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DEPARTMENT OF MINES
SOUTH AUSTRALIA

Rept.Bk.No. 71/37
G.S.. No, 4617
DM. No., 612/70

MT. WILLOUGHBY NOC. 1

Well Completion Report

ABSTRACT

. Mt. Willoughby No. 1 was drilled in
the northern part of the Arckaringa Basin
as a continuation of the S.A. Department
of Mines stratigraphic study of this area.

The well was drilled on the western
plateau of a positive gravity high on the
Wintinna 1 mile sheet in an attempt to
identify the high speed seismic refractor,
with a velocity of 21,000 feet per second
which was known to occur in the area at a
depth of approximately 2,000 feet. The
drill intersected a very hard, dense:
dolomite sequence, tentatively dated as
Devonian, at 2046 feet. The physical
properties, particularly a specific gravity
of 2,77 gm./cc., leave no doubt that this
is the high speed refractor,

52.8 feet of the ? Devonian dolomite
(Unit 3?) were drilled, T.D. being at
2098.8 feet, It contains very interesting
microcrystalline silica and dolomite
concreticns and/or pebbles of unknown origin,
together with algal stromatolites.

An unconformit separates Unit 5
from the overlying” { ‘Permian glacigene

Unit 2 sediments, which are 1086 feet

thick., Unit 1 is absent and 305 feet of

L. Permian Mcunt Toondina Beds overlie Unit 2.
It'is believed  that the lower part of the
Mount Toondina Beds sedimentation occurred
during the time that Unit 1 was being
deposited in the more southerly parts of

the basin,

655 feet of normal Mesozoic western
Great Artesian Basin sediments were inter-
sected.
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INTRODUCTION 'AND REASONS FOR DRILLING

t Wllloughby No° 1 was drilled in the northern
part of the Arckarlnga Bas1n as-a contlnuatlon of the
subsurface stratlgraphlc study of the area that: 1s belng -
carried out by the. Geologlcal Survey of the South Australlan
Department of Mlnesc’.The well was located approximately
80 miles west of-Oodnadatta on the Wintinna 1 mile sheet,
in the out of lease:"Qorridor Area" between'P;E;L..5/6
and P.E.L. 10/14 (fig,#ijo”iAocess;to the site was provided
by a track graded in7from the Stuart Highwayo_ The well was
spudded in on 5th November9 1970 and the drllllng time to
Tobal Depth was 48 dayso:']“ : - f “
One of the lesser known features on the Wintinna

1 mile sheet was~a.p081t1ve grav1ty hlgh discovered during

a helicopter grav1ty survey in 4969 (Hall and Townsend 1969) ,
Comparison between the Bouger grav1ty map and the depth to
magnetic basement map shows that thls strong positive
grav1ty anomaly c01n01des w1th a depth to magnetlc basement
in excess of 6 OOO feet° In the southern part of the
Arckarlnga Basin, areas of sediment fill such as the Phillipson
and Wallira troughs are dlrectly related to grav1ty lows, the
highs being a55001ated Wlth basement rldges9 for example the
Coober Pedy rldgesi Another dlfference is that, whereas ‘the

high speed refractor underlylng Permlan sedlments in the: ';??
southern troughs has a ve1001ty of dé”5OOLIeet perssecond |

reconnaissance selsmlc Work 1n 1969 and more detalled work

ot
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in 1970 (Milton, 4970 and 1971) showed the high speed refractor
over this gravity high to have d velocity of 21,000 feet per
second and to occur at a dgpth of”abqut_aiQOguieet, Strati-
graphic drilling &uring.ﬂ969_insthevwesternﬁpart-ofatheiArckaringa
Basin (Townsend, 1970) indicated that the origin of the
18,500 feet per second refractor was crystalline basement,
and a possible dense carbonate origin was therefore suggested
for the 21,000 feet per second material to explain the
anomalous gravity values.

Lambina No. 1 was drilled in March, 1970, on
the northern flank of the gravity high in an attempt to
intersect the high speed refractor. This was unsuccessful,
however, due to the inability of the rig to drill through a
hard horizon at 1450 feet, TFurther seismic work was theren
fore carried out during the 1970 field season (Milton 1971)
to obtain a clearer picture of the subsurface structure, and
the site of Mt. Willoughby No. 1 was chosen from this work,

locating it on a western plateau of the feature,



" WELL HISTORY

General Data

Well Name ahd Number:

SouthmAustrallan Mlnes Department Mt, Wllloughby No., 1

f%ocatlona' o
Tatitude:” 27°39'46"S

ﬁbnéituae: 134°ﬁ6{59"ﬁ'

‘The well is located approx1mately 80 miles west of Ood-
nadatta at a p051tlon Wthh is 10 mlles east of the Stuart
Highway, |

Access:

An acceés>trackiwéé'grédedlihto thélcampsite alohg the
S.A, Depaftment of Mines JC (1970)'seiémic line, starting
from the Stuart nghway at a p01nt three m11es ‘north of

Wlntlnna Homesteado'

Map Referenéést*

1:250,000 sheet : WINTINNA

M = 1 mile o 2 Wintinna

Details.of Petroleun Tenemenﬁs

The well was drilled in an “oﬁt_of‘lease" area, known
as the "corridor area", between P.E.L.'s 10 and 11 and " .-

P.E.L.'s 5 and 6.
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AElevation:
Rotary Table : 792.25 feet A.S.L.
Ground Level : 789 feet A.S.L.

Total Depth: 2098.8 feet

Date Drilling Commenced: Sth November, 1970

Date Drilling Completed: 2%rd November, 1970

Drilling Time to Total Depth: 18 days

Date Well Completed: 26th November, 1970

Date Rig Released: 26th November, 1970

Status: Abandoned in a condition suitable for development

as a water well, with one plug set as follows:

Interval Sacks of Cement
650-700 feet 5

Drilling Data

Name and Address of Drilling Contractor:

S.A. Department of Mines Mechanical & Drilling Branch,’
Dalgleish Street, Thebarton, S.A. 5031,

Drilling Rig:

Make: Failing 1500
Type: : Rotary Drill

Rated Capacity::;: 1500 feet with 2 3/8" drill pipe

Motor: Cummings Diesel

H.P. Rating; 185 B.H.P. at 1800 R.P.M.
Mast:

Make: Failing 1500

Type: Open Front

Rated Capacity: 24,00 1bs.

Pumps (2):

Make: Gardner - Denver



Type: "AVFGFXGei*

Size: - o 5" "6ﬁ“

Motor: Cummlngs Dlesel

H.P. Rabing: 42, .5 Bill, P '

‘ Hole Size: OW" to 145 feet
o | Ly to'2022_feet_
ST DY to 2087 feet

| B j;éO?? ﬁc,20985é,feer"

) —

ﬁGasiﬁéfand»Cemeﬁting:Derailst

Cgn '7 T 10lb/ft.. Steward & = 144.5 ft.
. Lloyd
' Water Bore

- Note: aCemented ca51ng from surface to 144 5 feet, using

46 sacks of cement 1n ﬂOO gallons of Water°

'Blt Record

: No,jof blts'i; Size -  Type  Make .
Coused o ”

.ﬁv;:;if;:iﬂfégﬁﬂ;erfingerﬂ.' Hughes
1 - ,-“~j5556%"r Wi+ Williams
1‘ - :.;-;4%",L;V;f .. Varel
2 e w2 Varel
2:;2 . ,v4%ﬂtiaVﬁ2 '. Varel |
5 ) | | %"‘ V3 .. Varel .
1 4« " : i K'7 ‘ Williams
2 M S3T Varel

e s -3a907”::D;amcnd Mindrill |



Drilling Mud Materials:

Bentonite 10 bags

Dextrid 26 bags
Quick - Trol 20'1bs
Caustic ﬁgé 1bs
C;M;C, - 1éo 1bs
Myrtan 5 bags
Bren 2 bags
Cemeﬁt 1é!bags

The mud used Was"éf.aMWayeglbased bentonite kind. Severe
loss of circulation occurred at 44:feet and 75 feet and
bran was added to help cure the problen.

Water Supply:

Water for the camp site was obtained from Hawks Nest Well
on the Stuart Highﬁéy, é5 miles from the site to the north.
Drilling water was obtained from Junction Well, also on

the Stuart Highway, 3 miles south of Hawks Nest Well.

Perforation Record:

No perforations were carried out.

Eorpation Sampling

Coring:

Six cores were cut, using Mindrill stationary inner tube
barrels (Nos. 1-3: 10 feet; Nos. 4-6: 20 feet) and Mindrill

_ face discharge bits.



Core -:i.Depth-(fta);{d. LengthﬁQ - Recovery Core

No. - From * .To Cored ft. % size
o (Fhe) 7 (inches)
1 - 203.5 . 213 - 95 9,5 = 100 2 1/8
2 853 8635 10.5 0.5 5 2 1/8
3 1080 087 L7 4.8 68.4 .. 2 1/8
e aaoéé3>'Zi;gQOZé-é%ﬁ“éo;é7_ =0.27 100 21/8
5 2061.25 °_ 2074.5 _ 13525 - 13.25 100 2 1/8
6 2087 ';;;;299808». 11.8 1.8 100 2 1/8
Totals: . 72,32 . 60,12  83.1

Ditch cuttings:

One sample was collected and preserved for every 40 feet -
1nterval drllled from surface to Total Depth. Wasﬂgémééﬁpiéém'
were sxamlned under a blnocular mlcroscope to determine %

of cuttlngs and under ultra v1olet light to detect any

hydrocarbon fluorescenceo”

Sldewall Sampllng '3 None

Both the dltch outtlngs and the cores are stored at the,
S A, Department of Mlnes Core Laboratory, Thebarton.

Logglng and Survevs

All logglng was. carrled out- u51ng the S.A. Department of

‘Mines Falllng Logmaster unit (5000 feet model)
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Electrical and other Logging:

Log ‘Depth  (£%.) Scale
From To
Gamma Ray 0 2100 - 2" = 100"
Neutron - Neutron 0 2110 E2TTER100!
Spontaneous Potential (S.P.) 145 2111 2" = 100"
Resistivity: (1)- Point
Resistivity (P.R.) 145 2111 2" = 100"
(2) 16" normal 145 2111 2" = 100"
(3) 64" normal 145 2111 2" = 100!
(4) 6' lateral 145 2111 2" =:100"'
Temperature 0 2103 2" = 100"

N.B. The depths in the above table are those from the logger.
All logging was carried out to T.D. and the discrepancy
between the logger's and driller's calculation of T.D.
is due to a 0.5% error in the logging unit.

Penetration Rate:

The penetration rate for every foot drilled, including coring,
was recorded by the driller and a graphic representation is
included on the composite log (Enclosure 1),

Velocity Survey:

A velocity survey using a "down the hole" geophone and near
surface explosive charges was carried out. For a complete

report on this survey see Appendix F.

Deviation Surveys: None

Formation Testing

None.
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GEOLOGY -
jeGeﬂefall

The sequence of sedlments 1ntersected at Mk,
Wllloughby No. 1 comprlses three dlfferent dep051tlonal

basins, namely the Upper Jurassic to Lower Cretaceous western

“Great Artesian Basin and the Upper Palaeogzoic Arckaringa

Basin. The hole bottomed in a dolomite sequence of possible

Devonian age, which may have to be related to the Officer

- Basin,

Wopfner (1970) deals véry.fully with the Permian
geology and'palaeogeography of the Arckaringa Basin, and a

synopsis of his'paper-wasvincluded in.the well eempletion

‘report for-Lambina No. 1 (Thornton, 1970), together with

a short general descrlptlon of the Arte81an Basin sediments,
Figure 2 shows a structurevcontour plan of the

base of the Permian in the-Arckarninga Basin,

i r”f’l
. iy
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Stratigraphic Table

lithologies see Appendix A,

Bulldog Shale (Aptian to Albian) Depth Interval :

0<+330:feét,

‘ : Formation Tops Formatioanops
A [.ithological Subsurface Subsea ~ Thickness
&e Unit Depth Elevation ft. metres
Tt, metres | ft, metres

Lower Bulldog Shale -0 0 +792  [+241.4 | 330 [100,.6

Creta=~ [adna=Owie Fm} 330 100.6 | +462  [+140.8 | 144 43,9

ceous ‘

" Upper \1gebuckina |

Juras- Ssto 4u 44,5 1 +318  {+96.9 181 55.2

sic
Unconformity

Lower Mt., Toondina '

Permian Beds 655 199,6 +137 +41,8 305 93,0
Jnit 2 960 292.,6 | =168 |-51.2 |1086 1531.0
Unconformity

" Devonian?| Unit 3 2046 62%,6 |=-1254 |-382,2 52,81 16,1
TaDo 209808 65907 “"150608 "‘39803

N.B. The formation boundaries have been taken from the
gamma-ray log, and because of the error in the
logging unit (see Logging and Surveys) there may
be a depth error of % 5ft. on these'boundariesn
It was also necessary to adjust the neutron log
'slightly on the composite log (Enclosure 1) to
conform with the gamma-ray log.

