o

Northern
Territory
Government

InfoCentre

NT Minerals and Energy

Petroleum Exploration Reports
This file contains scanned images of hardcopy reports/data submitted to the Northern Territory
Government under Petroleum Legislation.

Bringing Forward Discovery
This information is made available to assist future petroleum explorers and may
be distributed freely.

Scanning information
The quality of the scan reflects the condition of the original hardcopy report/data.

InfoCentre

Call: +61 8 8999 6443

Click: geoscience.info@nt.gov.au
www.minerals.nt.gov.au

Visit: 3" floor

Centrepoint Building
Smith Street Mall
Darwin

Northern Territory 0800

A09-093.indd

IN AUSTRALIA’'S NORTHERN TERRITORY

@BRINGING FORWARD DISCOVERY




-9
=
<
g
o
O
~

Mi-33

BONAPARTE & GULF ~BASIN
OTT PERMIT NO. 3, NORTHERN TERRETORY
TNTERPRETATION OF GROSETSMIC SURVEY,1960
K.P. UTTING,B.Sc.,




BONAPARTY GUL: BaSIN,

TUTHWRPRETATTI Gy O GBCLLTE. . TC SURVEY, 1960,

HERAL SULLARY .

The interpretatiocn of the results of this seismic project presented
many difficulties owing to the lack of reasonsbly continucus r:iilecting
horizons, pasticularly in the most critical zone to the south of

spirit Aill.

Assunplions made by “eoselsmic in producing an horizon suituble for
contouring led to on erroneous picture viiich is discussed in the text
darewith,
A siniler dezvee of assumption has had to be applied b the writer

in the present re-~-interpretution, but the assumptions have been
controlled by the kmown suricce geolosy., 1In view of the lack of reuwiable
unconformities in most sections, the methods of control used, although
anproximate, are considered valid,

The controlling horizon has been e:xtended acrossz the central faults
of Spirit .4ill by geological interpretation.

The structural and stratigraphic picture presented indicates that the
prospects of sealed closure are not strong. Structural closure of

the Spirit Hill Anticline occurs witiin a faulted zone two niles south
of wpirit Jdill, but this is at an horizon lower than the main shale beds
and tne strata involved are vorous sandstones. The "semi-closure" in-
dicated by Geoseisnmic either opens out to east in conformity witn the
basic structure, or to the east and, unless trapsed in a suitable

fault environment, thence south up the pitch of the opirit Iill Anticline
into the porous sandstones indicated.

Because of the lack of kmnown sealed closure, and also for recasons of
correlation, considerable attention has been given to the possibility
of facies changes in the beds that underlie wpirit lIill Limestone, and
to which the name Nigli Gap s.ndstone has been re-applied.

There is quite a degree of possibility that these beds, together with

the Spirit Hill Limestone into which they grade, are the equivalents

of the Cockatoo Sandstone - Burt Range sequence of the western flank of
the Burt Renge Busin, If this is the case, the basinward equivalents

of Nigli Gap Sundstone will merce into strata containing an increasing
proportion of calcareous or dolomitic beds together with siltstone

or shale, and the possibilities of fault or other traps below Spirit

11111 Limestone will be increased. The type of facies change envisaged

is already strongly indicated in the lower half of Spirit Hill Ho. 1 bore,

Anongst the recommendations made, tuo sites, "a" and "B", have been
suggested for consideration as stratigraphic bores and, of these, site
"A" is preferred.

A study of the seismic traverses to the north of Spirit :lill has been
carried out but, as no defined closures are indicated in then, a
detailed re-interpretation has not been made. Interesting features
are the indication of a "nose" on the Pincombe buried ridge, the swing
of the main basin axis to a north-east direction consistent with the
gravity results, and the tendency for a "high" in the most north-

eastern portion of the traverses.
NORTHERN TERRTORY
GEOLOGICAL SURVEY,
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PLANS, DaT4 USED, ROEWSNCHS

The following plans are presented:

Plate 1. DBurt Range Basin, Composite Plan, Scale 1 inch = 1 mile.
Copy of Plate 1 (Utting) 1958, with minor amendments

Plate 2. Spirit ill srea, Geology and Structure Contours. Scale
1 inch = 1415 f«et approx.

rlate 2A., srea South of Spirit Hill, Showing Structure Contours
dorizon 2, Uverlay Sheet. Scale 1 inch = 1415 feet approx.

