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SUMMARY

Following a mdnth of preliminary experimental seismic work
in the latter part of 1964 tﬁe Bﬁreau of Mineral Resources .ca.rried
out a- reconnaissance seismic. survey of the southern part of the
Georgina Basih, mginly in the Northern Territory, from April to
October 1965. 1In moS_t areas rgfl,éctions proved very difficult to

obtain. A number of different té;g::?‘hnique's- were tried, including
R : Lo i) . .

various shot and'geophorie pattern arrangementss, noise testing,

collinear offset shooting, vairshooting and muftlple coverage, but no ﬁ-‘v
technique was fOIjI.Hd which was gen'ebrally‘s.uccessfql in providing

useful reflections. The seismic results tended to confirm gravity
indications that there is a shelf area between BMR 12 Bore and

Tobermory and provided no indications that there are deep Palaeozoic

troughs similar to the Toko 'Syncline in the survey area.




1. INTRODUCTION

Since 1956, the Bureau of Mineral Resources Has been carrying
out .reconnéissancé geological and geophysical investigations of the
Georgina Basin. The géological4investigations have i‘ﬁcluded a étrati-
graphic drilling prog'rbam as well as the uéué.l mé.pping, etc., and the
geophysical investigations h‘a_v.e‘ épn_‘sis’vted of aeroﬁégnetic, gravity
and éeismié work.

Seislfriic Work'cémmenced in tine M.a.rion-Downs - Toko
Syncliné areé. of the souj'th-e‘as_tern‘ part‘ of the Georgina Basin in
1963 and continued through 1964. Objectives for these surveys had
already been indicated by the-pAre\‘rious .geological and geophysical
work; the main object'ives' were to investigéﬁe shooting conditions in
an area where the Lower Palaeozoic formations are covered by a thin
section of Mesozoic and Tertiary sediments, to investigate the
extension to the souti-l-east of the Toko Syncii'ne as indicated by gravity
work, and to make a stratigfaphic tie between the supposed Upper
Proterozoic sediments in the Canary Bore and the outcropping Upper
Proterozoic sediments of the Sylvester Creek area.

The objective of the 1965 seismic survey was to obtain regional
information on a large area in the southern part of the Georgina Basin
which would assist in the interpretation of existing geological, gravity
and aefomagnetic data in the area, with particular reference to petro-
leum p.rospects.

It was expectéd that séismic reflection o.r'refra'étion travers-
ing across the hard:‘limestone and dolorhite rocks of the Lower
Palaeozoic f(v)rmati.ons,‘ whi;h cover a large portion of the .Georgina'
| Basin‘,‘ would be difﬁcult and mighti require unusual and involved
techniques. Fér this re'a.son it was decided that a s‘eismic survey
in fhis part of the Georgina Basin.should commence with expexl'ifnental
work to deveiop a satisfacfory technique for use in reconnaissance
traversing. Therefore, in the last four weeks of thé 1964 field
season, experimental shooting was carried out on the Lower
Palaeozoic cafbonate rocks éf the Georgina} Basin near BMR 12
(C_éckroach) Bor¢ near the centre of the Tobermory 1:250, 000

Series sheet to develop a useful technique for reconnaissance traversing



in the Dasin {Chenon, in prepl. ~ It sppearsd that, inthe sren where
this experim‘ental w'olrk 'W.as-ca_,.rried"olut., "s.arti’sfal.cvt‘ory..result‘s.could '
- be obtaine_'t_:‘l_"-uvs:ing‘ a féirl';r e:xpen_six./ie techniqu'e. _

" In 1965 BMR Seismic Party No. 1 surveyed a number of
reconnaissance traverses in the Southern Ge'orgina Basin in the
east.ern, portions of Tobermory and Sandover River 1:250,000 Series
sheet areas .and in the,"sou_th-.western corner of the Urandangi sheet.

It vs.ras._found thet the area 'in which the experime‘ntal survey was carried
o.ut‘in 1964 was not typical of the region, but that lu,.s.eful‘reflection
results were Lll_suvallyumOre di_ffieult to obtal,in‘.' |

The survey commenced on 20th. Aprll 1965. Most of the
survey was carried out from a camp 14 miles north east of Cockroach
Waterhole on the "I_‘obelrmory shee’t. FOr the_l’ast.two‘ months of the
survey the party operated from a camp 5 miles so'ufh of Bulgera
Waterhole on Gordon Cr‘eek. Fie'ld'wo.rk' v.via‘s.bebmnleted on 29th October
1965. Deta1ls of staff and equlpment are glven in Append1x A, and a-
number of sta.tlst1cs relatmg to the operatlon of the seismic party are

presented in Append1x B.

2. -'G'E'OLOGY AND STRATIGRAPHIC DRILLING

Ca.mbnan and Ordov1c1an roeks occur over a large area of
north-west Queensland and centre.l eastern Northern Terr1tory For
the purpose of this report the Georgina Basin is understood to include
all of those Lower Palaeozoic sediments occuring in the region of the
Georgina River and its tributaries as well as in the Barkly Tableland
ro the north, and the Toko Range area to the south-east. It is bounded
by areas of Proterozoic and Archaean rocks in the west, south-west
and south, ernd the .east, north-east and north. In the north-west and
south-east the extens-ionl ef the Georgina Basin Palaeozoic sediments
are concealed below the Mexozoic cover.

The foliowing diseussion on the geology of the Georgina Basin
is taken mainly from a repdrt by Mulder 1961 which is based largelyr
o‘n work Qone bybth_e Bureau of Mineral,ResA(‘)’L‘J.rce-s»a-na from Bureau

reports. T e 1 =
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3.

Broadly speaking the Georgina Basin is a gentle north-west-
trending elongated depression in the Pre‘carnbri‘an. basement filled

with sediments ranging from lower Middle Cambrian to Ordovician

‘age. The oldest predominantly elastic deposits crop out on the basin

edges and are overlain and laterally replaced by mainly carbonate
sediments in the more central parts.

Metamorphic rocks of the ;Dasement complex, presumably
Archaean, occur southl-west of the Georgina Basin as the Arunta
Comélex. Lower 'Préferozoic rocks form the more elevated parts

of the cou'ntry‘e‘ast and west of the Georgina Basin. .In places they

"are metamorphosed due to the influence of larger granitic intrusions,

but commonly they consist of non-metamorphosed quartzites, sandstones,

. arkoses and shales with minor intercalations of limestone and dolomite.

Upper‘Proterqzoic. sediments are separated from the Lower
Proterozoic or Archaean rocks by a major unconformity.i .They consist
mainly of arenaceous sediments which form pronounced topographical
features. Thése sediments.have.been recognised in.several areas of
the Georgina Basin (Mulder, 1961), in particular along the southern
edge of the Basin (Mt.. Whelan, Hay River, Tobgmmory and Huckitta -
4 mile sheets). In this region, which is of interest to this Iireport,
various formations ha.v'é‘been distinguished by B. M. R. geolo\gists.
The exact correlation of these formations has not always been estab-
lished, and tht?{,.‘sequence most probably includes several minor un-

S
conformities o‘;- disco,nformities; The presence of Collenia in some

dolomite and limestone intercalations shows that the depositional

environment was at least partly marine. A composite maximum thick-

ness of about 7000 ft, of Upper Proterozoic and Lower Cambrian

sediments is present in tfhi>s area. Rapid changes in thickness, how-
ever, do o_ccur.‘ - .They are probably due to a strong relief of the
erosilonal surface of the older Precambrian basement, and .in most
places the actual thickness is considerably less.

A major unconformity separates the Lower Cambrian rocks
from the Cambro-Ordovician suite that is the main sedimentary

sequence in the Georgina Basin. .Petroleum accumulations are more

el



likely to occur above,"fath.er than bel.ov;r. fhi_s uﬁéoﬁformity, but the
possibility of reserQoirs within the 'Prro.te‘rozoic sediments cannot be
discounted. So far no Proterozoic soh_rce'beds c‘or.nparable to those
known in the Amadeus 'Basin ha;re been observed in the Georgina
Basin region.

The Georgina Basin contains a considerable thickness of
Cambrian and Crdovician sediments. The basal partvof this sequence
is formed by lower Middle Cambrian rocks. Three major rock-
stratigraphic u.nits,have been distinguished (Mulder, 1961):-

(1) The Undilla Groq\.p : lower Middle_ - Upper Cambrian
(2) The Ninmaroo Group : uppef Middle Cambrian - Lower
| Ordovician ‘ A

(3) The Toko Group : Lower - Middle Ordoyician

1. Undilla Group' Within the Undilla Group Mulder recognised four

litholog'ical' sequences ‘which are to a large 'extent le.teral equivalents.
The first of these, the Thorntoma llmestone, 1is the lowest strati-
graphic unit of the Cambro Ordov1c1an sequence overlymg uncon-
formably Upper Proterozo1c or older rocks The Thorntoma Lime-
stone which is confxned to the eastern edge of the Sandover River and
Boulia areas and is no more than 200 ft'. th1ck consists of mainly
greenish-brown dolomitized' limestone, limestone and chert. The
second unit, deposition of which occurred over most of the Georgina
Basin, is the lower clastic facies of the Undilla Group consisting of
basal conglomerates and breccias and thin-bedded, light-coloured
siliceous shale or siltstone with minor intercalations of limestone in

the higher parts. Bituminous calcareous shales have been reported

in Isegam Bore and BMR 13. Thicknesses up to 865 ft. have been

reported. The third lithological sequence, the maih limestone facies
of the Unel.illa Group, is generally exposed further away from the edges
of the Georgina Basin and overlies and laterallby replaces the lower
clastic facies. The sequence consists of mainly well-bedded, locally
dolomitic cream-and blue-coloured'dense limestones which are in
plac.es dark and bituminous. -I_rregularly' distributed chert nodules

and stringers are abundant and in places more calcarenitic limestones



also alternate with calcilutites. Over 1000 ft. of seétion has been
measured at.the surface of Middle Cambrian Arthur Creek and Marqua
Beds in the South Georgina Basin. . In Tyson's Bore (South of Glenor-
miston), which started in Georgina Limestone, 1800 ft. of carbonate
sequence was encountered without reaching its base. The fourth

. lithological sequence,. the upper éla"stic_ facies of the Undilla group is
known from the western r1m of the Sandover River-area and the north-
ern part of the Boulia.area. It is probably a local development wedg-
ing out basinward. This unit consists of reddish brown, weathered,
thick-bedded impure sandsfones ré.nd ithin-lbedded -siliceous siltstones
or shales. The thickness is probably less than 300 ft. Mulder
estimates the total thickness of the Undilla Group as being in excess
of 2000 ft.

2. Ninmaroo Group. The Upper Cambrian to Lower Ordovician

Ninmaroo Group is characterised by predominantly dolomitic develop-
ment as opposed to the limestone development of the Undilla Group.
Cream-coloured saccharoidal dolomites and calcarenites replace the
cream-and blue-coloured calcilutites of the Undilla Group. Sediments
of the Ninmargo Group occupy the more central parts of the Basin.
They partly represent a lateral time equivalent of the upper part of the
Undilla Group and partly overlie it. .On top of the buried pre-Middle
Cambrian highs the Ninmaroo may transgress directly on'to the older
rocks. The main carbonate facies of the group is characterised by
the Ninmaroo Formation which outcrops in the Boulia and Sandover
River areas and consists of well-bedded, alternate light crear‘n-'coloured.
saccharoidal dolomites, sandy dolomites, dolomitic sandstones, lime-
stones and marls with local intraforrhational breccias. Dolomitization
is highly irregular (Casey, 1960) and thicknesses up to 2200 ft. are
-known. The Arrinthrunga Formation which is known in the south

. Georgina Basin,-. is also characte.ristic, and consists of well-bedded,

. strongly-fractured dolomites, limestones and dolomitic limestones
with| interbedded sandstones and green :siltstones up to 3000 ft. thick.

A clastic facies development overlies the carbonate facies although in |

parts there is a lateral facies change from one to the other. . These



consist of siltston’le's,‘ saﬂdst_bn’és,' ilcia_lca'r;aﬁi‘tés', q_ﬁartz sandstones,
glauconitic sandstones, rril‘u'dsto.n"es‘, f siltéibn’ves", ;b;'oWn :dolomites and
limestones with'a total thickness not in exc'ess of 1000 ft. The total
thick'n.ess of the Ninmaroo Group.is probablf not lgre.a;ter than 4000 ft.
3. . Toko Group. The mainly cla..s_tic Middle Crdovician deposits. of
the Toko Groﬁp-are knbwn from thé*southern parf of the basin in the
Toko, Tarlton, and Dulcie Ranges. Like the underlying sequences
it thickens to the south-east into the Toko Syncline. Sediments which
are predpminanﬂy térrigenous, and conformably overlie the Ninmaroo
Group, consist of sandstone, siltstones mainly with some dolomite,
shale, marl, coquirﬁte-and calcilutic limestope with a.total thickness

of about 1, 000 feet.