Stratigraphy
N.B. For a more complete description of the formation

o
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The Bulldog bhale is normally a blue—black shale with
thin 51ltstoneso However, deep Weatherlng_of the silcrete
proflle has completely altered the colour of the top 87 feet
and clays heav11y predomlnate over. shales throughout the
sect1on° Ths top 20 feet 1ntersected contains indurated clay-
stone and slumped blocks of” 51lcrete from the silcrete proflle°
An olive green, glauconitic and silty greensand ngrlzpn oceurs )
between 165-195 feet, o T =L

Cadna-Owie Formation ‘(Neucomien~to Aptian) Depth'Intgrvélé

330-474 feet. ; : B
The top of -the Cadna-Owie Formation is marked by a
very hard,'pale'éreen sandstone; but underlying this is a soft.
sand compr1s1ng unconsolldated quartz grains set in a white to
pale pink clay matrlxo |
The - quartz gralns are colourless to pale translucent
blue, lhey are poorly sorted but a magorlty are coarse to
very coarse gralned, and quartz pebbles are commong Most grfains
are subangular Wlth a fen belng rounded, A little_pyrite occurs,
as do” mlnor bands of black shaleo -

Algebuckina Sandstone (Upper Jurassic) Depth Interval:

- 474-655 feet, | |

The Algebuckina Sandstone consists of unconsolidated;
very poorly sorted, flne to very coarse, colourless quartz
grains set in a very soft plnklshmcreamy white clay matrlx° A
few thin bands of pyrlte occur° The top of the formation is

.
N
A

marked by a clay richlunito_

wh
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Mount Toondina Beds (Artinskian) Depth Interval: 655—906 feet,

The Mount Toondina Beds consist of a rather homogeneous
sequeﬁce of pale grey, clay rich silty sands that are calcareous
below 850 feet. Pyrite bands are‘common° There is a distinct
change in both the gamma-ray and neutron logs at 790 feet due
possibly to variations within the clay matrix. The quartsz
grains are generally colourless, well rounded and=héﬁe a high
sphericity. There is a gradual decrease downwards in grain
size through the formation from medium to fine grained. Below
790 feet a few hard bands occur where the clay rich sands have
been cemented with calcite.

Unit 2 (Lower Permian) Depth Interval: 960-2046 feet.

Unit 2 is made up of a monotonous sequence of calcareous
sandy clays which are hard when dry, but extremely soft when wet,
The amount of calcite within the clay varies, but in some cases
probably exceeds that of the clay, in which case a more correct
terminology would be sandy argillaceous\limestone, The clays
have a green-grey colour above 1720 feetighdvagg~chocolate
brown below. The amount of clastics within the éféys%yaries
considerably, as is shown well on the gamma—ray/neutroﬁ”ibgsu
(Enclosure 1) from which five subunits can be picked, with i
their tops at 960 feet, 1154 feet, 1279 feet, 1524 feet,'and
1720 feet. The clastics consist primarily of colourless quartz
grains that are mainly fine to medium grained, well rounded and
frosted. Hard bands of clayey sandstone, cemented with calcite,
occur throughout the sequence, but particularly between 1279-
1524 feet and 1720-1748 feet. Pyrite is a common accessory
(except below 1748 feet) and pebbles, especially of dolomite,
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are abundant-near the basé:-of the sequence. -

Unit %? (Devonian?) Depth Interval: 2046-2098,8 feet.

- Unit 5uconsists of pale.grey,-hard, dense, massive,
pfedominantly pure dolomite. Most of it is recrystallised
micrite; with, mainly in the upper. part of the section,
interbeds of recrysfallised calcareous to quartzitic sand. .-
Thin shale bands énd many stylolites, occur, as do large =
"éoncretioné", made up of intergrown microcrystalline quartz,

cifalc_edony,anddolomite° Algal stromatolités‘éxist at the

base of the sequence,drilled;
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- RESULTS AND DISCUSSION OF THE GEOLOGICAL SEQUENCE
Results

The primary objective of the drilling project, to
identify the high speed seismic refractor in the area, was
successfully achieved on the intersection of a dense, hard dolo-
mite :sequence at a depth of 2046ft;‘ A well velocity'survey
carried out in the well (Appendix F) showed this material to have
an interval velocity of ’l&,OOOft° per sec. Assuming that the
interval .velocity of a.fofiation is nine tenths the refraction
velocity, this value compares very favourably with an observed
high speed refraction velocity of 21,000ft., per sec., for the area
(Milton, 1970 and 1971), Therg‘can, therefore, be no doubt that

‘the high speed refractor originates from this dolomite Sequénce;'

Palaeozoic

(a) Unit 3?

Palynological study of core samples from Unit 3 yielded
no fossils, and the age must therefore be in doubt., However, the
dolomite sequence at Cootanoorina No. 1 was tentatively dated by
Harris and McGowran (1967) as Middle to Upper Devonian. A com-
périson'of these two dolomite sequences shows that they both consist
mainly of hard, massive, dense, fine grained, pale grey dolomite,
However, in both sequences there are distinct sections of thinly
intérbedded fine grained carbonate (magnesite at Cootanoorina,
dolomite at Mt. Willoughby) with coarser, graded bedded detritél
material (although the amount of detrital quartz is greater at 
Cootanoorina), In each case the laminae have been disturbed by
current and’ load:strubtures., ~-Alse, bothoconthina similar-suite 8f -

accessory minerals, namely, feldspar, muscovite, biotite, todrmaline
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and opaques?r Partly'fillediyugs_OQCUr in each sequence, providing

appreciablé secondary{pOrosity in'the’case of Cootanoorina, while

one sectlon at Mt Wllloughby contalns falrly extensive small sub= -

horlzontal tunnels° However large mlcrocrystalllne quartz con-

cretions occur in Mto Wllloughby No: 1, but not in the section

drllled at: Cootanoorlna NOo 10 N’evertheless9 con31der1ng the

1dent1flcat10n of ?Devonlan sedlments 1n Munyaral I\Too I (Contln-

ental Oil COO? 1969) 155 mlles West of Mt ‘Wllloughby No;—ﬂ, it

© seems reasonable at thls tlme to con51der the three sequences to

“be part of the same formatlon (Wopfner perso‘commo)o A Devonlan

age is therefore}tentatlvely_plaoed on the sequence intersected
at Uit. #i11loughby Noo 1
One magor dlfferenoe between the dolomlte sequences

encountered at Cootanoorlna NOo ﬂ and Mt° Wllloughby No. 1 is that

anhydrlte 1s present in the former but not in the lattero However,- ‘

d the presence of magne81te Wlth the anhydrlte is thought to satis-

_factorlly compensate 1n that under sllghtly dlfferent env1ronu

mental condltlons (pos51b1y hlgher sallnlty) a greater proportion:

of the magne81um 1ons avallable could have been taken out of the

.-_;nterstltlal Water to form magne51te°- Thls would decrease the

Mg/Ca ratlo and allow for the crystalllsatlon of ‘anhydrite,
Thls hypothe31s 1n no Way contradlcts Allchurch and
Wopfner's statement that the dolomlte at Cootanoorlna No., 1 was

formed 1n=an evaporltlc env1ronment -due to the ‘action of hyper-

‘'saline brines. Hypersallne brlnes .are formed elther by "caplllary

conoentratlon" or by "reflux1on“ (Chlllngar et al., 1967, p.267).

By 1nference9 Allchurch and Wopfner suggested that the dolomites

were: formed by the 1atter process9 Whereby evaporatlon increases

-the concentratlon and den51ty of the water in a restricted ‘lagoon

'or 1ntermontane ba31no However, it is considered that "capillary

e
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concentration"; which is the process where interstitial waters in
‘the sediments transpire upwards through porous sea-marginal sedi-
"ments and evaporate at the sediment-air interface, more satis-
factorily ekplains some of the facts,
The algal stromatolites identified ffomTthe'base of

Core No. 6 (2087-2098.8ft.) at Mt. Willoughby.No. 1 are suspected
to be of the SH»V{type (from the classification of Logan et al.
1964), Logan et al, maintain that stromatolites are ‘shallow’
water features and that this type of stromatolite in particular
is a powerful environmental indicator of exposed intertidal con-
ditions, However, Playford and Cockbain (1969) claim to have
discovered Devonian stromatolites that grew at depths as great as
45 metres below sea’leveL although this is strongly disputed by
Logan, If Playford and Cockbain are correct, the stromatolites
from Mt. Willoughby No. 1 may not be intertidal. However, since
they were discussing algae from a reef complex it is considered
that their evidence is probably not relevant to the Mt. Willoughby
No, 1 dolomite sequence, and therefore an intertidal environment
is hypothesised,

 "Capillary concentration"; which leads to dolomite for-
mation in supratidal or intertidal environments on broad shallow
shelves. (Chilingar et al. 1967), is therefore thought to have
been active during part of the period of dolomite formation. This
method leads to interfingering Withwfhe dolomite of gypsum and/or
anhydrite (landward) and marine carbonates (sqaward)o With respect
to the Cootanoorina ané Mt. Willoughby wells, the presence or '
absence of evaporite minerals and the differing amounts of clas-
tics in the sediments could be related to the respective proximity

to the shoreiine°
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Howeverg it;wﬁﬁld‘seen diffioult'to explain the presence
of load structures, gradedlbeddingAand'layering within the~dolomite
by this methodf_ Thereforetit is considered most probable/that
both processes Were dnvolved; depending on_the water depth éﬁ.any
one time, with oapillary conoentration oocurring anng the shore
line and reflurion_in'the deeper,parts of the basin,

. The presence-of:large ovoid concretions in the dolomite

at Mto‘Willoughby No; 4'=howeVer, still'needs.explaining; .Made up -

e

of mlcrocrystalllne dolomlte mlorocrystalllne quartz and ohaloe- gi

dony, they are up" to 6 X 4 cmso across and -may have been derlved
from chert nodules (Plate 1) HoweVer;»some of them look‘as if
they may be largerpebbleso 'One'in'particular (at 2091, Oft°$ see
lAppendlx D) has a core of pure dolomlte, Wthh is completely rimmed
by pure quartz, and has a sharp boundary Wlth the enclosing dolo-
mlcrlteo This sedlment shows beddlng planes curved around the
pebbleoﬂ‘Other concretlons however must have developed within the
-sed1ment$ espec1ally the 1rregularly shaped one at 2088. '7ft°9 which
‘probably grey w1th1n the dolomlcrlte and was subsequently dis-
rupted by dolomltlo sand (Plates 1 & 2)e Thls sand must have been
,‘elther dep051ted as dolomlte or else,been recrystalllsed,_'There
is a thlrd type9 Whlch may have been 1ntroduced as a pebble but
must then have undergone some recrystalllsatlon° The concretion

at 2091, 9ft°9 shows thls9 Where thln quartz bands. seem to cut both
the concretion and the sedlment - If the quartz used to be part of
a pebble, 31mrlar;to-that at22091;0ftQ9 then it has undergone dia-
genetic remobilisationo hFurther diagenetie stages that occurred

in the dolomite Were the development of fine . calc1te bands and . .

the- growth of large euhedral dolomlte gran.ns9 the latter sometlmeSaff

at the expense of quartzo

«~ . -
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The crystallisation/recrystallisation processes that
have occurred in the dolomite are, therefore, complex., In summary,
it is considered that while the majority of the dolomite was for-
med syngenetically, at least some must have been formed in a final
diagenetic phase.

