondoraity Hies
along a narth-souwth avis hetwesn the foot of the slope and tha



auie of the Triassic syncline (Fig. Z29F.

Ted. 4 Gite Proposal

The above intsrpretation sugoests a provisional O gdrill -
site location at the intersection of lipes 95/08 and 35/03E, at 1%
deg. 5478, 110 deqg. Z77E (Fig. Z00. O well at this site shouwld
sample both post breakup and prebreakup sectiong in a structurally
low position. A provisional well progrosis is given in Fig. 3l
Total deill depth is 780 m, subbottom.

it is antivipated that fouwr units would be sncountared in
EF-2, which would adequately define prepreakup margin subsidenoe
soaward of the lower Flatsaw slope. The seiemic shratigraphic
interpretation and correlations with Yinck Mo L oand Eendrachit
No. 1 sugogest that Triassic non marine sedinsnts, stnilar o the
Mungaroa Beds, but possibly including valpanicos, should be
encountered at &30 m. subbottom.  The overlying 3350 m. of
prebreakup, rift phase sediments might be expected to show
progressive upward marine influence. Howsver, most of the 4000
M. of submarine subsidence probably occuwred post breakup (L20
M. Yo Dapa?

it iz anticipated that data on paleowater decths and
eavironments of depesition showld allow construction of a
detinitive subsidence curve, which will test various models of
passive margin evelution.

1]

I

i Sunobouy Data

Nne REFTEK sonobuay was deploved while recording raflechion
data on line 3%/0%. As in previous research cruises, the selsolc
data woere treated as an additional charnnel (49) and recorded LS LT
the sama parameters as for the seismic reftlection data. &ix
cocrands of record were displayed on the special, “self-sarve’

monitor, using the record skip to give maxioum display of L
Frefracted arrivals at the largest pfiseats. o

-

The sonobuny was recorded for 2 howrs 530 minutes, aver &
distance of 27 km. The hydrophone was set to delay for about 20

“minutES“ba¢mrE“extendingm+mlly-tmeQwmmbut~$wmmuthemghawamtatmmﬁmmmw_

the monitor record it appears that this occuwrred on deploymant
{(Fig. 22).

fs a single sonobuoy gives & one way record, no informabtion
on structure or dip of retractors could be incladed in fthe
modelling of depths and thicknesses decived From apparznt
velocities and zero time intercepts calculated from identidiad
refractors.  The simple flat layer model given here is a
nreliminary model which will be refined by further modelling which
rakes intn account the structurs sesn on the coincident redlection
rocord (line  SO35/090.

Mey oirect wave (D wave) was recorded, so the water velooibly
was taken to be 1.5 km/sec with an intercept of zero on the Limes
anis (see below). & refractor from the seatloor was also nob

ey
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multichannel seismic reflection arofiling and in transit using &

recorded, so sediment velocity of 1.8 k. S mne For the
first layer and the intercept adjiusted iteratively until thes depth
eof bhe water column corcesponded with that recorded in the
hathymatry (1.71 km).  The ship’s gneed was assumed to average o
kt .

Two refractors were identified at larger offsets.  The firet
of which has apparent velocity of 3013 km/isec, Mowayer tieoe
velocity will bes greater as as recording is down-dip. The second
refractor has an apparznt veleocity of 7.257 km/sec whicl: i
consiatent with arrivals refracted in the crust. These ratraction
branches deviate little from a straight line, despite the
complexity of the upper Sequences of the Flatsau.

Mo Valocity Intercept Thickness Depth fedl . Time
km /S sec e = bm GE
1 1 . G {1, 0D 1.71
1.71 2. 280
2 1.8 .2 e 5
PR 2. BEG
= 2444 ; 2. 20 .24
' 2,49 2077
4 Z2.94 2,95 2.15
4. &4 4,527
] S5.13 4,10 SeEl
F.95 d SO
& .23 D.7H

Motes:
1. VYelocity in brackets assumed.
2. lWater denth measwed from FDR.

-

. laver 2 intercept time adjusted to computes water depth.