A long ﬁeriod of stability followed the Middle Ordovician
sedimentation and there is no f‘urthe'r. record of widespread deposition
until the Upper De\_ro_nian. P.J. Jones (1963), however, reported the
occurrence of coelolepid fish scales 'of'Upper-Silurian- - Lower Devon-
ian age in samples frém shot holes in .the Toko'Range. About 2100 feet
of Devonian Dulcie -Sé.ndstohe’, ‘qpnsistin-g' -.of weill-vbedded, clean medium
grained sandston‘e has been.‘m'ea‘.'vsu‘z"ed‘ in the south-east-trending Dulcie
Synclinie. - In the 'Huék.i'tta area it overlies the Ordovician with:a clear
angular unconformity. The only direct evidence of this important
erosional break whicﬂ rhust occur at the base 6f the Dulcie Sandstone
‘is lo'osle blocks of conglomeraté"containing fossiliferous Ordovician
sandstone found at the base 'of the capping sandstone. (K.G. Smith-
et al, 1960). - |

-Seismic work by the ’Bﬁreau of Mineral Resources in the south-
eastern Georgina Basin (Robertson, 1964) shoWed the presence of up to
16,000 ft. of Ordovician - Devonian (?) sequence within the Toko Syn-
cline. This indicates either a rapid thickening to the south-west of
the known section or the occurrence of unknown Ordovician - Devonian
section,

In the area between the Tarlton and Toko Ranges in the south-
ern part of the basin (Tobermory and Hay River-1:250, 000 series

sheets) numerous mesas occur which consist of strongly laterised



white siltstone and medium grained sandstone with scour and fill
structures, some conglomerate and in places pale grey pebbly chy-
stone with some boulders at th;a base (Smith and Vine, 1960). These
beds which locally reach a thickness of more than 140 ft., uncon-
formably overlie all older formations. Condon and Smith (1959)
believed the formation to be partly of glacial origin (ground moraine)
and on these grounds postulated a Permian age.  This formation is
called the Tarlton Formation.

Mesozoic rocks of both continental and marine origin occur.
as numerous laterite-capped mesas along the south-eastern margin
of the Georgina Basin. In the Boulia area a coherent cover of Lowe'r
Cretaceous rocks is pfesen’t, thickening rapidly towards the south and
south-east into th'e. Great_Artesian Basin. These Mesozoic rocks form
the main aquifer and the impermeable cap of the artesian sequence in
the north-west of the Great Artesian Basin.

Tertiary sandstones and lacustrine limestones have been found
scattered over most of the Georgina Basin area. They unconformably
overlie Palaeozoic or Lower Cretaceous rocks.

The major fold axes in the Lower Palaeozoic sediments trend
north-west. The folding appears to be stronger south of an east-west
line running through Glenormiston Homestead, and minor and almost
monoclinal cross folds run east-west. lBoth Palaeozoic and Mesozoic
rocks have been folded and faulted although the main movements took
place before deposition of the Cretaceous sediments. The minor
structures which are common in the Lower Cretaceous beds in the
Boulia and Glenormiston areas are generally reflections of displace-
ments alor}g the main structural trends of the older rocks below them.
Major tectonic activity had been completed before the Tertiary, and
- the youngest rocks have only a slight regional tilt to the south.

The occurrence of bituminous carbonates and shales within the
LowerlPalaeozoic sequence has already been mentioned. Siltstone,
soft argillaceous limestone, énd‘ dense limestone beds within the
carbonate sequence éould_ form Cba‘m.p ,.'rocbk's. Time breaks however

occur within the carbonate sequence and in places the siltstone of the



. Swift Formation and the Kelly Creek Formation Q‘verlies the carbonates
disconformably. Hydrocarbbns frorn th’e carbbnates may thus have

escaped before the sﬂtstones were depos1ted 5"'_Apart from the

‘Mesozoic sandstones the only poss1b1e reservcnrs are in the older
carbonate rocks, part1cu1ar1y in the dolom1t1zed zones where vughs
are numerous, in 1ntraformat10nal b‘recc1as,a’nd inllimestones which
have become sheared and faulteti. . Baeal évahds may occur at depth
near the basement ridges ever and along;whieh' the Lower Palaeozoic
"seas transgressed.

A few stratigraphic test bores have been drilled in recent years

in the Georgina Basin. Lake Nash:No. 1 Bore (Amalgamated, 1963)
- which was drilled on the Lake Nash Anticline, wasplugged and aban-
doned at 1315 ft after penetrating 995 ft of Cambrian carbonate rocks
and 320 ft of probable '-Proterozoic sedimentary rocks. A dolomitic
unit from 790 ft to 995 ft contained \}iscou's tar but no drill stem test
was carried out over this: interval.

B.M.R. 11 (Cattle Creek), on the Barkly Highway 23 miles
west of Camooweal, was drilled by the Bureau to a total depth of 1501 ft
after considerable troubie' with loss of circulation. The succeesion
drilled was mainly carbenates to 1420 ft after which a quartz sand-
stone and pebbly quartz sandstone-fe;rruéinised at the base was en-
countered. No velocity data was obtained, ‘but electric, gamma ray
and neutron logs were run. _ | N |

B.M.R. 13 '(‘Sandﬁoirler‘ River) .was,'t‘;lril_led. to a ‘tetal depth of
3330 ft. Precambrian gneise ‘was -reﬁerted.'frem 3300 ft and granite
from 3328'. . The section overlyinjg this was Middle Cambrian to
Upper Cambrian, mainly carbonate ‘rock.s. Oil shows \lai/ere reported
from a low velocity zone encou_r.xtered en the eonic -log‘ between-'Zé 50
and 2980 ft and shown on the cuttings d.escription log as a shale between
2950 ft to 2975 ft. -Attempts to carry out a d_.rill‘stem test were not
successful. -Electric, gamma ray, sonic, and microcaliper logs were
successfuliy run to total depth. .

B.M.R. 1'2 (Cockroach) was drilled in 1964 near Cockroach

Waterhole on the main road 25 miles east of Tarlton Downs (see Plate 1)
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to a total depth of 4,000 feet. This bore first penetrated 500 feet of
Upper Cambrian - Lower Ordovician Ninmaroo Formation then passed
into the Upper Cambrian Arrinthrunga Formation (Ninmaroo-Group)
consisting largely of limestones and dolomites and finally into Middle
(?) Cambrian Marqua Beds at 2720 ‘feet. -Electric, gamma ray and
sonic logs were run to 3990 ft. A well velocity survey in BM R. 12
-was carriéd out by BMR Seismic Party'No. 1 in November, 1964
during the ‘éourlse of an exéerimental survey in the area. .Velocities
derived from the velocity survey and intvegrated sonic log are shown on
Plate 5. | |

P.A.P. N‘ett.irixg '..Fence.'No. 1 Qas drilled by Mines Administration
Pty. Ltd. on the smali Netting Fence Anticline structure in the south-
western corner of Gieﬁormisto‘n 1:250, 000 Series sheet. The sediments
penetrated vwere predomin\antly Cambro-Ordovic‘ian limestones and
dolomites. Granite was encoﬁnltered at about 6, 600 ft. and the hole
was abandoned at a total depth of 6, 664 ft. Laterolog, microlaterolog,
gamma ray and sonic logs weré run in the hole to total depth.

Alliahce Mulga No. 1 was drilled in 1965 on the Sandover River
1:250, 000 Series sheet (see Plate 1) by Alliance Petroleum Australia
N. L. to a total depth of 3003 ft. The bore i‘s believed to have pene-
trated 16 feet of Quaternary deposits, 174 feet of Ninmaroo Formation,
1524 feet of Arrinthrunga FormatioanéOui_'eet of Marqua:Beds and
1029 feet of Upper Proterozoic sedimétﬁtl:.s; »Ele‘ctriq_, gamma ray,

neutron, sonic and caliper logs were run to a depth of about 2600 ft.
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PREVIOUS GEOPHYSICS.

- Aeromagnetic Surveys
ki .

The Bﬁreau of Mineral Res.ou'rce-s has carried out aero-
magnetig-re.connaigsance survéy_s in 1958, 1963, and 1964 in the
Georgina Basin and adjacent areas. ' .

The 1958 'sur:vey (lJe\ﬁ"é'l-l.;'-. 1960),con51sted of a senries of widély
spaced traverses 'ir;_ the Qestex;n-'p'grtvof ".the'Gr.eat A'rtésian Basin and
included the vsouth-easterri part of tﬁé Géorgina Basin. The results
showed a good qualitative agi-_éement'wit..H'the-kfloWn g:ener.}al' structure
of the basin and the main gravity anomalies. _ |

In 1963 the Bureau of Mineral Resoﬁrceé started an-aero-
magnetic survey ;f the Georgina Basin with the object of obtaining
the thickness of the sedi‘mentary.seétion (Wells and.AMilsom,, 1965).
The Mt. Isa, Elkedra, Sandover River, Ufandangi, Glenormiston> and
Tobermory 1:250, 000 sheets were completed using east-west flight
lines spaced at two mile inte-rvals.. The remainder of the basin,
covering the Mt. Drummond, Lawn Hill, Ranken, Camooweal, Frew
‘River, Avon Downs, Huckitta, Mt. Whelan and part of Walhallow and
Alroy 1:250, 000 sheets, was completed in-1964. In addition-the‘i;r;i-grth-"'wf_ '
efn half of Illogwa Creek and Hay River 1:250, 000 sheets to the south |
of the Georgina Basinwere surveyed using flight lines of 4 mile spa.cing,f
to effect a tie between the t}eorgina Basin and Simpson Desert surveys.

There are.px;obilems in interpreting the aeromagnetic results
in the Georgina Basin (Wells, Tipper and Milsom, 1964)>. Surveying
of the basin margins has shown f-hat~1;nuch of ;};e Proterozoic sediz
mentary sequence is{-ma‘gr’i.e"tt:;calhly"‘irjl}’di‘s‘ting'u_i‘shable from the *Palaeozoic,A
and is cons1derablyth1cer1nmanyp1aces 'De‘z‘e'p mé.gnetic basement
is considered to Te vva‘r,ifg_g:sly__.i_?tflié.“‘.firchaéan or.oirerlying magnetic strata
within the Low‘éi’"ZPrbté-;bzoi;;:%;i_ ‘ Magnetic baéement contours therefore
indicéte depth to-an,u‘giéerta;i'.r;if stratigra;phié 1evé1,I above which are

sediments of both Proterozoic and Palaeozoic age, which cannot be '

distinguishec'li;'.’.": ‘Further, the regions of deeper basement yield few
anomalies suitable for reliable depth estimation, consequently the

control is inadequate for contouring in many places which might be
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of interest in the search for oil. Nevertheless the aeromagnetic
results do provide some regional data which will assist in the plan-

B ' ‘ ning of future geophysical investigations.
e . i ' A

The eastern margin of the basin is clearly defined by shallow
basement contours on the eastern edges of the Mt. Isa, Urandangi
and Glenormiston 1:250,,Q00 sh_eeté‘. The shallow contours are
‘parallel to the outcropi)ing- Lower-Protgrozoic sediments andvthe con-
tinﬁation of lthe coritou'rs._t.c; th.e. south sﬁ.ggests the extension of the
shallow basel;nent below the Mesozoic and Palaeozoic cover.

The soufhern margin of the Georgina Basin in the e'xtreme
south of 'the Tobermory sheet, which is an area of outcropping granite,
coincides with an east-west trending _depreséion indicated on the
magnetic basemenf contéur map, the deepest part of which is. shown

- to be 8000' below seé level. It is thought (Wellys, Tipper and Milsom,
1964) that the smooth mé.gnetic profile obtained in this area, which
would normally »iﬁdicate a deep sedimentary section in depth com-
putations, is due to the granité having a highly uniform magnetisation
near the surface. |

Shallow basemept is shown over most of the Elkedra sheet
in the north-west of which there are granite and Lower Proterozoic
outcrops. The magnetic basement deepens to 4000 feet below sea
level in the extreme south-east corner of the Elkedra sheet. The
depth to basement of approximately 3000 ft indicated on the contour

map in this area at BMR 13 compares with the depth of 2240 ft below

ea level at which Precambrian—gneiss was encountered in the bore.

Highly disturbed magnetic profiles, indicative of shallow basement,

extend from the Elke.dra.‘ sheet into the north-west of the Sandover
River sheet. Further east, hdv:sievgr, the magnetic field varies much
more gently. and the ahomélies 'are‘genefally} of low amplitude. The
boundary between th.e'sbe two provinces, which occurs on the Sandover
River sheet, is shafply defined and cha;ra‘cterised by a fall in the
general magnetic level to the east. The boundé.ry is roughly semi-

circular in shape, concave to the east and skirting the central and

south-eastern portions of Sandover River sheet,. 'To the west of the
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. boundary é.nomalies are common and basement contours may be
drawn with some confidence, although sources below the basement
surface appéa.r frequently. The basement he_:re is conéidered to
consist of Lower Proterozoic rocks similar to those outcropping iq
the Davenport Ranges, as lthe profile pattern from the ranges to the
" boundary discussed above is continuous. It is not considered likely
that Upper Proterozoic"‘sediments are cfeveldped in this area but they
probably occur éast of the boundary.

East of this béundary anomalies are more widely separated,
. are of lower amplitude and give widely fluctuating depth estimates.
In many cases the sources are shallower than wo\ild be expected from
the generally smooth profile pattern a;oﬁpdthe anomaly.

It is possible that these shalll.oweil'}‘so_urcesv are lenses of volcanig
rbcks occ-urring.withiﬁ:a s_edi'n_'.l‘enia..»rvy séq.ﬁe.n‘c‘_e of considerable thick-
ness, in which case twd.magnetic“hofiions are present.” However, if
such lenses exist it is ﬁnlikely that they_ are younger than Proterozoic, _
consequently depth est.imates based on'theénorﬁa‘lies té which they
give rise would indicate the greatest possible thickness of Palaeozoic
sediments. Another possible interf)retétion would be that these
shallower sources are within the Palaeozoic sé;qdenc.}g", 1in which case
quite large thicknesses of prospective sediments miéh?@ occur in-areas
where shallow basement depths are indicated. The latter possibility
is unlikely since no volcanic rocks have so far been observed in the
Palaeozoic.