Comparison of the Mt., Willoughby and Cootanoorina
dolomites shows important differences in both the specific gravities
and refraction velocities, although in the case of Cootanoorina No.1
the refraction velocity is probably too low because it was extra-
polated from that observed over the Mt. Toondina piercement
structure, four miles to the north., These values are 2,77 gm./cc,
and 21,000 fto/seé° respectively for Mt. Willoughby No. 1 and
2,69 gm./cc. and ? 17,500 ft./sec. for Cootanoorina No. 1.

There are two basic types of rocks underlying the Permian
Boorthanna Trough, ' The southern and central portion of the Trough
contains Permian sediments overlying crystalline basement, whilst
in the northern part the Permian sequence overlies doiomites° Not-
withstanding the differences noted in the pi‘evious‘paragraph9 the
identification of a similar dolomite sequence at Mt. Willoughby
No. 1 to that at Cootanocorina No., 1 strongly supports the contin-
uation of a premPermain9 dolomite filled, trough in an arc north-
westwards and then southwestwards around the north of the central
plggform area, Recentvseismic work in the area between Mt.
Willoughby and Cootanoorina Wells.(Pexa9 1970) seems 1o agree with
this idea in that the dolomite reflector ("D" seismic horizon) is
shown to be confinuous between them., The Wintinna‘Gravity High
northwest of the central platform area may be a part of the same
trough, although drillihg will be necessary to prove this theory,
and it seems likely that the ?Devonian dolomites in the Officer:

Basin are also related (Wopfner pers.comm.).

-
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(b) Discussion of Permlan Formatlon Boundarles

In descrlblng the sequence of Cootanoorlna No° Tog
Allchurch and Wopfner (1967) set up the informal d1v151on of the
Permian into three unlts namely Nt Toondina Beds, Unlt 1 and Unit
2, to a large degree on the ba51s of . eleotrlo and radioactive logs.
Since then$ correlatlon with the Cootanoorlna No, 1 logs has played
'a maaor part 1n the plcklng of formatlon bpundarles for Wells sub- .
sequently drllled 1n the Arckarlnga Bas..1n° However, the logs from
Mto Wllloughby Noo 1 have proved to be not nearly S0 satlsfactory
for deflnlng the boundarles as in the Wells drilled in the south= :
ern part of the ba81nA for example there is no large change in
re51st1v1ty at the base of the Mt° Toondlna Beds, as 1dent1f1ed
on other crlterla_(Appendlx G)»’ On the other hand, the palyno-
logical and lithoioéioai eVidence outllned in Appendix G-has proved
: 1nvaluable in determlnlng the bases of the Algebucklna Sandstone
and the Mt, Toondlna Bedso’egl | |
() Dmite y | |
| The thickness of_':U;{it,z' _at'."M_t-a' Wiiloughby No. 1 (1086£%t.)
is greater than‘hasebeen-interSeotedﬁbyithe drill beforeaszhe pal&e'
'nological.bioastratigraphiciStage §/Stagel2 boundary‘oocurs at the
top of Unit 2 (Appendlx G MoGowran and Harris, 1971), whereas it
occurs in Cootanoorlna Noo_ﬂ about 4OOft° below the top of Unit 1,
Thls 1ndlcates that'the Mto Toondlna Beds sedlmentatlon commenced
earlier in the northern part of the bas1n than at Cootanoorlna
No°_1, at the tlme When Unlt 1 sedlments Were st111 being depo==
sited° In other words9 the base: of the Mt Toondina Beds is allo=
chronous (Mchgran;;ﬂ9695vHarrrs and;McGowran,—1971),

—— - - — -
— - e
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The dominant lithology throughout Unit 2 is(a calcareous
clay or argillaceous limestone with varying amounts of qua;tz and -
lithic grains interspersed through it, forming a diamictite
sequence. Lithic grains include those derived from gneiss,Aschist,
feldspathic sandstone and limestone. Within this sequence afe
pebbles of various 1ithologies. Those identified in Core No., 3
are of red siltstone and limestone. However, the pebbles within
the basal part of the sequence consist solely of dolomite that has
been derived from Unit 3. This is a clear indicatibn of uplift of
the dolomite sequenée prior to, and erosion of nearby uplifted
dolomites during, the depositional phase of Unit 2, and sﬁpports
palaeontological evidence for an unconformity between Unit 3 and
Unit 2 at Cootancorina Ne. 1 (Harris and McGowran, 1967).

| Although Unit 2 contains a number of minor subunits (as
descfibed in Stratigraphy) there is only one major lithologioal
changé through the section, at 1720ft. Both logs and lithology
indicafe a radical difference above and below this point. The
upper section is made up. of mainly pale grey clays with up to 15%
'ciastic grains in it, while the lower section, below a very hard
calcareous -sandstone: horizon, consists predominantly:o6fcchocblate
brown clays with 35% clastics. X-ray analysis of the -2 micron
fraction has not satisfactorily shown any difference between the
two clay types. HowéVér a rather more aerobic environment for the
lower portion might explain the difference in colour, with ferric
iron being enclosed in the clays,‘rather than fefrous; ' |

Interspresed within the diamictite sequence are bands

of calcareous and argillaceous sandstone. Thexgeneral depositional
environment for the sequence is therefore considered to be one in

which mudflows have transpopted glacial debris down the basin slope
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(Wo?fnef, 1970)9‘Wivh fhe'occasional deposition of cleaner sand -

bands, possibly by'turbidity'floW; Turbidify;fiowyis not con-

tradicted by the observation,fhat, aithough sorting Within the

sandstones is poor overell; individual'beds show fairly good .

sorting, The huge voloﬁe of‘celoite within the matrix must have

been precipitated from sea water. Pyrite is common, especially

as a cement within the cleaner sandstones, and its presence points

" to an anaérobic. depositlonal .environmentiif it is not.all” dlagenetle,“
—'It is rare below 1745 ft. (the chocolate clay subunit).

A certain amount of diagenetic recrystallisation has,
fﬁowever;:oceurredu Fof*example; in Core To. 3 minor amounts of
reorystéllised calcite were observed., AAlSo9 it is cohsidered that
the dolomite metrix in Core No. 4, at the base of Unit 2, was
derived from remobilised Unit 3 dolomite.

(a) Unlt 1 L s |

Unlt 1, as deflned by Allchurch and Wopfner (1967) is a
predominantly shale sequenceu Mlcrofloras recovered from Core No. 3
(1080- 1087ft ) in Mt Wllloughby No. 1 are referable to palynologlcal
. Stage 2, Wthh 1s found typlcally in Unlt 2 and the lower part of
Unit 1. However both the radloactlve logs and the observed
llthology of the sectlon between: the base of- the Mt Toondina Beds
and Core No, 5 1ndlcate a - far more arenaceous sequence than observed
for Unit 1 at Cootanoorlna No. 1. Unit 1 is therefore considered to
be absent from the eequenée intersected at Mto Wilioughby No. 1 for
this reason and thosexeta%ed in the prévious section. It is believed.
that the quiet Water marine env1ronment envisaged for Unit 1 for-

[ —

matlon never’ developed in this part of the ba31n.

-~‘.
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(e) Mount Toondina Beds

The fairly well sorted'clayey sands and-sandstones en-
.countered do nothing to contradict the terrestrial origin for the
Mt. Toondina Beds suggested by Wopfner (1970), In fact palyno-
lbiofacies evidence (Appendix G) demonstrates the change in‘ené
vironment at the onset of Mount Toondina Beds sedimentation. The
predominantly fine grained, well polishéd nature and high sphericity
of the quartz grains seems to point to a quiet water (lacustrine?)
deposition environment, fed by fluviatile sands. Micas, both brown
and white, are common, and were seen to delineate small scéle Cross=
beds in Core No., 2., Pyrite bands are also very common throughout
the sequence, . However, periodical influxeé_of coarser material
occurred, as exemplified by the large pebble of highly pyritic
sandstone in Core No. 2.

~ A distinet change in the gamma-ray and neutron logs
occurs at 790 ft. .This may be due to variations within, and/or
the amount of, the clay matrix, which is calcareous through most
of the portion below this depth, but not above ito- The overall
clastic grain size is smaller in the lower section, and so a rather
lower energy environment is suggested.

The top of Mt. Toondina Beds in the Arckaringa Basin to
the south is marked by coal beds. The lack of coal at Mt. Willoughby
can be explained by either a lack of deposition or an erosional
hiatus. The latter alternative is preferred since erosion occurred
throughout much of the western Great Artesian Basin prior to

deposition of the Mesozoic sediments (Harris pers. comm.).
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Both the Algebuckina Sandstone and - the Cadna-Owie

Formation coﬁSiSt‘Of'a clay'ridh; unconsblidatedg-coarse quartz‘
sand , much'of'which is;of'granule size, Minortbaﬁds of pyrite
occur within the sands, and'the‘depositional‘environment for the
two is thought to be térréstriai, prbbablyflpviatile°

. Black, slightly éilty_shale'occurs near the top of‘the
Cédna-OWie Formation, This may indicate the start éf the marine

transgression that preceded the deposition of the marine Bulldog .

Shale,

_ The Bulldog Sriale is primarily a blue-black, slightly

vsilty claystone° However, an interesting glauconitic, greensand
horizon occurs at 165-195ft.. Although unlikely, it Wés thought
possible that this was the Coorikiana Memberﬂof_the Oodnadatta
Formatibh9 which elSeWheré~ovériies-the.Buliddé Formation. However,
palynological work (Appendix G, McGowran and Harris, 1971) carried
out on Core;NQ, 4_jus£ beldwithis'horizon9‘haS'shoWn that the4core
.comes from lowiin'fﬁé Bullddg Shaie; This shows that the glauco-

nitic horizon cannot be the Coorikiana Member., -

Vi

Vo

Vi
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LAMBINA NO. 1 RECONSIDERED

The lithology and gamma-ray/neutron logs are similar in
Mt. Willoughby No. 1 and Lambina No. 1 (10 miles to the north),
especially in the Mesozoic section., In particular, the dolomitic
sandstone horizon at the top of the Cadna-Owie Formation, and the
gamma-ray boundary betweén Cadna-OWie and Algebuckina, are virtu-
ally identical, |

| However, in the light of stratigraphic and: palaeontolo-
gical studies of the section in Mt. Willoughby No. 1, it was felt
(see Appendix G) thaf the Permian stratigraphy of Lambina No. 1,
préviously interpreted in the well~éompletion report by Thornton
(1970), needed reconsideration. In that report the base of the
Mt. Toondina Beds was placed at a depth of 1425ft. Th.ersequence
from 1050ft, = T.D. in Lamﬁiha No., 1 is similar to that encount-
ered at Mt. Willoughby No. 1 below 960ft. Core No., 3 (4444-1457
ft.) at Lambina No, 15 especially is, in part, similar to Core
No. 3 (1080-1087ft.) at Mt. Willoughby No. 1.

McGowran and Harris (Appendix G) carried out aistudy of
the Lambina No. 1 cuttings over thel interval®90044000Ft, , the
interval having been selected by comparing the well logs with the
interpréte& profiles in Mt. Willoughby No. 1. Their results do
not contradict lithological and well log evidence that the Mount
Toondina Beds and Unit 1 or’ Unit 2 interfinger at the contact,
The contact is at either 9%6ft. or 990ft., marked, in each case,
by large increases.downwards of the gamma-ray count, 4 repetition
is therefore suggested with Unit 1/2 sediments from 9%6-955ft., Mt,
Toondina Beds -from 955-990ft. and Unit 172 below 990ft. (see fig.3),
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‘ZFIf the:above interpretation‘isrcorrect;litiiS-Strong‘-
.ev1dence to -show. that the two formatlons are not. dlsconformable; at
"least in- thls portlon‘of the bas1n and this. ev1dence is pertlnent‘
‘to*the suggestlon that»the base of the Mount Toondlna Beds is
51gn1f1cantly allochronous, -as has already been dlscussed.