Sub Magnetics

Magnetics were recorded during ESF's, WACDP, conventional

wr

Sradiometrice AE01/80% proton processian magnetometers. Where

Gradiometer data were not collected due to pouipment servicing o
compleaxity of manouevres, single channel magnetometer data werea
Foeorded.  Digrnal effects duwring the study weere monitored by an
onshore magnetic station maintained by NATMAF personnel. Details
of magnetic data collected ars given in Appendix A and are plobted
along with spismic profiles on Figs 20 ang 2E-25.

Total field magnetic anomalies recorded over the Flateay are
of long wavalength and low amplitude reflecting a subatantial
thickness of non-magretic sedimenis. Towards the Flateauw sdge and
on the slope and rise the shallower basement and the pressnoe of
igneous rocktypss at tha ritt unconformity produces highese
amplitude shorter wavelength anomalies.

e e
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3.7 Gravil by

Corventl on
rdenseewerk
Sy

Gravity data were recorded during
Cmutichannel seismic reflection and in fransi Ll ; ‘a
Bmosveten KEE-3L Marins Bravity Meber. L.
given in Appendix & and gravity data uulrmLimd For Etwvos
put not latitude ars displaved along with seiemic data

— L I W 1 -
ang Sl

The raw gravity data largely reflect changss in
M, regional variations are observed which ars dus Lo
changes in crustal rockbypes and densities., FProcessing of
gravity data and modelling in coniunchios with the results
EGF, WatDE and mulbichannel seismic el antion results Wi_l al lons
a more refined definition of the strochuwe and cruﬁmal compasition

of the Plateal. —
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CHARTER &:  Systems Results

Had Data Acouisition Svstem

Halul Bararal

The load an the shipbosrd acouisition and oo ming sy stham
(DAS) eontinues to rise as the demand for mors farilities
corttinues. The Eumouthn Platseau cruise presanted a considerable
challenge in providing high accuracy navigation in desp water.
This was nesded to bobth adequately control the ESF and A DE
profiles, and to detine ODF wall =site locations for fubure
mocupation. & major effort has been mounted by the Division of
National Mapping (MNATHMAR) to provide a HIFIY radip navigation
gystam in a difficult and remote grvironment.

Heer accsss to the DAS compuber as a gsneral purpose
computing facility has rigen sharply witih the need to provide a
nost-processing function. The restricted user disc space of 10
Mhyvhes has proven to be a malaor Timitation in this role, which
ahould be largely overcoms when two 50 Fbyte drives arg instal led
in Junesduly this year. fMeanwhile playback of selected parts ofF
the ESP profiles was managed using an Epeon RAL00 printer in an
identical fashion to that used in bthe seismic gooquisition

Halol Mavigation

Fositioning of the ship is derived from a hierachy of b
largely indepesndent systems. Considerahle skill is reqguired to
chopee the best system as 2ach sxhibiis Timitations from time Lo
time. .

dala Globsl FPositioning Systam

A Magnavox T-Bet gives continuous ashsnlute positioning within
about 20 metres r.mes. undsr opbisugm conditions.  However e
gystem is in the experimabal stage with only 7 of the proposed 24
sakellites in orbit. Fositioning is possible for some g2 hours a
day but this can be extended o 12 howers in the two-satellite mode
by uwsing an atomic feeguenay standard. Success depends entirely
Lpon an acceptable fraguency bias between the satellite
transmlssions and the standacd being determnined duricng the
previous period of three to four satellite visibility.

i T
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The pariod from 2000 through to GGG GMT generally gave
consistently good results with thres or @oore = =1 1ih above the
Forizon for about Five bours., A furthes period from 110 to 1900
GMT sould aleso be used for navigation but for Ll oy hald Lhe
Eime there were only btwo satellites visible. - Tl ove wse of
periods of only two satellites was found to have considerable
wncertainty,  With the incomplete zatellite constel ion, the
gquality of fixes as the third satellite disappeared from view was
often poor, and the resuliant fraguency ias inaccuarate.

Fositions in ereor by ee much as bwo or thres miles were Fominel Lo
ooour, s continued manitoring of the hias valuss and erolusion of
uractentable pericds was NBCRSHArY.