The basement contpurs deepen steeply to the éouth-east on
the Sandover River sheet across a north-east trending line where
a possi.ble fault has been interpreted. There is an alternate ex-
planation of this steep gradient. Since the shallower anomalies
mentioned above are not seen in the region of the trough in the soutJh-
east of Sandover Ri{rer sheet, it could be concluded that the volcanic
rocks forming the uppér of the two.magnetic horizons previously
referred to have pinched out.to tﬁe .souths-eaist. .On the other hand
if there is a genuine, abrupt incréaée in__the' thickness of the sedi-

mentary sequven'ce_ both magnéfig:h‘bz'_'iz'oh-s c'o'uld‘ still be pres'ent at
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depth. This latter hypothesis gains some support from the fact that
there is evidence for more than one magnetic horizon within the trough.
The steep gradient of the depth contours-along the north-west wall of
the trough could well represent a fault with a throw of about 2000 ft.

The deep basement development in the south-east of the )
Sandover River-sheet is part of a large, irregularly-shaped depression
ektending into the south-west of the Urandéngi sheet and into -adjoining
corners of the Glenormistonzand Tobermory sheets in-which magnetic
basement is estimated to be at depths of 8000 ft. below sea level. It
was expected that Upper Proterozoic sediments would be developed
in the trough and .‘Allia‘nce Mulga:No. 1l Bore appears to confirm this.
Nevert\heless the aeromagnetic results suggest that this large depress-
ion hoids more promisé of oil accumulations than any other area
S\J;rveyed in the Georgina Basin, apart from the 'Toko.'Syncline;

This Sandover River - Urandangi.Depression is separated in
the south-éast by an east-west trending basement ridge from two
smaller depressions known as the Tobermory and Glenormiston
.Depressions. These two depressions, which-are 8000 ft and 10, 000 .ft
deep fespectively, _are separated by a small north-east-trending
baserr{enti ridge. Netting fence No. 1 Bore was drilled near the south-
western margin of the Glenorfniston depression. Granite was en-
countered in the bore at a depth of 6, 600 feet. This agreeé fairly
well with the basement depth estimate of about .6, 000 feet from the
aeromagnetic profiles in this area.

.There is a small magnetic basement depression estimated to
be 6, 00‘0 feet deep nqrth-east of Tarlton Downs homestead on the
Tobermbry- 1:250, 000 sheet. B.M. R. .12 bore was drilled to 4, 000 ft
on the eastern side of this depression, where aeromagnetic results
suggest magnetic. basement is -at about 4,000 ft. ' In B.M.R. 12,

1, 280 ft of Midldle Cambri\gn-;sediments were penetrated and the bore
finished in these. 'Thg‘_maxi;rrl.um..known. thickness of Middle Cambrian
in the region is ,1500-ff; sé that it is 'likely'that the base of the Palaeo-
zoic\seétion' éccurs at less than 4,500 ft. The aeromagnetic results

therefore suggest that little or no Upper Proterozoic section is present



in this area, as this generally behaves magnetically in a manner
indistinguishable from the Palaeozoic.

Gravity Surveys

Gra,vi’ty éurveys Qvere carr.ie:dflc.)ut“. in-.“\h'/'éste_rn ‘Queensland and
south-eastern -Northern Terri’tolx.-y by thle_'Bu;_éau 6f Mineral Resources
from 1957 to 1961 including both ground tré,verses and h.elicopter
‘reponnaissance surveys. (Gibb, 1965?, Barlow, 1965?, in prep.).
Mines Administration Pty Ltd in 1959 carried out a semi-detailed
gravity sufvey in Western Queensland covering parts of the Georgina
Basin on behalf of Papuan Apinaipi Petroleum C‘ompany Ltd (P.A.P.,
1960). The results of these surveys,. §vhich_ cover much of the
Georgina Basin and part of the Great Artesian Basin',A have been
compiled'in the form of a. composite Bouguer -anomaly map (Barlow
1965? in prep.) . In the following discussion the names of the gravity_
units are those revised by Vale (1965) except in cases where an
author's name is quoted after the unit.

As noted by Gibb (1964) an overall assessment of the Bougwer
anomaly picture of the Georgiha B'g.sin immediately indicates that
the eastern boundary of the Georg:iné Basin is well expressed-as-a
distinct-north-horthv-we's't gra':vitvy gfaéiéntbontinuous over a distance
of more than 200 .rhiles"along .~t}-1e- Wé'_st'ern .eag;: of the Cloncurry
Regional Gravity" Hig.h‘.. : Extendiﬁgover‘an even longer distance is
thé‘nort‘h-west tre;nd; in contours which follows the south-west
boundary of vthe basin. This tAr’end d'escribed by Lonsdale and

Flavelle (1962), is expressed in the Caroline Gravity Ridge and also

in the Hay and Huckitta (Barlow, 1965) Gravity Lows which-accompany

this gravity ridge on its north-eastern side. The region bounded
by these trends forms the southe_rn portion of the Georgina Basin.

In the south-east cqrner of the region the Toko Syncline is
‘well expressed as a gravity low which -suggests the s.yncline‘ extends
well to the south-east of the outcrop area. This is bounded to the
west by a graviﬁy thigh! né.med the Field Gravity Spur, which
diverges from the Caroline Gravity Ridge.

Further to the north, an.area of low gravity relief, the




Tobermory Gravity Shelf, occupies nearly all of Tobermory four-mile
sheet and extends over (:orisic;l'.e.rvable portibns of the neighbouring
4-mile sheets.

The Tobermory Gravity Shelf is bounded to.the ndrth-west by
the Sandover Gravify Low,. whiéh covers- most of Sandover River
4-mile sheet,. and in turn is bounded to the west by the Ooratippra
Gravity High which occurs mainly on the eastern part of the Elkedra
4-mile sheet.

The gravity relief in the western part of the Elkedra 4-mile
sheet is not prondunced but there is evidence for the existence of a
ridgé of high values of gravity-in the Davenport Range area. .This
ridge separates a region of low gravity values, the Frew River Gravity
- Low, (Barlow, 1965) in northern-Elkedra sheet,. and probably most of

\
Frew River sheet, from the gravity low which is the expression of the
Ammaroo Sub-basin centrled in the Huckitta sheet area. This sub-
basin is bounded to the south-west by the western-most extension of
the Caroline Gravity Ridge.

The interpretation of gravity data in the Georgina Basin is
complica’téd by the relatively small déﬁsit'y contrast which can be
expected to -exist:between fhe’ CamBrian limestones and the basement
(2.7to 2.8 gm/cc and 2 5to 2.8 gm/cc respectively). The densities
of Proterozoic sediments, Upper Cambrian sandstones and post-
Cambrién sediments are lower, but in some cases only slightly lower,
than these. . Further difficulties arise because of the existence of
numerous-local gravity anomalies, boﬁ.nded by strong gravity gradients,
~in areas of ou.tcroppingL Precambrian rocks. For this reason lateral
density variations of considerable magnitude must be inferred to occur
within the basement rock complex, composed of metamorphics. into
which numerous types of basic-and acid igneoﬁs rock have been intruded.
Moreover the very dense dolomites of the region alternate with lighter
sandstones, and these near-surface facies changes tend to mask effects
due to basement features.

Notwithstanding these difficulties, which originate from complex

lithology, the gravity data are of considerable value in delineating the
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, geologicai marg_insl c;f the Georgina'Bésin,.‘.-_in assessing the broader
structure of the Basin and in establis‘h{ng. m‘aj;)rﬂ (‘s‘t‘ructufal features
associated with ,‘sedimeﬁtary rocks whic‘lr;"oc‘:'éﬁr 'wifhin‘. the basin,
Because of the considerable, ,thdugh»-di‘ffereht,»“ problems which apply
-to.interpretation of the gravity and aeromagnetic results in the region,

it is useful to compare the interpretations arrived at by these two

methods, each of which serves as a check on the other.

The eastern margin of the Southern Georgina Basin is marked
by a strong gravity gradient interpreted (Gibb, in prep.) as the
gravity expression of the western limit of the Precambrian Cloncurry i
Fold Belt under transgressive Palaeozoic sediments of the Georgina
‘Basin., -Aeroinagnetic results and gravity are in good.agreement in
this area'in delimiting the Basin. |

- The distinct and persistent north-west gravity trend evident

in the extensive zone of the Carbiine Gravity ‘Ridge and the group of

gravity lows ‘which accompany it tojthenorth-ea;t. is tentatively inter-
. preted as indicative of a .majof tectonic feature of a lineament type.

In the westernmost portion of this gravity ridge the gravity 'highs'

are known.to occur over outcropping ,A'rch_a-e_an‘ focks of the-Arunta

Complex. 'The gr.avity'."low"”nor‘th -of‘. fhe_.'l;.'-i‘gh" appears to be mainly
- caused by extensive intrﬁsiops of hgge ma‘s.ses“of granite into meta-
morphic rocks of Archaean age.

As a whole, the distortec.l’ onne. cbmp‘rising 'the Caroline
Gravity Ridge and the adjacent chain of gravity lows is interpreted
.as the gravity expression of a ‘majgpbasement ridge of raised
Archaean rocks occur'niég on a line of;te;:tonic weakness, into which
liquid masses of various types of magma, but mainly of granite, have
been intruded. - The nortﬁ-ea.sterﬁ limit of the Hay Gravity Low,‘

. adjacent and parallel to the Caroline Gravity Ridge, agrees well with
magnetic-basement contours in defining the south-western margin of
the Southern Georgina Basin. |

The Tobermory Gravity Shelf covers.a large part of the Tober-
mory 1.:2,'50:, 000_ sheet. It-‘ is interpreted as a region of generally

shallow basement with depth of basement of the order of 3, 300 feet,

[
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a figure which agreeé well with magnetic basement depth estimates

.for the region.

The Sandover Gravity Low covers much of theSapdov_gr Riygr
l:__2v50_',4000 sheet,, but_ notably reaches its rﬁaximum intensities in thg_
northern half of the sheet. Itis interpreted as a-somewhat depressed
area containing Palaeozoic sediments of increased thickness. How-
ever it has been suggested (Barlow, in prep.) that the gravity minima
in the north-western and south-western corners of the Sandover River
sheet in association with the Ooratippra Gravity High might be an ex-
pression of the margin of a high-standing corﬁplex of basement rocks )
rather thah the result of sedimentary depressions.

In the south-east of the Sandover sheet, where the aero-

magnetic results suggest a deep sedimentary depression bounded on

the north-west by a possible fault, the gravity values are more

similar to those on the Tobermory Gravity Shelf. .In this area the
most obvious gravity and aeromagnetic interpretations are in dis-.
agreement. .However, Alliance'No.l Bore in the south-east of the

Sandover River sheet indicated that the Ninmaroo Formation,

- Arrinthrunga Formation and Marqua Beds were all considerably

thinner than:at BMR 12 on the Tobermory sheet, so that a northward

“extension of the Tobermory Gravity Shelf Area of shallow Proterozoic

basement into this area seems likely.

There are two small gravity minima in the south-west of

Urandangi sheet and north-west of Tob;ermorythomesfead which

-are overlapped by larger areas of magnetic basement-depression.

These are likely areas of increased thickness of sediments. How-
ever there is.no gravity low corresponding to the Glenormiston
magnetic depression.nort-h of Netting Fence No;"l Bore. On the
contrary the gravity results suggest an extension of the Tobermory
Gravity Shelf into this area.

The Toko Synclihe is well expressed in both gravity and aero-

magnetic results. The Field Gravity Spur runs parallel to the Toko

‘Syncline on its south-west . margin on the Mt. Whelan and Hay River

1:250, 000 sheets,. but to the north, on the Tobermory and Glenormiston-

'



sheets, _the Spuri'f-ans :;out-a'cro:ss'-'t.he pro_]ected ‘axis of the Toko
‘Syncline. Consequently, ‘ from grav1ty data it appears that, as a
deeply depressed trough the Toko Synchne does not extend beyond

the north-west corner of Mt‘.“~Whelan sheet. Nevertheles‘s, because
of the high density of the Cambrian limestones,-l the gravity data would
not exclude the possibility that a relatively shallow syncline with
"Cambrian sediments-extends onto the south-east of the Tobermory
sheet,. as-indicated by geological mapping. The gravity expression

of the Toko-Syncline»on=the<Mt. Whelan sheet is much more pronounced
because of the lesser density of the Middle and Upper Palaeozoic rocks
which occur in that portion.

The aeromagnetic results indicate a continuous though weaken;
ing magnetic basement tlepression from the Toko:Syncline proper
across the Field Gravity Spur to the south-east corner of Tobermory
sheet. Thisgmagnetic depression.is somewhat south of the north-west
extension of the Toko Syncline mapped by geologists,. so that it:is un-
likely that it represents a sedimentary depression.

Seismic Surveys.

~ Apart frorn the short experi‘rnen_tal seismicrsurvey carried

out by-the Bureau.near B MRlZBore1n1964 as a prelude to
reconnaissance sur:\}eyinglin the regton, noiprevious seismic work
had been ‘con_ducted in the region of the Southern Georgina Basin where
the 1965 surt/ey was carried out.

