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FOREWORD

Under the Petroleum Search Subsidy Act 1959-1964, agreements relating to
subsidized operations provide that the information obtained may be published by the Common­
wealth Government six months after the completion of field work.

The growth of the exploration effort has greatly increased the number of sub­
sidized projects and this increase has led to delays in publishing the results of operations.

The detailed results of subsidized operations may be examined at the office
of the Bureau of Mineral Resources in Canberra (after the agreed period), and copies
of the reports may be purchased~

In order to make the main results of operations available early, short summaries
are being prepared for publication. These will be grouped by area and date of completion
as far as practicable. Drilling projects and geophysical projects will be grouped separately.
In due course, full reports will be published concerning those operations which have produced
the more important new data.

This Publication contains summaries of data and results of two drilling oper­
ations undertaken in the Bonaparte Gulf Basin, Western Australia : Bonaparte No. 1, and
Bonaparte No. 2. The information has been abstracted by the Petroleum Exploration Branch
of the Bureau of Mineral Resources from well completion reports furnished by Alliance Oil
Development Australia No Liability.

J. M. RAYNER
DIRECTOR
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BONAPARTE NO. 1

SUMMARY OF DATA AND RESULTS*

SUMMARY

Bonaparte No. 1 Well, located approximately 52 miles north-east of Wyndham,
in the Bonaparte Gulf Basin of Western Australia, was drilled by Reading and Bates (Australia)
Pty Ltd for Alliance Oil Development Australia No Liability to total depth of 10,530 feet.
Drilling commenced on 18th July, 1963, was suspended at 10,283 feet on 19th December, 1963,
resumed on 25th April, 1964, and was completed on 4th June, 1964. A full programme of
logging, coring, and testing was undertaken.

The well penetrated the Upper Carboniferous Point Spring Sandstone from
surface to 638 feet; the Lower Carboniferous Tanmurra Formation to 1630 feet, and Milligans
Beds to 7480 feet; the Lower Carboniferous to Upper Devonian Burt Range Formation
Equivalent to 9492 feet; and the Upper Devonian Cockatoo Sandstone Equivalent to 10,530
feet, total depth. An angular unconformity occurred at the base of the Milligans Beds.

Of the twenty drillstem tests conducted during the drilling operation, three
yielded fresh water from the Tanmurra Formation, and one yielded gas-cut salt water from
the interval 5627 to 5696 feet in the Milligans Beds. Four tests were misruns, and twelve
obtained no recovery other than drilling fluid. The well was plugged and abandoned as a dry
hole on 6th June, 1964.

The stratigraphic drilling operation at Bonaparte No. 1 Well was subsidized
under the Petroleum Search Subsidy Act 1959-1961, from surface to total depth.

* Abstracted from: Well Completion Report, Bonaparte Well No. I, by M.C. Le Blanc,
Alliance Oil Development Australia No Liability, July, 1964.
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General Data

Well name and number:

Location:

Name and address of
Tenement Holder:

Details of Petroleum
Tenement:

Total Depth:

Date drilling commenced:

Date drilling suspended:

Date drilling resumed:

Date drilling completed:

Date well abandoned:

Date rig released:

Elevation (ground):

Elevation (K.B.):

Status:

Cost:

Drilling Data

Drilling Plant:
Make:

Type:

WELL HISTORY

Bonaparte No. 1

Latitude 15
0

01' 00" S.
Longitude 128

0
44'30" E.

Alliance Oil Development Australia N.L.,
100 Collins Street,
Melbourne, Victoria

Permit to Explore 127H,
Western Australia (approximately 13,800 square miles)

10,530 feet

18th July, 1963

19th December, 1963, at 10,283 feet with fish in hole

25th April, 1964

4th June, 1964

6th June, 1964

6th June, 1964

339 feet

355.3 feet (datum for depths)

Plugged and abandoned as a dry hole

£427,000 approx.

National

75

Hole sizes and depths:

casing details:
Size (in.):

Weight (lb./ft):

Grade:

Setting depth (ft):

20" to
17 112" to
12 114" to

8 Sl4" to

18 112

29

2

29 feet
560 feet

4964 feet
10530 feet (T.D.)

13 Sl8

48

HAO

510.9

9 &18

36

J.55

4911



Logging and Testing

Ditch Cuttings:
Interval:

Coring:

Sidewall Cores:

Electric and other logging
(Hall iburton) :

Induction-Electric Log:

Dip Log:

Contact Caliper Log:

Acoustic Velocity Log:

Acoustic Velocity Log
with Gamma Ray:

Velocity Survey:

Drilling Rate and Gas Log:

Formation Testing:

Ten feet from surface to total depth.

Interval reduced to five feet during coring, and in

zones of special interest.

Thirty-four cores, with a total length of 329 feet and
a recovery of 263 feet 7 inches (82.6%), were cut. The
core barrel was a 30-foot, 6 7/8" OD., C.D. T. core
barrel, and the bits used were "Truco Tridia" and
"Mindrill" diamond coreheads and "Hughes" con­
ventional drag-type and cone-type coreheads.

Although forty-six shots were fired, only twelve
samples were recovered, of which five were inter­
mixed filter cake and rock fragments.

Halliburton equipment was used.

100-10278 feet (5 runs)

4904- 9949 feet (1 run)

510-10280 feet (4 runs)

60- 556 feet (1 run)

510- 9944 feet (2 runs)

A velocity survey (21 shots) was run from 5100 to
9400 feet by Petty Geophysical Engineering Company.

Continuous drilling rate and gas plots were recorded
during drilling.

Twenty Halliburton formation tests were carried out
during the drilling operation.

Sixteen tests were conducted in open hole, concurrently
with drilling operations; four were misruns because of
packer seat failures. An additional four tests were
conducted in open hole after the well had reached total
depth; one was a misrun because of packer failure.

Detailed results of the formation tests are given in

Appendix 6 to the well completion report.

Copies are available for inspection at the Bureau of
Mineral Resources, Canberra.
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General

Deviation Survey:

Temperature Survey:

Seventy-one readings with a Totco instrument were
taken dgring drilling. The maximum hole deviation
of 5]/4 was recorded at 9063 feet. The final reading
at 10,508 feet was ]/2~

Bottom-hole temperatures were take~ at 496~, 7960
and 9952 feet; the readings were 137 F, 188 F, and
216

o
F, respectively.

GEOLOGY

Structurally, the Bonaparte Gulf Basin is bounded on the east by the Sturt Block
and to the south-west by the Kimberley Block, both of Precambrian age. The seaward extent
of the Basin is at present unknown but it can be inferred to extend as far northwards as the
off-shore area to the west of Bathurst Island, where an aeromagnetic survey conducted in 1963
indicated a gradual thickening of the sedimentary section.

The land area comprising the southern portion of the Basin is divided into two
embayments by a Precambrian basement ridge, known as the Pincombe Range, which trends
north-east: the Carlton Embayment lies to the north and north-west of the Pincombe Range,
and the Burt Range Embayment to the south and east. Structurally, the Basin is believed to
have originated through subsidence of the north-eastern end of the Kimberley Block, and
downsinking by step faulting (with downthrow to the west) of an associated mobile zone between
the Kimberley and Sturt Blocks (Drummond, 1963).

Within the Carlton Embayment, Palaeozoic strata approximately 9500 feet thick,
are exposed at the surface. The outcropping sediments are of Permian (?), Carboniferous,
Devonian, Ordovician, and Cambrian age. Seismic and gravity data indicate that a much
thicker section, approximately 12,000 to 15,000 feet thick, is present in the deeper part of the
Embayment. Basement consists of relatively unmetamorphosed Proterozoic sediments;
Lower Cambrian volcanics, which occur sporadically around the southern margin of the Embay­
ment, locally may constitute effective basement.

In general, surface expression of structure within the Carlton Embayment is
confined to the southern and western margins of the Embayment where, during early Carbon­
iferous time, Cambrian, Ordovician, and Devonian to Lower Carboniferous sediments were
strike-faulted and tilted 20 to 30 degrees to the north-east (Veevers et al., 1964). The
development of the deeper part of the Embayment, the approximate on-shore limits of which
are defined by the area of outcrop of Point Spring Sandstone as shown on Figure I, probably
was accelerated in early Carboniferous time through further downwarping, with associated
block-faulting, of a portion of the Precambrian Kimberley Block. A thick sequence of Lower
Carboniferous and early Upper Carboniferous sediments, in excess of 7400 feet, was sub­
sequently deposited in the deeper part of the Embayment; these sediments unconformably
overlap the older sediments of the upthrown block to the west.