' However9 1t Would seem:v1rtually 1mp0851b1e for gla01m »:

: gene Unit 2 to 1nterf1nger with Warm9”terrestr1al Mount Toondina

— Cim

. Beds Wlthout 1nvok1ng a topography for the landmass of the magnl—
tude of the New Zealand Alps forvwhrch"there is no‘ev1dence
VA(Wopfner, persd comm-) - It is therefore con51dered that a near
shore fac1es of marine to marglnal marine Unit 1 must be present

at Lamblna Noo 1 (although not at Mt Wllloughby No. 4) This
unit has not been plcked from the cuttlngs - but an 1nvest1gat10n of.
*. the gamma~ray/neutron logs suggests that ‘the . Un1t2/Un1t 4 boundary
;.could e at elther 1120ft. or 1180ft,, probably the latter.'
PR DepthmTemperature curves for Mto Wllloughby No. 1 and
irLamblna No. 1 are - shown on flge 40 The temperature dlfferences

between the two curves may be due to, the fact that dlfferent log-
_glng unlts Were usedoA'“_- ' |
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APPENDIX A
RECONSTRUCTED LITHOLOGIES
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Depth Interval:
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. RECONSTRUCTED LITHOLOGIES. -

Bulldog Shale (Aptlan to Alblan)

0 - 550 feet ' Thlcknessa 330 feet

INDURATED CLAYSTONE, white, yellow9 ale grey,
usually hard and sometimes iron (red) stained.
There are very minor occurrences of dendritic
manganese on the claystone. :

SILCRETE blocks, white, yellow, very hard Some
consist of flne grained s1lcrete conglomerateo

. CLAYSTONE, yellow, pale grey, soft, usually silty .
(the amount of silt ranges from O - 50%, usually
10 - 20%). - Silt grains are colourless. Contains
brown-red, hard haematite'fragmentso

CLAYSTONE blue-black fairly soft, usually silty
(the amount 6f silt ranges from O - 35%, usually
15 = 20%), very slightly micromicaceous, Occasional
very 'thin stringers of colourless 51ltstone occur
-in “the claystoneo

GREENSAND , glauconltlc, silty to very fine grained,
clay.rich, micaceou&. Glauconite grains are olive-
‘green, quartz colourless, ¢lay blue-black, but the
dominant -colour is green. Glauconite is up to 50%,

. quartz 20%, clay 30% but usually rather less glauconlte

and more clay, i. €5y gradational from greensand to

- olaystone° Grain size of glauconite is.about 0.05 mm,
. White mica constitutes about 1.5% of the rock, which

0 - 20 ft3

20 = 87f%:

87 - 165ft:
265 - 195F5: -

195 =>550ft:

is sllghtly harder than the claystone above.

- CLAYSTONE, blue»black falrly soft9 generally not

very 51lty, but with occa51onal lenses of siltstone

- in it Sllghtly glauconltlc° PYRITE is-a fairly

common accessory. Near .the base a few hard bars

" of very fine to fine grained SANDSTONE occur,

cemented in a pale green calcareous clayey matrix.
The base of the succession is marked by a sof?t,
green, slightly silty clay.

Cadna-Owie Formation (Neocomian to Aptian)

Depth Interval°
530 ~ 354f4:

220 - 474f%. Thickness§444fto

SANDSTONE, con51st1ng of quartz grains. set in a
pale green, clayey, dolomitic matrix. Very hard.
The grains are colourless and vary in grain size
from very fine to very coarse grained; mainly
subangular to subrounded, with the coarser fraction
tending to be well rounded. A feW pebbles exceed

2 mm., in diameter..



454 - 474f%: SAND comprising loose and unconsolldated gquartz
grains, colourless to translucent pale blue,
predominantly coarse to very coarse grained; -a

few rounded, mainly subangular. Some pebbles exceed
10 mm, diameter, while quite a few bands of quartz
occur with an average grain size greater than 2.5 mm.
The unconsolidated quartz grains are either inter=-
bedded with or set in.a white to pale pink clay
matrix, which is soft when wet. The clay matrix
itself contains about 50% quartz. grains, fine to
coarse grained, subangular to subrounded. It is
possible that the clay matrix encloses all the
quartz grains, but has been preferentially washed
from the coarser fraction prior to examination.
Sorting of the quartz grains within the clay matrix
is poor overall, but probably individually well
sorted bands occur of ‘either fine or coarse grained
material., The matrix contains a very little pyrite
and a few lithic grains. Minor bands of black,
slightly silty, fissile SHALE occur.

Algebuckina Sandstone (Upper Jurassic)

Depth Intervals 474 - 655 ft. ~ Thickness: 181 ft.

474 ~ 4O5ft:¢ CLAYEY SAND comprising unconsolidated . quartz grains,
- predominantly fine grained, fairly well rounded, in
a plnklshmwhlte clay matrix which is soft when wet
The proportion of quartz to clay is about. 50 50,
with p0531b1y slightly more clay. : _

495 - 6551t SAND,; made up vof loose,;unconsolldatedAquartz grains,

: -colourless, milky white and yellow. The grains are
very poorly sorted, fine to very coarse grained
(many of them exceedlng 2 mm. diam.) and are sub-
angular to well rounded, predominantly subrounded.
Sphericity is generally high. Some have a very high
sphericity and are extremely well rounded. Most
grains are fairly well polished, while some of them
are made up of aggregates of fine to medium grained
quartz., The quartz grains are set in a pinkish-
creamy white clay matrlx9 ‘which is very soft when
wet ., PYRITE occurs in a few thin bands. Usually the

pyrite is a matrix cementlng the quartz grains together,

but it also occurs in balls cementing grains.

Mount Toodina Beds (Artinskisn)

Depth Interval: 655 = 960ft. o Thickneséz'ﬁOBfto

655 - 790ft:  CLAYEY SAND, comprising quartz grains set in a

soft pale grey, clay matrix, which is sticky when
wet. The ratio of quartz to clay is about 50:50.

The quartz grains are mainly colourless, medium to
very fine grained. There is a gradual decrease in
grain size downwards from medium grained at 655 feet
to very fine grained, at 790 feet, so at any one
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"“‘p01nt sortlng 1s goodo Most of . the gralns -are. well

790 - 960ft: jlicLAYEY SAND, con51st1ng of quartz gralns set in a

'L.,%ale grey9 ‘soft clay which is generally. calcareous .”

-
/“

- rounded," “have a hlgh spher1c1ty ‘and .are pollshedo

PYRITE:is a very common. accessory, occurring 1n‘

-bands cementlng quartz gralns togethero'

ranging. from not calcareous to highly,so) and

‘micaceous, both brown (biotite?) and white (muscov1te7)
. The ratio-of quartz to.clay is about 50:50, the
quartz grains are colourless, generally very fine to

fine grained,. although sometimes medium grained and
occasionally coarser. They are mostly well :rounded

_and .polished, with a high spherlc1tyo A few CLAYEY

CALCAREQUS . SANDSTONE ‘bands occur. They are made

- up of the same material’. as.above, but the clay

matrix has been cemented by calcite to form. hard

-l bands, The: colour varies from slightly whiter than

above to a pale greenish tinge. PYRITE is very common,
formlng hard bands. ' ‘

Un1t 2 (Lower Permlan)

Depth Interval 960 - 2O46ftoA”1' ;}; S - [ ThlcknessoﬂOB6ftaﬁ

154 - 12292+

960 - 1154ft.“_

.SANDY CLAY comprlslng 5 - BSA quartz grains set in a
'green—grey highly-calcareous clay matrix, which is
- 'yery soft when wet, hard when dry. A few bands in

the bottom: 50 feet are indurated, thus SANDY CLAYSTONE.

‘The. quartz grains are mainly colourless, generally

poorly sorted; silt to medium grained, but malnly flne
grained. They are-usually well: rounded and have a high

"spherlclty A few. lithic and red” quartz pebbles '
‘occur, together w1th very’ minor. pyrlteo A few CLAYEY
"SANDSTONE ‘bands occur ‘with up-to 75% quartz. grains,

__cemented by arhard,; highly calcareous green-grey

‘ (sllghtly paler than above) clay matrix. The quartz.?

' grains are fine to coarse gralned malnly medium -
‘grained; generally Well rounded ‘high spherlclty,

"’-pollshedo_

.SANDY CLAY and CLAXSTONE as above except that there :
‘are usually 5% or less quartz grains which are silt

.° " to .coarse’ gralned but dominantly very flne to flne :
o gralned and Well roundedoA :

1299 - 15241%:

3

P
i

ond

SANDY CLAY and CLAYSTONE as above9 except that there

~ .are 15.- 25% colourless quartz grains,: equally well

- .rounded’ and poorly sorted as above, although mainly

. ‘fine: to medium gra:a.ned° ‘Some -of the. gralns are polished
while ‘others:are frosted.-

Bands ‘of hard ‘CLAYEY: to CALCAREQUS. SANDSTONE occur,

'._con51st1ng of 60. - 70% -quartz gralns, colourless, fine
to medium- grained, well rounded. : Some: are.polished,

others- frosteds " There .are a few bands of siltstone
rather than sandstone. . There 1s a gradatlon between
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a matrix of calcareous clay to one of élmoét pure

‘calcite (when the grain gize of the quartz is

1524 - 1720f%:

1720 = 1748f%:

©
N .

1748 - 20468t

Depth Interval:

2046 - 2098,.8f%:

slightly greater). The latter predominates. PYRITE

is a very common accessory as cement in the calcareous
sandstone. A few very thin bands of hard, green
LIMESTONE occur. ‘ '

SANDY CLAY as above, except that there are only 5 - 15%

quartz grains, which are predominantly very fine to

fine grained. At the base a few indurated claystone
bands occur, as do colourless quartz pebbles, boulders,
and pyrite.

CALCAREOUS to CLAYEY SANDSTONE, colourless to pale grey,
very hard, consisting of quartz grains, dominantly
colourless, a few red; well rounded, usually polished,
some frosted. The sandstone is: normally well sorted,

oc¢curring as bands of either very fihe to fine grained

or medium grained material. Either range of grain
size can have as a matrix almest pure calecite (contain-
ing about 75 - -80% quartz) or.else. up to 40% calcareous

--.clay. PYRITE occurs both as a‘cemént in the sandstone

and as bands of practically pure pyrite.

SANDY CLAY made up of 35% quartz grains set in a
chocolate brown, highly ‘calicareous clay, which is

soft when wet. The quqrtz grains are mainly colourless,
a few red. They are well rounded, with high sphericity;
mostly frosted, some polished. -The -overall sorting,
is poor: very fine to'coarse ‘grained, but as a rule
bands of either fine or coarse occur. Near the base
much of the clay is indurated to form CLAYSTONE. Bands
of SHALE occur, green-grey ‘to- dark -grey to ‘blue-green,
fairly soft, calcareous micromicaceous, carbonaceous?,
containing upwards of 5% quartsz grains (usually less
than 1%), which are -rounded, silt-medium grained..

The blue-green shale tends to be slightly harder and
more fissile than the others. oL

Near the base, thin bands of LIMESTONE occur, that

are dark grey, crystalline, very hard, containing

a few well rounded, medium to coarse quartz grains.
Throughout the section, PEBBLES of quartz, dolomite
and lithics occur. The number increases with depth,
especially in the case of dolomite pebbles, to the
extent of sometimes making up 20 - 25% of the rock.

Unit 3? (Devonian?)

2046 - 2098.8ft. Thickness: 52.8ft.

DOLOMITE. At the top of the sequence it occurs in two
horizontally interbedded phases, pale grey, fine to
medium, crystalline dolomite and dark green=-grey
dolomicrite, forming thin laminae. SHALE and DOLOMITIC
SANDSTONE occur in very minor amount. However, with
depth, the dolomite becomes more uniform and consists



-3b-

almost entirely of finely crystalline, anhedral
granular dolomite. Large (2 X 4 cm,) "concretions"
occur, made up of an intergrowth of microcrystalline
quartz, chalcedony and dolomite. Algal stromatolites
exist at the base of the sequence drilled. :
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APPENDIX B

DITCH SAMPLE DESCRIPTIONS




DEPTH | % CONSTITUENTS DESCRIPTION
Surface-11ft,  40% Silcrete White, yellow, very hard -
o o some f.gr, silcrete con=-
glomerate. ‘

60% Indurated Claystone Pale grey, white-yellow,
A (partly silicified) some-
times stained red, other times -
. speckled red, yellow, red and
" yellow: a few cuttings grey
and speckled, Claystone
" usually hard, but some fairly

- T - B o soft, _ ‘
N i Trace _ Quartz grains colourless very @
' - T ‘ large , well rounded,Dendritic

R S manganese (?) on the claystone.
91-20ft, ° =  60% Claystone E ~ Approximately 60% pale grey <
2" “l S 40% yellow, Still indurated ==
— - : : o ' and partly silicified., TYellow

' - ‘ . due to iron staining and in
- many cases tends to be hardened
by the FesA v, little red

' staining, A
10% Silerete Ak B | _ .
30% Siltstone . _-3 Pale grey, somevpale yellow

- clayey, tends not to be.so
hard as the claystone -
Quartz grains mostly colour-
- less in clay matrix, Some
. hardened yellow, Fe impregnated, ‘
bits. . o e3

20-30ft, 90% Claystone . - . Silty - yellow, Silt makes up
T - : 30=35% of the rock.- Soft.
usually - slightly micromicaceous,
. Some hardly-:-silty at all.