To the north of the survey area the Bureau of Mineral Resources
'in 1961 carried out experimental and reconnaissance:seismic work in
the Undilla Basin north-east of Carnooweal, Queensland (Robertson,
1963). | |

A number of seismic surveys have been carried out in the
south-east Georgina Basin. Papuan- Apinaipi Petroleum Co. Ltd
"and Ph1111ps Petroleum Co. conducted work in 1960-1961 in the
- Springvale, Boulla and Toko Range areas (Phillips, 1961). Also
in. 1966‘ the South: Austrahan Department of Mines: conducted a Seismic

‘Survey in the Great Arte51an Basin in South Australia and-in Queens-

land as far north as Boulia (Milton, 1961). In 1963 "'l'and'1964 surveys
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were carried out by the Bureau ef Mineral Resources in the Spring-
vale, Mt. - Whelan and Bedourie 4 mile sheet areas (Robertson, 1965,
Jones, 1965). In 1963 the French Petroleum Company (Aust.) Pty
‘Ltd started a reconnaissankce seismic survey which extended across
the southern part of the -Simpson-Dvesert from South Australia to the
‘Annan.dale - Sarldringham region of Queensland. .. This survey was
continued in 1964 as a semi-detailed seismic survey in the Bedourie
-area. (French Petroleum Co., 1964).
The Bureau of Mineral Resources seismic survey in the Undilla

Basin in 1961 encountered a number of technical difficulties in applying
the reflection and refraction-s_eismicmethods, due to the occurrence
of Middle Cambrian livn;xe‘s'to'nes.‘ar_ld Camooweal dolomite near the
surface. | |

- ' “Reflection work in the area was difficult because of the large

-amount of surface noise generated by the shots and because the coherent

-

noise waves generatea have higher velocities and greater wave lengths
than in most areas with the reeult that normal length multiple-geo-
phone patterns are less effective in reducing them. Air-shot patterns
were found to be quite effective in reducing high-frequency noise,
particularly on the earlier part of the reeord.s. |

- It was considered, after experimentation, that single-deep
hole shots-and patterns of shallow shots should both be effective in
improving record quality if they were offset about the same distance
(2000') as the airshots were (Robertson, 1963). Patterns of holes
-about 1‘50 ft deep drilled on the traverse line were also considered
likely to be effective, but extremely hard drilling conditions would
make progress slow with - such deep holes.

The refraction method generally depends for its success on

the occurrence of a number of rock layers whose refraction velocities
become su_ccessiy%ely greafer_ with .depth. . In the Undilla Basin refrac-
tion velocities of about 17, 000 ft/sec are recorded from the Cambrian
limestones clese to the surface. ~The surface limestones act as a
screen Preventing. useful informa.tiorr frolm. being obtained below them

by refraction methods unless refractors with unusually high velocities
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(e..g. 20, 000 ft/s-e.'c) occur. . Such refr.actors.>were apparently
recorded in the area, but it w:as not certain what they represented,
The most like-lyri_ntelfpretation is that they represent an horizon near '
the top of Protero.zoic rocks. |

In the work carried out by Phillips P.etroleum Co. in the
Netting :Fencé area (Mt.. Whelan sheet) of the Toko Syncline split
spreads of 950'-0-950‘, between .4 and 32 geophones per trace, lto
5 shot holes per shot patterln,: and shot point spacing 6f between: a
ﬁuarter of a mile and one mile were us‘ed._ Correlation reflection
shooting was reported to givé satisfactory rrgsults‘where,the: surface
outcrop was. the Midc_l»le*:‘.O.rdQvi‘ci.a“n f'Mifhékév-.'Shale formation, poor
results over the Ca.i]:"lO Slandsfvc_‘)r'lé Sut"c*rzoﬁpé (dnijf 6 shot points shot)
and entirely unsgtisfac-tory re‘sults. b;/er the Lower' Ordovician Nin-
maroo .c#rbonaée féck_s. |

A well-defined strucf;ural high.in Cambrian and Ordovician
rocks was ‘inaicated around 22°55' south and 138°02' east. The
closed area co%rérs about two square mileé, and maximum closure
is about 250 ft. - About 6500 ft of section was suggested by seismic
results. The s'eismic structure corresponds closely with a definite,
surface feature (Nﬁetting- Fence Siructure). - South-east of the above
feature uniform Asouth-dip-based on reli‘able-data.“;.)ersists through the
area surveyed. The Nett‘ingv Fence Structure was drilled in 1964
with the results already indicated (see Section 2, Geology and Strati-
graphic Drilling).I

The greater part of the S.A. Depart'_ment.of Mines. Seisrhic
Survey in 1960 was carried out soﬁt_h of Breadalbane outside the area
of interest of the present survey. -One refraction line of interest
however was shot at Bouliz;, nort}i of the.mainvsurv'ey, and a refractor
of velocity 18,000 ft/se¢ at depth of 300 ft was obtained,. which was
interpreted as early ‘Palaeozoic carbonate rocks.’

Thc‘a-main,objectiveﬂs .of,'th_e' se1sm1c s'p.rveys‘carried out by
_the Bureau of. Min-e"r.a_l R-‘esdlur:c‘e's 1nthe s';;uth‘-_eastern.Georginai ‘Basin
in 1963 and 1964 \.x'rere-'to-in\.r,é::stig.é‘:te 't;h'e pos sibie extension of the T oko

Syncline to the south-east beyond'the' Toko Range outcrop area, to
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attempt a tie between outcropping Upper Proterozoic sediments

near the head of SyIVester Creek and supposed Upper Proterozoic
sediments in Canary No.1 Bore and té-investi’gate shooting conditions
and techniques reqﬁi:éd 1n ;reas .Where Lower Palaeozoic formations
are covered by a thlnsectlon '::o:f;":MeSOZdic> and Tertiary sediments.

The inve sti'gatioﬁ of the Toko 'Syncline was facilitated by the

occurrence of a very good reflection which was identified, by cores

from shot holeé on the eastern flank of the syncline, with the Lower
Ordovician Ninmaroo Formation. A sedimentary thickness in excess
of 16000 ft.near the axis of thve' To’ko'Syncline'was demonstrated. 'In
the Toko ‘Syncline, with the exception of areas which were probably
very disturbed tectonically, good results were obtained using 5to 7
holes pef shot drilled in line along the traverse to a depth on 45 feet
and 1_6 _ge_ovphone-s' per trace in line. The surféce.formations were
Mesozoic to Recent in age and easy to drill.

On the other hand no reflections were obtained using similar
teéhniques on outcroppiﬁg Lower Palaeozoic formations east of

Herbert Downs. It was found from there southwards that the Lower

"Palaeozoic sediments under thin cover do not contain adequately

thick and persistent high velocity layers which can be used as reliable

refraction markers over appreciable distances. It was shown that

it is possible to obtain reflections between Marion Downs and Canary,
where there is a thin é:over of several hundreds of feet of Mesozoic
cover, using 5-hole shot patterhs and 16 to 32 geophones per trace.
It was also shown that a s.ed_i.merb_ltary'section exists between Marion
Downs ahd Canary buf pdo_r results at a few places made correlation
across this 'inter\}al Very. difficult.

The results of bthe 1963-1964 seismic survey carried out by
the French Petroleurn Co. (Australia) Pty Ltd in the Bedourie area
are similar to those obtained by the Bureau during the above éurveys.
The good quality Ninmaroo reflection defines the southern extent of
the Toko Syncline, and can be correlated up the eastern flank of the
syncline to a possible north-south-trending boundary fault. This .

fault coincides with a similar trending steep gravity gradient. To
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| fhe ”east of the fault refléCtions are confined mainly t.o the Mesozoic

section and only occasional deeper reflections from within the

- possible Pglgeqzoié section are obtained.

The‘ séismic survéy 6f the most immediate interest to the

1965 programme is the Bureéu's experimental seismic survey near

B.M.R.12 (Cockr_oaéh) Bore, undertaken in the lést-four weeks of

the 1964 field season as a.necessary ﬁi'e’lim'inary-to the broader

programme Qf reco'nnaissan_(_:_e su_rvéyihg to be "car‘ried out on large
areas of out_cvropping.'FLoWer‘-'Palzav.elozbiv.zc 'v svvve‘;iim'ents.‘_ The location

of the 1964 experime?xtai tjrav:er»s\'.e-ﬁvis' SI‘;OWI.l-FonnPlavte- l' near Traverse A.

Th.e main 'conclus‘ions r'eached as a re sult 'of‘_ the experimental survey

may be surnrrigrised as‘”followsi:-

(a) The charé.cter of seismic Indise in tbhe té’st aréa was unusual;
there was much-incoherent, high .freql.len.cy noise but little
loyv frequency organised noise_. .

(b) Noise tests and tests of various shot and geophone arrange-
ments indicated that the best solution for improving reflection
quality was to use large areal patterns of holes and geophones

| (e.g. 25 holesanldl 32 geophones) designed to reduce random
noise. |

(c) The optimum shooting depth seemed to be about 30 feet‘, or a
few feet into the first high velocity layer.

(d) Using the optimum shot and geophone arrangement determined
it was possible to obtain satisfactory reflections in the area
tested from depths of up to about 4000 to 4500 feet, which
probably represents the’thickness of prospective sediments

4 in this area. |

(e} The spectruri’; of the ‘re‘c_ords, inclg,d’ing;thé reflected signals,
-was high frequency so that. h1gh i)éi_s'_s',:;f‘ilt'e_:rv bands were necessary
both in recordihg and ‘;.)lay‘bé,civ(.i ._

(£) I\/.Ieasurem‘ent‘ovf.sxirfacé par:a.iﬁé'xérs.indicated'that'thé thick-
ness of the weathered laifei' vé?ie'd cons'ideljably over intervals
of about a mile, ,dési)ite only miﬁdr'éle\}ation.changes.

..-{g) Drilling was very.slow once the first layer of high velocity

material was reached.
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4.OBJECTIVES OF SURVEY AND PROGRAMME
' OF WORK PLANNED

The broad obje'c'tivevs. of the Southern Georgina Basin Seismic
Survey in 1965 were tv;'ofold. _ Firstiy, to develop successful recon-
naissance techniques for use in :the' area, and secondly to obfain
r.egioriél information on the ‘Southern.Georgina Basin which would
assist in the int_erprefatio'n of existing geological, gra.\/ity and aero-
magnetic data in the area, with particula_r réference to petroleum
prospects. | |

As a result of the -preliminary experimental work carried out
ip Névember 1964 it was hoped that, if the area tested was typical of
fhe whole région,. a suitable reconnaissance technique would be developed

with little additional testing in 1965. It was planned to test the effects )

- of offset shooting, which was not done in 1964, by shooting '"expanded

spreads'. It was also planned to ca;rry'out further‘ experimental work
during the reconnaissance survey if (a) the results deteriorated or

(b) if the surface conditioné changed signi‘fi'cantly.‘ In the case of

(a) it was planned to carr'j out a complete re-appraisal of all shooting
parameters, while in the Caée of (b) it was plannéd to shxoot noise
profiles and carry out.tests of'm’_odified shot-geophone arrangements
with the object of ir'nvproivinjg:rééults_ »orle‘conorny.

‘It was proposed fd pursue the bbjéctive of obtaining regional
information by surveyihg a ldng' reconnaissance seismic traverse
across the southern péitrt of the Georgina Basin approximately at right
angles to the strike and 'fbllowing this with supplementary traverses
whose priorities and locations would depend partly on the results of the
main traverse. Five traverses were proposed with specific objectives
in mind, a.lthough it was realised that it 'would‘:not be -po's sible to com-
plete all of these traverses in 1965. ‘It was considered that, if results

warranted it, the proposed programme, or modifications of it, mig@t
\}
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be contiriued in 1966 or at a later date.
The detailed objectives gfithe survey and the seismic traverses
proposed to achieve these objectives: were as follows:-

(a) To investigate the large depression in magnetic basement south-west



(e)

(d)

(e)
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- of Urandangi, also the Tobermory Depression and the relation-

ship of these d,epre.ssions to the Tobermory Gravity Shelf area,

. where both gravity and'magnetic results suggest shallower base-

ment.‘

Traverse proposed from B.M.R. 12 (Cockroach) Bore to
Urandangi. Approximate distance 120 miles, time required 16
to 24 weeks. |
To‘.inve‘stigate the north-western .extension of the magnetic
depression south-west of Urandangi, particularly its north-western
boﬁndary where the magnetic results suggest the possibility of

a large fault. To resolve an apparent contradiction between

.the magnetic results and gravity results which suggest that there

is an increase‘ in thicknevss' of _‘s"ed,i.r_rt'.;enk_ts.' north-west o_f the sup-
posed féuit rafher than ; dje'c.r_eav_.‘e:,e,‘;:-‘ |

 Traverse prépoéed frjdrﬁlth_e To"b_e'.r.mo»ry_—U‘randangi traverse
(a) in the .soufh-e_é;.st corner o'f‘ Sandé?elr River‘ 1:250, 000 sheet
north-west at léast to Gor_c_ljo;‘r.l Creéiﬁ near »ti’xe centre of Sandover

River sheet. Approximate distance 57‘mi1es, time required

8to 12 weeks.

To complete a tie from the -south_-wesfefn end of Traverse (a)
across areas of outcropping Upper a:ndeiddle Camb-rién sedi-
ments to Proterozoié outcrops at the south-western margin of
the Basin,

| Traverse proposed from B.M.R, 12 Bore to Precambrian
oﬁtcrop area about 8 miles south-east of Marqua. Approximate
distance 36 miles, time required 5 to .7 weeks.
To investigate the magnetic and gravity depressions near
Tarlton Downs and to ‘complete a tie from Traverse (a) across
the northern end of the Tarlton Range to granite Ain the vicinity
of Arthur Creek..

Traverse proposed from B.M.R.12 Bore to Arthur

Creek. Appfoxifﬁate distance 38 miles, time required 5 to
8 weeks. - |

To investigate whether there -i_s'"'ény"thic'kehir‘;g of sediments
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south-east of Tobermory in the area of t‘he Tobermory Magnetic

'Depressionvand a small gravity low east of Tobermory.
~.Traverse pr‘o'posed from Traverse (a) near Tobermory

through Linda Downs. - Approximate disténce 20 miles, time

required 3 to 4 weeks.