Over the deeper part of the Embayment there is little-surface evidence of struct­
ure and the strata for the most part dip gently basinwards. However, the data obtained from
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the gravity survey conducted in 1961, and from subsequent seismic surveys, indicate that
closed structures are present in the subsurface. Since significant folding is not known to have
occurred in the Embayment, it is considered that these features represent draped structures
resulting from differential compaction of sediments over and around the upthrown portions of
tilted fault blocks, or above topographic "highs" on the basement floor.

Abundant cap rock, source, and reservoir beds are present within the outcropping
Palaeozoic sequence. Although the nature of the sediments of the deeper part of the Embay­
ment is but little known at present, the results of the Bonaparte No. 1 Well have shown that a
similar favourable lithological combination can be expected throughout most of the Embay­
ment.

Stratigraphy

General:

Bonaparte No. 1 Well spudded in the Upper Carboniferous Point Spring Sandstone,
and then penetrated the Lower Carboniferous Tanmurra Formation, and Milligans Beds to an
angular unconformity at the base of the latter. Below the unconformity the well entered the
Lower Carboniferous to Upper Devonian Burt Range Formation EqUivalent, followed by the
Upper Devonian CockatOO Sandstone Equivalent in which it bottomed at 10,530 feet. The
stratigraphic sequence encountered in Bonaparte No. 1 is shown in the Table below:

Upper Carboniferous

Lower Carboniferous

Lower Carboniferous

Formation

Point Spring Sandstone

Tanmurra Formation

Milligans Beds

Depth Intervals
(feet)

16 - 638

638 - 1630

1630 - 7480

Thickness
(feet)

622+

992

5850

------ Angular Unconformity ------

Lower Carboniferous
to Upper Devonian

Upper Devonian

Detailed:

Burt Range Formation
EqUivalent

Cockatoo Sandstone
Equivalent

7480 - 9492

9492 -10530(T.D.)

2012

1038+

Point Spring Sandstone (Upper Carboniferous, Namurian): Surface to 638 feet
(622 feet+)

The upper part consists of colourless to white, medium to coarse­
grained, porous, poorly consolidated, quartz sandstone. The lower part differs
In that the quartz grains are frosted, and in the presence of kaolin cement.

Tanmurra Formation (Lower Carboniferous, Visean): 638 to 1630 feet (992 feet)

The top 86 feet is a buff to medium grey, sandy and silty, medium­
grained oolite grading downwards into coarse-grained calcirudite, and then into
fine-grained calcarenite.
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The middle unit of the formation (840 feet) consists mainly of white
to medium grey, fine to medium-grained, angular, porous, quartz sandstone with
interbeds of finely crystalline, silty to sandy limestone and recrystallized
calcarenite near the top. Lower down, interbeds of dolomite are common and,
in several places, the matrix of the sandstone is 40 percent dolomitic.

The bottom 66 feet consist of a light brown, fine-grained calcarenite
which is partly pelletoidal.

Milligans Beds (Lower Carboniferous, Visean to Tournaisian): 1630 to 7480 feet
(5850 feet)

The formation consists predominantly of medium grey, marine
shale with, from 3800 feet, sandstone and siltstone interbeds. Concretionary and
bedded ironstone is common in the upper part of the formation. On the basis
of gross lithological characteristics, the formation has been subdivided into four
units:

1630 to 3800 feet:

This unit consists essentially of medium grey, non-silty to moder­
ately sllty, fossiliferous, sub-fissile to fissile, marine shale. Numerous
crinoid stem-fragments are present between 1800 to 2100 feet; within this same
interval several beds of fine to medium-grained, sandy to silty, bioclastic and
fragmental limestone are present.

The uppermost 120 feet of the unit, which is very silty and includes
interbedded sandstone and siltstone, may be a zone of transition to the over­
lying Tanmurra Formation.

A few beds of medium grey, sandy and argillaceous sandstone are
present in the upper part of the unit; concretionary and bedded ironstone is
common throughout.

3800 to 6453 feet:

This unit consists of shale with approximately 11 percent of inter­
bedded quartz sandstone and includes scattered thin beds of siltstone. The shale
is medium to medium dark grey, rarely brownish and greenish-grey, generally
slightly silty and occasionally sandy, sub-fissile to chunky.

The sandstone consists of white to buff, very fine-grained, subround
to subangular, moderately well-sorted to poorly sorted quartz which is cemented
with calcite and/or silica. Many of the sandstone beds show fair to good inter­
granular porosity; others are tight as a result of high silt content and/or of
secondary siltcification.

A few interbeds of grey to brown, argillaceous, slightly calcareous
siltstone are scattered throughout the unit.

6453 to 7100 feet:

The unit consists of silty shale with approximately 24 prcent of
interbedded, quartz sandstone and a lesser amount of argillaceolls siltstone. The
shale is medium grey, moderately silty and in part sandy, platy to blocky.
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The sandstone consists of light grey to buff, very fine-grained,
angular to subangular, poorly sorted quartz which is well cemented, most
commonly with silica. The sandstone is generally very silty and tight although
some poor intergranular and capillary porosity is present in several of the beds.

The siltstone is grey, siliceous and argillaceous.

7100 to 7480 feet:

This unit consists entirely of medium light to medium dark grey,
slightly silty, sub-fissile to blocky shale, which becomes bituminous near the
base of the unit.

These basal beds rest with angular unconformity upon the Burt
Range Formation Equivalent.

Burt Range Formation Equivalent (Lower Carboniferous to Upper Devonian):
7480 to 9492 feet (2012 feet)

The formation has been divided on lithological and electrical log
characteristics into six units as follows:

7480 to 7865 feet:

This unit, the "Upper Shale Unit", consists of medium grey, platy
to blocky shale, which is in part slightly silty and occasionally waxy to bitumin­
ous. The induction-electric and contact caliper logs suggest that some sUtstone
is present near the top ofthe unit, but none was observed in the cuttings. Several
thin beds of very fine-grained quartz sandstone are present near the middle of
the unit.

7~65 to 8195 feet:

This unit, the "First Shale and SUtstone Unit", cOnsists of shale
with interbeds of siltstone, which become thicker and more common towards
the base of the unit.

In the upper part the shale is medium grey, moderately to very
silty, moderately micaceous, slightly calcareous, and platy to blocky. Towards
the base of the unit it becomes less sUty and micaceous, is often bituminous, and
for the most part is non-calcareous.

The siltstone is light to medium grey, commonly calcareous and in
part micaceous; towards the base of the unit several beds are moderately
sandy and argillaceous.

8195 to 8300 feet:

This unit, the "First Sandstone Unit", consists of white to light
grey (in part brownish-grey), fine-grained, angular to subangular, quartzose
sandstone with some shale grains. The sandstone is moderately to very silty,
very calcareous, and is cemented with carbonate cement which becomes more
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abundant towards the base, where several thin beds of sandy and silty limestone
are present. A few thin beds of siltstone also occur near the base of the unit.

8300 to 9035 feet:

This unit, the "Second Shale and Siltstone Unit", consists mainly of
interbedded shale and argillaceous siltstone, but also includes a few beds of silty
sandstone.

In the upper part the shales are light to dark grey, silty and in
part micaceous, commonly slightly calcareous, occasionally bituminous, sub­
fissile to blocky; in the lower part they become greenish and brownish-grey,
blocky, and for the most part are moderately silty.

The siltstones are light to medium grey and greenish-grey, cal­
careous, and moderately argillaceous. They become very finely sandy and
siliceous towards the base of the unit. Several beds of very fine-grained,
moderately to very silty, calcareous, quartzose sandstone are also present.

9035 to 9260 feet:

This unit, the "Second Sandstone Unit", consists of interbedded and
gradational silty sandstone and lesser sandy siltstone.

The sandstone is light grey (in part greyish-brown) very fine­
grained, calcareous, moderately to very silty, and is generally siliceous; it
consists of angular to subangular quartz and rare shale grains which are
cemented with abundant carbonate cement. The siltstone is grey, green. and
brownish-grey, siliceous, calcareous, and is generally very finely sandy.
Several interbeds of grey, green, and black, silty shale are also present.

9260 to 9492 feet:

This unit, the "Basal Variegated Shale Unit", consists of variegated
(green with lesser amounts of black, brown and rust), micaceous, moderately
silty shale. The sequence includes a few thin beds and lenses of siltstone and of
silty, very fine-grained, calcareous, quartzose sandstone.