Experience in evaluating the sffeots ot Freguensy bias and
diiution of position caused by satellite geonatry conhinues Lo _
broild up, but it will be some Lime betors we adeguately understand
the processes dovolved.

£
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&Hal.4 Radio Mavigation System

The HIFIY systam is typically wsed for gosition Fixing aver
distances of 100-200 kms where shore btransmitbers can brw 1loeated
tp provide acceptable accuracy in hyparbolic rangs modea. The
Evmouth Flateay exercise reguired operation in the range BOG—500
kme while the the shape of the coastline meant a reshrictive shors
station geometry. As 3 resulit, only twn trarsmitters were Likely
tn be received at any one time.

From previous sxperiments on the Buesenasland Flateauw, we hacd
shown that HIFIY data could be satisfactorily recel ved over ranges
in excess of 500 kms, though noise levels were 1N @HCRSE of B
centi-~lanes (about 30 metres) abt night. I+ the geomsbry peoablem
could be solved along with operation using only ftwo transmi tbery,
we had a viable navigation sysheam.

The requirement has been met by installing an atomic standard
at the master station onshore Lo stabilise all shora
transmissions. Im addition anobther atomic standard was used on
the ship to provide pseudo-range obhservations, oblhained by
comparing the observed signal with the standar:s rather Lhan
another of the channels as in hyperbolic sode. In theory the only
error is the drift between the two standaerds.

Shore stations have been set up ab Harratha, Onslow, Bx

i

and Tater at Nidgaloo aid Grargloo Orly-fhres transmission
e received at any one time.  The prime fransmitter was abt Onslow
for the northern chain and Mingaloo for the southern chain, with
Exmouth as a comeon slave shtation. Opsration b the transmlbis
has been an ardusus task both because of the remots locality, and
tepperatures fraguently in the order of A0 degreas
HIFIY reception on the ship has proven sucosssful mpst of the
tima despite the long range. Onslow and Ewmouth have been plokad
up 24 howrs per day with a hendency to lose lans loock bebwesn dusk
antd midnight lecal time when over the western side of the Plateau.
Less surcess has been obtainsd with Karcatha and similarty with
Mingaloo when night time recepiion was almost nonesistent.
Despite these problems, adeguate real-tiae ravigation (F
metres) has been achieved over much of the Flateaw for somes 1
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ours a day.  There ars times when fhe velpoity control can be
most inadeguate, though positional conbrol can sfill
accepbable. Th dwm eup = bhalt post-processing will Plow
recovery of accurats positions Foc upwards of 20 howss a day.

L
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Hal.E Nead Rechkoning Svsten

Two independent systems incorpocating gyro SOnNpass, gtaal ~axisg
conar doppler log and satnay recelver provide basic dead reckoning
for periods where the other systems prove imadequata., Such a
system was the main method for positioning & research shiip wntil
e advent of BRES, ar the rares occasions when a high reaclghlon
systen sueh as HIFIX was avallable.

The primary dead reckoning systam of  Armas-Brown gy,
Magrnavoxr MEA1O0LR sonar ﬁﬂpp]mr ard MEXiiOVRE satnav recsiver
provides the best available positianing pf Ehia bvoe. A lowere
grade system of Hmbert&um gyro, Raytheon DENAS0 sconar doppler arid
MXi147 satnav receiver s bthe backup.

Both systems have problems in rough waathsr or whan P
into the sea dus to alr bheing trapped wider the hull and blanking
bhe transmission of all sonar syshems. A small paddle wheesl lag
ie mEill under test as a way of validating the infarmation LCHRE NG
ferom the sonar dopplers. It should allow identification and
Freigction of suspect data at such Limes.

_ Interference by the 5.3 kHz echo soundsr in the operation of
the MY&10D sonar dopplse has neot ocowrred o this cruise,  The
numbers of transducers in use and cabling have been cirangad which
has helped reduce the pickup in the dopoler systam.

e irg

12

bHal.d Ship-to-8hip Ranging and by meohronisation

Determining the relative positions of the LDomrad and Rig
Ceiemic was achieved using radar observations and two indepsndent
electronic distance measuring systems, the Miniranger- 111 and thg
Raydist. The prime station for both EOM syestems was on the
Conrad, and no information could bhe obtained or recorded from Lhs
{rancpondmrw on the Rig Beliemic.