.In practice drilling progress proved s»loWer than anticipated

and reflection results proved very difficult to obtain. . Proposal (a)
was' commenc;ed and about a half of the traverse was surveyed before
slow progres-s;»a_.-nd- lhack_of resiuilts:caus‘ed its abandonment. - Several
segments of traverse were 'surv‘eyed in the Mulga Hill - Gordon Créek
area to'pursué tAhe'ob'jective‘s of ﬁrdposal (b) and to attempt a seismic
“tie to ‘Alliance I‘_vh:.l.l‘ga!No. 1 -Bor-e. ) Fqlr administrative reasons it was
found desirable to vtérrrii:nat'é t"h_é s.'_l;rveyv_at the end of Octover, a month
~ earlier than originall? plahried.- .The.r-e wa.s insufficient time to carry

out proposals (c) to (e)..



5. TECHNIQUES AND RESULTS.

Dr1111ng
| In general dr1111ng .presented con51derab1e d1ff1cult1es through-
out the area, ma1nly because of the prevalence ‘of hard layers of rock
near the surface and because of the extreme Variability of surface
formations over short horizon't'alvdistances_.' ’_ The party was equipped
with two Mayhew 1000 rigs and one lighter Carey rig. The Carey
rig proved inadequate for drilling in the harder formations and was
mainly used for advance'-exploratory drilling from the surface down to
: thevfirst hard.layer._ The ‘party frequently worked a total of three
shifts per day on the two Mayhew rigs Drilling rates were very
- variable but the average footage drilled per rig per 8} hour shift was
of the order of 300 feet It was p0551b1e to dr1ll with air on all
.traverses and it wa's only occasmnally necessary to use water injection.
The locations-of the vavrlous.- selsmic-.traverses are shown on
'Plate 1. Drilling progress on Traverse A was frequently very slow,
but in general it 1mproved from West to east CAs. might be expected
drilling was most difficult where hard limestone or dolomite out-
cropped, as between shot points’ 1"-?7 and 200 .and in the vicinity of
shot points 257 and 258; On the ‘rest of the traverse formations
presented an alternation of soft rocks, such as clayey, sandstones

and often siliceous limestone. In general drilling difficulties increased

as a function of the thickness and number of limestone beds encountered.

The usual practice was to'drill shotholes several feet into the
first substantial hard layer encountered so that the charges were

placed within the hard rock. The average depth of shotholes so

drilled:was about 30 feet, although in isolated cases the soft formations '

extended much de'eper. At SP. 228 two holes were drilled to 150 feet
in sand, clay and shale without encountering hard bands of carbonates.

| Lirnestone outcropped.in places on Traverse B and drilling was
consequently.very slow., The depth to the‘limestone‘increased towards
the south. Average hole depth on this'trave'rse was ‘about 50 feet.

Where limestone was not pr‘esent;near the surface the drills
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encountered a sucéession of hard shale layers and sticky clay, which
made necessary the use of water injection.

On Traverse C hara limestone was generally encountered with-
in about 35 feet of the surface. Above this sand, clay and hard shale
were repofted in the drill .logs..‘- ‘Average depth of shotholes was
about 30 feet, although at twb shot points it was possible to drill to
138 ft and 195 ft re.spe'ctively witbout penetrating any substantial hard
layefs. ‘Slirfac,e coﬁditidns were simflar on Traverse D, where ax;er,agé
shothole dépt‘h :was abov‘.lt..ZVO f.ev_et‘.", | »

| Drilling cont'iitic'mst down to the hard limestone were a little
‘easier on Traverse E as sandy sediments predominated ovér the
harder shale beds. Shotholé depth was fairly constant at about 20 feet.

- Noise Tests

. As reflection results were difficult to ob_ta.in, at least one
noise test spliead was shot on each main segment of traverse to try
to determine the reasons for the poor results. - Standard noise test
procedures were used throughout the survey and the .following descrip-
tion of noise spr.ead arrangements -is generally applicable to noise - e
tests carried out during the survey. - | N -

-Each noise profile consisted of nine 24-trace spreads each
460 feet long, which were surveyed in line beginning from a point
100 feet from the comfnon shot point. The whole profile covered
a distance range of 100 ft to 4, 400 ft from the shot point with a trace
interval of 20 ft. | A‘

The shot point arrangement consisted of about a dozen holes
drilled to normal shooting depth in a line perpendicular to the profile.
The holes were fired singly using a constant charge. A single 20 c.p.s.
geophone. was used for 'each_traqe. .No automatic gain control or
electrical filteri_rig_ were employed

The gains were adjusted from spread to spread to obtain read-
able records at all distances using éonstant charge. Before each noise
test a gain calibraﬁon test was carried out which allowed record amp-
litudes to be measured for a bgiven input voltage and gain-setting. As

a result noise record amplitudes could be converted to millivolts input.
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However 'it- was found in this survey afea»."th’ét_' amplitudes varied greatly
for similar size chargéé .in the .safxére' holeorfor51m11ar charges in
holes a few feet apa“f‘t,‘ sothatrelatlveamphtudemeasurements for
events on différ'ent re-c'or‘ds Wé.fe n§t 'alx.;vay_s meaningful.

Traverse A.

Recording commenced on Traverse A at SP 200, which was
located very close to BMR 12 (Cockroach) Bore (see Plate 1). The
shot and geophone arrangemeht-s used for normal split spreads were
those suggested by the experimental woz;k in 1964, namely four rows
of five holes 30 ft deein with 40 ft spacings between holes and rows ﬁa&.
and 24 geophones per trace in four rows 6f six with 22 ft spacings
between geophones and 30 ft between rowsk. -

‘Only poor quality reflections were obtained, the E:'est one being

‘a fairly high frequency evert occurring at about 0. 35 sec., which

probably corresponded to a pronounced velocity discontinuity known

from BMR 12 to occur near the boundary of the Arrinthrunga Forma-

tion and the Marqua Beds at a depth of 2720 feet. Record quality

_ deteriorated further to t_he‘north-east of SP. 200 as the hard limestone
layer became deepef. A nurﬁber of other shooting and recording |
arrangement‘s‘v'weré»th'erefore tried in an-effort to impréve results.

As the central tra.ce'_s'o'n the 1800 ft s*élit spread records appeared % ,
to be somewhat less disturbed by noise, 900 ff split spreads were tried. '
However improvement obté.ineci was 'cqné_idé}red f.oo_ slight to justify the
extra work Which this invqlved for a given length of traverse, particularly
as it wés necessary for the geophone groups to overlap one another to
a considerable degree. .

An expanded spread was shot and it Qas found that the best off-
set distance for recording pickable events was in the range 3600 to
7200 ft. Consequently, collinear offset shooting with the spread
covering these distances from the shot Was tried over an interval of
about 6 miles using five hole shot patterns and 24 geophones per trace.

‘It was found necessafy'to use charges of up to 400 1b pér shot for this
work. The sub-surface between shot points 188 and 216 was covered :

twice by this method by shooting '"direct' and '""'reverse' offset shots
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. in opposite directions.

A few_evénts were recorded within 0.5 sec. of the first breaks
using this m.etho:d_'b'ﬁt lqn.fortur%a'tely,t.l'.iese. appear to be either partly'r
refracted event‘:s-:’orlvxje_flec.ticll)fri':sj-'sfo" é’wcl)nfu~sed by refracted events or
ir‘régﬁlaritie's :as tobealmostunusable .'_Var-'ia.ble- area cross-sections
from these shots, corrected o‘nlyl for’hofﬁal méveout_, showed a
marked lack of éontinuit’y; The two croés-_sectibns prBduCed by shots
in opposite directionsi,shév&ed little .similafity'in details béth when
placed iﬁ corresponding geophone positions and in similar subsurface
' coverage positions. '»I‘his“ sug‘g_ests' -thé._t,there_- may have been lenses
or other bodies of discbntihuous Ymat'ezl'ial between the surface and the
‘main reflecting or refraéting- layers which interfered with the record-
ing of ‘continuoﬁs events. The results of the offset shots require more
study before final conclusions can be drawn. . |

About six miles north-east of B.M.R. 12 Bore surface
conditions became more similar to those'e.ncountered during the pré-
liminary survey in 1964, with hard'carbonafe rocks at depths of 20 to
30 ft. Offset shooting was then abandoned and split spread shooting
resumed. I‘t became evident that,, where hard limestones or dolomites
were encountéred by the shothole rigs: at shaliow depths, a number of
poor quality reflections, 'rno_sfly at times less than half a second, could
be recordéd using a fairly heavy technique. . Whére the first high
velocity layer was deeper it was virtually‘imp_ossible to ol;tain any .
reflections usiﬁg conventional means.

Plate 2, which i'“s‘poi-‘tion of a variable area record cross-
section from Tfaverse'A, shows the effect of surface conditions on
reflection quality; The various near-surface layers indicated by
first-'break refract‘i.(.)_n' tires afe.showhﬂ plotfed above the cross-—sectioﬁ.
On the left hand'.half of the cross-section, where the high velocity
layer is close to the suAr.face,-: some poor quality reflections are
recorded, On the right hand side of the cross-section, where the
high velocity layer is much deeper, the records are of lower frequency
and reflections are absent.

'In consequence of these observations and the slow drilling
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progress the party s hght Carey’ rlg Was‘ used to drlll one or two
.exploratory holes-at each shot po1nt in. advance of the main drilling
crews to enable the selectmniof those-p‘ortmns of traverse where it
appeared 11ke1y that reflectlon results could be obtamed Driilling

of shothole patterns, which was d1ff1cult and slow, was then concentrated
on the portions selec‘ted. Shallow .refract1o_n spreads, the same length
as the normal 'reflecf;ion spreads. and using ene'~ge'ophoxi.e;”:per trace,

were shot from each exploratory hole to assi.st in deterfnining near-_;
surface conditions.

The near-surface profile indicated by fhese shallow refraction
spreads on Traverse A shows three rhain layers characterised by
different.velocity ranges. The-.surface layer, with a velocity range
of 1700 ft/sec to 250_0 ft/sec, appea}'s to. be continuous and not thicker
than 45 ft "Average thickness is only about 20 ft. The high velocity
layer, with velocities ranging from 16000 ft/sec to }9500 ft/sec, varies
very muchin depfh as well as in velocity. The intermediate layer,
which is not always present, varies very widely in thickness, velocity
and probably also in ro.ck type. Its velocity range is generally 5000 ft/sec
to 8, 500 fF/Sec but between shot points 242 and 250 its range is |
10, 500 ft/sec to 13, 500 ft/sec. | BetWeen sh‘ot point's 254 and 264 it
is 'apparently absent, with the low veloc1ty surface layer resting directly
on the high velocity layer. The various layers appear to be interrupted
by numerous minor faults. | | |

Of the .34 miles of travervse. between. BMR 12 Bore and Nq. 3
water. bere to the north-east, 17 '1/2 miles selected on the above
mentioned bases were shot for reflections using 1800 £t eplit spreads.
Poor to fair reflections Qere ‘recorded over portions totalling about
7 nlnilee.;'.of traverse, while the re.nda-ining portions were devoid of
usef_ulv reflectioh results. .It is notable that the best reflections were
recorded near shot points 260 and 261 where the high velocity carbonate
layer is at. its shallowest depth. |

Reflections obtained were mostly recorded in the first half a
second. They indicated Iittle or no dip. In some cases poor quality

later events were recorded with reflection times up to 2 seconds or more.

P S
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The»péor quality of results made it impqssible to determine whether
these later events were multiples or primary reflections. Likewise,
it is impossible to estl‘imate a maximum thickn‘ess for sediments in the
area. On the basis that, where reflections were recorded they were
usually observed up to at least 0.5 sec, it apbears that the minimum
thickness of sediments along the traverse is about 4000 ft, a fact
alréady known at the south-western end of the traverse from BMR 12
Bore. |

As-a result\ of a noise test at S‘P'. .228 the geophone pattern
used on most of Travver’sé A consisted of 24 g_e_ophones in two rows . of
12 parallel to the t‘raverse‘_; The s‘éacing betweén geophones was 14 ft
and the distan;e between the rows was 30 ft. The shothole pattern
consisted of 20 holes in two rows of 10 parallel to the traverse, with
17 .ft between_ horle's. For recording an electrical filter pass band
between .18 and 160 c. pP. s. .with filter vslopes‘ of 18.1b per octave was
used, while for playback. a pass band from 33 to 92 c.p.s. was
generally used.

 In an effort to improve results where some poor reflections
had been recbrded,‘ six fold multi;ple coverage was ca;rriled out on
Traverse A between shot points 5258 2./3 and 270. Fof this work
split spreads extending 3600 feet on either side of the shot were used.
This was twice the length of the split spreads used for single coverage.
Five hole shot patterns were employed, with 30 ft spacings between
holes. The geophone patterns were similar to those used for sir;gle
coverage.

Unfortunately the multiple cerrage work did not resul’t' in any
improvement té reflection quality. This was possibly due torgpoor;
static corrections resulting froﬁx rapidly varying surface con’difions.