Plate 3. Sections. dcale 1 inch = 1415 feet approx.
Data used.

Plate 2 is compiled directly from new airphotos (1961) bv ..A. Lands
and Survey ilepartment.

It also makes extensive use of BHR. seismic sections (1957) and ap;lies
BMR. gravity contours taken at the same time.

Heferences:

TRAVES, D.l., (1955) The geology of the Ord-Victoria region, Worthern
blustralia. BFMR., Bull.27.

UTTING, H.7., (1958) Progress geological report, Fernit Ho. 3,
Bonaparte Gulf Busin. Frivate report.

DISCUSSIVN CF GuOsbISnT. TNV GRPROTATION 4ND RaSULTS,

The interpretation by Geoseismic was presented on a structure contour
plan. "Control for Lower Carboniferous'", scale 1 inch = = mile, dated
15-12-60,

The high-light of this plan is the near closure of the control contours
between Traverses A and X, which, in view of the stratigraphy, would
become a definite closure with the interpreted down-throw of faults f1
and 2, east block down. The "closure" is centred at Spirit Hill.

This conclusion is erroneous. It is based on the correlation of an

arbitary horizon between Traverses A and K (a gap of five miles) for
which there is no justification, and in fact there may be 1,000 feet
of vertical error.

The correlation of faults f1 and f2 acrogs the same gap is completely
hypothetical and their positions across Spirit Hill are not supported
by geology. Their displacement (east block down) is the opposite of
that indicated by geology and, if correct, would expose Spirit uill
Limestone, or beds below that horizon, across the western half of
Spirit Hill, there is ample evidence to show that the beds there in
Tact over-lie the Spirit ilill Limestone horizon.

There seems little justification for interpreting f1 and f2 on the
northern side of Spirit Hill as shown, although some faulting probably
exists there. These faults do enist to the south of Zpirit Hill but

there are insufficient seismic data to show their location and disposition
precisely.

There are also insufficient data to interpret the south-pitching nose
shown between shot points K3 and K6,



The various reflection sections show a tendency for dips to increase
slightly with depth in north-south section sw:gesting that a basement
ridge may exist below opirit dill. This tendency becomes more evident
below approximately 10,000 feet deptn. Geoseismic's control contour

has been influenced on the southeim side of sSpirit Hill by these

deeper reflections, and is therefore considered to be misleading in
over—-emphasising the closure shown; a contour at a higher elevation

(as drawn by the writer-Horizon 1) is considered to be more practical in
indicating the structure at an horizon closer to the shale cover beds.

The possibility of the above-mentioned ridge is largely nezated

by the available east-west seismic sections which show westerly dips in
the lower beds. The ridge e’fect is probably an "apparent" feature re-
sulting from a slight arching in the strike of these beds .

Geoseismic has not attempted to trace unconformities or advise

on the possibilities of their existence or otherwise. The sections do
not generally indicate them, but scme interesting possibilities occur,
one of which is at about 2,600 feet depth betieen shot points T1 and
TG, This would correlate approximately mid-way between ilorizons 1 and
2 of the writer, and could possibly represent either the base of the
Cockatoo Sandstone or a lenticular zone in that formation (of. the
lensing out of Cockatco Sandstone towards the north end of Pincombe
Range - klate 1).

In general the interpretation of Geoseismic is unsatisfactory
in not taking some guidance from surface geology.

Because of the inconsisterncies revealed, doubt is cast on the whole of
the work to the north of Spirit Hill where no assistance is availble
from geological outcrops. 4 study of the traverses there shows that
alternative interpretations or modifications can be made to the existing
Geoseismic interpretation, but the extensive work that is necessary for
this project has not been commenced because of lack of indication that

a closed structure exists.

lote: Unfortunately, traverces that were recommended to the east and
gouth of Spirit Hill, in order to throw further light on this matter,
appear to have failed to produce results as no sactions are supplied

and no shot hole samples obtained. Recent air photos show that extensive
line clearing was done east of 3Spirit 1ill, but none to the south along
and across the anticlinal axis as recommended. It is considered impor-
tant to check whether the shooting was, in fuct, carried out and if any
improvements in the technique could give usezble results.