Direct obhservation of range and bearing werse made aut to
around 5 kms as the two ships passsd, using radmr and gvro
Cpwmpasss o These best-define -the- common- A e SEheotbhe EBF
lines.

At medium range, the Miniranger was wsed o give accurate
distances directly in mebras. Two branspondsrs were n aled o bhe
Fig Sedsmic, one looking forward and ons looking aft to give all
Found coverage owh to abouk 20 kms. Mowawver, no bearings could be
abtained and these nusht bhe derived from bast fii of the
obm@rvaflmﬂq b oships’ position.  The Mini-Ranger was Calwo used h;

aintain vessal separation duwring WALDE wark. EvEtam J1m111r o
: iiﬂ-IY glhlng orly a relative dis ane count and T
- For +#anges up to 100 kms 2 Was gy AThis 1s &
phase rnmpmr’;on/&hazﬁ must e ralibrated gainst Ehe Mini-Ranger
to give distance. Agaln inforsmation on hearings ig not available.

& UHF radio was installed in the instrument room for

—
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communication bheltween the Belsmic and mad Laboratoriss,.
Range was about 40 km. Clook synchronisatlion was cheoked Dy
tranzmlblhing an alarm sigrnal which was sounded on the minuiks by
Lhe Rig Pmmic s gun Firing system, via fha VHFE radio bto fhe
Conrad.

bale 7 Hathymetry

Development of botb the 3.3 kHz arnd 12 kbz scho sounder
syatem is continuwing. The 3.9 ke systen has bheen separated into
two groups of transducers,; one in a special coffer dam and the
mther in Centre Tank & to allow evaluation of the noiae levels and
bubble sotrapment at different hull locations. Testing has yvet to
e undartakan.

another step forward has been to develop slave crecordsre that
are intesnded for bobth the bkritdge and winch babs, with automnated
Lime marks and tab=lling.  These are driven by an Mm@ les
computer which provides independant asynchronous operation.
Evaluation is contimuing. Eventualiy, these will operate wilth Lhe
172 kMz: echo sounder to give more reliable depth imformation around

i

the ship, when coring or in reatricted waters.

The 12 kHz system has been converted to operate with the
CESF-1 signal correlator.  This provides an ioprovamant in
signal ~to-noise ratio of 20 dR which should allow affective
nparation at abyssal plain deplhs and on the steep slopes of the
continental margin.  Ferformance is similarly marrad by asration
urder the Rull resuliting in total loss of signal. Aan wunfoctunate
ay-product is the parallel loss of digital depth data wuntil the
digitiser can be reset to the correct depih Lavel.

Hot.8 Magnetics

Leplaoving o magnetometer sensor from Rig Sedsmic continues Lo
be a relatively difficult operation becauvse of the need to deploy
fhe sensor over the side of the vessel midships with the limit
winech space available att.

A gradiomeber with two sensors 200 metres apart was used for
most of the swrvey because of the considerable distance oW
shore, HBynchronization of the two standard magnetometars used has

. e Bvsd dTERTeal e ac Mieve-hecause -t - O i R o I, MY WO 8 Y- O % Y1 16 Loy [ ik W |

triggering polarisation and measurement. Considering the depib of
water and wavelenghh of the magnetic anomalies, the noise lsvels
are quiite acceptable though fuwther iLmprovenant is necessary Lo
detsct the nuances ab the surface caused by fawlted hagement under
great thicknesses of sediment frand over the Exmouth Plabteaw.