It may also have been due in part to fhe increased length of the spread
used. An expanded spread shot in thé area indicated that the reflection
signall to noise ratio was best in the rangé 0 to 900 ft from the shot and
decreaéed conside’rabl? at la..rg:e.r diétances. -

| Because of slow drilliﬁg e};iaeriment_s were tried with air shooting

on Traverse A and other ‘trAaverses. Chargeé-of up to 200 1b were
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usually distributed over.‘1v3 stakes arr_anged vin':‘a sta'r pattern and
detonated about 51x feet. above‘ tne ground- »J" Recording 'spreads
similar to those used for hole shots were employed Air shots
sometimes produced results not much 1nfer1or to. the ‘hole shots,
but in no case did they produce better results. ._ :

The easternmost segmentof_ Trav'er.se A; _vvhioh-extends S
over a distance of about 11 rniles from SP 350 to SP. 383, was : 0
surveyed for the purpose of investi’gatingan aerornagnetic "low"
centred south-east of Tobermory homesteadl' -”’I‘hree}n‘nile's of the
traverse were shot for reflections near the-Nxﬁortheranerritory -
Queensland border and one mile was shot neawr the 'Tobermory-Marqua
road, but then work on the traverse was abandoned because of lack
of reflections.:

Complete noise profiles of the type described earlier ‘were i
shot on Traverse A at shot points. 228 and 270. A noise test covering
sl"lo(t “to geophone distances of 1060 to 2000 ft was shot at SP.350. .In
general the surface noise recorded was in the medium to high frequency
range and {W?s not very highly organised. -Probably about 30% to 50%
of the noise'?»"’i"eeorded could Be regarded as coherent for the 20 ft trace
interval employed. i-The.noise events were fairly evenly distributed
in time after the first._breaks and no distinct noise-free 'jwindow" was
observed. | | ﬂ

e e

Traverse B

Traverse B',Z:'a‘oout 4 rnile':s 1nlength,~:was surveyed along the
Northern Territory - Queensland bor-der a few miles south of Manners
Creek homestead (see Plate 1). A noise test proflle recorded at 4
SP. 1009 on this traverse indicated that the geophone pattern of 2 rows
of 12 geophones in use on the greater portion of Traverse A was suit-

. /‘
able for use on this traverse. However the shot pattern was/ reduced

‘;

to five holes in line at 38 ft intervals to increase the party s rate of

d £ W .
progress. As on Traverse A, single holes at each shot point wérie
K - '
- shot into 1800 ft refraction spreads on either side of the shot point to

provide information on near-surface layers.
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- A few poor sha}low reflections were recorded 6n this traverse

‘and _:-il'so a number of moderately strong deeper events with reflection

i -

" times of 'up to 2.75 sec. Some of the latter-indicated strong southerly

dip, but their importance is decreased by the lack of continuity between
records. These deep events may indicate the presence of a deep

Proterozoic sedimentary section in this area. -

Traverse C.

Traverse C (see Plate 1) was surveyed in two segment\s, the

‘s.outher‘ri segr_nent- for thép\irpose of allowing correlation of seismic

results with the nearby Alliafri'ge"Mulga No. 1 Bore ahd the northern
éegment to attempt s.eismié\vihvestigation of aA.g‘favity "low'. Howevér
the records from botﬁ-ségrﬁerﬁts we‘r-'e_a SO"dt‘avoic.i“of useful reflections
that neither of these aims wereyifulﬁlled. | |

A noise test-profi.le was shot on each segment, one at SP. 2404
and the other at SP. 2368. The r‘esﬁlts of théSe did not suggest that
the shooting and fecording arranéements adopted oﬁ Traverse B as a
compromise with épeed of operation should bé varied for ‘T;'averse C.
As on Trai'rerses A.a..nd B refraction shots welre fired at each shot point
and recorded on sipgle geophc{nes to investigate surface layers. - A 20
hole shot patterr; was fired at SP..2408-where some very poor reﬂection.s
were recorded usiﬁg a 5 hole pattern. Thé larger pa'ttern':ipraduceci a
slight but »siéni_ﬁcant improvement in reflé-ction quail"ity. -Experiments
with air shboting' were carried out at shot points 2365: 2366 and 2367
with the 'shot offset 2000 ft perpendicular to the traverse. = The results

were generally a little; but not grea..tly,. inferior to those with shot holes.

Traverse D.

About 9 miles of reflection profile were shot on this traverse,
which extended ‘sout.hwardsb from near Gordon Creek (Plate'1). Traverse
D was surveyed iI"l an attempt to find seismic evidence for the existence
of a major fault postulated on the basis of aeromagnetic results. 'No
useful reflection# were record.ed over the greater part of the:tra\verse.
However some poor reflec_tionS'were‘recordéd at SP.‘3819 towards the

northern end of the traverse and reflection quality improved up to SP. 3822

!

i
i
!
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where a fair quality reflection vvas recorded at ‘.about..' 260 sec and
several other poor reflections ‘We'r‘e recor.dedlat'times up to 0.5 sec.
These reflections were- observed onbthe southern half of the record
from SP. 3823, Wthh was the last shot point on the traverse, but not
on the northern half. -.Re_flection's mostly 1nd1cated lit_tle or no dip,
except for those on the records frorn shot pointsl3.8.22 and 3823 which
indicated southerly dips of a few degrees. : Termination of the reflect-
ions to the north on the record from SP 3‘823 was sufficiently: abrupt
. to suggest that faulting occurs in this area. A major fault with north-
east-south-west trend has been postulated on aeromagnetic evidence
(see section 3) to exist in this area. It is possible that Gordon Creek
itself iollows such a fault line. |

Techniques for reflection and shallow refraction .shooting on
Traverse B were similar to those employed on Traverses B and C.
Shot points 3819, 3820 and 3821 at the«northern end of Traverse D,
originally shot with 5 hole patterns drilled into the hard limestone
layer at about 20 feet, were re-shot for comparison using 20 hole
patterns drilled to the same depths and also airshot patterns. The
results using 20 hole patterns were onlv very slightly better than those
using five holes, while the airshots were noticeably poorer. At shot
points 3819, 3820 and 3821 one hundr‘ed hole'patterns were drilled'to
the rig kelly depth of 15 ft to test the effect of large numbers of energy
sources located above the top of the first h1gh veloc1ty layer The
results of the 100 hole patterns at shot p01nts 3819 and 3820 were poor
compared with the 5 hole pattlerns drilled a few feet. deeper to locate
charges partly in the hard limestone layer. At SP.3821 the 100 hole
pattern produced a record comparable to the 5 hole pattern. It appears.
that record quality is highly dependent on t_he 'charges being placed in
contact with the hard layer.

Noise test profiles shot at shot points 3810 and 3821 on Traverse D
indicated that approximately half of the noise recorded was of the
organised or coherent type while about half was random. Noise
frequencies were somewhat higher than those record-ed on previous

traverses. s
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Traverse E. .

Traverse E consisted of four miles of reflection traverse
surveyed near the é_eritre of a large aeromagnetic ""low'" in the south-
western corner of Urandangi 1:250, 000 Series sheet (see Plate 1).

T echniques for reflectiog and shallow refraction shooting on Traverse E
were ag’ain_similar to those used on'the previous traverses. A noise
test profile indicated fairly high noise frequencies and predominantly
incoherent nqise event_s. |

Using 5 hole bshqt p,atternsvah_&“24 géophones per trace, the
results were very. ﬁoér. : .Only.'a.t.: SP 4511 were some reflections
recorded. Poor évents at about half a second indicated gentle dips

" to the north,
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6. CONCLUSIONS = .

In terms of new geological information supplied the survey
proved very'disappointiﬁg. The méin éonclusiqﬁ to be drawn is a
negative one, namely that in the region-éur?eyed the seismic method
indicated no areas whére there migﬁt be chsiderablé thicknesses of
-proépective oil-bearing sediments readiiy rhappabie by seiémic- means.
This is .a conclusion resulting mainly'from. the poor quality of seismic
results obtained and it does not exclude the possibility that petroliferous
sedirhent_é exist in the area. However the likelihood that deep troughs
of Palaeozoic sediments such as the Toko Syncline occur in the survey
area has been much reduced by this survey, sihce it is very likely that
such troughs would have produced some persistent reflections.

The reflections thch were recorded on Traverse A indicated
little or no dip and were distributed similarly in time to those recorded
near BMR 12 Bore. The séismic results therefore tend to confirm
indications from gravity results that there is a shelf area between BMR12
and Tobermory. Alliance Mulga:'No. 1 Bore to the north indicated that
the Palaeozoic sediments were less than 2000 ft thick and were under-
lain by Ulpper Proterozoic sedinﬁen_ts‘. ‘No useful reflections were |
recorded in this area. However, 15 milles"'ﬂnofrth-wes»t of Mulga No. 1,
near Gordon lCr'éek, .fair reflectidn_s wéi."e recorded t§ about 0.5 seconds
as in the \}iciﬁity of BMR 12. It is possible that 4000 ft of Palaeozoic
sediments may be present at Cordon Creek as at BMR 12. The seismic
work indicated the likely 'presence of a fault in this area, but there was
né indication of its magnitude or strike.

Du‘ring the course of the survey a consi’d’erable amount of
experimentation and testing was carried out to try to improve results

~and to determine the reasons for the. poor results geperally obtained.
This work has not been fully analysed-at \the time of writing, but some
coxj.clusions can be arawn regarding field techniques. It was found
that iﬁ generai the best results were obtained where limestones and
dolomites ‘were encountered at shallow‘depthsv. ~Such areas can be
readily ld‘ca'.tec:l'"by"shallow refraction shooting. It does not appear

then, that noise as a result of the presence of a surface layer with
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high velocity was the main reason for the poor reflections, although
reflection of shot energy from the top of the high velocity layer might
have been a factor *whefe the c-harge was not placed in the high velocity
layer. | .‘

Drilling on all traverses was slow and difficult. The poor
signal to noise ‘rat_ios generallly observed require high rntiltiplicity of
energy sources and geoPhones. .Since large shothole patterﬁs are
expensive in the survey area, consideration should be given to the
" use of some other type of energy sourcé,., such-as weight droppiﬁg or
""Vibroseis'', for any future seismic surveys in the region. However
theré is no certainty that methods using surface energy sources would
be): successful since the 1965 survey demonstrated that re.sults were
ir;variably poor where:the charges were not in contact With the first
~high velocity layer. - Air shéoting is not .as effective as hole shooﬁng
but could be usefﬁl in-a.‘reas whe;‘e signal to noise ratio is better than

on the traverses surveyed in 1965, if such areas exist.
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WOOLLEY, D.R.G.,

ROBERTSON, C.S.

ROBERTSON, C.S.

VALE, K.R.

WELLS, R., TIPPER, D. and

MILSOM, J.S.

WELLS, R., MILSOM, J.S.

1960

1960

1963 -

1965

1965

1964

1965

Summary of the Geology of
the Tobermory 4 mile Geo-
logical sheet. - Bur. Min.

Resour. Aust, -Rec. 1960/71.

The geology of the Huckita

Sheet area. Second Progress

‘_Report'. Bur. Min, Resour.

- Aust..Rec. 1960/66.

Undilla Basin Seismic Survey,

. _Q'la"1961.,f Bur.. Min. Resour.

. : Au's.t".: Reé. 1963/63.

South-eastern Georgina Basin

' seismic survey, Q'ld 1963.

Bur. Min.;Resour. Aust. Rec.

1965/75.
Progress of the reconnaissance
gravity survey of Australia.

Bur. Min. Resour. Aust. Rec.

1965/ ?
Georgina Basin Aero-

magnetic Surveys, -Queensland

-and Northern Territory, 1964.

Bur. Min. Resour. Aust. Rec.

1964/172.
Georgina Basin, Aero-

magnetic Survey, Q'ld and

N.T., 1963. Progress

Report. Bur. Min. Resour.

‘Aust. Rec. 1965/52.
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. APPENDIX A

Staff and Equipment

staff
A Party léader ’ ’ J.S.. Davies ' i
Geophysicist | ~ P. Montecchi %
Surveyors. J. Cameron :
P. Pullinen
Observer R. Krege
Shooter H. Peli
Toolpusher B. Findlay
‘Drillers A. Zoska .
E. Cherryl
Drilling Assistant, acting driller E. I_;.'odwiclj<
Mechanics | T.H. lCl’a:vrk
i B. Ingra_r'n
Party clérk S. Wright

Fourteen wages employees were also employed for the duration of thé

survey. These included cooking staff, field hands, and drill helpers.

Equipment -
Seismic amplifiers _ | o . T.I. 8600 "Explorer"
Seismic oscillograph ¥ §.1.E. TROb
Magnetic recorder | Electro - Tech.  DS7 - 7
) PP7 Junction box
l‘ Geophones ‘ E.V.S. 2B, .20 c.p.s.
.- (approx. 960), for reflection work.
Cables Vector 2000 ft. and 1500 ft.
Transceivers Traeger T..M. 2 (3) and Pye F.M. (3)
Recording truck . : International A.B. 120, 4 x 4,
| 1 ton utility with B. M. R. - Ansair cab.
Shooting Truck - ) Bedford RLHC3, 4 x 4 with 600 -
gallon cylindrical tank.

Drills ' o Two Mayhew ‘1000, one Carey shot-hole

rig.
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‘Water tankers - ThreeBedford ..R‘L‘H.C3, 4 x 4 with
- 600 .:“giali_:on chihdrical tanks.
"'__One' ‘Bedford RLHC3, 4.x 4 with
/800 - ‘gallon flat tank. |

Geophone trucks _ Two Lan(.i'r.overs,ﬂ- L. W.B.

Three more Landrovers, a one-ton utility, a three-ton supply truck, a
workshop truck, an office caravan, a kitchen caravan, one electric
generator mounted on a two-wheel trailer, and five four wheel trailers

completed the party's mobile equipment.