INT LR i

TATIV.

Significant correlations can be made Irom the south of Spirit Hill
through to «pirit Hill No.1 bore i.e. Trom shoreward to basinward
environments of the strata (Section 1).

It will be seen that the Spirit Hill Limestone i a persistent horizon;
#illigans Beds grade from sandstone to shales; Nigli Gap Sandstone¥
grades from sandstone to a sequence of more or less dolomitic sandstones
and siltstones with frequent gradations to dolomitic limestone and
dolomite,

The basic Tacts regarding these beds are showm on the accompanying table:
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South end of Spirit North end of Spirit Hill lio, 1
Hilli and southuvards. Spirit Hill

Hilligans Heds Up to 500! 600" approx. 826" (with full

tihiickness 1000')
Sandstone Sandstone and Shale with minor
shale sandstone
Spirit Hill + 200" * At leust 389!
Limestone Jandy dolomitic probably 608'.

Dolomitic lime-
stone with sub-
gsidiary shale.

linor sandstone.

Underlyins Deds*  Possibly 2000' (+) 1024' to probeble
(Higli Gap 5andstone) fault then

further 500' to
bottom of hole

lLandstone o.ly in wandstone, silt-
outcrops, Luptophlosumnm. stone and sevaral

dolownitic horiz-
ong. bLeptophloeun
minor coaly indic-
ations znd traces
narine {fossils.

ote *: “he name iiigli Gap Jondstone was previocusly thought to be
redundant as there were indications that it represented

Fnga sJandstone and Border Creek Scondstone. As discussed
clsevhere in the text, it is advisable tc re-introduce it,

L

at least on a temporary bases.

*+: The bheds that Torm this sequence may be the eqguivalents of

the Cockatoo bindstone - bBurt denge Formation seguence.

In order to correlate the wvurious strata across the central sults of
Spirit Siill (Faults "A" and ”B") and to the south, similor bisinvard
gradetions and thicimesces have been assumed. There is no other
alternstive to this procedure, which is adnittedly approximate, but gives
& working basis for stratigravhy and structure contours which may not be
too far from a realistic picture.

Thus in the sections drawm (Plate %):

a. In the basinward localities, where scismic results are available
in part, the ltey horizon selected from the seismic sections of both
Jeoseismic and BiR. (iorizon 1) is approx. 2000 feet below the top
of iitiilizans Beds shale and 1000 feet below the top of Spirit Hill
Limestone.

b. Towards tihe basin-edge, i.e. the south-eastern portion of Spirit
Hill where there are no geismic results, tile horizon has been
accepted as TOO foet below the top of Spirit Hill Limestone (from
consideration of Section 1).

c. Structure contours have been compiled on this basis from a close
study of the seisnic sections (including the use of a model) and
from the geology (factual and inferred) in the areuss where no seismic
sections are availacble.

This work includes the reversal that occurs within sandstones in
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southerly continuation of the Spirit Hill anticline and which is the
only approach to complete closure that is available in the Spirit
Hill area. Because of the occurrence there of several components

of the Jocxuatoo Fault complex, the displacements of which cannot

be gauged, the contours must be regerded as partly dia-grammatic.
dowever they demonstrate the reversal and allow the expression of

it to be matched with the seismic controlled "semi-high" to the

west of rault "a",

d. & gap has been left in the contouring for about one mile to the
east of shot hole K3, In this area the seismic sections show
erratic dips and blank zones, and the southerly projections of
fPaults "A" and "B" can only be apuroximated. Acditional faults
may exist from K2 eastwards. Section 4 shows the sporadic nature
of the reflections.

e, unesulting from a and b it will be seen (Sections % and 4) that
a vertical dicplacement of approximately 1200 feet, west block down,
is indicated across Fiults "A"™ and "B". It is possible that
facies changes or the necessary approximations have over-emphasised
the displacement, but tais does not alffect the important result of
removing the main cover beds of shale from the blocks to the east
of the faults.

f. A lower controlling horizon (Horizon 2) has been drawn in the area
of the seismic traverses to provide an indication of the variation
of the structure contours with depth (Overlay Plate 24, Sections
3 and 4). There is insufficient data to extend the contouring.