5% Claystone Silty pale greenish grey.
- N.B. In both the claystones silt is colourless, z
5% Others o g Pale grey claystone (not silty)

harder than other claystone
(indurated). Bright red

~ haematite stained fragments,
Silcrete .chips,

SN
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- DESCRIPTION

DEPTH % CONSTITUENTS
30=40ft, : 65% Claystone

25% Claystone -

Trace

4i=§ofto o 90%lClaystone

10% Claystone

Trace

Pale grey., Majority not silty,
but a little is generally soft=
medium hard, but some very soft,
others hard,

Yellow, Majority silty a.A.,
others not silty; same range of
hardness. as-pale grey claystone,

Silcrete chips, red (haematite
stained),

Pale grey, fairly soft.

Majority not silty, but %
silt varies from O to (in a
few cases) 30%, :

Yellow, slightly silty usually,
medium soft,

Hard brown haematite fragments.

N.B. Bad loss of circulation zone 44-47ft, Added bran to cure the

problem,
50-60ft, - 75% Claystone

25% Claystone

"') ‘ Trace

60=-70ft, 85% Claystone

10%_Claystone

5% Claystone

70-80Ft . 70% Claystone -

Pale grey, fairly soft; a very
little is slightly silty.

Yellow, sometimes slightly

silty, usually fairly soft,

a little is hard,

Purple claystone (Fe), hard
brown haematite fragments; red
haematite stained gibber con=
glomerate fragments (matrix red)o

Yellow, usually slightly silty,
fairly soft.

Pale grey, 6ccassionally
slightly silty, fairly soft.,

Brown-red haematite stained
claystone (sometimes silty),
varies from hard to fairly
soft.

Pale grey, silt ranges from 0%
to »50%, 1.e. clayey siltstone,
but most are slightly silty;
silt grains colourless,
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DEPTH % CONSTITUENTS :>. - DESCRIPTION
30% Claystone | Yellow, silt varies from 0% to

about 20%.
Tface», i . - Red haematite_fragments.

N.B. At 75fts 6" Loss-of .circulation zone,

80-90ft . 40% Claystone Yellow, A.A. | |
) i 9
’ 20% Clazstonel'.:_ N Pale grey, A.A. 7
30% Claystone : Blue-black to dark grey,
. e T : : . 8ilty, microcarbonaceous - ,
= . flecks in it. Fairly soft.. ‘

-~ N.B.~ The change over to>blueeblack claystone is between 85=90ft,
: Yellow and pale gray are weathered products of blue-black

R AT

claystpneo _ » _
&§O=aoéft:,*~ 9@% Claystone - .Blue-black silty, fine carb.
L, T = flecks, - Silt can be up to 30%,
- : but mostly slightly silty;
_ fairly soft. ‘
. 10% Claystone:" }>'v-' Yellow and pale grey'A.A.
E , (probably cavings).
100=110ft, 95% Claystone Blue-black mostly not silty
‘ : : R (or only very slightly) but can .
range up to:about 30%. Slightly
' carbonaceous. Fairly soft.
. 5% Claystone. .- - . Yellow, A.A, (probably cavings). ‘
110=1205% 100% Claystoie' =~~~ Blue-black, silty, mostly 15- '

20%, some up to about 35%, Small
flecks of carbonaceous material, !
~ up to about 5%. Very slightly
. micromicaceous, Fairly soft;
occasional v, fine stringers of
siltstone,; colourless, in the
claystone, - ~ '

N.B, Carbonaceous flecks identified may in fact be giauconiteo

120-130ft,  ~  100% Claystone  Blue=black, A.A. o s
130-140ft., -100% Claystoné;‘- o AA., except someiié:very Silty

(possibly up to 50%) and a few
f.gr. quartz grains can be seen,
Also more carbonaceous-micaceous,
Flecks are slightly larger than
above, : '
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DEPTH % CONSTITUENTS 'DESCRIPTION
140-1451%, 100% Claystone A.A,

N.B. Surface éasing’set to 145f%,

145=150f1t, 100% Claystone AA,
“150-1601t, 100% Claystone ALA,
J80=170f%, -80% Greensand Glauconitic, silty - v.f.gr,

quartz, very clay rich;
glauconlte is olive green,
quartz is colourless, clay is
blue-black, but dominant colour
o is green, Mlcaceous° Glauconite
. . up to about 50%, quartz 20%,

: clay 30%, but usually rather less
glauconlte and more clay; i.e.
gradational from claystone to
greensand, Mica (white) occurs
in larger flecks in the greensand
than the claystone., Glauconite
grains about 0,05mm, Mica makes
up about 1-2% of the rock..
Slightly harder than claystone.

20% Claystone Blue-green~-black, silty,
micromicaceous, fairly soft,
slightly glauconitic,

170=180ft, 100% Greensand A.A,

100% Greensand | A.A, except mica fraction in a
few cases is up to 5%,

0=190ft,

90=200ft, 95% Claystone. Blue=green-black, slightly
silty, v. slightly micaceocus
and glauconitic, Fairly soft,

5% Greensand. A.A,

200=210ft, - 95% Claystone AA,
5% Greensand : A.A.

_CORE NO., 1s 203%,5=213ft, 100% Recovery,

P10m220fto 100% Claystone A.A. except on the whole slightly
more silty and very slightly
more glauconitic,




40—

DEPTH

% CONSTITUENTS -

DESCRIPTION

220=2305t,

2 §O=~2L|-Oft 0,

240-250ft,

250=260ft,

260=-270ft,

270-280ft,

280-290ft,

290-300£%t,

300-310ft, -

1ooA Clavstone

Trace

100% Claystone

100% Claystone

100% Claystone -
100% Claystone_

Tracé
100% Clazstone

Trace

CnﬂQOO Cla stoneeéﬁﬁgg,;ﬁ

90% Claxsténe
10% Sandstone

95% Claysfoﬂe

A.A.3 a few examples of quite
highly silty lenses in the
claystone,

Pyrite in highly silty and
somewhat glauconitic clay-
stone,

A.A,, except on the whole much
softer, Also a few f.gr.
quartz grains and larger
glauconite grains,

A.A, ,' on the whole only - .

slightly silty; a little
very soft, but most medlumn “
hal" d. ° - :? L.

A.A, ‘ -

A.A. Glauconite is Very minor.-

Quartz grain, colourless,
medium rounded, 3.5mm,
across.

A,A, Minor small lenses of
glauconitic, silty claystone,
but mostly not very s:thy°

Pyrite in claystoneo

 ALA,

In a clayey calcareous or
dolomitic (gives of CO, in

" warm Dil, HCl:only ), Dale

green matrix, v.f.-f.gr.
quartz grains (colourless).
Usually very hard, a few

- soft. Occurs as hard bars

within the claystone, :
Ratio of quartznmatrlx 60- ¢
40: 40-60, «

AIA. But occurring in a green
clay matrix, making the rock
much softer, Matrix predominates;

- cuttings form balls of clay.

 Q_A ‘A. Practically all only .
. slightly silty, :

3
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530=340ft,

340-3507t,

20% Sandstone‘

90%_Sandstone

5% Quartz Grains

5% Claystone

85% Sandstone

10% Quartz Grains

5% Claystone

Trace

DEPTH % CONSTITUENTS DESCRIPTION
5% Sandstone A4,
Trace Pyrite in claystone,
210=§20ft° 75% Clay - Green, very slightly silty.
B 25% Claystone A.A,
320-330ft, 80% Clay Green, very slightly silty

and carbonaceous.

In pale green clayey calc,
dolomitic (?) matrix. Quarsz

grains vary from v.f.gr. o v.coo

V.f.gr. type gives a speckled
appearance of white grains in
the pale green matrix, . The
coarse to v. coarse type is
colourless, subangular-=subr,
In all cases very hard, forming.
bands in the clay,

A.A. Pale-green=brown, dolomitic

clayey matrix (strong effer-
vescence in hot dil HC1),
Quartz grains colourless,
subang-subr, The coarser
fraction tends to be well-
rounded, Very hard, Slightly
nicaceous,

Colourless = translucent blue,
Very coarse = 2 mm, across on
average; sub-rounded well
polished.,

AA,

A.A. except now about half

consists of v.c.gr, quartz
grains in dolomitic clayey
matrix, some of them up to,
2mm, in size, Mainly subang.-
subr, , even some of the coarse
ones are subang,

A.A. Many of them over 2mm.
ALA,
Lithic pebble, green-brown,

con@aining a few srall quartz
grains, very well rounded,
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DESCRIPTION

DEPTH % CONSTITUENTS
550-360£f%, 85% Quartz Grains Unconsolidated, colourless to
- : nilky to opaque yellow, very
coarse, ranging from 0.2 to over
0.5¢m, 4, sub-angular to well
rounded, not dependent on
size;-fairly well polished., ~
10%_Sandstone A.A, '
5% Clavev Sand - Quartz grains, colourless, f.¢., groA'
subang-subr, in pale grey very
softs clay (approx. 50% quartz,
50% clay) Possibly -all quartz. . )
grains in this matrix but it g B
washes away very eas11yo
N.B. Difference between sandstone .and clayey - sand may Just_be hard-v - »
- ness (1oeo presence of dolomltlc cement ), - -
60-370ft, 10% Quartz Gralns AGA, : ,§§< S
o 40% Clavev Sand AA. .=
10% Sandstone ; A.A, .
10% Shale i Black, slightly silty, occurs
o . in large flakes., , )
_ Trace - » - Pyrite. :
370-380ft. 45% Clavev Sand A, o S
’ 40%. Quartz Gralnsv_‘::_, U ALA, o i : ‘
10% Shale AA, S ”
5% Sandstoae ALA,
Irace _ Pyrite, -
80-390ft % Quartz Grains A.A.
10% Clayey Sand. A, - .
| 5% Sandstone e A}Ao )
Q%'Shale = A.A. except not silty.
590=400f%, 80% Quartz Gnains_ .AoAag except mostly sub-

15% Clayey Sand

angular, even the coarsest,

AL,



DEPTH

9% CONSTITUENTS

DESCRIPTION

400=410ft,

~

410-4201%,

420-430f%,

430-440f%,

B40=B50TE,

450=460£t,

5% %Sandstone
Shale

(Lithic Pebbles

00% Quartz Grains

10% Clayey Sand

Trace

90% Quartz Grains.

10% Clayey Sand

Trace

85% Quartz Grains

10% Clayey Sand

5% Sandstone

90% Quartz Grains

10% Clayey Sand

Trace
95% Quartz Grains

5% Clayey Sand

55% Clayey Sand

A.A. (probably cavings).

Vefy well rounded 2mm,, across
brownish colour, Also some
broken bits of pink quartz that
look like pegmatite veins,

A.A. Some up to 1cm., across
and subang,

A.A.; but the clay looks
pinkish-white,

Sandstone A.A. (probably
cavings

A.A., except extremely coarse,
practically all over 0.,25cm, ,

a few pebbles over 1 cm, Only
a few well rounded, generally

subangularo ;

A.A,

Sandstone A.A, (probably
cavings) pink quartz grains
made up of fine quartz grains
cemented together,

A.A., one about 2,5cm, across,
A.A, except that much of the
quartz in the whitish clay matrix
is f.=v.f.gr. although coarse

gr. quartz is still included,

A.A. (probably cavings)

A.A., but not quite so coarse,
Quartz varies from fine-coarse,
Sanidstone A.A. (prcbably cavings);
Lithic pebbles, well rounded,

brown colour,

AOAO
AA,
A.A, Grain size of quartz

ranges from vo.f.~c. but each
"cutting" (which is very soft)
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DEPTH

% CONSTITUENTS

- DESCRIPTION

460=-470Ft,

470-480ft,

480-490ft,

490-500f%,

500=510ft,

40% Quartz Grains

» 2‘20 Shale

100% Clayey Sand,

100% Clayey Sand

Trace

95% Clayey Sand

- 80% Quartz Gfains

usually contains either fine
or coarse gr, quartz, so
individually sorting is often
guite good, :

ADAO
Black, large flakes,

A.A. but quartz grains v.f.- .
f.gr, predominately, but a

few larger grains, even up

to veco On the whole fairly

very soft, pinkish~white colour,
Proportion of quartz to clay is
about 50:50, possibly slightly
iess quartz, :

- well rounded, Matrix is still ‘

A.A.; except practically all
the quartz is v.f.=f.gre
Only a very few c. grains,

Mica (white) in the clay.,
Large black flakes of shale,
slightly silty, medium hard.