A magnetic shore station was set up at the aierport in Gnelow.
Diurnal variation dabta are nobt available for much of fthe period
following failure of the cessette tape recorder. '
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Gaolaw Grawity

seentially no problems were experienced with the

[
Bodenseawerke HES-31 marins gravity meber. One instance ot
avtomatic caging of ths sensor ocouerad when the 5 OVolh poheesr
supply level dipped. Malfonetion of the auto-pilot o gyrocompass
intarface resulted in use of the magnetic compass fo- ali the
cruise. During heavy rolling seas, the ship’s heading varied by
up to 10 degrses which in twrn produced increased neise levels i
the gravity data, at times reaching around 5 mgal s,
Fpest-processing should allow raductlon of this to a mors
acceptable lavel. :

-

.0 0 Geismic Acguisition Bystemns

The ditfering operational technigues wused in ChF, ELF and
WARCDF, have necessitated the soffware generation of threas
separate Seismic Acguisition Operating Systems. Ragic differences
sxist in record lenghth and shot firing control.  The LOF systam 13
similar to that wsed on previous B.M.R. oruises, while Thie ohher
two operabing systems have grown as hybrids of this.

Hadat Conventional ODF Data Goguisition

Ta enable the modification of & general system to cope wiih
the variations required for ESF and WAPCDE profiles, CHAangEs W a
needed to the basic philosophy of the system Timing. Freviously,
shot interval, acguisition delay and acguisition rate himings wers
intermingled providing an opportunity for ilimgal interrupts Lo
corrupt the system and bring 1t to a nalt.

The clock interrupt program in which the 0.1 sec cloock
interrupt is serviced, now handles the shot firing and the
acouisition delay. The current shobt rate is converted inta é§

Nnegative SRR Er WRTen e i norenented - unt il i reach s m T Que

Control on the interface card responsible for the pulse to the
firing box is set and the guns fire. The shot interval iz then
reset and the grocess repeated,

After the shot is fired a secondary counter which bandies the
acquisition delay is set and incremenied on mach interruph. dWha2n
this counter has reachad zero, the Time Base Generator loterd
gard, which is usad to control the acouisition rate, iz set to
give a 172, 1, 2 or 4 millisac pulse depending on the ecor gl ng
interval reguired. This pulse is used to start acguisition mf the
seismic data. & further counter is kept in synchronization with
the T.B.G. and reset on sach firing of the alr—guns, allowing &
check on the shot interval to better than 1 millisec accuracy.

Ty
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rarabte from the
affmoting that

The control of bhe shot firing is theretora @
anquisition process and can be meyed i F i @d wi thout
CH O S 5,

On previous cruisss, broublse has been sncountered with the
writing of data to magnetic tape, espacially immediately afbar
tape changes. The tape drive units frave besn checked by the
manufacturer amd found to be within specifications. T ensure
frat faults do net ocow with the tape weiting process, tihe
dynamic status of the tape drives is checked before any attempt is
mads fo write o move the tape.  This allows for such ereor
ronditions as tape drive off-line and no write-ring to be detecited
and an appropiats error osssagse to be posted, Mo data will
attenpt te bhe weitten to the tape wntil this condition has been
rantl fied.,

A colow display of the ssismic straamer 5 gepth has bheen
fuily incorporated and has been used successfully o aid in the
conbral of the streamer’ s dephh.

Lo2.2 ESF Data Acguisition

The ESF operating system is similar to that usaed for the CLF
profiles except that the shot rate is constant and cannot be
altered, To assist in the synchronizing of firing upen
R.Y. Rohart D. Conrad end acgrisition of selsolc data wpon
F.Y. Rig Seismic, the shot was fired on the minute, wsing bransii
satellite time. SGyetem clocks upon the two ships were chechked
regularlyy R.V. Rig Seismic’s Seismic Aoaquisition Systen
bransmitted a tone over a VHF radio to Conrad at Hig Spismic’'s one
minube mark.

lnstead of the shot interval being converted into a counter
and incremented as it is in the CDF operating sysiem, the svesbemn
cleek is read on the 0.1 sec interrupt to determine when bhere is
a new minube. If it is & new minute, acquisition will be
scheduled but no guns ficed aﬁffh@‘firing linss are not connectsd.

& record lenghh m$<ﬁ§,ﬂﬁ@)waﬁ chogsen to mabke full use of the

Hewllett Packard computar:
later seismic retuwrns.

spread out and a raster limit set o better. emnphasniza
Faturn.  Two of the aonitors were preset so that one displays the
record length O ~ 12 sece + delay and the other 13 - 24
el ay.