The horizon is at similar depth to that of the Geoseismic control
and shovs a stronger tendency to closure due partly to the influence
of the "apparent" basal ridge to which referrence has been made

in the discussion of Geoscismic's interpretation.

It is quite possible that the horizon exists within the Proterozoic
basement or close to its contact with the Palaeozoic. 4 minor
"high" (possibly closed) is apparent on Section 4 and has been
used to guide the location of a proposed stratigraphic drill hole.

DISCUSSION ON BwuDi BLLO. SPIRIT HILI LIHLSTOND,

Correlation of the beds underlying Spirit 4ill Limestone is of consid-
erable importance to the stratigraphy of the area, both locally and
regionally in the whole basin.

Ls seen in the reversal area, i.e. in the scarp where there are

ample exposures, their nature is similar to the few outcrops that under-
lie Spirit Hill Limestone viz. cross-beddnd fine to medium, rarely coarse
grained sandstone with very minor grit and pebble beds and zones of
"floating™" pebbles. The recent discoveries of Leptophloeum in outcrop
and in Spirit {ill No. 1 assist in allowing a reasonable correlation of
these strata with the basinward locality of the drill hole.

It will be noted that the outcrops grade upwards into the sandy
dolomitic limestones of Spirit Hill Limestone.

The beds were originally named Nigli Gap Sendstone (Traves 1955),

being described as sandstone with rafted pebbles and conglomerates which,
in the most southern dcvelopment, overlap the Cockatoo Fault and rest
unconformably on Precambrian rocks. Approximately 1000 feet of conglom—
erate 1ls reported at the latter locality.



The recognition of this unit as & separate formation presented several
difficulties in correlation after later palasontological determinations
suggested that Septimus and opirit Hill Limestones were of equivalent

age (refer Utting, 1958, pp7, 15). It meant that the formation was
equivalent to linga Sandstone at the base of which there is no unconformity.
hccordingly, use of the name and sense of Nigli Gap Sandstone was sus-
pended, and the sediments were regarded as partly bnga Sandstone, partly
indeterminate, with Border Creek Sandstone in major areas that overlapped
the Cockatoo Fault,

It is now necessary to consider the strong possibility of these
problematical beds, plus the Spirit Hill Limestone, being equivalent
to the Cockatoc Sandstone - Burt range Formation sequence.

for thé purpose of this report it is proposed to refer them to their
original name of Illigli Gap Sandstone.

Pertinent facte regarding this matter are as follows:

a. There are only two definite sedimentary breaks in the region,
viz., at the buse of the Cockatoo Sandstone and the Sorder Creek
sandstone., Sufficient evidence is available to demonstrate that
there is continuity of sedimentation between these horigons.

b. The Cockatoo Sandstone unconformity is more strongly pronounced
regionally than that of Border Creek Sondstone. For instance,
along the western edge of the Burt Range Basin, Cockatoo Séndstone
wedzes out in a northerly direction tfrom 3000 (+) feet thickness,
to nil at a locality due west of Spirit Hill.

In contrast, the basal conglomerate of Border Creck Sandstone
overlies the rather thin Point Spring Sandstone horizon at almost
every known locality in the Burt Range and Curlton Zusins. dicept
for a possible localised exception at the north end of Spirit Hill,
the relationship can be regarded as a disconformity. It does
represent, however, an appreciable time break as no faulting of
consequence has yet been noted within Horder Creek Sandstone,
whereas all older beds show appreciable displacements.

c. Cockatoo Sandstone as typically develoved on the western side
of the Burt Range Basin is eross-bedded, generally fine to mediunm
grained, with occasional pebble beds. The writer has noted a
linited conglomerate development near its buse, and beds of unfossil-
iferous (dolonmitic?) limestone, calcareous sandstone and shale
within it. It is noteworthy that a specimen of Leptophloeun has
been recorded in the type area.