Cockatoo Sandstone Equivalent (Upper Devonian): 9492 to 10, 530 feet (1038 feet+)

The sequence present in the interval 9492 feet to total depth has
been correlated with the Cockatoo Sandstone on the basis of a marked change in
the lithological, electrical, and velocity characteristics of this unit from those
of the overlying sediments.

The sequence consists predominantly of interbedded sandstone,
siltstone, and shale. The sandstones differ from those of the Burt Range Form­
ation Equivalent in that they are generally of a coarser grain size and are most
commonly non- calcareous. The shales, however, are very similar to those of
the "Basal Variegated Shale Unit" of the Burt Range Formation EqUivalent.

The sandstones consist of white to light grey, very fine-grained
to fine-grained, angular to sUbangular quartz, cemented with a powdery siliceous
cement. They are commonly very siliceous and are generally silty.
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-..
In the upper part of the formation the shales are variegated in

colour, generally moderately silty, and are commonly micaceous. Towards the
base of the formation, medium dark grey, micaceous and silty shale predominates
although some variegated shale is also present.

The siltstones are generally light to medium grey, slightly cal­
careous and are commonly siliceous. In the interval 10,280 feet to 10,320 feet
they become medium grey to olive-grey, very calcareous, and in part grade to
silty, microcrystalline limestone.

Structure

The well was located on what was thought to be a small structure identified by
seismic survey, having a closure of about 125 feet at a depth of 5000 feet. Further seismic
work during the drilling of Bonaparte No. 1 indicated that, in fact, the well was located low
down on the north-east flank of a closed structure, five mil5s nortJt of its culmination. The
continuous dipmeter survey indicated dips generally between 4 and 6 north above 7472 feet;
below 7520 feet the direction changed abruptly to east-south-east and then, at 8524 feet, to
south or south-east.

The dipmeter data have been interpreted as indicating that an angular uncon­
formity is present within the interval 7472 to 7520 feet, where gently dipping Lower Carbon­
iferous strata with a northerly dip component overlie Burt Range and older sediments which
have been block-faulted and tilted to the east-south-east.

Oil and Gas Indications and Potential

Neither fluorescence nor oil staining was observed in cuttings and cores. Trip
gas was considered to have originated in the bituminous shales in the lower part of the
Milligans Beds and the upper part of the Burt Range Formation Equivalent.

The Milligans Beds contain abundant source, cap. and reservoir beds. Cap rocks
and source rocks are present in the older sediments but the sandstone horizons were mostly
too well cemented or too silty to be suitable reservoir rocks.

Porosity and Permeability of Sediments Penetrated

In general, the sandstones above 6453 feet have good porosity and permeability;
those below this depth are most commonly tight.

The acoustic velocity log and core analyses indicate good porOSity for the
sandstone beds of the Point Spring Sandstone, and those of the Tanmurra Formation. The
analysis of a core from the Point Spring Sandstone gave a porosity of 26 percent, a vertical
permeability of 660 millidarcys and a horizontal permeability of 1200 millidarcys. Analyses
of sandstone cores obtained from the Tanmurra Formation indicate a porosity of up to 30
percent but the sandstones have permeabilities of from 6 to 87 millidarcys only. The lime­
stone members of the Tanmurra Formation are essentially tight.

No cores were obtained from any of the porous sandstones which are inter­
bedded in the upper part of the Milligans Beds (1630 to 6453 feet) but the acoustic velocity

9
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logs indicate that these sandstones have porosities which vary between 5 and 35 percent.
The caliper log suggests that the permeability of the sandstone beds is also quite variable.
The variation in porosity and permeability of the sandstone beds appears to be related to
grain size and content of silt and argillaceous matrix rather than to secondary cementation.

Sandstone beds of the lower part of the Milligans Beds (6453 to 7480 feet).
and the equivalents of the Burt Range Formation and Cockatoo Sandstone. have poor porosity
and permeability. Porosity values of up to 7 percent were obtained from the acoustic velocity
logs (using a matrix velocity of 19.000 feet/sec.) for sandstones within this interval; the
actual porosity of the sandstones. however. is most probably in all cases considerably less
than that determined from the acoustic velocity logs. Analyses of sandstones from depths
of 6278 feet (Core No.22) and 6987 feet (Core No.25) indicate porosities of 4 percent and 1
percent respectively; the acoustic velocity log interpretation gives a porosity value of 7
percent for both of these sandstones. No sandstones were present in cores cut in the Burt
Range Formation Equivalent. Core analysis data are available for only one sandstone in cores
recovered from the Cockatoo Sandstone Equivalent; the porosity of this sandstone was found
to be 3 percent.

Poor permeability is also indicated for the sandstone beds in the interval
6453 feet to 10.530 feet, where nine mechanically successful formation tests yielded no
recovery other than drilling fluid.

Contribution to Geological Concepts resulting from Drilling

Data obtained from Bonaparte No. 1 Well support the seismic evidence which
indicates that at least 15.000 feet of sediments are present within the deeper parts of the
Bonaparte Gulf Basin.

The Upper Carboniferous sequence. which is thinner than had been anticipated.
consists of 622 feet of Point Spring Sandstone at the well location.

The uppermost Lower Carboniferous sediments consist of 992 feet of sandstone
and carbonate of the Tanmurra Formation. The formation was preViously known only from
scattered outcrops between Ninbing and Knob Peak to the west of the well.

The Tanmurra Formation is underlain by 5850 feet of the Lower Carboniferous
Milligans Beds. Before drilling the well. the maximum known thickness of this formation was
in the Burt Range Embayment where the Spirit Hill No. 1 Well penetrated 786 feet of shale
correlated with the Milligans Beds.

In Bonaparte No. 1. the Milligans Beds consist of marine shales which exhibit
the characteristics commonly attributed to source rocks and which also form an effective
seal for the numerous porous sandstones which are included in the sequence. The petroleum
prospects of the Bonaparte Gulf Basin are considerably enhanced by the presence of this thick
sequence of Lower Carboniferous source. reservoir. and seal rocks.

The results of a dipmeter survey of the interval 4904 to 9949 feet in Bonaparte
No. 1. show that an angular unconformity is present between the Burt Range Formation
Equivalent and the overlying sediments. The angular unconformity results from the block­
faulting and tilting of the Burt Range Formation and older sediments, which occurred in early
Carboniferous time.
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Six miles west of the well the Burt Range Formation crops out in carbonate
facies. At the well, however, no carbonate is present, and the Burt Range Formation
Equivalent is represented by a sequence of calcareous sandstone and siltstone with some
shale.

On the western and southern margins of the Carlton Embayment the Cockatoo
Sandstone crops out as a medium to coarse-grained sandstone which is considered to have
been deposited under high energy conditions in a near- shore environment. The Cockatoo
Sandstone Equivalent encountered in the Bonaparte No. 1 Well consists of sandstone, shale.
and siltstone which were deposited under quieter conditions in the deeper part of the embay­
ment.
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ADDITIONAL DATA FILED IN THE
BUREAU OF MINERAL RESOURCES

The following additional data relating to Bonaparte No. 1 Well have been filed
in the Bureau of Mineral Resources, Canberra, and are available for reference:

(i) Well Completion Report, by M. C. Le Blanc 30 pp.

Appendix 1: Upper Devonian and Carboniferous fossils from 6 pp.
Bonaparte No. 1 Well, by D.J. Belforcl, p.J. Jones,
and J. Roberts

Appendix 2: Water analyses, by BMR 2 pp.

Appendix 3: Core analyses, by BMR. 5 pp.

Appendix 4: Core descriptions by M. C. Le Blanc and G. Stephens 15 pp.

Appendix 5a: Log evaluation, 500 to 4962 feet, by RH. Win 3 pp.

Appendix 5b: Log evaluation, 4962 to 9952 feet, by J.E. Haynes 2 pp.

Appendix 6: Formation testing (with pressure records), 24 pp.
by M.C. Le Blanc

Appendix 7: Deviation survey

Appendix 8: Well velocity survey, by J.S. Thompson

(H) Daily drilling reports for period 18th July, 1963, to 6th June, 1964.

(Hi) Welex well logs including the following:

(a) Induction- Electric Log

1 pp.

3 pp.