As it was not possible to sse mast of the raw data, it wes
decided to use the +fopllowing rules to decide on the acguisition
delav.

40
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Distance from Dentre of ESP Lins im.omiles)

i - L
10 1é& =
1 & 20 1
20 o
I WAFCDE Data Acguisition

The WAFCDF oparating system is the most diveras from the
standard CDF i itz concept of alternate shob Firing. Similar to
the ESP operating syshem, the systen plock is cheo to determine
whether acouisition should ooowe. 14 it is & mew minuie Lthen
control is sat, a pulse sent to the firing ok ancd acguisition
arours atter the specified delay has elapsed. O the hald minubte,
acquisition is restarted but no contral is set to fire Lhe guns,
thus producing a non-shot acquisition cyalea.

The acqguisition which occured when thare was ro shob fired by
Fig Seismic's Seismic Acguisition System, was that for the shob
Cfired on-board Conrad, where firing ocowred on the hals minutbe.

Using the shot instant time which is recorded in the SEGE-Y
header to determine which shot has just besn fired, the on-board
sepismic monitors were modified so that the Cycling, Slow and Fast
monitors displaved the seismic returns from Rig Seismic’'s shobs
and tha Bpecial monitor became a Fast monitor displaying Cormead s
shots.  Data enhancement technigues used in the ESF aperating
gysten have been incorporated in this sysktem. Special attention
mas required to ensure coreech annotation on all cutputs. aring
the WAPCDP profiles, acguisition delays were determinasd by ths
ohserved seismic returns from Rig Seismic’'s shots.

ba 24 Alrguns

Twe 8 litre Bolt 1900c airguns were operated successfully
”fﬁrmughmut“th@“ﬂrmrmeﬁ~w@th~ﬂamdiﬁ%icultyuenmmunteredwin
maintaining botk in operation during lines when Fig Seismic was
shoting as well as receiving. A1l guns and gun bundiss had beent
fully overhauled hefore operations started. Alr prassure Was
maintained at 2050 psi during the WACDE Lina and at 1RBSG psai
during lines S5/02 to S55/09.  This variation was dus Lo the numbear
md compressors which nesded to be bept on-line to maintain the
different firing rates. ne 1.4 litre Boll gun, plus one & litere

gun, was used duaring the ALDF site survey (lines 357056 to EESOED .
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CHARTER 73 Coneclusl orns

The preliminary resulits of phase Lwo pd the Exmouth Plateau

_ indicate that the ESE, WACDE and mitl i channel
Gimmie reflection data collected so far should betier define the
crustal structure and strabtigraphy of the Exmouth Flatean region.
This will snable particularly a reassessnent ot the possible
digtripution of potentially m|1~pwmuw Lower Triasslis and Feerolan
source rocks bensath the Flateaw by calibrating seismic reflectian
data with ESP velocity results which identify gross steratigraphy
and structure.

Thirteen ESF ‘s were collected, nins on the Exmouith Flatean
rransect and fow on the Cape Range bransect.  Six of the ESF'g
were collected with explosives and airguns, and ssven Wil airguns
alone. The WADDF tme o bhe Exmouth transect collected 700 km. of
Fwo-ship multichannel ssismic reflsc tion data. Conventional 48
channel seismic reflection data (1130 km.: and gravity and

magnetics data were also collected over the wastarn and
morthwestarn Flatead. The remainder of the “”Oﬂﬂﬁﬁd 19 ESF's, an
adeditional 1100 km. of multichannsl ssismic rafle tion deta and

ganlogical dradge semples will be eollected in phm&a thres of the
aroject.