A.A., except sorting not - -
quite so good; mostly v.fo.~-

f.gr. quartz, but also quite a
lot med.gr., as well as a few =
VeCo . -

CAGA, S ‘2‘

A.A.; except sorting v. poors, -
Grain size ranges from silt-
VoCoy With a lot of the coarser

-fraction, (Possibly due to bands

of very coarse sand becoming
mixed into the very soft clay
during drilling), Much of the
quartz is well over 2mm. and
ranges up to pebbles of about

“1em, Mostly well polished,

they range from subangular to

- rounded,

Predominantly colourless, a

few milky white, Mostly very
coarse (many of them well over
2mm, diam,) some coarse,
sphericity generally-fairly high
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DEPTH

DESCRIPTION

510=520ft.

550=540ft,

;'ggox‘to

550-560ft,

% CONSTITUENTS

20% Clavey Sand

95% Quartz Grains

5% Clayey Sand

85% Quartz Grains

15% Clayey Sand

50% Quartz Grains

50% Clayey Sand

Trace

100% Clayey Sand

Trace

100% Clayey Sand

Trace

subang-well rounded, predomin-
antly subrounded. A few very
high sphericity and very well
rounded, Some of the graims:
made up of aggregates of fo=
m,gr. quartz, Fairly well
polished,

A.A. except practically all
the grains are ¢, to v.c,

A.A,
ALA,

A.A, except a few pale yellow
grains, and quartz grains are
slightly more rounded than
above on the whole, No
aggregate grains seen,

A.A.= sorting v, poor grains
fo o= cagro

AA,
A,
Large, well rounded lithic

pebble, Large fragment of
:pyri‘te o

Clay matrix, pinkish-creamy
white in colour, Quartz
grains very poorly sorted

from silt-coarse gr,., but
predominantly silt-f.gr,
Subang., to well rounded., A
few pale yellow (f.gr,) grains,
Ratio clay: quartz is about
50:50, possibly rather more
clay.

Pyrite chips,

A.A., except beti:ergsortedo
Silt-medium gr, size,

Pyrite chips; coarse, well
rounded quartz grains,
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DEPTH % CONSTITUENTS DESCRIPTION
60=5707% 100%_Clayey Sand . T AJA.
o Trace A4,
570=580F% . 80% Clayey Sand A.A, .
10% Quartz Grains AJA, - “
10% ite Chips, usually cementing 5
. fine-medium gr. quartz
grains together,
Trace Shale, blackq large flakes ,
(cavmgs ‘
80-590ft, 50% Quartz Grains A.A.
” 40% Clayey Sang‘ A.A., except most of the quartz
’ _ ’ grains tend to be coarse to v.c.,
although still some fine grains,
_ 0% Shale A.A, (cavings?).
590-600f%t, 05% Clayey Sand " A.A. except v. poorly sorted,
R ' o Quartz grains vary from silt
to v.co, Predominantly medium-
coarse, '
% ite A.A,
Trace ‘ Shale A.A. (cavings?).
; NB Proportion of clayey sand to quartz grains may partly be due ‘
' to washing of the v, 'soft-clay. (naturally the coarsest =
. fraction Would separate out most easily).,
600=610ft° 80% Cla ey Sand ALA,
- ) 20% Quartz: Grains ALA,
610-620ft. ~  80% Clayey Sand W
' - 20% Quartz Grains AA.
. Trace V Pyrite chips
620-6301t, 80% Quartz Grains " A.A., predominantly v.c.,

but a few f.-m.gr., Mostly

subround-round. Colourless
white, pale yellow. Spher-
iocity on the whole fairly

high,
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" DEPTH % CONSTITUENTS DESCRIPTION
20% Clayey Sand A,A,
6306401, 50% Quartz Grains A.A,
50%_Clayey Sand AL, , except much coarser
than above, Quartz grains
vary from silt to v.c.,
mainly m,-c.gr., dominantly
subang=-subr,, fairly well
polished,
640-6501t, 80% Clayey Sand A.A.
15% Quartz Grains AA,

‘/

680-690ft,

650~660ft,

5% Shale

100% Sandy Clay

Trace

Blaék9 flaky (caVings?).

Clay very soft, pale-grey-
white, contains about 15%
quartz grains, mainly colour=-
less, generally fairly well
rounded silt-m.gr, size,

Small pyrite chips in the
clay.

N.B. Clay in this sample seems to have a more sticky texture

660=-670ft,

8

620=680ft,

95% Clayvey Sand

2040 Pz;i‘te

100% Clayey Sand

Trace

100% Clayey Sand

than above and is slightly more grey.,

Clay looks the same as at
650-660, but much more
quartz, Approx, ©60% quartz
grains, mainly fine-med.gr,,
usually well rounded with
fairly high sphericity and
well polished, :

Occurring in balls (up to
2.5mm, in diam, and spherical)
of med.gr, subangular to sub-
rounded quartz grains cemented

by pyrite,
AA,
Pyrite in balls,

A.A., except predominantly

f.gr. Probably not quite so much
quartz. Most of the grains well-
rounded; high sphericity, well

' polished.
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DEPTH % CONSTITUENTS DESCRIPTION
690-700ft, 100% Clayey Sand A,Aog except sorting not so
' good = mainly f,-m.gr., but
also silt and quite a lot
C-VoCo grains,
700=710ft, 100% Clayey Sand - A.A., except sorting again
' : ‘ v.good -~ practically all
fo"‘mogro
710=7201%, 100% Q;giev S§£§; ‘ A.A. ratio sand: clay is about 4
- : ‘- 50 500
20=730f% 100% Clayey Sand A.Ao
jZ§O=:Z40ftg 100% Cmavev' Sa_'x_lg_ SAA, except a few Co. gralnso '
40-750ft, 100%_Clayey Sand A, A, '
. Drace. - Pyritea_ii .j'."j
750=760ft, - 100% Clayey Sand = AuA.. except Well sorted’
o : . = f,-mogr°~_ oy
Trace | meall pyrite chips,
604 Oft 100% Clayey Sand. AL, now predomlnantly Vof o=
A cgre
‘ Trace Small pyrlte chlps°
770-780%% 100% 01avevsa£g A.A, except about 50:50
quartz: clay and grain size :
. range is v.f.=m.gr. Clay is .
pale . grey. - } B
Trace Pyrite chips, both large and
» small, ‘ :
80=790ft, 100%_Clayey Sand A.A,
- Trace - . _Pyrite chips, A.A.
790-8001t, 100%» _Clayey Sand A.A,, except sorting better,

800-810ft,

100% Clayey

Trace

Vofo=fogr., Quartz grains still
dominantly well rounded, high

- sphericity and well polishedo

A.h., except finer gralned =
silt=f.gr, -

~ Small pyrite chips.
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" DEPTH

% CONSTITUENTS DESCRIPTION
810-820f%, 100% Clayey Sand A.A,
Irace Pyrite chips,
820-8307t, 100% Clayey Sand Aok
& Trace Small-medium sized flakes of
brown mica, presumably biotite,
as grains in the clay, making up
- about 2% of the grains,
8%0-840ft 100% Clayey Sand A.A,
Trace Biotite A.A.
!O-SEOi‘tg 100% Clayey Sand A4
Trace Biotite A.A.; pyrite chips.
850=860ft 60% Clayey Sand A.A. except more clay than

AO% Ciaxex Sandstone

‘Trace

CORE NO, 2:

860-870ft, 60% Sandy Clay

- 40% Clayey Sandstone
N.Bo There is a gradation in

memberso - -

sand (about 60:40) so sandy
clay. Also, the clay is
slightly calcareous, contains
biotite A.A.

Very hard, like the clayey sand
AA. ; except that it has been
cemented with calcite (possibly)
Clay matrix tends to be whiter,
Contains biotite A.A.

Large black shale fragments
slightly silty and carbonaceous
(cavings?); pyrite chips., 4
few large, well-rounded quartsz
grains (colourless),

853-863.5¢t, Recovered 0,58t, (5%),

A.A., except v.calc, and
sorting not so good, ranging
from silt-m.gr., Also ratio
clay: sand is again about 50: -
50 (possibly a little more clay),

A.A. ©Seems to have a greenish
tinge overall, Only gives off a
little CO, in'cold dil., HCl, but
effervescgs strongly in hot "
(possibly due to clay blocking
calcite, or else dolomitic),

har@nesg petween fhese two end
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% CONSTITUENTS

DESCRIPTION

870-880ft,

880-890f%t,

890-900£,

900-910ft.

910-920ft,

20-930ft,

9%0-940F %,

940=950ft,

950-960ft,

Trace

100% _Clayey Sand

© 100% Clayey Sand

100% Clayey Sand

. Trace

100% Clayey Sand-

Trace

100% Clayey Sand

Traces

100% Clavev Sand

| 100%_Claye

Trace

Sand

- Trace

100% Clayey Sand

Trace

_100%‘Clayethénd'l

" A.A,, except dominantly silt-
Clay sand, approx,
50:505 clay is calcareous and

Pyrite chips; shale A.A.s

quartz grains A.A.

Vefo8ro

contains approx.
biotite flakes,

A. A, mainly very

2-%% small

soft, but

some is slightly harder (due

to cementing).

A.A,, except a few fo-m,
grains in the dominantly
Vofogr., quartz and not so
- calcareous,

Pyrite chips,
AA,

Pyrite chips, -

A.A. except practlcally all
silt-f.gr, :

V., small pyrite chips,

A.A., except only V.
slightly calcareous, The
biotite (?) flakes often
‘.have a coppery lustre,.

Pyrlte

: Avo
Pyritea _
A.A. Slightly calcareous.

Pyrite; white mica flakes
(presumably muscovite)

in the clay,

A, Ao except qulte hlghly
calcareous and there are a

few white clay. patches

calc., bleached?),

(also
Still--a

little muscovite as well as

the biotite.
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DEPTH

% CONSTITUENTS

DESCRIPTION

80-990ft,

‘Mooom,

1000=1010£t

Irace

% Clavevy S

Trace

100% -Sandy Clay

Trace

100% Sandy Clay

100%_Sandy Clay

1010=1020ft,

100% Sandy Clay

Trace

100% Sandy Clay

Pyrite; a few v, coarse,
well rounded quartz grains,

A.A. except very highly
calcareous; sorting not
nearly so good - up to c.~-
VoCogTo, although mostly
fo-mogr., (i,e., generally
rather coarser overall),
Very little biotite, and
no muscovite,

2-3% pyrite, much more
abundant than above,

A.A., except rather more
clay than quartz, No

white clay patches, but.a
little muscovite and biotite,
Only slightly calcareous.
Practically all very soft,

Pyrite, but not nearly so
much as above: < 1%,

A.A., except now only 25=35%
quartz grains, Sorting still
poor: silt=m.gr., Only slight-
ly calc, All very soft, still
well-rounded and high sphericity
generally,

A.A. except rather less
than 25% quartz grains,

A.A, except even less quartz
grains, Sorting still very
poor - a few v, well rounded
m.gr., Fairly calc,

Clayey sandstone., = i.e,
consolidated clayey sand A.A.,
cemented with calcite, About
50:50 clay: sand, and hard,
Dark grey shale fragments,

A.A,y except about 25=30%
quartz grains, quite highly
calcareous, ©Sorting poor=-
silt-m.gr., but dominantly
f.gro
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DEPTH

% CONSTITUENTS

DESCRIPTION

1020-1030ft

1030~1040F% ,

1040-1050£ 85 -

1050-1060£ %,

1060=1070ft ,

1070-1080Ft

CORE_NO,_3:

1080=-1090ft,

1090-1100ft,

70% Sandz Clay

30% Clayey Sandstone

Trace

95% Sand# Clay
5% Clayey Sandstone
100% Sandy Clay

Trace

100% Sandy Clay

- 100% Sandy Clay
100% Sandy Clay
- Recqvered 4,8ft, (68,4%).