Run I, 100- 556 feet
Run 2, 510- 4960 feet
Run 3, 4904- 7956 feet
Run 4, 7940- 9948 feet
Run 5, 9930-10278 feet

(1", 5" = 100 ft)

(1", 5" = 100 ft)

(1", 5" = 100 ft)

(1", 5" = 100 ft)

(1", 5" = 100 ft)

(b) Acoustic Velocity Log

Run 1, 60- 556 feet (1", 5" = 100 ft)

Run 2, 510- 4960 feet (1", 5" = 100 ft)
Run 3, 4950- 9944 feet (1", 5" = 100 ft)

(c) Contact Caliper Log

Run I, 510- 4962 feet (1", 5" = 100 ft)

Run 2, 4904- 7830 feet (1", 5" = 100 ft)

Run 3, 7800-' 9950 feet (1", 5" = 100 ft)

Run 4, 9730-10280 feet (1". 5" = 100 ft)

(d) Dip Log

Run I, 4904- 9949 feet (1" 100 ft)
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BONAPARTE NO. 2

SUMMARY OF DATA AND RESULTS·

SUMMARY

Bonaparte No. 2 Well was located about five miles south-south-west of Bonaparte
No. 1, in the Bonaparte Gulf Basin of Western Australia. It was drilled for Alliance Oil
Development Australia No Liability by Reading and Bates (Australia) Pty Ltd, to total depth
of 7008 feet. Drilling commenced on 25th July, 1964 and was completed on 9th October, 1964.
A full programme of logging, coring, and testing was undertaken.

The well penetrated the Upper Carboniferous Point Spring Sandstone from
surface to 608 feet; the Lower Carboniferous Tanmurra Formation to 1577 feet, and Milligans
Beds to 6675 feet; and the Lower Carboniferous to Upper Devonian Burt Range Formation
Equivalent to 7008 feet, total depth.

Fourteen drillstem tests were conducted during the drilling operation. Two of
these produced gas from a thin sandstone bed in the interval 4716 to 4726 feet within the
Milligans Beds. On initial test, gas flowed at a maximum rate of 1,540,000 cubic feet per day.
Analysis of the gas indicated that it contains at least eight percent of higher hydrocarbons.
The gas-bearing zone was retested over a 4l/2-hour flow period after the well had reached total
depth; during this second test the gas flow stabilized at a rate of 1,150,000 cubic feet per day.
This was considered to be uncommercial and the well was plugged and abandoned.

The test drilling operation at Bonaparte No. 2 Well was subsidized under the
Petroleum Search Subsidy Act 1959-1964, from surface to total depth.

• Abstracted from: Well Completion Report, Bonaparte Well No. 2, by M.C. Le Blanc,
Alliance Oil Development Australia No Liability, January, 1965.
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General Data

Well name and number:

WELL mSTORY

Bonaparte No. 2

Location: Latitude
Longitude

15
0
05'07" S.

128
0
43'16" E.

Name and address of
Tenement Holder:

Details of Petroleum
Tenement:

Total Depth:

Date drilling commenced:

Date drilling completed:

Date well abandoned:

Date rig released:

Elevation (ground):

Elevation (K.B.):

Status:

Cost:

Drilling Data

Drilling Plant:
Make:

Type:

Hole sizes and depths:

Casing details:
Size (in.):

Weight (lb./ft):

Grade:

Setting depth (ft):

Alliance Oil Development Australia N.L.,
100 Collins Street,
Melbourne, Victoria.

Permit to Explore 127H,
Western Australia

7008 feet

25th July, 1964

9th October, 1964

14th October, 1964

14th October, 1964

383 feet

399.6 feet (datum for depths)

Plugged and abandoned as a non-commercial gas
discovery

£228,964

National

75

20" to 31 feet
17 ]/2" to 545 feet
12 ]/4" to 2563 feet

8 :V4" to 7008 feet (T.D.)

18 ]/2 13 :V8 9 5/8

48 36

HAO J.55

31 545 2563

18



Logging and Testing

Ditch Cuttings:
Interval:

Coring:

Sidewall Cores:

Electric and other logging
(Halliburton) :
Induction-Electric Log:

Acoustic Velocity Log
with Gamma Ray:

Contact Caliper Log:

Caliper Log:

Dip Log:

Velocity Survey:

Temperature Survey:

Deviation Survey:

Drilling Rate, Oil, and
Gas Log:

Formation Testing:

Ten feet from surface to total depth, reduced to five
feet when coring, and in zones of special interest.

Fifteen cores, with a total length of 199 feet and a
recovery of 162 feet 1 inch (81.45%), were cut using a
30-foot, 6 718" OD., C.D. T. core barrel, and Mindrill
diamond coreheads, Hughes drag-type coreheads, and
Hughes cone-type coreheads.

Four samples were recovered from 39 shots fired.
Halliburton equipment was used.

50-7000 feet (5 runs)

30-7000 feet (4 runs)

540-7002 feet (4 runs)

4396- 6500 feet (1 run)

3300- 6517 feet (1 run)

Sixteen horizons were tested between 2563 and 6501
feet. The survey was made by Petty Geophysical
Engineering Company.

Five bottom-hole temperature readings were taken by
Halliburton Limited during the course of loggJng
operations. The RH. T. at 7005 feet was 182 F.

Eighty readings were taken with a Totco instrument
during drilling. 0 The final reading at 7008 feet showed
a deviation of 1.

Continuous drilling rate (from 31 feet) and gas plots
(from 545 feet) were recorded during drilling.

Fourteen Halliburton formation tests were carried out
during the drilling operation.

Ten were conducted in open hole concurrently with
drilling operations; one was a misrun because of
packer seat failure. An additional four tests were
conducted in open hole after the well had reached total
depth; one was a misrun because of packer failure.

19



DST No. 6 of the interval 4712 to4819 feet flowed gas
at maximum rate of 1.54 MMcf/D.

DST No. 14 of the interval 4694 to 4760 feet flowed
gas at maximum rate of 1.15 MMcf/D.

Detailed results of the formation tests are given in
Appendix 6 to the well completion report. Copies
are available for inspection at the Bureau of Mineral
Resources, Canberra.

GEOLOGY

Stratigraphy

General:

Bonaparte No. 2 Well spudded in the Upper Carboniferous Point Spring Sandstone
and then penetrated the Lower Carboniferous Tanmurra Formation and Milligans Beds. The
well bottomed in Lower Carboniferous to Upper Devonian Burt Range Formation Equivalent,
unconformable below the Milligans Beds.

There is no essential difference between the stratigraphic sequences in Bonaparte
No. 1 and Bonaparte No. 2. The Milligans Beds are 752 feet thicker in the No. 1 Well; this
difference is attributed in part to a normal fault upthrown to the west, intersecting Bonaparte
No. 2 at 4950 feet, and cutting out about 420 feet of the Milligans Beds. The remainder is
caused by thinning of the section between the two wells.

The stratigraphic sequence encountered in Bonaparte No. 2 is shown below:

Upper Carboniferous

Lower Carboniferous

Lower Carboniferous

Formation

Point Spring Sandstone

Tanmurra Formation

Milligans Beds

Depth Intervals
(feet)

17 - 608

608 - 1577

1577 - 6675

Thickness
(feet)

591+

969

5098

------ (?) Angular Unconformity ------

Lower Carboniferous
to Upper Devonian

Detailed:

Burt Range Formation
Equivalent

6675 - 7008(T.D.) 333+

Point Spring Sandstone (Upper Carboniferous, Namurian): Surface to 608 feet
(591 feet +)

The upper part consists of loose, iron-stained, fine to very coarse­
grained, quartz sand, with minor amounts of variegated, silty to sandy, very
ferruginous shale. From 470 feet, the section consists of fine to medium­
grained, subangular to round, poorly sorted and poorly consolidated, quartz
sandstone with good intergranular porosity.

20



Tanmurra Formation (Lower Carboniferous, Visean): 608 to 1577 feet (969 feet)

The formation consists of sandstone with lesser amounts of inter­
bedded dolomite, siltstone, and shale.

In the upper part, the sandstone is predominantly light grey to
brown, very fine-grained to fine-grained, quartzose, often silty, in part kaolinitic,
calcareous to dolomitic, and has moderate intergranular porosity. Below 850
feet, in addition to the sandstone described above, the sequence includes
numerous thick beds of very fine to very coarse-grained, very poorly sorted,
angular to subangular, quartzose sandstone.

The dolomite is olive-grey to medium brown, moderately to very
arenaceous, and becomes argillaceous towards the base of the formation.

The siltstone is grey, often carbonaceous, in part very finely
sandy, in part dolomitic and argillaceous.

The ~hale is grey, silty, and carbonaceous.