The principsl conclusion from the RSF ard WACDDFE Transect of
e Eymouth Flateaw is that the northern Carnarvon Basin and the
continental margin basins beneath the NW Shelf and the Exsmouth
Flateaw form a single, continuous Peraian to Facent sedimantary
hasin, up to 800 kms. wide and 7 kms, thick, as iliustrated in
Fig. 33%. This esxtensive bazin was formed prior to the rifting
which preceesded breakup and seatfloor spreading, firstly along
boundary of the Argo Abyssal Flain and the along the boundard
the Eascoyne and Cuvier Abyssal Flaine. Fidh faulbting and
formation of horsts and grabens occurred at the end of the
Triassic. Fost breakup thermal subsidence comnenced on the
wastern, central and southern Flateau about 120 m.y. 2443,

Ore of the sites of deepest Triassic rifting and post
Trisssic subsidence was along the axis of the pve;ent Eangar oo
Syncling. This also appears to ba an ax i of arching at mid
crustal levels. Hasement beneabth the ceniral and westeen Eumouth
cErateseand - heneathe the-Danpier- Sub-basin-en-the-sheliomay.be.an..
mld sub—basin consisting of up to 4 kmns. of Lower Faleoweic
sedimnents/metasedinents.  This layer is absent beneath the
Fangaron Syncline. The post Triaswic rift axis and basin
depacentrs may therfore corvaspond to an axiz af previous uwoli+h
ard crustal thinning by arosion, :

The process of pre-hreakup rifting and assonlat uwpltift has
clearly thinned the pre-rift Fermo-Triszssic sequences Lowards the
mrige of the Flateau by srosion. This thinming becomes Sven mors
profnounced over the 100 kos. of rise, which appears to be
underlain by thinned, intruded and deeply metanorphosed
continental crust. The patterns of deepest Flatsau supsidence and
thair driving mechanisms couwld be avamined by ODF drilling at 5
EF .

-
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The preliminary rasulits of the mualiichannel seismic
reflection study indicate the prasence of switable
Lyrapping structures for frvdrocarbon accunulations.
graben—+ill marine Jurassic souwrce rooRs at mature deoth wera
irdicated on the sestern and nosbhwestern Plateaus. Howsver, the
shallowing of probable Lowse Triassic ard Ferolan shtrata towards
Flabsau margin suggest that thes :
"mally overmabure wunder the o tral

nil generation to the west 17 suitable sourocs rocks
prasent. Sowrce rock properties of these strata are to ba
investigated by geelogical dredging in phass bthres of this
Fresaarch progrann

integration of the resulis from all phasss of the progeam
will take place over the next WERANE .
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AFPENDIY B:  Eqguipment List

Bl Geophveical
Ral.l Frimary Smismic Systems

2400 o Teledyne hydrophone streamer cables minimum group lengih
of 12.% mp maximum 96 channels.

Syntron RCL-2 idividually addressable cable levelars.
T OBOLT 15000 airguns, each of 00 cu in (8.2 1) capacity, with
wave~-shape kitsy one or two guns, fired simultansousliy, would

normally be wused,

| Teledyne gun signatwre phones and gundepth sensors, and
: Input/0uput 558 shot-instant transducers (1 each per gunl.

E Price A-I00 COMpressors, scfm @achi oukput pressure 2000
psi

1 Price AGBM W2 comprassor, 200 scofmy output pressura ROOD nel .
k] L T fe

B.1.2 Smeondary Beismic bystems

..

L OBOLT 15000 airgun of 100 cu in (1.6 1) capacity, wikh
wave-shaps kit.

Fadtel & sonobuoy recelvear.

Teladyne 28990 acoustic beacon cable incation systen,

E. 1.3 Bathymatric Systems

Faytheon deep-sea scho soundsr; 2 ki marimum oubpud at 5.5 kMz.

Faytheon desp-sea echo soundary £ ki ma Lmuam oubput at 12 kHz.




B.l.4 Fagretic Syvstem
] '

9 Geemetrice GHOL/E0T sroton precession nagnetometarsg may e
ssed as standard single—sensar cable or in morizontal
gradiometer configuration.

B.1.5 Gravity meter System

ey, ey,

i Bodenseewsrhk Geosystem ESE-I1 Marine Gravity Meter.

[ Mavigahion

B.2.1 Prime Hysitems

{1y, Magnavoxr B.F.8. T-Set
(2). Decca Hi-Fix

(3. Magnawvox MXLLO7RS dual channel satellitse receRilvar.
Magravoyx M{e100D sonar doppler spaed Log.
Arma-Beown BEE1I000 gyro-Compass.

~

B.2.2 Sscondary Eysien

Magrnavox MX1142 single channel satellite receiver.