1080=1087£t%,

75% Sendy Clay

20% Clayey Sandstone

5% Shale -
Trace

BOA Sandv Clay

10% Clayey Sandstone

10% Sandy Claystone

V. coarse (about'émm)”%e11'

A, A.9 except about 553407
quartz,

A.A., Hard, slightly paler
matrix than clay, highly
calcareous, dominantly m.-
Co8T,, well rounded, high
sphericity, colourless quartz
grains.

oy

Shale fragments A.A.
Pyrite chips,

A.A, except 425% qﬁartzo

- -

AA, I : T

.A.cA.o o=, about 25%:quartz° - ,h: ’

rounded, high Spher101ty9 T
orange quartz pebbleso : A =

AA, - dlstlnct green-grey

colour, All these clays,

although v.soft when wet, are =
extremely hard when dry.

However, only about 10%

. quartz grains, V.f.=m.gr.

;tvonly falrly calcareouso

mostly fo=mogro Highly

calcareous,

A.A,., except a few CoBT» ‘and

. AOA‘O .

A A,

AA., predomlnantly fo-m.gr,
quartz,

Black fragments,
Pyrite.
AA,

ALA,

Like
ated

Bandy Clay except indur-
and mlcaceous (white),
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DEPTH

9% CONSTITUENTS

" DESCRIPTION

1100=1110£t ,

1110-1120£ %

+

1120-1130ft.,

11%0-1140F% ,

1140-1150ft,

1150-1160ft .

1160=1170ft o

90%_Sandy Clay

10% Sandy Claystone

50% Sandy Clay

50% Clayey Sandstone

Trace

75% Sandy Clay

25% Clayéy Sahdstone

100% Sandy Clay

Trace

100% Sandy Clay .

90% Sandy Clay.

5% Sandy Claystone

5% Shale

100% Sandy Clay

Trace

| MeBTo

A.A. except about 5% quartz
grainsj fairly calcareous,

AL

A.A. except about 25%
quartz grains and sorting
not so good - fo=C, 8T
mainly f.-m.gre

A.A. about 75% quartz grains
set in highly calc, matrix, -
pale green-grey; sometimes
white, Fo.~C.gr., mainly

-well polished, rounded,
high sphericity. '

Shale fragments,

ALA,

A.A,

A.A,, except only about 10%

quartz, mainly f.gr, sllghtly
calcareouso

Clayey Sandstone A.A.

A.A., except 410% quartz,
Dominantly f.gr., but a few
well rounded v.c. grains
including rose quartz,

. Fairly calcareous,

A.A, <10% quartz, dominantly
f.gr., a few m.gr. Fairly
calcareous,

Like sandy clay, but harder,

Mainly large black, sllghtly
silty fragments (cavings?)
Some small fragments.,

A.A., except only about 5%
quartz grains, silt-m.gr.
mainly v.f.=f.gr., Hardly
calcareous at all,

Shale A.A.
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f‘DESCRiPTION -

" DEPTH % CONSTITUENTS o
1170~1180ft; f_ 100% Sandv Claz . A, A., except sllghtly cal- ‘
' ' » : careousu,
Trace ~ - . N LShale A, A
1180-1190ft, . -100% Sandy Clav E Ah,
| uTrace Ciajey Sandstone, highly
» , .~ calcareous, P50% quartz
‘ B ' _ P " grains, mainly f.gr. : 7
1190=1200ft . A00% Sendy Clay,- - - - A - T
T T Trace Shale Ahe T ’ ‘\
io061210fh, 9% Sandy Clay - Abe o | =
3 ;, *f:j 5%'Shale . _Fragments AA . Tl .
= Trace ~  Sandy Claystone° About 15% ;i’
S ~ f.-m.gr. quartz grains.  Fairly
~ _ ’ calcareous with a little pyrlte°
1210-1220ft, -  100% Ssndy Clay . .~ A.A. except no more than 5%
A - - s C - - quartz grains, predominantly
- - . silt-f.gr. Very slightly-
T LT " calcareous. :
Trace A \> : .f_rSpale;A,A.: el >,>‘
1220-1230ft, '90% Sandy Clav AL T - o
0% Shal o A4, (cavings?). o ‘
1230-12408, 100k Sendy ciayv};: AL o hde
o Trace ,'v'~»; . “ Shale A.A."J ¢
1240-1250Ft, 100% Sandx Claz ' AL
Trace . | Z;Shale A, A |
100% Saﬁd#‘QléyA“fi~ ALAL, green-grey, very stlcky

1250=1260ft,

Trace

| “when wet, and hard when dry..

<5% quartz grains, predominantly
silt-f, gro., with a few c.gr, well-
rounded, colourless, Clay is
calcareous,

‘<Sha1e ALA,
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DEPTH ' % CONSTITUENTS . DESCRIPTION
1260-1270ft, '80% Sandy Clay | ALA,
20% Sandy Claystone Like sandy clay but harder

and darker,

1270=1280f%t . 05% Sandy Clay A.A. except sorting not so

i : . good, quartz grain size ranges
from silt=c.gr. Also up to
15% Quartz (varies from <5%

- %0 15),
5% Sandy Claystone A.A,
! 0=1290ft, 95%_ Sandy Clay ‘ A.A. except in a few cases
: , - quartz makes up 25%. Overall,
C ' v grain size ranges from silt-

Cogr., dominantly v.f.-f, -

| 5% Sandy Claystone A4,
1290-1300ft,  100% Sendy Clay A.A. except mostly quarbz
. 15-25%, with quite a lot
of EEAO 4
Trace ' Large shale fragments, A.A.
 1300-1310£t, 100% Sandy Clay A.A.
134Oe4320ft0 100% Sandy Clay A A, except mostly about 10%

quartz grains,

has 25% quartz. Sorting is
poor, silt=c,gr. (with a v.
few VoCogr,)  Most of the

grains are well rounded and
polished, although scme are

iOMBBOftO 100% 'Sandy Clay AA, except much of the clay

-

frosted,
1330=-13401t, 100% Sandy Clay A.A, . except mostly only
_ . 5=10% quartz grains.
222&2 | Large shale fragments, A.A.
1340-1350f%, 100% Sandy Clay A.A. only slightly cal-

careous, Many of the quartz
grains are frosted,

125013601, 100% Sandy Clay A.A. Fairly calcareous.

Trace Large shale fragments, A.A,
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DEPTH

- % CONSTITUENTS

DESCRIPTIONS

1370=1380f%.

- 1390-1400f% .

1400-1410F 6

1410-14208t .

1360-1370ft .

100% Sandy Clay

100% S&ndy_Clax

-Trace

100% Sandv Clav

_,/‘,

‘,,»
L

Trace

'100% Sandy,Cléy

Trace.

| 100% Sandy €lay < .. i

Trace

'90% Sandy Clay

10% Sandy Claystone

ALA. Dlstlnct green—grey
colour, - Generally 5% quartz
‘grains,

CAGA Quértz gralns'constltutea
"~ 5-10%, many of them frosted,

others well polished, all Well
rounded, silt=c.gr., mainly *
f.gr. Fairly calcareous.

Large éhips of pyrite.

A.A., except quite highly cal‘
careous. Quartz grains cons
stitute up to 15% and are poorly
sorted, even some v.c. grains.

‘Green limestone chips; calcar-

eous sandstone, made up. of

-tightly packed med. gralned'

quartz grains (mainly colour-
less, also pink, red) well

"~ polished and rounded set in a

clear calc1te cement,

CALAL

'_Calcareous sandstone, Avog
Shale fragments, A A

pyrite chips.

A.A., except quartz grains ;f,
- make up 15=25% mostly frosteds

but well rounded, Bpherlclty
high, mostly colourless, mainly:
fo-m.gr., Clay is falrly highly
calcareous.:

Pyrite°
A.A.,, except 5»10A quartz

. gralns°

Like sandy élay9 except

"hard, dark grey and less

obviously calcareous,
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DEPTH

% CONSTITUENTS

DESCRIPTION

8

14.20-14%0F%

143%0=-1440f% .

1440-1450f% .

1450-1460£f% .

1460-1470F% ,

100% Sandy Clay

Trace

85% Sandy Clay

1%3% Clayey Sandstone to

- 10-15%,

Calcareous Sandstone

2% Pyrite

05% Sandy Clay

5% Clavev—Calcareous
Sandstone

Trace

90% Sandy Clay

10% Clayey-Calcareous
Sandstone

Trace

Q5% Sandy Clay

5% Clayey-Calcareous
Sandstone

Trace

‘A.A. except up to 25% quartz
grains, silt-m.gr.

Sandy claystoné°

A.A. except mostly quartz is
a little up to 25%.

Gradational between quartz,
f-m.gr. some frosted, some
polished, well rounded, set in
a calcareous clayey matrix
(about 60- 70%: quartz) to

quartz grains, generally
slightly coarser, but otherwise
the same, set inva practically
pure calcite cement. Mostly
calc. sandstone.

Occurs in patches in the cal-
careous sandstone as cement.

Also as chips of practically

pure pyrite. _

A.A,
AA,

Sandy claystone A.A.; very
hard black igneous lithic
pebble, containing flakes of
biotite.

A.A,

A.A,

Pyrite in the sandstone; sandy

claystone.

A.A., except a few more c.
grains.

A.A., except some of it is
pale green clayey, calcareous
siltstone.

Pyrite, A.A.
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DEPTH - % CONSTITUENTS - - DESCRIPTION

1470-1480Ft, 9% Sahdv Clay AL

~5A Clavev-Calcareous oandstone AA,

B

1480=1490ft . 1007 Sandv Clav ' "ALA, except only about 10~15A
- ‘ - quartz gralns°
Irace - ' _‘Clayey - Calcareous sandstone -
1490-15008%. - 100% Sendy Clay ©= - A.A. o
| | Trace Clayey-Calcareous sandstone '
) ‘ . AJA.y pyrite A. A = ‘
1500-1510ft. - 100% Sandy Clay A.A., usually 5»15A qiartz_

grains, mainly fim. gre_some
polished, others frosted,
mostly well rounded; matrlx ,
green-grey, highly calcareous;

Trace o QClayey-calc; sandstone A
- pyrite A.A.; large shale frag-
ments AA, W ;
1510-1520f. ~ °°  100% Sandy Clay B O VO
1520-1530%6, . 10C% Semdy Clay A4 ’ -
1530-1540ft, - 100% Sandy Clay A.A. except only 5% quartz

grains and most of thesé are 4
f.-m. gr. Clay is highly
calcareous. T

%
o

‘Trace - o . Sandy claystone A.A.; clayey :
: ' sandstone A.A.
1540-1550f t . 100% Sandy Clay : AL
| 'gggggl,. ‘ | c -Hardg green limestone,
155015602 . 100% Sandy Clay AL, o
1560-1570ft . - >'100% Sandv Clay " A.A. ‘except some contains up to,

107 quartz grains. .

"Trace . ! oo : 'Harde green limestone bhipsb'
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DEPTH

% CONSTITUENTS

DESCRIPTION

1570=1580ft.

1580-1590ft-

1590~1600£t o

1600=1670f%.

1610=1620ft .

1620=1630ft .

1630=-1640ft.

- 1640=1650ft »

1650=-1660f%. -

1660=1670ft .

1670-1680F %«

100% Sandy Clay

- 100% Sandy Clay

~ Trace

100% Sandy Clay

100% Sandy Clay

Trace

100% Sandy Clay

Trace

100% Sandy Clay

100% Sandy Clay
100% Sandy Clay

Trace

95% Sandy Clay

35%(Calcareous=clayey

~( Sandstone

(Sandy Claystone

100% Sandy Clay

Trace

100% Sandy Clay

Trace

A.A. except quartz constitutes
between 5-15% mainly f-m.gr.,
but ranges from silt-c.gro
A.A,

Sandy claystone A,A,, calcareous

A, Ao, except malnly 5-10% quartz
grains.