Milligans Beds (Lower Carboniferous): 1577 to 6675 feet (5098 feet)

The formation consists predominantly of shale. Below 3274 feet,
the sequence includes some interbedded sandstone and very minor siltstone.

1577 to 3274 feet:

Light to dark grey and greenish-grey, non-silty to moderately
silty, slightly fossiliferous shale. A bed of fine-grained, porous, quartz
sandstone is present from 1742 to 1750 feet.

3274 to 6675 feet:

Shale with some sandstone and very minor siltstone. The shale is
medium to dark grey, slightly silty and carbonaceous, and rarely slightly cal­
careous. Several zones of slightly to moderately sandy shale with medium to
coarse quartz grains are present below 4300 feet.

On the basis of its stratigraphicposition and of its electrical
characteristics the sequence of shale and sandstone from 6675 feet to total depth
can be broadly correlated with the Burt Range Formation Equivalent which at
Bonaparte -No. 1 Well underlies the Milligans Beds with slight angular uncon­
formity. As a dipmeter survey was not conducted below 6517 feet at Bonaparte
No. 2 it is not known whether the relationship between the Milligans Beds and
Burt Range Formation Equivalent at this location is also unconformable.
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BUTt Range Formation Equivalent (Lower Carboniferous to Upper Devonian):
6675 to 7008 feet (333 feet+)

This unit consists of shale with, in its upper part, an appreciable
amount of interbedded sandstone and several stringers of very sandy limestone.
The shale is medium to dark grey, in part slightly silty, and sub-fissile to blocky.

The sandstone is light grey and brownish-grey, poorly sorted, and
consists of very fine-grained to medium-grained quartz cemented with silica.
The sandstone beds are usually moderately silty, occasionally kaolinitic, and in
part show poor to fair porosity. Several of the beds are slightly to moderately
calcareous and in part grade to very sandy limestone.

Structure

The Bonaparte No. 2 Well was located on a closed seismic structure having a
minimum of 150 feet of closure mapped ona phantom horizon about 5600 feet below sea level.
The seismic data indicated that the location is about 800 feet structurally higher than that of
Bonaparte No. 1.

The continuous dipmeter survey conducted over the interval 3300 to 6517 feet
indicated that the well intersects a fault at approximately 4950 feet. A tentative correlation
of the sediments at Bonaparte No. 2 with their possible equivalents at Bonaparte No. 1
suggests that the fault is a normal one with the eastern fault- block down-thrown. The fault is
correlated with a possible north-trending fault mapped on the surface, north-west of the
well, in the Point Spring Sandstone.

Oil and Gas Indications and Potential

A drtllstem test of a thin sandstone between 4716 and 4726 feet in the Milligans
Beds, flowed gas at the rate of 1.54 MMcf/D. Analyses show that the gas contains at least
eight percent of higher hydrocarbons.

Fluorescence was noted in several zones between 3500 feet and 6100 feet but
drillstem tests yielded only drilling mud and salt water, and no hydrocarbons.

Porosity and Permeability of Sediments Penetrated

The Point Spring Sandstone and Tanmurra Formation consist predominantly of
porous and permeable sandstones containing fresh water. The Milligans Beds contain
several sandstone horizons most· of which are tight, but three permeable beds having a
porosity of 13 to 16 percent occur between 4541 and 4860 feet.

Contribution to Geological Concepts resulting from Drilling

The well penetrated a sedimentary sequence essentially similar to that encountered
at Bonaparte No. 1, and did not make any noteworthy addition to geological knowledge of the
Bonaparte Gulf Basin.
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The strong gas flow which resulted from a drillstem test of a thin sandstone
member of the Milligans Beds has established that source beds for hydrocarbons and suitable
sandstone reservoirs are present in the Palaeozoic sediments of the Bonaparte Gulf Basin.
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ADDITIONAL DATA FILED IN THE
BUREAU OF MINERAL RESOURCES

The following additional data relating to "Bonaparte No. 2 Well have been filed
in the Bureau of Mineral Resources. Canberra, and are available for reference:

(i) Well Completion Report, by M. C. Le Blanc 22 pp.

Appendix 2: Gas analyses, by BMR, and Government 3 pp.
Chemical Laboratories, W.A.

Appendix 4: Core analyses by BMR. 3 pp.

Appendix 5: Core descriptions. by M. C. Le Blanc and 10 pp.
B. Clarke

Appendix 6: Formation testing (with pressure records), by 9 pp.
M. C. Le Blanc

Appendix 7: Deviation survey 2 pp.

Appendix 8: Well velocity survey, by Petty Geophysical 3 pp.
Engineering Company

(H) Daily drilling reports for period 17th July, 1964 to 22nd October, 1964.

(Hi) Welex well logs including the following:

(a) Induction-Electric Log

Run I, 50- 538 feet (2". 5" 100 ft)
Run 2, 540-2553 feet (2". 5" 100 ft)
Run 3, 2564-4810 feet (2", 5" 100 ft)
Run 4, 4800- 6502 feet (2". 5" 100 ft)
Run 5, 6450-7000 feet (2". 5" = 100 ft)

(b) Acoustic Velocity Log (With Gamma Ray)

Run I, 30- 534 feet (2", 5" = 100 ft)

Run 2, 540-2550 feet (2", 5" = 100 ft)
Run 3, 2564-6499 feet (2". 5" = 100 ft)
Run 4, 6490-7000 feet (2", 5" = 100 ft)

(c) Contact Caliper Log

Run I, 540- 2555 feet (2", 5" =
Run 2, 2564-4812 feet (2". 5"
Run 3, 4800-6502 feet (2", 5"
Run 4, 6490-7002 feet (2". 5"

(d) Caliper Log

Run I, 4396-6500 feet (5"

(e) Dip Log (with calculations)

Run I, 3300-6517 feet (2"

25

100 ft)
100 ft)
100 ft)
100 ft)

100 ft)

100 ft)
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COMPOSITE WELL LOG
ALLIANCE BONAPARTE WELL No. I
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SANDSTONE

White, very fine to fine grained, subangular quartz,

moderately friable, powdery calcareous cement,

fo.ir earthy porosity; becoming siliceous and tough

and in port grading to orthoquartzite.

SHALE

Medium grey, slightly silty and sandy, platy to blocky.

S ILTSTONE

SHALE

Medium grey, silty, chunky; with some siliCeous siltstone.

INTERBEDDED SHALE (70%), SILTSTONE (20%) and
SANDSTONE (10%),

Shale'. light grey and brownish grey, moderately slity, platy.

Siltstone: light brownish and greenish grey, argillaceous,

sandy, siliceous. Sandstone; greenish grey, very flOe

grained, very silty, siliceous, tight.

SHALE

Medium grey, in port slightly brownish, slightly to moderately

silty, some very silty zones, rarely sandy, piety 10 blocky;

with 5-10% interbedded Slltstone: medium brownish

grey, moderately to very argillaceous, slightly sandy,

very slightly calcareous·

Occasional interbeds of very fine grained, siliceous

sandstone and occasional zones of ironstone.

Medium grey to brownish grey, micaceous, argillaceous,

slightly pyritic, coarsely sandy; grades to 13-foot thick

basal unit of poorly sorted, silty sandstone.

SHALE

Medium light to medium grey, generally 51. slty.) in port

moderately to very silty, in port finely to coarsely

sandy, in port slightly calcareous, in port slightly

pyritic, trace crinoid fragments, blocky becoming platy

to fissile.

OccaSIonal ,nterbeds of micaceous and argillaceous

siltstone. Some ironstone near base of unit.

SANDSTONE

White, very fine to fine grained, subangular quartz,

poorly sorted with common medium groins, very friable)

good earthy porosity.

SANDSTONE grading to SILTSTONE

White to pole brown, very fine grained, subangular

quartz and occasional green groins, calcareous, poor

earthy porosity; silty, grades to basal sandy

siltstone.

SHALE

Medium to dark grey, slightly silty, sub-fissile to

blocky; with 5% Sandstone: White, in part brown, very

fine to fine grained, subround to subangular quartz,

very siiJceous, tight,

SANDSTONE

White, fine grained becoming very fine grained, subround

to subangulor quartz, powdery siliceous and calcareous

cement, poor earthy porosity·

SHALE

Medium grey, slightly silty, platy; with occasional

Siltstone: light to medium grey, moderately to very

argillaceous, slightly calcareous, rare interbeds of

fine grained, dolomitic sandstone.