The WNigli Gap .andstone has very similar characteristics but

is generally coarser in grain gize. In Spirit Hill Ho. 1 the
correlated equivalents are riner in grain, contain considerable
dolomitic limestone beds and an appreciable silt fraction. The
sandstone is cross-bedded. Leptophloeum is present at the surface
and in the drill hole.

Although, in its most southern occurrence, Higli Gap Sandstone
containg about 1000 feet of conglomerate which is Tar in excess of
any lnown development in Cockatoo Zandstone and is more like the
nature of' liorder Creek Lundstone, the strength of the unconformity
and vei;ht of other evidence quoted leans clearly in f{avour of
correlation with Cockatoo sandstonc.



d. wvockatoo Sandstone in the tvpe locality grades upwards into
Burt Range rormation limestones, siltstones and sandstones, the
latter increasing in proportion towards the top of the formation.
Enga Sendstone is the strongest and uppermost bed.

The succession of Burt Ra, Fu-Enga Sendstone which totals avproxima-
tely 4000 feet thickness, thins appreciably around the southern rim
of the basin and in the Amphitheatre area is probably no more than
600 feet thick. There the limestone, which probably represents

the upper sections of the Burt Range Formation, has a marked _
lithological resemblance to the Spirit Hill Limestone (Utting, 1058)
whereas earlier palaeontological evidence precluded correlation
(Praves, 1955) it is understood Br. G.A. Thomas has recently
indicated tlmt this is possible. It should also be noted that the
sandstone (regardod as kngs Sandstone) that overlies the limestone
at Lmphitheatre is similar to lMilligans Beds Sandstones at Spirit
Hiil.

It scems <esirable, therefore, to accept the correlation at

least on & temporary working basis, i.e., that 2400 (+) fzet of
sediments in the Wigli Gap “andstone - Lpirit Hdill Limestone succession
is the probable equivalent of a combined 7000 feet of Jockatoo Sand-
stone and Lurt lange formation on the south-western flank, and a

lesser thiclkness on the north-western flank., It 1s probable that
Cockatoo Yandstone is the more strongly represented in Liigli Gap
Landstone,

There is no real boundary between {ockatoo Sandstone and burt Range
formation and the whole succession is one of varied lithologies.

The existence of linestone within Cockatoo "andstone has bsen noted,
iracles changes of Burt iinge wrormation members occur along strilke
and are to be enpected in dip basinvards., “he gradation of ligli
Guop candstone Trow douinantly ssadstone in outcron to nixed sand-
stone, oiltetone, dolomite ricies in opirit Hill No. 1 bore is
congistent ith these characteristics, and it is rcasonable to
expect that the lower dolomites encounter=d in the bore are repre-
sentatives of the limestones of Rurt fange lormation, or possibly
of those mown wit]

nin vockatoo andastone.

1. The selsnic results heve aszisted in throwins ne. lisht over a
congider bhle part of tie potential area of LYermit sio. 3, but has not
covers¢ it exclusively. Fotential ground not covered is as follows:

a. 4 gravity "high" situated near the northern border of the
rnit and which passes into the adjacent permit of A.AC,

b. & possible "high" which was partly indicated in the most north-
eastern of the seismic traverses but was not fully investigated.

2. In the more evident phase of exploration, i.e., the search for
closed anticlinal structures, the present data sugrest that the more
potential pround exists from the southern portion of Spirit Hill to
some threce miles southwvard.

3. 4n almost certain structural closure occurs in the scarp aporox-
imately two miles south of Lpirit Hiil within the porous straia of
fiigli Gop “andstone. The closure is faulted and the many outcrops

that are available show that there is no prospect of sealin¢ cover beds,
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4, The remainder of the Spirit Hill area is open to the east or
south, as demonstrated by the structure contouring of Horizon 1, and
in sections,

In the lower strata represented by Horizon 2, which could possibly

be within basement Proterozoic sediments, there is a greater tendency
for localised closures but the structure as a whole iz open to the
east. One small possible closure, for which full information is not
available ig in a basinward position near X1, where stratigrapnic
drilling is recommended.