Raythean DEN4ASO sonar doppler speed ltog.

Ba.3 Compuler Equipment

2.353.1 Non-Seismic Acguizition Sysitem (DRAZD

Hewlaett~Fackard 21173 F-Beries lé-bit minicompuber with 512 kw of
MmEmory .

3

2y Mewlett—-Fackard 7905 1% Mb, moving-heaad disc and
multi-access disc controller.




ey

2w Hawlett-Backardg FEFOE 1400 bpi, F-trach magnatic taps

dirives.

Facilt cassetbe raoordar.

Hewl ek b~Fackard 12979 170 extender.

Hewlatt-Fackard 27484 paper tape reader.

BMR”dEEigﬁed and hueiilt lo-—channel digital mulﬁipiexef fup to I
EMR-designed and built 1é-hit gyro/speed log intertace.

Fhosnix 6%91% 19-kit analogue-to-digital multiplarer.

BED, NDE, o CHREONDLOS digital clooks (xE).

R4 beleatypes, TELEVIDEQ TVI-910 YD s, and EFSON RX-80 line

printers {various combinationsd .

KAGA REE colows monitors (up to 73 driven through A
microcomputars.

W % W éa—pen strip-chart recorders 03,

CALCOMPE 1044 B-pen high-spsed 36~inch drum plotter.
BLOLE Sersmic Acguizition System (MUZIL)

Mawlett—-Fackard 2112 E-Series lé-bit minicomputer with L Mega
word of meanory {(acguisition system).

Hewiett-Fackard 3317 F-8eries lé-bit minicompuitsr with 254 kw of
memary {development systeml.

Hewlett-Fackard 7905 15 Mbh moving—head disc drive and
multi-acress disc/opu controller.

T w Hewlett-Fackard 7970E 14600 bpi, 9-track magnetic Lape

Cdrives.
Fhoenix 6915 1%-bit analogue-to-digital multiplexer.

BHR-dest gned 48-channal SMF-1 computer—contrel led
praeamp/filters,

KBR—-47 teletvpe and TELEVIDED TVI 914 VDU.
ERSON MY-1087 dot-matrix line printers (24).
EPSON Hx;léﬁ shot logger.

Tektronix &4ll X-Y storage CRO.

BEWD 804 single-channegl CRO.

BWD B45 dual-channel storage CRO.



CHEOMOLOE digital clook.

BMl-desigred and built NTH-1 marine timing wunit.

[EIe Hi=Fix Acquisition Syztem (Hi-Fix)

Hewlett-Packard 2108 H-Series l&-bit minicomoputer

EMR—-designed and built lé—channel digital multiplexer

TELEVIDED TV L2 0 YDOU
B.Z2.4 Ravdizt/Hiniranger Acgquisition Syzten

Forward looking Miniranger 151D fransponder
Backward looking Minirangsr 111 transponder
Faydist transponder

VHF radio

B.2.5 Sub—baotton Profifer Acquizition Systen

n

Hewlett~Fackard 2108 M-Series lé~bit minicomputer.
Facit Cassetie recordsr.

Phosnix &91% 15-bit analogue to digital euliiplexer.
TELEVIDEG TVI-F1G VDU

EFD Graphic Recorders (up to 4) «xB0O @uporcs $ 30
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7. Late Jurassic reconstruction of Australia, India and
Antarctica.
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8. Early Cretaceous reconstruction and seafloor spreading.
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CDP velocity analysis: COP record, and a corresponding sat of gathers from arrays of three different
lengths. As the array length increases there will be inforrmation from a greater portion of tha time-
distance curves of reflections from various geclogic horizons. As the amount of the time-distance
curve available for analysis is increased, it is possible to detarmine the velocity of sound in the
gaology above a horizon with ever greater accuracy.
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stacking velocily for the data at the two-way lraveitime of the bullseye center. The width of the
contours around the bullseye is related to the precision of the velocity estimate. With longer array
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20, Saeismic monitor section and interpretation - Exmouth Flateau
WACDP profile (Rig Seismic’'s near trace from Rig Seismic’'s
guns; lines 85/21 & S5/722). ,
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