SHALE

Medium grey, becoming med ium light grey) non­

silty, generally sub-fissile to platy; becoming

fissile and very slightly fossiliferous near base

of unit.

Scattered concretionary ironstone.

SHALE

Medium light grey, .occasionally slightly silty, rarely

fossi.!iferous, platy to fissile.

Common ironstone.

Occasional interbeds of qrgillaceous siltstone and

some iron stone.

2588' SANDSTONE

Very light grey: very fine to f,ne grained, angular

quartz, rare shale groins, slightly becoming moderately

si Ity, friable, good porosity; grades to 5 - foot unIt

of sandy 5&1tstone.

4160 - 4190'

4690'- 5000'

4640 - 4690'

4092 - 4122 1

4190 - 4584'

3956 - 4092'

4584 - 4603'

4122 - 4160'

I

3940 - 3956

4603 - 4640'

3825 - 3940'

3800 - 3825'

3310 - 3800'

3080 - 3310
1

Medium grey, moderately to very silty, chunky;

with occasional interbeds of argillaceous siltstone.

2713 - 3080' SHALE

Medium light to medium grey, In port slightly to

moderately silty, rarely pyritic, siJghtly fossiliferous

(occasional cnnoids and rare micro fossils), rarely

slightly calcareous, fissile to sUb-fissile; with

occasional very silty zones and some Interbedded

orgillaceous sandstone; occasional concretionary

ironstone.

2672 - 2713'

2564

2588 - 2672' SHALE

Medium light to dark grey and greenish grey, slightly

to moderately silty, fissile to sub- fissile, with

occasional Interbeds of siltstone and abundant

concretionary and bedded ironstone·

SHALE
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PLATE 1
SHEET 3LOG

WELL No. I
COMPOSITE WELL

ALLIANCE BONAPARTE
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STRATIGRAPHIC
DESCRI PTI ON

SANDSTONE

LIT H 0 LOG I C

.
7090- 7100

5610- 5650' SANDSTONE

While, fine to medium grained subangular quartz, well

sorted becoming poorly sorted an9 coarse near

bQse, siliceous and calcareous cement, good earthy

and intergranular porosdy.

5650 - 5734' SHALE

Medium grey, rarely greenish and brownish, slightly

sandy and silty, in part waxy, fissile to blocky.

Occasional very fine to fine grained sandstone;

occasional ironstone·

Medium grey, in part slightly calcareous, SUb-fissile.

Thin interbeds of Sandstone: white to brown, very fine

to fine grained, brown carbonate cement.

Ironstone common from 5500 to '5520'

5734 - 5856' SHALE

Medium to medIum dark grey, In part silty, platy to

chunky; common interbeds of calcareous and siliceous

sandstone and some siltstone near base of undo

5856- 6063' SHALE

Medium light to medium grey, slightly to moderately stlty,

fissile to blocky; With 5-10°/0 interbedded Siltstone'

light to medium grey and greyish brown,sli<1tt1yto moderately

argillaceous, in part calcareous, in part siliceous.

Occasional interbeds of Sandstone: medium dark brown,

very fine grained, abundant carbonate cement, some

organic debris·

6063 - 6073' SILTSTONE (? )

Medium grey and brownish grey, siliceous and argillaceous.

6073 - 6100' SANDSTONE

White to buff, very fine to fine grained, angular quartz,

slightly cQlcareous, powdery siliceous cement, fair earthy

porosity.

6100 - 6224' SHALE

Medium light to medium dark grey, rarely greenish,

slightly silty, rarely sandy, fissile to chunky.

Occasional Interbeds of very fine tofine grained, calcareous

sandstone and argillaceous siltstone.

6224- 6264' SHALE

Medium grey, moderately to very silty, p laty to chunky;

some Ironstone.

6264- 6453 INTERBEDDED SHALE (75%), SILTSTONE (15%) and

SANDSTONE (10%).

~: medium to dark grey, some moderately silty zones,

sub- fissile to chunky.

Siltstone: medium grey to brown, argillaceous, sihceous;

becomes sandy and calcareous near base of unit·

Sandstone: White, grey, brownish grey, very fine grained

quartz, siliceous, becomes calcareous, tight. Occ. ironstone.

6453- 6526' INTERBEDDED SHALE (70%) and SANDSTONE (30%)

Shale: medium grey. slightly to moderately silly, in part

coarsely sandy, platy to chunky.

Sandstone: white, fine grained, angular quartz, very sllty,

poorly sorted, with common medium to coarse grains,

in port siliceous, moderate earthy porosity,

6526- 6592' SANDSTONE

White to buff, very fine to fine grained, angular

quartz, moderately sorted, rarely carbonaceous,

powdery siliceous cement, slightly friable.

At 6550 - 6570' Shale: medium dark grey, very silty,

chunky.

6592- 6984' INTERBEDDED SHALE, SANDSTONE and SILTSTONE

~: medium to medium dark grey, in part brownish

grey. moderately silty, in part micaceous, rarely

bituminous, slightly sandy near base of unit.

platy to blocky.

Sandstone: white to medium grey, very fine to fine

grained, angular to subangular quartz, poorly sorted,

slightly to moderately calcarecus, rarely pyritiC,

tight, very siliceous and in part grades to orthoquartzite.

Siltstone: grey. siliceous, in part argillaceous,

occasionally pyritic and sandy.

6984 - 7010' SANDSTONE

Buff to light grey, very fine to fine grained,

angular to sub angular quartz, silty, poorly sorted

(some medium to very coarse grains). brown clay

cement. siliceous. slightly friable, some earthy

porosity

7010 - 709d SHALE

Medium grey, commonty moderately to very silty,

slightly sandy near base of unit, platy to chunky.

Occasional silly, siliceous sandstone and siliceous

siltslone.

5362- 5390' SANDSTONE

White to brown, subangular to subround quartz, white

to brown carbonate cement, some earthy porosity.

Possibly grades to basal silty shale.

5390 - 5610' SHALE

Light grey, very fine grained, angular quartz, some

shale grains, silty, siliceous, tight.

7100 - 7160 I SHALE

Medium light to medium grey. in slight part silty and

sandy, platy to blocky.

7160 - 7480 SHALE

Medium to medium dark grey, in par't brownish grey,

m part micaceous, generally slightly silty, some

very silty zones, rarely sandy, rarely pyritic,

sub- fissile to chunky; becomes bituminous near

base of unit.
I

7480 - 7530 SHALE

Medium to medium dark grey, slightly silty, rarely

bituminous, platy to chunky.

Interbeds of siltstone are likely present but were not

recognised In the cutting samples.

5000- 5096' SHALE
Medium light to dark grey, In part slightly silty, fissile to platy.

At 5023 - 5027' Sandstone: very fine to fine gra ined,

subangular quartz, dolomitic cement, tight.

5096- 5130' SHALE

Medium to dark grey, very silt)' zones, fissile. Interbedded

Sandstone; white, very fine to medium grained, tight and

Siltstone: brownish grey, very argillaceous.

5130 - 5238' SHALE

Medium grey, occasionally slightly sllty, platy to sub-fissile;

common white calcite veining and slickensided surfaces.

5238- 5362' SHALE

Dark grey, In part slightly silty, rarely slightly calcareous,

sub-fissile; some very fine grained siliceous sandstone;

occasional ironstone.
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STRATIGRAPHIC

COLUMN
DESC RI P TI ON

SANDSTONE

Similar to 9830- 9850'

Very silTy, slightly calcareous, pyritic.

Interlaminated argillaceous, calcareous siltstone.

INTERBEDDED and GRADATIONAL SHAL E (80%) and

SILTSTONE (20%)

Shale: grey, moderately micac~ous, very silTy, blocky.

Siltstone: medium grey, micaceous, calcareous, orgillaceous.

SHALE

IVIedium dark grey, slightly to moderately silty and micaceoul

slightly calcareous, chunky to blocky.

INTERBEDDED SILTSTONE (60%) and SHALE (40%)

S,ltstone: light to medium grey, slightly to moderately

calcareous, in port mIcaceous, in port argillaceous.

§!:!Q!!.: medium grey, in port brownish grey, in port

micaceous, often bituminous, platy to blocky.

INTERBEDDED SHALE and SILTSTONE

Shale: medium grey, calcareous and silty In upper port

of unit, often bituminous, sub-fissile to blocky.

Siltstone: light to medium grey, moderately calcareous,

In port arglllaceous, commonly coarse and grades to

sandstone.