5. The central faults "A" and "B" of Spirit Hill, regarding which
limited data are available in outcrop owing to scree, cannot be ident-
ified precisely in the seismic sections, because of erratic reflections
and blank zones.

ilowever, there is ample evidence from geology, and the previous
drilling of percussion holes, that the displacements across the faults
are both west block down, This brings Nigli Gap Sandstone up against
Milligans Beds Shales and thereby eliminates the most favourable seal
that is known in the region. ’

6. The o0il potential of the area is considerably reduced because of
4 and 5 and becomes dependent on the less obvious targets of fault
and stratigraphic traps, of which little is known except as follows:

a. There is a considerable body of evidence that Nigli Gap
Sandstone grades into a facies containing sandstones with
substantial silty and dolomitic beds in which porosity and
permeability are low., In the faulted areas a pattern for
traps could therefore be present.

b. There may be unidentified faults in the vicinity of faults
"A" and "B extending as far west as shot point K% and possibly
further, Although these would complicate the position, they
could also assist in providing a greater potential for fault
traps.

7. The influence of artesian water on the oil potential is not

clear but water did flow from the Spirit Hill Limestone in Spirit Hill

No. 1 and it is likely that it will reduce the potential. The opening

of the main structure to the east, into the faulted and porous surface

facies of Nizli Gap Uandstone, will allow considerable ingress of water
to the basin as a whole,

8. There is a necessity for a stratigraphic drill hole to provide
further data on the various possibilities brought out in the present
report. Two sites have been proposed:
3ite "A": The stratigraphic and structural possibilities are
as shown in Sections 2 and 4. The location is suitable to
demonstrate the "basinward" characteristics and in addition
there is a tendency towards closure. Consideration might be
given to shifting it % mile westwards to K1 in order to avoid
a possible fault indication, but this would place it down-flank
from the near "high" that is indicated.



The hole should be planned to 60U0 feet depth, with the
possibility of completion at 4000 feet.

site "B": The hole would be of similar depth and would offer
a similar stratigraphy with indications of partial closure at
depth.

Site "A" is preferred because it suggests better structural possi-
bilities which face towards the main portion of the basin, and the
Milligans Beds 3hales are expected to be thicker.

4 further site has been considered on the Spirit Hill fnticline

axis just north of the main outcrop of Leptophloeum (fossil Locality

6). This would verify the shorewards facies of liigli Gap Sandstone

and indicate the depth of Proterozoic. The hole has not been recommend-
ed as the other sites offer more useful data.

9. Gravity results have been proved to be of value in the basin as
a whole and the fe. contours that are available to the immediate south
of Spirit Hill support the present interpretation.

As these were derived from readings along the widely spaced BHNR.

traverses it is probable that a closer net could be of considerable
help in verifying the structure of area.

O BN Da TTOINS

1. Geoseisnic should be asked to comment on the aspect of lack of
reflections and to advise if any iwprovement could be made in their
methodg, which provided little improvement on the Biit. results.

2. As very Tew shot hole samples were obtained south of Spirit
Hill, the hole leocalities should be ingspected at an early date
and the cuttings recorded.

If any shooting was carried out along the cleared lines to the east
of Spirit iill, an indication of the locations should be obtained in
order to collect samples of the cuttings.

%. In the lack of seismic retflections in the critical areca south
of »pirit Hiil, consideration should be given to & detailled gravity
SUrvey.

The survey should be carried out betieen the -2000' contour of
Horizon 1 and the main scarp to the east, and from BIR. Traverse
northwards to include the plain on the eastern side of Zpirit Hill
and the indentation in towards fossil locality 7.

IIE"

It is suggested that the readings be made at f mile intervals, with

the prospect of closing to 7 mile in some localities if warranted.

In this connection interesting trial data may be obtainable from a
traverse just south of Spirit dill across the line of faults "AY and "B".

4. The drilling of a stratigraphic hole at site "A" is recormended,

thie depth to be planned to 6000 feet with a possibility of termination
at shallower depth, say 4000 feet.

B.P. UTTING.

10 Keane ztrect,
Cottegloe, J.A.
28

28-1-62.