General Information:

Sedimentary basin

Area of survey

Camp sites near
Established first camp
Surveying commenced
Drilling commenced
Shooting commenced

Miles surveyed

43,

APPENDIX B

Table of operations

Southern Ggorgrina Basin
Tob.ermory, Sandover River and
Urandangi |
1:250, 000 Series sheets.
Cockroach Waterhole, Gordon Creek
13th April 1965
| 13th April 1965
20th April 1965
. ZOtil April 1965

83

Topographic Survey control - . Division of National Mapping

Total footage‘ drilled

Explosive used

4-mile series and air photos.
" - Department of Interior bench marks,
- Queensland State datum.
98, 282 (mainly 20 and 5 hole reflection
patterns) |
Geophex = 44, 312 lbs.
Ligdyn = .',1,?".4'50 1bs.

Ammonium Nitrate = 640 lbs.

Datum level for corrections 500 ft. A.S.L.

Weathering velocities

1700 - 3000 ft/sec.

Sub-weatherinAg velocity . -~ mainly 16,000 ft/sec.

Method for weathering

corrections

Uphole times.checked by first breaks.

Source of velocity distribution -~ B.M.R. 12 Bore sonic log
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Reflection shooting data

Shot-pvoint‘ inferval
.Geophone group iﬁtérval
Number of miles traversed
Number- of shot-points fired
Comfnon,shooting depth
Usual recording filters
Usual pia.yback filters

Common total charge per S.P.

1, 800 ft.
150 ft.
80
240
20 - 30 ft.
18 - 160 K
33- 92K

100 1bs. (split spreads)
200 1bs. (offset shooting)
130 lbs. (air-shooting)

>



0. !
o0l 137 00 b B g I

\ DIIHEA[)'NGLY ® Five Mlll Bore
\

- —— No|2 Abadabada Bore \ / /

NMH 28 o —_—— - \ / /
PARBRIAY . /
/ No 5 crfft‘f”“é(_-_‘,\\ I
‘ // \\ \\ B II
\ Vs a \ e .Wlo Botte X
i L £

0 o \ d
/ 7~ : NollBor0¥\ \ / // \ x/ /
/—\———Nsﬁﬁﬁ%“"«“i\ i AR~ / Ty No 4 Bore
No I8 Bore[]® <~/——‘-—/ ~ H_Mountain Waterhole - \ Elditta Waterhole 7" WOODROFFE / / L \
— o8 N = * ~ \
/// \ O {\\ \ OR "‘ [ PR / \\ \‘ )

No 9 ao?‘lcl N ‘ // s

Y, ‘ o o /
. | \ SP23ss ' \ /
pON. “n\ I = l §
50R0OL X ~N /
P 357- et \ o l /
Bulqero Waterhole b uqqon Hole Bore : \\
\ B b Sl e

| . |

/ PSQ‘B <\ , S // Nol Bore i

~
Stockmans WOhmon“\\ ' ussel W aurhok P237 /
o0 3812 ‘ /

BMR Camp Site /
No 2 %

30’ \

\ e / Warwick Dows\& // "30'
i \

( \
|

®Y Hole Bore
4 (Abandoned)

g Marlan Lake
I — \
Headingly Resm. Bore N P Pyrenette Bore // \N°' Bore

X
N N a \\

NORTHERN TERRITORY
QUEENSLAND

- ——— - — — — —] > — € — ——— ——— — — ——

S———

)\ |
/ \ Z | 1 e
N \ el I s
\) e \ I H / ;
Nc 4 Bathurst TankDONM 15 \\\ \ i e Hcrd.B"oeromwi = iy
/,L/ No | Bathurst Bor.FFL ' : Moontah ao,eé_"::/ i e V\\’ e
5 ; \
l ! / [spam o R \\ M
K / %
| / N SP4569
™ k e
—— g
\\ (o 2\ Bathurst Bore T S T | !1\/,/\1‘/‘?1 e
|~ \

$P 4500
\

|
|
il

Pl

\ : 7 )
\ S R v 4 A\
\ N rd

/
[
Threeway - Bore, f/(/ Dillons Boye/§) \ o l\

/ﬂ il dn
.//V"// \\\‘ ”\/, \\\\\\\

B e ——

22°00' ¥ \ N, 22°00'
I
¢ Embulka Waterhole :
// \ l
‘ i A e i
/¥ McCrae Bore / ,&v/ep& \/ //’\///__’/ {e!l Bore\ \\ |
/ \) \\ // ’9'5' \\ "\ // \\ l\ \ Duck Hole
;7 \ g e LR o o]
"l \ 7 16 Mile yard N / EEK ,,/S;D} \ \ /—“ Va
/ \ \ / a \ | Chelchela Waterhole r' - \\ ” -7 B
/ } b Dl/ww endBore 7(—\—~—\_‘ PR Loty : ) // / \\ \\\ // \\\
(TR e ST —_ e —— o) 1 Cachinda
Clough Bore $ & / | Y \ \ //; SP1007 —_— \\ \\ / ] Bﬂ:bckbuml
% \ @ NML 90 ( { / il N3\ Wapita Bore \Deomruh Bore /
\‘\/‘ 620 . / / ‘ / \ N ,\0 No | Bore ot _—‘r \_/___l . Di
/ \ 74 I o—p \ / / } ;:nockbu\m/ N
’ § Ny Y // \

Y I
\A 4

\\\ (\ ‘ rd / J

15’ e \ \ TN e IR _—/% | j s ol
\ ol / \/’7/ e T ——
Coles Borex. ——// ~ /
v /B 4 / -
/| 7 '
- ; F |
: //
Bluebush Bore L A S LI g R, Goa'yord Bom 2
lndeeurBoneT_ o / STRAVERSE lq ‘A’
/"/ Rule}/wmarhoc\a DMosterf Hote Do
\ / N\ Jacobs Well (dry) //
Diviner Boml \\ /
[JApplepad / (ol
T g3 Dam AN
> S / i \‘ / ////‘ e
a1
} \ // ' \\ & Walayah ~Waterhole RS
7\\ \ T _—:?E/.§N02 Bor\ex\ | Yt \ /’/‘\\ /// /I
o /| DSwunso.n Damp,mala 7/ R \1 Linda Downs No ! Well \ ST i
)/ | \ Dam / N V)
No 12 Boomerang Bore / I I / \ N o i
// ( ! _~— " Bldry)\Euwarra Waterhole \ \\ Vs 4 &
/ R b e <
/ \ l ;;// >
// \ ! N g .~
\ / \ i I / / \ Zuta (Crooked) Waterhole
. / ® West Bore 5 ! - Tarawa Dam ™ |
30 4 \ / " o No I Bore (d -
[] ore (dr
D(\Namun Dam l : / Duck hole or 1
/ I Boowongra Dam Kelly creek
I\ \ \ \ RS (RS S / No 13 B (dry)
/] (—-\ i / / / \\ Lignum Hole Waterhole ¥\ [0
/ <
BMR 12 (Cockroach)Bora// ) 4 | 2 Ju / / CREEK \
Son . | %
< | ¥
a0, f Cockroach Waterhole 7 \ \ ~ N
\ o I . 7ot N\ .
N /’—\__Q/ & ~ \
' P | / Mistoke Boroq!D \ \\
= e T\ 4/ L \,\:{ 2 X N\
1 />~ oy, \ Watillindanama Dam € \ \\
/! g - \
/ RENIESE. TR
- g e B N S
// _’.’//Souihem Cross Bore D} s //——/ s ‘[/ L/
WA . ‘\\ - N \
\\ \\\
Charley Springs Dam
\ \
X
: ' N\
| | \
| \
i )) \ / / \\ @ Broken Dam
‘ 3 \\ ; g ‘ \ ———
il | \ A2 6 wie Bore &1t ' No 6 Dom " (
200 I . e ea— S . ¢ 22°4s'
137 %00 is' 30 45 138°30'