SANDSTONE

White to light grey, in pat brownish grey, fine grained

becoming very fine grained, angular to subangular quartz,

some shale groins, moderately to very silty, abundant

carbonate cement near base, generally friable, fair

earthy porosity; some interbedded siltstone.

INTERBEDDED and GRADATIONAL SHALE (65%),

SILTSTONE (25%) and SANDSTONE (JO%)

~: light to dark grey, moderately silty zones, in port

bituminous, in port micaceous, sUb-fissile to chunky,

·Sdtstone: light to medium grey and greenish grey,

calcareous, slightly to moderately argillaceous, in port

micaceous.

Sandstone light grey, ver'J fine grained angular quartz,

ve~y silty, calcareous.

INTERBEDDED and GRADATIONAL SILTSTONE (750f0) and

SANDSTONE (25-0/0 ).

Siltstone: light grey and greenish grey, in port brownish,

coarse, calcareous, moderately to very argillaceous (cloy)

near top of unit.

Sandstone; light grey, in port green and brown, very

fine grained angular quartz, moderately silty, very

calcareous, tight.

INTERBEDDED and GRADATIONAL SHALE and SILTSTONE

~: medium light to dark grey, becoming in port

greenish and .browish grey, moderately silty, rarely

calcareous, in port waxyl bituminous, chunky to blocky.

Siltstone: light to medium grey, becoming in port

greenish grey, slightly to moderately calcareous, in POrt

argillaceous (c lay), coarse near base of unit.

Occasional interbeds of very fine grained quartz

sandstone which in port grades to sandy limestone.

SHALE

Medium light to dark grey, in port greenish grey and

brown, moderately silty, blocky.

SILTSTONE

Medium light grey and greenish grey, moderately 10

very calcareous and argillaceous (cloy), commonly

siliceous, coarse near base and micaceous and very

argillaceous in upper portion of unit.

Several interbeds of grey and greenish grey, silty shale

and very fine grained, calcareous sandstone occur

in upper part r:If unit

INTERBEDDED and GRADATIONAL SANDSTONE (55%),

SILTSTONE (40%) and SHALE (5%).

Sandstone: light grey, in port "greyish brown, very fine

grained, in port (near base) fine grained, angular to

5ubangulor quortz, rare shale groins; moderately to very

silty, abundant carbonate cement, generally siliceous,

earthy porosity in upper portion of unit.

Siltstone: grey, brownish grey and green, siliceous,

calcareous, coarse, grades to sandstone.

Shale: grey green, block, silty, blocky.

SHALE

Variegated (green, lesser brown, rust, block), micaceous,

moderately to very silty, becoming sligt:ltly silty, sub-fissile

to chunky.

Occasional interbeds of siltstone and very fine grained,

silty and calcareous sandstone.

SILTSTONE

Light to medium green and grey, coarse, moderately

·to very calcareous, in port micaceous, in port siliceous.

SANDSTONE

White to light grey, very fine to fine grained, angular to

subongular quartz, occosionol green and pink groins,

powdery siliceous cement, some earthy porosity.

SANDSTONE

White to light grey, os above but moderately silTy,

siliceous Qnd tight.

INTERBEDDED and GRADATIONAL SHALE and SILTSTONE

~ variegated os at 9260 - 9492' but very silty.

Siltstone: green, grey, brownish grey, slightly calcareous,

commonly siliceous and argillaceous.

SANDSTONE
White to light grey, very fine to fine grained, angular to sub­
angular quart~, rare round frosted medium groins,
siliceous cement, friable, good earthy porosity.

SHALE
Variegated os at 9653- 9700'
Some interlaminated siltstone and sandstone.

INTERBEDDED and GRADATIONAL SILTSTONE and SHALE
Siltstone:white, grey, argillaceous.siliceous. Shgle:as above

SANDSTONE
Very light grey, very fine to fine grained, angular quartz
very silty, friable, earthy porosity.

INTERBEDDED and GRADATIONAL SILTSTONE (70%) and
SHA LE (30°;0).

Si..Iiston.e.: light grey, siliceous,~:variegated, very
SiTfY.l)iOcky.

SHALE

Medium to mediup,1 dark grey, moderately silty near

base cl uniT, rarely waxy I bituminous, chunky to blocky.

Some interbeds of siltstone and sandstone near base.

INTERBEDDED SHALE (85%) and SANDSTONE (J5%)

Shale: medium dark grey, slightly silTy, in port waxy /

bituminous, sub- fissile to chunky.

Sandstone: lighT to medium grey, very fine grained,

angular quartz, pyntic, in port calcareous and siliceous,

very silty, tight.

SHALE

Medium lighT to medium grey, slightly calcareous, chunky

to blocky. Traces limestone; occasional ironstone.

SHALE

Medium to medium dark grey, slightly 10 moderately

silty, platy to blocky.

LOG I C

9260- 949t

9035 -9260'

9653- 9700'

9700-9750'

8580- 8850'

9750-9790'

8450- 8580'

9790- 9830'

9830- 9850'

8850- 8890'

9850- 9898'

9898 9920'

9600-9653'

9492- 9550'

9550- 9600'

8890- 9035'

8300- 8450'

LIT H 0

8195 - 8300'

7620- 7700'

7960- 8074'

8074- 8195'

7700-7760'

7865 - 7920'

7920- 7960'

7760- 7865'

7530 7620'
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Very light grey, very fine to fine grained, subangular

quartz, siliceous, tight.

INTERBEDDED SHALE, SILTSTONE (20%), and

SANDSTONE (10%).

Shale: medium dark grey, in port rust and olive,

in part silty, becomes calcareous near base of unit.

Sdtstone: grey and greenish grey, slightly calcareous.

Sandstone: as above, tight.
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STRATIGRAPHIC
COLUMN

DESCRIPTION

SHAL E

Ironstone common near top and base of unit.

SHALE

Medium to dark grey, in part silty and sandy (fine to coarse quartz
grains), sub-fissile to chunky.

At 4920-4926' Sandstone: light grey, very fine grained quartz,
moderately silty and calcareous, in part siliceous.

Several onterbeds of argillaceous and/ or sandy Siltstone.

Medium light to medium grey, slightly to moderately silty, moderately
carbonaceous, chunky 10 sub- fissile; with common ~, variegated (olive,
yellowish brown, buff, black), non- silty, lath like.
Occasional interbeds of grey, brown and lTeen Silts tone and grey to brownish
and greenish grey, very fine to fine groined Sandstone.

SHALE

SHALE

Interbedded SA'NDSTONE and SHALE (15%).
Sandstone: light grey, very fine to fine grained, quartz, slightly Silty,
kaollnific, poor earthy and intergranular porosity.
Shale: medium to dark grey, slightly carbonaceous and sJity.

SHALE WIth minor interbedded SANDSTONE
~ medium grey to greenIsh grey, slightly carbonaceous and silty,
in part slightly sandy, chunky to sub - fissile.

Sandstone: white to light grey, very fine to fine grained, subangular to
subround quartz, moderately to very silty and calcareous, some earthy
porosity.

At 3562 -3568' Pebbly Sandstone: medium tovery coarse, round to
angular quartz grains, chert and lithiC fragments in matrox of fine
to medIum grained sandstone,

Ironstone is common in the upper part of the unit.

Interbedded SHALE, SANDSTONE and SIL TSTONE

~ medIum grey, in part olive grey, carbonaceous, slightly sllty, sub-fissile.

Sandstone: (upper part of unit) white to medium grey, very fine to fine
graoned, angular to subangular quartz, in part carbonaceous, commonly
moderately calcareous, in part with earthy poro si ty.

Siltstone: (Lower part of unit) medium grey, moderately carbonaceous,
very argJilaceous, in part slightly sandy.

SANDSTONE and SIL TSTONE

White, very fIne to fine grained, subangular quartz, moderately to very
calcareous, moderately carbonaceous, slightly silty, tight.

SHALE

Medium light to medium dark grey, in part greenish and brownish grey,
slightly micaceous, very slightly carbonaceous, fissile to sub-fissile..

SANDSTONE

White, fIne to very coarse grained, angular to subround quartz, slightly
calcareous to dolomitlc, very poorly sorted, very friable, medium to good
iMer granular porosity; grades to tIght Sandstone with abundant dolomite cement.

Interbedded SHALE, SANDSTONE. and SIL TSTONE
Shale: medium grey and greenish grey, shghtly carbonaceous and waxy, platy.

Sandstone: white to grey, very fine to fine grained, calcareous and s.lty.

Siltstone: grey and greyish green, in part argltlaceous, very finely sandy.

SANDSTONE
White to light grey and brown, very fine to fine grained, sUbangular quartz;

grades to Sandstone: whIte, predominantly medium fo coarse grained,
angular to sub round quartz, very friable, good intergranular porosity.

SHALE
Medium light to medium dark grey, in part olive and brownish grey,
in part slightly calcareous, commonly slightly sllty and micaceous,
rarely si ightly sandy, fissile to subfissile.

Occasional crinold stem tragments from 3810' onwards;
Ironstone common near base of unit and scattered throughout
remainder of unit; several inter beds of sandy and very argitlaceous
S iltstone occur near base of unit.

Medium light to medium dark grey, slightly sandy (medium to very
coarse quartz grains), commonly slightly silty and carbonaceous.
fissile to chunky; in upper part of the unit the shale is slightly
fossilif'erous (gastropods, crinoid fragments).

Occasional interbeds of very fine grained to fine grained
Sandstone.

Common Ironstone.

SHALE

Medium light to medium grey, very slightly silty and micaceous, moderately
to very carbonaceous near the base of unit, sub- fissile.

At base of unit 30% ~ dark greenish grey, waxy to very
ca r bo naceous.

SHALE

Medium light to dark grey, carbonaceous, slightly waxy, platy to blocky.
Common interbedded argillac-eous Siltstone and some fine grained Sandstone.

SANDSTONE
Grey to light brown, predominantly fine grained (very poorly sorted with grain
size variable from very fine 10 granule sized), angular to sub- ongular quartz
and rare lithic grains, dolomilic to calcareous carbonate cement, In part
siliceous. medium intergranular porosity.

Sandstone: white, light grey and brown, very fone to fine grained, subround
to sUbangular quartz, calcareous to sIliceous cement, in port with
earthy porosity.

Siltslone' medium grey, slightly sandy, slightly carbonaceous,
moderately to very argillaceous.

SHALE
Medium hght to medium grey, slightly carbonaceous, rarely slightly silty,
soft, waxy, fissile to sub- fissile.

Ironstone is common near the base of the unit and is
present In minor amounts throughout the remainder
of the unit.

Shale, medium light to medium dork grey, in part slightly to
> moderately silty, in part carbonoceous, occasionally slightly

calcareous, chunky to blocky; occasional plant remains.

Siltstone: grey to brown, in part moderately to very argJilaceous,
in part siliceous, sllghly calcareous, in part sandy.

Occasional Interbed of sIliceous and/ or argillaceous, very fine
grained sandstone.

LIght to medium grey, generally slightly to moderately
carbonaceous, often slig htly pyritic, In part micaceous,
predominantly non - silty but includes several moderately
silty zones, very slightly fossiliferous, platy to fissile.

Several inter'beds of very argillaceous, carbonaceous
SIItstone occur in the lower part of the unit.

SANDSTONE

SHALE and SILTSTONE (15%)'

Interbedded SHALE and SANDSTONE (40%).

~ medium to dark grey and greenish grey, rarely brown and black,
occasionally sli ghtly Sllty, sub - fiSSile to blocky.

Sandstone, light grey, very fine to fine grained, angular to sUb-angular
quartz, slightly to moderately calcareous, often siliceous, rarely
kaolinitic, tight.

Uppermost members of unit consist of very ferruginous sandy
siltstone and silty sandstone.
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DESCR I PTI ON

Medium to medium dark grey, in port greenish grey, slightly to
moderotely s,lty, in part si ightly sandy, platy to chunky; occasional

Siltstone and Sandstone.

SANDSTONE

White, fine to. medium grained (some coarse to very coarse gra,ns),

ongular to sUbangular quortz, s,IIceous, slightly porous.

Medium light to medium dark grey, slightly to moderotely
carbonoceous, in port slightly silty, in port slightly sondy,
rarely slightly calcareous, generally slightly fossillferous but
very fossiliferous from 5100 to 5200 feet, fissile to platy.

Occasibnal Ironstone.

SHALE

SHALE and SANDSTONE (30 %
).

~ medium to dark grey, moderately silty, slightly to moderately
sondy, platy to blocky.

Sandstone: very light grey, very fine to fine groined, angular to
subangular quartz, in port silty, in part carbonaceous, t,ght.

Dark grey, in port olive ond brownish grey, chunky; with some
interbedded fine gramed, siliceous Sondstone

~: medIum 10 dark grey, in port olive and greenish grey, slightly
silty, in part slightly sandy, platy to blocky.

Sandstone: white to light gr.y, very fine to fine grained, occasIonal

medium groins, ongular to subqngular quartz, in port silty, in port
Siliceous, rarely with abundont corbonote cement

Occosionol argilloceous and siliceous Siltstone.

~. medium to dark grey, in port black, slightly sJlty, fissile to lathlike.

Sandstone: white to light grey, very fine to ftne grained quartz, in part
silty, In part argillaceous, tight,

Siltstone: light to medium grey, orgillaceous and/or siliceous.

SANDSTONE

SANDSTONE
White, very f,ne to f,ne grained (some med,um to coarse grains), subangular
quartz, generally Siliceous and tight but porous in Interval 5726 - 5736'.
Near base the unit includes 2!!.2.!!: med,umgrey, very slightly silty, platy.

SHALE, SANDSTONE and SILTSTONE

White to light grey, fine to medium grained ( some very fine and coarse
grains), ongular to subongular quartz, in port silty, siliceous, slightly porous.

Buff, very fine to fine grained, ongular to subangular quortz, well

sorted, si liceous, some brown argilloceous cement, slightly calc areous,
good eorthy porosity, troce intergronular porosity.

SHALE

Medium light to medium grey, slightly to moderately silty, platy to blockYi
with occasional argillaceous and/or siliceous Siltstone.

SILTSTONE grading to SANDSTONIO·
Siltstone: light grey, argillaceous, micaceous and siliceous; grades to

Sandstone: white to light grey, very fine 10 fine grained, sub angular to subround
quartz, siliceous, carbonaceous, very slightly porous.

SHALE
Medium grey, in port waxY,m port sondy, blocky to lathlike; with fairly common
Sandstone' white, very fine to fine grained, tIght.

SANDSTONE

~ medium to dark grey, slightly silty, in part sondy, chunky.

Si Itstone: light grey, in port arglllaceous, ,n port sondy, commonly
very Siliceous, rorely carbonaceous

Light grey, very fine to fine groined (some medium ond coarse groins),
angular to sUbongular quartz, moderotely silty ond siliceous, foir earthy
porosity and trace intergranu lar porosity.

SHALE

Medium to dark grey, rarely sondy, platy to chunky.

SANDSTONE and SHALE (40%).

Sandstone: white to light grey and greyish green, very fine to fine
grained, moderately to very silty, Siliceous, tight.

~ as at 6420-6460'.

Medium to dark grey, In port ohve green and brown, in port
slightly silty, occasionally slIghtly sandy, commonly slightly
carbonaceous, rarely calcareous, platy to chunky.

Medium tomedium dark grey, slightly micaceous, In port
slightly silty, rarely sandy, sub - fissile to blocky; with
several interbeds of very fine to fine groined, calcareous
Sondsto-ne; rare strongers of sondy Limestone .

At 5366 - 5374' Sandstone: white, f,ne to coarse grained,
a~ulQr to subo.nouJar 11uartz, poorly sorted, siliceous, very slighly porous.

At 5390 - 5402' Siltstone: medium grey, sll,ceous, slighty
orgillaceous, coarse ond grades to Sondstone

SHALE

Sandstone: light grey to brownish grey, very fine to fine grained,
angUlar to subangular quartz, poorly sorted. with medium grains,
silty koolinitic and siliceous cement, in port slightly calcareous,
t,ght.

~ dark grey, in slight port silty, sub- fissile to blocky.

SHALE

SANDSTONE and SHALE (40%)

SHALE and SILTSTONE

~ medium grey, m port olive, brownish and greenish grey, slightly
micaceous, waxy, slightly sllty, sub- fissile to chunky.

~: light to medium grey, slightly arglllaceous, coarse, siliceous.

SANDSTONE

SHALE and SANDSTONE
~: dark grey, slightly micoceous, platy to chunky.

Sandstone: light grey and brown,sh grey, very fine to fine grained,
sIlty, siliceous, in port calcareous, t,ght.

SHALE ond SANDSTONE (20 % )

SHALE

SHALE and SIL TSTONE (30 %
).

SHALE
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