LEGEND _

>

-1 0 5 MR -5 o0 ssny TIHER SOUTHERN GEORGINA BASIN SEISMIC SURVEY 965

o 5 _© 5 20 KILOMETRES . MR PCR ey
e == POSITION f RAVERSES

e State  Boundary O Yard
—-—=———— Track and Road &» BMR Camp Site

~~~—~~ River and Creek o4 Londing Strip Darwin /ﬂ‘
. Fence o Ol Search Bore /r/\‘/ﬂk V\
———<=__Waterhole o Seismic Traverse » X
/ vy B Q

WA SA 5 v
NSW
% i

\g\,Y'\
V]

. Waterbore

Brisbane

Geophysical Branch, Bureau of Mineral Resources, Geology and Geophysics : F53 / 83— |2|




———— - i

3 2t SN TS 1 N R Tt Ty ) 4! : 4 = _ EIPPPLELL Do Ph g ) s e T e R g e I e e = L, L B L7 f B B2 U A 44 g Mgl

poy : N .
J 3 Sl 7. " : s S , D , . : iy s
& E . . - E 7 - ) . ! , . y " st > o
. ' e SRS 7 J N 4 " " 4 . v ! A
~ P ¥ £ . ¢ H { B ® < , ; A -
. " A \ . > v . 5 o N — ’ " “ > > » = "
. 8 A 2 Wrr- : o . - > : : : 0 P ‘ < :
T < & s / N \ ¢ 4 u\\\ 3 \M\f\uw\ > a3 " > ) 4 " ” « A 4 i " “ ) ¥
o - Z - P 3 ” . ’ s P 5 y - a -
— ¢ A AR W o o . : 3 el : ‘ : > ) ‘. X
< ¢ . . « 4 : . : R t > - B g > > > ¥ o’ . ¥ > . ] >
—— - - - . - i 4 s ‘ -y " . > .
q: y v ‘V ;. B, > Ry . < Py e 4 % o o -
——————— - - ” N " . et - - < f g . g ¥
e " . s " ’ o = $ 5 o > ; ? » i 3 & 8 s e i o — N - < =
[ % < ] . " ) ez : v ¥ " ) " o 3 P > . >
0 > > . - > = - = b
b >
> =2 - > > - >
8 < > - — b
5 N N - N - < k
3 o s > 2 - £ > ¥ > . > > D K M
- ; . = ™y
3 = h q - >
o > >
. < P _ oY L >
- = P < ’ -
» N > 4 bs
5 » o
e) ~ p
. - D d g - i ! - I
h > % ’ , V
> R < - > - g g X £
> - A > _ ' e > - > Z o > - . i i - .
. ’ = = ¢
> R oy
. ) o " 2
— 3 . @ e by »
b >
= >y h i 3 >
i S b X
——— | . b . N > - >
e » - - b - g
> 2 . .
S S < d < > N o > = P T > -
- ¥ »
> e o .
P - :
> K 2 “ > by
" Cy . i — = — > y
. e i - % » o #
< . i
> by - R > > - i > 2
« " " N s > B N - -
P — Yy = -
—_— > > ot .
hn . -, > > p > . . -
—————— ~ <% > & kY
D N > . > -l
—_— -
Kk ¥ 3 > 3 3 . T - o
- — - > . X
- > i . — o § > «
- - . " . - > > > > >
E— R Pl % > y v » ”
: > 1 . < > >
- <y d >
- X s )
. of > - i
> - D - 4 > > p > = >
A — > *
N “ = > ~ -
% < P 5 > — -
” 3 < - gt
: &S 5 - w - i "
3 i < - >
. n ~ . 3] > »
N > T > E) = .
: - - s °
. > . = r < N 3 « >, o >
——————————— Ly . ) >
—————— i A ~ > « o~ o o« B - -
. n 1. n 3 L3 > .
> / - 9
_ I < >
> < = B = g v . - ’
" . i '~ “2 - 3
—_— a
! : , ) i o -
<. " - .. 5 e ; R & p
£ o > S o
— - > » > = o v p
\ > Py 3 > > - > . =
> > > - o . X > / i y
K - R . - ¥ s " . : - ~
. f b < - : - < - > ¥ b
- > e N ¥ 4 K. — > E ) *
" ’ "
—_— _ ; u i
_—— S b ok
> > > p . d
> > 33 o ~ > o Y y -
> > s . — >
3 . o - - b’ 2,
: , < S
- . [ o >
————— » - - > v
M L < N tt - = < k O 5 )
- v > -l = < y " -
e ——————— > - H
< < N B > .
> > M g . > 5 <
—_— _ . b) — . > P - D> > >
- > ” Ey > v g
— e - > N . . M > ~ - K3 "
—_— . < . < = > 3
N >
i ) ~ b 4
o - Yo - A - > = > > > > e
Ny N . - - — = > b o, pd -
y - .
<. > <« by > » > d 2 a
i - By >
Ry
- - o’ > < . 8 ey > D >
——— N < > p 7 ; ;
; > Iy < Ny . by
————— & >
v -y . - > " - > >
T T = . S ) > » . C " . - >
P . = 9 N —y
8 D ’ = 2 A > » >
>3 e
- = — 5 > ol 3 >
" v % 5
— a - - : g - .
Q
-y - I 5 < > & -
H . - a , » . > oy =
it - - b > " "
> 5 2y E . b ~ -
" - L | N ) > > >
< - _ > < N > D 2 . i
> > : 3 s ¥ £ F o =
o s " D Yy .
¢ > & = > > > b &
2 - » o B = > “ > P
i > - @ L g .
«
. > & i - Y < "> > . £y »
5 > s g X > o .
- 4 - - > — -t 2 -
> " N > o a > iy - P {
> % v > e - .
N N > g . £ o _ - . el oy B >
. - ~ &
£ o
. S ~ E i Yo 2 -
> fi ” D I P
> > » o
= . 5 > y > k) e
< - . - —_
2 > 3 -
> > gl
> < %
3 - 4 > - < >
—_— - > > > ) > 1 : > R
— - - = < . Ny . o B D > > b - )
> » 2 St ~ i v 2 >
R . - > , D =g &
5 s e o
u 4 - ’ - . f N 0 > > . 2 = - >
>
" R « y h - > ’ b — . 3
< > -
[ — - D . » D
> > - > > 3 -« ~ " > > s > .
» S Py 2 > < i =
_ > = > > - S = 5 D
> 3 . N 3
4 by ~ ) — > > oy «
—_— P > - - M G > . > & . 3 ¢ - i - u
. . A >
. N - > > = b p z P 3 .
—_— N ry I p) By
R X B h > > p >
> . b - Iy > > . N >
— i . 4 - -~ X by N b 2
g » <
e - - > > . D ) ) ~— D
- - S . 30
R 2 < o B " 3 4 ~ < P »
- > i "
> b ) Y y P % - £
< © M - : - -
= 29 > > ~ > D
& i . . -
— o h e « r
——— N >
- . ) B N )3 . N . h % > = >
« . 2 - > 2 4 > &
_—_ e < i > — £ & -
S > > pl > 3
y 3 > R > 3 A > ~ > Y
" o 8 - v . P
—_ )/ . e - -
<. > S . Ny ~ > R N » N -~ >
b * - - » .
- . Dy S » o > ~ > v : ¥ e . >
- T » 7 E > kd i g
; & N y e K p > > o > “
< 2 b —.
N > : 3 4 P : > i > -
b p ~> - ! - > g H 5 ot - > g
b . - - 2 p >
» > 3 v e ¢ > ¥
> g b A o . & v . -
— R : ‘ 2 = D -
- > . » - - L > y - ’
: y K N = Iy —y
e — e \J » > . » - o o v -
® - - N o > P
— , . . 2 . > D < .
— > & > - ” & > -« N — b 5 . N
— > - : > P “ P — > >
—— > > % e — o Y & <
= < v M n - 2 A < <
« 5 . hS > - i
\J S N N = ) >,
* > <« R i > g * o« > 3 A >
iy A . Pyts - 2 5 - “
. " > Y > > D ¢, y > > >
" » - » af y . " > - x R
- L} o e 3 o 0y 3
>y 8 N & 3
N . - > b > > > -
> p g - “
- » N , - 2 - > i . > > D ———————
' 2 > 5 . - d - [ o - .
S « . “ o 2 -
> - P o ) é :
[ — S A ™ £ o —————————
K < ry- O A d - = - > j ’ >R o
. > » 3 < P - % D K 5 o .
- £ A . > > > !
> > N « ’ b e Dy iy
¢ ! 3 " . G % y -
’ < a2\ - * b
> " 3 > b > - < > ” > -
> h > > . > > i " b e F &€
" A - ) > .
) > d - N P
< > - « 1 > D 7 >
N N > ) .4 » L)
. i V A ) > = - o 3 > -
Ey > w T "’ e V > g . .
3 > D arey B - v L Ng Ry N > N ; > R : &
i R = § 17 % 5 = E
s > 2 2 s o
o . - > > _ = > / ..
. < > P > "
> « « fa £ X > > S > g b B -
S » rE . > ’ > 3 1 > < —
5 o Py
’ 2 > - C 1 S . > p i Py > o
> \ M v b > > 4
- - < . V § . - > .
B » N o4 " > ‘a ) e
5 S
il < § > k) < > > 2 5 >y
: ty 3 B
D 3 = > ) & < i
> . e - - f > > ;
! — e q A " > h k
. ~ g
- " > > < N A » — > " p
4 e o ) : P “—~ - ‘ > > “ !
’ e | < « . D X > v
—————— o « : ’ A - > ) "
> > el 2 > - - o >
. " . J . A e > Py " > > A9 -
> " i3 » - « )i " > >
- 0 - > 5 > < < > > N by , o
] ' 3 . A > > > #
> > 4 > > D <. .
———— & 3 > > > .
- g » ¥ < . S o » - : .
——— S N N > >
S 3 < > >
~ ~ e y ¢ ~ . ) P ¢ . - ’
9 ) £ ‘
. : D) g . B o -
> g B
. i -
g 4 N < > 3 s - > " 4 ;
<. > e
- > - » > > : e . ¥ ¥ -y .
- hy . > « > . > =" - y
x > . ¢ g ¢
off B . ) 5 > :
» 2 % >
‘ <
, 4 % L - > - X - 4
- ) .
p’ N - 4 <~ Ny < > - > > > o
a >
V N - - b i i) > " - —
i o b = .
V. s s > > "
——— ¥
< " > > \ g X ! , N
—————————— 0 y - > T > d
pss T o o £ >
< < > 2 > 3 y
—— e N > > >,
& > k9 - y
ji > - p \
- 3} 2 " b
3 . " d . ‘ Y ki
< t _ : = > o g £
; >
' - w o > N S - - »
- i z "
— 2 — ;
x " } . R \ > . > ~ o !
. I < ! v M i Y 13 2>
> < — 2 ¢ - : 4
—_— - H 4 > & Ll > .3 - ‘ y -
by v % ~
S e— : — i oy N - > =
- ; : = > . = . > ‘ - "
> >, i - i < > N 2 N <
. . > >
/ " A > > £ 0F »
4 . - P ; " > ?
b i it g 4 « 4 . < » - Vi
< A iy y o « . l !
5 i . h, - » !
Iy e 5 > v v 4 <
% . - " v
o 7 ‘ = > = = : ", -
o & = - 4 ’ s
ik i > ¢} % < - > . " & Ly > ¢
Z ¢ 4 ” > % S
) s e
> b & \ f i % -
4
N i . > 3 ¢ 3
» v - - <
5 - < X ; d
! " > 4 J — H > >
> 3 b ” s Yy 3
e — < . ‘ £ £ ? -
[ ¢ « o 3.3 . > ¢ 4
—— y s y < — . . " % <
v - ; , > - X ") " ! "
- e « J > > > .. " &
& i # y 2 8 X & ,
Y o o 3 i* . o i B "
y H S " " »
¥ 3 g ‘ N R P g § .
« > > > i > - >
et TS * i ’ %
> 3 £ e . < > kS > - \ >
. i % -~ B X ; - = >
o . I -~ e ’
s " ¢ - -
7 i 2 L: . 22 >
o s 5 . 'y 2 = .
xS > : iy ) -~ > > y
£1 i
G’ v - » -
- S s 3 oy i > <
2 & o i ¢ i - ~ g
h j 3 " > o
S - ~ - & Y i
i > 1 i > < > ~
J 1 < ? - <
M >
’ . = \ 5 > w y >
e 3 e O o § " % i d g 2 . .
& : - < > ¥ i - 2 @
A g i
P ‘ - A >
3 ; o » = oy > K -
Xi " « ¥ > D 2 - oy By
& ] . _
3 L 5 B p .
; pd = = A
. > : 5
L . ‘y — i A N o P > — > ’ A
v ; ’ ;
; o o ) 5
N < 3 Fis ¥ > % o >
p 4 pny 3
. > < > -
P > : < = .
e ——— - , ’ > >
o’ ' > "
e iy ~ > s P > - P
- H <
i . <
oo > F i >
. A & ¥ >
v ? Ay > ¥ i a " :
" Y ) &> & : . > > 4
g < @ - d b,
£, - y . ; —
e % o ~- > e ~
—_— — L ‘
? > v . & . :
— e > ’ & > > . \ >d .5 > &
N — > 5 1 h
——— § < D > (
< 3 R
, | ! . 5 f « o >
A A 5 % - i " = i
] i - - | ” = & R ] > - — - “ - < - —
d ) 8= - - . 2 - 2 y , g T
i3 3 e y
% o : . i
4 . s — > h '
b iy G » > f i
i v 5, — o -~ - i . -
> . -
- A <. 7
(s - N A
: — 3 & b
- = . &
% . . v < & ! 4 - i
i £ d g - =
Ny -
i U > ’ "
- & g ,,
0 - » k3 . L
g ) - " — o
) 4 5 i s
o ¥ 3 5 -
‘ ¥ % . 5 R G > S - i ’
. M i N & 1
; —_ > . o » o
. o e o > by e
| K p N
A1 ; : - ” ; P N f 3 b
i il - 4 y . g .
K % el ’4
3 " § < > > "
y 6) g ] > > & >
s &
—_— S -
] 4 y N ” i ‘ p k) - - P
y . >
] » % - e - ¢
I — . iy 2 3 - "
, 4 ’ . " e . = » 1 >
E x < 7 K . - P Adll
o 5 >
- 2 d 2 - . <« i B
. i ; 2 5 B, o
& 3 < >
——— cig D "~ N
. F " y 4 3 = » D o b
b % ot 4 d « : >
— e X o o - » < °
— ey 5 > # § 2
o b U3 5 i P y
—_— { : : oY > -’ < 3 . ;
: 2
P ” : a3
oy 3 Py g v & > - o
R " - = & .
— ;. (& > — > -l
—_— i % . e 4 G > " N “ u
R - <~ -
— " ) > - 3 i
b ’ o 9 . i - "
", g o P < ;
s :
' i 2 = > d
>
i i & 9 < 2
A =~ 3 # < ¥ G u R
£ - g >
% - £ X & ¢ « - = o > 1
- L2 - ? < » gt % »
e i >
J— 3 « . 2
e y } A » -
lq i J A ) ‘ 4 < o
e i . < » 3 S - R 4 g
" ; 5 - -
. i i
T N
—_—— . e, & p > 2 < i . g,
- - o > 0 < . "
- - N > 4 it =
o " gy > . -
; i - < < -l o 1 1 ”
. 3 5 -~ b piE= U
" - >¥ " < . > -
> — % g o — ) f .
- " i g g " p
i ; ¢ > ”
— I ~ ¥ i
— ~ p 4 P . %
3 : i < 4 - 5 ———
- ” b > b B
- 3 Ny ~ L : '
- . . » V, . >
3 . 4 > < i ‘
T A - 3 g o3 . ¥ 4 *
o b s . = s [ 3 g . s > -
'~ o o8 = P > Y A
—_— D —— ™ y b
—— . o . b > b -
) 7 A > 2 2
r—— - ro— o " i
— e g * >
— . , , ‘ . a " C : < )
—_ L < = ’ = 3 . ¥ L . ¥ " I~ d it 3 . .
_— & 4 i > €, - - : ’ A = ;¢ ] % / " b
||c| , y s < L, o > > i > c:
- 2 . - s 7 §
- —_— . > o ; o .
- 5 ¢ 55 Ny . ¢
— —_— N ? ¥ b
- — ——— a - > 3 X
= — | 4 ,; . . ” ) By ’
f %, 5 [ h A
— >t o S X > a
R i " R i T & & = Y 3 i I X
rr—rrr— = < - . ~
" by - - K
> ‘ i By
f— . 1 > .
: . - 4
. - > , > o >
a " A " 3 2
— ¥ ¥ . .
_— ¥ >
J ) -
) P R i 1
T A . _ C . . :
e ————— 4 v —_ . 4
B » > > 2 - >
: - - &.X £ - b ¢
i
- F ki 53 . .
¢ 1 < — 3 j D —
~ 4 g ¥ R
< “ ~ ~
> - V !
e 2 - <
e %
i i
R % - 9 -
e .. i = L > ,
A 8 g
o} ¢
i < N
s L & 5 » ik N o 4
[ b} 8 3 2 » o ’ ' R =
IR by - < ~ > g " - >
= X > > = < — >
- o N - = . ¥ f
. ‘ 4 " . & !
> A i = P N 2 4 < g "
& F4 j - :
e b n e —— = = ] > s . 4 i '
. " i -t < " > : «
< - . D i 2
> > - < . h S . % - 3 i - =
- - ~ } - - . i X ~- ) - = )
< 5 by . < [3 . Man - . - > > . - - -
X o & —y - _ < oy ~ Y -~ s o -
—— ” k

2924d°S v92d's €92d°S 192d°S 09245

b (IS : ’ !
ud
\9 m-----
“---hi
™Y
.v
el .
sanssnend B - &
Shansenntd
E
" | enesssemnd
ol

(2]

1L2d'S oLed’S

1

3

~

DEPTHS anvo EFrevar/ons
Frorm DATUM v FEET

i
i
— f

ﬁ\\\\\\\\\\\\\\v\w\\\xuv o

HIAVT VAS 40 ALIDOTIN IDVHIAY

LTI

s /
L L g soe by onn o

¥3K07 AL120734  hNiCT3Ly v 23027 2150724 wO 1y

_..w.,..\*

SYpilvA3arg

- 001
r o/

+ 091 L 41Nl 4

0z
- J
X 3 _ [ wg
QL - . - . — T ! 974N
x [ b/ S3ADIIN A¥iad 13%.4 Va3 e S
q ref 1 e
N N _ } /M
Q Lol i {n
ot N
v W ] S 510
Vﬁ M x
Y y 1 13
Yy S 4 <
Lt b

07 1
021

0
927
0% 7]
037
08 7
0017
2011
0%/ 7

 TS¥ oS
wnivd

091

1

2% des

LIPS N/
Wow 5'/1")'/,[5/137:7 TN g/,/lr/j(z‘



	Front Cover

	Table of Contents

	Summary

	1. Introduction

	2. Geology and Stratigraphic Drilling

	3. Previous Geophysics

	4. Objectives of Survey and Programme of Work Planned

	5. Techniques and Results

	6. Conclusions

	7. References

	Appendix A

	Appendix B

	Illustrations

	Plate 1

	Plate 2