A.A., except about 5% quartz
grains, mainly v.f.-f.gr. some
polished, others frosted; clay
highly calcareous.

Large chips of sandy claystone

A.A.

Sandy claystone A.A.

A.A., except some up to 15%
guartz grains, a few of which
are M.=C.gr.

AA,

AGA,

Sandy claystone, A.A.

A.A. -

A.A.

AOAO

A.A. except mostly 15% quartz
grains, dominantly v.f.-f.gr.,
but quite a few m.=c.gro

A.A. |

A.A., except 5-10% quartz
mainly v.f.-f.gr.

Sandy Claystone, A.A.
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.................

DEPTH

% CONSTITUENTS

DESCRIPTION

1680-16907% .

1690=1700f%.

l17ooﬁ171ofto

1710=1720ft .

- 1720=1730f%.

100% Sandy Clay

Trace

'460%:Sandy.01a1

%

5% Sandy Clay  © -

Quartz'

- .

Calcareous—ClaYeYA
~Sandstone

Au

( zrlte

- 98% Sandy Claya

2% Calcaréoﬁs-Clngx

Sandstone

60% Calcareous=- clavey;

Sandstone .-

A.A.

. pale grey clayey calcareous
‘matrix. At other times, sort-
~ing not nearly so good, silt= :

AA,

Sandy claystone A.A. & calcar-
eous sandstone (i.e. quartz

- grains in green calcite matrixy.

e

AL except ~H%_guartz. grains,
mainly v.f.=fsgr.,; a little is

indurated and darker and thus
‘sand7~c1avstone° Clay highl

CalCo o - -

Pebbles = angular, fragments

~ of boulders,-colourless, the
"blggest4seen 7 5 x 5 mm. -

F.-m.gr. colourless quartz
grains set in a clayey
calcareous matrix.

“Chips..

A.A, except up to 25é quartz

. grains.

A.A., but sométlmes chips of

,well sorted v.f.=f.gr. quartz

grains (constituting about 75%
of the rock), colourless, we
rounded and polished set in g

s
-

m.gr., but well-rounded al-
though some grains are pollshed
others frosted.

Quartz grains, dominantly

colourless, a few red, well
rounded and usually polished.
Normally well sorted, either
v.f.~f.gr. or m.gr., occassion-
ally sorting poor. Two end
members depend on matrix; much
contains hardly any ¢lay, thus
calcareous sandstone, contain-
ing about 75-80% quartz; the
other end member contains up

to 40% clay matrix (although
still calcareous). This occurs
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DEPTH

% CONSTITUENTS

DESCRIPTION

. ‘

I
et L8

1730=1740f% .

1740=1750ft,

1750=1760f%

1760=1770ft, .

1770»1786ft°'>

1780-1790£ % .
1790-1800£ ¢«

38% Sandy Clay

2?0 Pzrite-.

90% Sandy Clay

10% Clayey-calcareous

Sandstone:
Trace -

95% Sandy Clay

5% Clayey=-calcareous
Sandstone

Trace

05% Sandy Clay

5% Clayevy-calcareous
Sandstone

100% Sandy Clay

Trace

100% Sandy Clay

' 100% Sandy Clay

100% Sandy Clay

in both ranges of grain size,

Overall colour is colourless-
pale grey.

A.A., a very little indurated
claystone.

Ranges from a little cément
in the above sandstone, to
chips of almost pure pyrite.

A.A., except up to 40% quartz
grains, sorting poor, v.f.-
c.gr., but generally coarser
overall than above, Well
rounded, generally polished.

AL,

Pyrite, A.A.

A.A. except up to 25% quartz
grains.

AOAO

Pyrite A.A.; large (Smm.
across), flat, well rnunded
pebbles of iron rich (bright
yellow) sandy clay (v. little
quartz) .,

AA,

AJA.

A.A., some indurated and thus

claystone.,

Clayey=-calcareous sandstone,
A

A.A,
A.A,
AA,
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DEPTH

%. CONSTITUENTS

},DESCRIPTION

1800-1810£%

70% Sandy Clay -
500@ - Shale

Trace

A, A. except colour is reddlsh '

brown, about 25% quartz grains,

silt-m.gr., mainly v.f.-f. gr.,

well rounded, some polished

- others frqsted,(

Dark grey, fairly'soft, calcar~

eous,. micromicaceous, carbon-
aceous?, contalnlng upwards of

rounded,.silt-m.gr. Indurated
clay° : = e im

g ——

. 5% quartz grains (usually 41%)9 o

N

Clayey-calco sandston99 A Aw“

pyrite A.A.. Hard white,
non calc. chlp’””‘ S -

“N.B. Clays are not so hard when dry (have not been from about 1500£ft. on)
- ‘Rather, they tend to be brittle:and break falrly easily.

1810«1820ft°

1820=18%0f%t .

“18%0-1840F % «

1840-1850f%.

1850-1860ft .,

f\’

[

95% Sandy Clay

E?o Sha 1 e‘

85%'Sandz‘Clax_

A%, Shale

60% Sandy Clav g

40‘20 Shal ) _
707 Sandv Clax

§O‘Zo Shale.

Trace -

80% Sandy Cl&z_

A.A, a few fairly. hard brown
chips.,

A, A

A.A., about 25% quartz grains, -
sorting poor, mainly f.-m.gr.

AA,
A.A.
very hard.,
A.A,
A.A.

- Large greenish coloured,

fractured quartz pebble,

- angular, about 5mm..across.

A.A. up to 25% quartz grains,
mainly colourless, a few red,
sorting poor: v.f.-c.gr.

but dominantly v.f.-f.gr. often-

the coarser fraction tends to
be well sorted (i.e. bands of

high sphericity mostly frosted
some . polished clay is highly
calcareous and red-brown.

LA exoept some of it is ‘

coarser material). Well rounded,
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DEPTH

% CONSTITUENTS

DESCRIPTION

1860=-1870ft,

1870-18801t .«

1880=1890ft.

1890=1900f% -

1900=1910ft .

20% Shale

Trace

85% Sandy Clay

15% Shale

90% Sandy Clay
10% Shale

Trace

95%‘Sandv Clay

2‘20 Shale

Trace

95% Sandy Clay

5% Shale

Trace

. 95% Sandy Clay

% Shale

Trace

A.A.

Limestone pebble, pinkish-
white, approx. 5 mm. across,
well rounded, hard.

A.A,

A.A,

A.A.

AA

Quartz. grain, pinkish, well
rounded & high sphericity
polished, Smm. across; calc,
sandstone, f.mgr., quartz

-(90%) in calec. matrix.

A.A, some partly indurated
thus claystone.

A.A.

Clayey - calcareous :sandstone

A.A, except up to 35% quartz
grains, quite a lot of m.-c.
grains, but dominantly f.gr.

AA,

‘Lithic pebble, “1cm. long..

rounded, low sphericity, yellow
(Pe oxidised) clay with a v,
few fine quartz grains in it.
Hard pyrite.

A.A., except overall grain
size of quartz is slightly
higher than above.

A.A.

Limestone pebble, green, mm,
long, angular; calc. sandstone
(about 95% quartz, f.gr.);
pyrite in calcareous sandstone.
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DEPTH % CONSTITUENTS. DESCRIPTION
1910-1920f . 70% Sandy Clay A.A,
| 30% Shale A4
1920-1930£t . 90% Sandy Clay AL, @

1930-1940F% .

1940-19501% .

1950-1960F+ .

AEO%_Shale'ti

.10% Shale

Trace

- 90% Sandy Clay

10% Shale

Trace

80% Sandy Clay

,'10%’Sha1e |

"Trace

. '80% Sendy Clay

... Trace

- grains,;but usually <1%.

‘:é A.A. chocolate colour, clay
~ highly calcareous.,
"~ quartz grains, poorly sorted:

--of 5% quartz grains

4;?black,ihard,:microcrystaliine

' “A.A, green-grey, fairly hard-

hard, slightly calcareous, v
containing upwards of 5% well
rounded, colourless-.quartz

.

Calcareous siltstone, about. ‘
90% quartz grains, in palex: @
green-calcareous matrix, -—

DAL men e

A.A.

V. hard, f.gr. black rock -

~chips (basalt? limestone?),

about .5-1cm. across; pinkish-
red quartz pebble (1mm. across),

- rounded.

AL,
A.A.

Hard, dérk green limestone,

Up to 30%

silt-c.gr., mainly f.-m.gr., -
well rounded, high sphericity,
some frosted, .other polished.
Some of the clay is slightly
darker ‘and indurated, thus
claystone.

o ALA dark'blue-green greyér
"fairly hard-hard, slightly

calcareous containin% upwards
usually

4 1%) silt-m.gr., well rounded,

‘polished or frosted.
~‘Angular quartz pebble (approx.

Smms across); dark brown = .

N
B =
Ea



DEPTH % CONSTITUENTS DESCRIPTION . =
limestone chips; calcareous
sandstone -A.A.; pyrite chips
A.A.; white, well rounded,
hard clay pebble (approx. 5Smm.

| diam.).
1960-=1970f t . 70% Sandy Clay A.A.
) 30% Shale A.A,
Trace Limestone, A.A.; quartz
- pebbles A.A.; calc. sandstone
A.oA.o ) | .
" 1970=1980£ft . 60% Shale AA,
40% Sandy Clay A.A. except quite a lot is
: very hard claystone,
Trace Dark microcrystalline lime=
: , stone, A.A.; pink granite?;
calcareous sandstone A.A.;
pink, hard limestone.
1980=1990ft. 60% Shale LA,
. 28% Sandy>01ay A.A,

‘ 1990-2000£t »

© 2000-2010ft.

2% Limestone

Trace

-80% Shale

18% Sandy Clay

' 2% Limestone

Trace

70% Sandy Clay

28% Shale

2% Limestone

Dark grey, crystalline, very
hard, containing a few well
rounded m.-c.gr. quartz grains.

- Calcareous sandstone A.A.

AOAO
A.A.
A.A,

_ Large pink-colourless angular

quartz pebble; well rounded,
broken, large red and yellow-
brown lithic pebbles.

A.A., except most of it is
soft,

AA,
AOAD



e

CDEPTE . ,.9%. CONZS_TI:T_UE'NT‘S%

_ DESCRIPTIONS

: N6OV Sandv Clav
- 40% Shale

: Trace

©2010-2020f t.

'CORE NO.4: 2022- 2042 27fto! Recovered 20. 27ft (100?)

'2029520§0ftef 507 Sandv CL;Z
E | go% Shale
s = | Trace_

* 2030-2040Ft, ©  100% Sandy Clay

"7F}ﬁfj:% v ?,;El;Trece_-:e_
) 2040-2050£8. 355 Dolomlte ;‘j‘

.qf;ﬁ;/ 507 Sandy Clay

SA Calcareous Sandstone

‘{?  A A, except quartz grains
. make up’ .<410%.

240 ‘Shale S

n 9O%ADOleniﬁef“

205020608t "
10% Shale

S Trace 5;] -

Al
A, A.r

leestone A, A

KA.

A.vCelcavreous sandstone A.A.j '
- pyrite; subrounded quartz
‘_pebble° N

- 60% blue-green grey, 407
’f'chocolate, each with quartz
. -grains, generally $% f.m.grs,
" well rounded. Very soft when
- - wet, hlghly calcareous.. Blue-
green is sllghtly f1s311e° -

,'Large dolomlte pebbles, 1arge
- quartz pebbles° : .

;;Crystalllne hard blue-greeno

AL

" A.A. except some is very sof-t‘

TA A,

; aBlue-grey, flSSlle9 falrly
" soft. . :

,j>Pa1e blue-green colour, very
“_hard, crystalline. '

f,Blue=grey, softo

- Dark. grey limestone; dark .
© - pvritic calcareous sandstone

(quartz v.f.gr.).

CORE_NO.5: 2061:25-2074 . 5£ 12 Recovered 15 25 Tt (1007)

o~
R . -~
- i -
- - - At
S N =
e : - o
e s &=
- s i, N
- e
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DEPTH % CONSTITUENTS DESCRIPTION
2060-2070f% . 70% Dolomite: AA,
15% Calcareous Sandstone A.A., colourless
(Sandy Clay A.A.
15%
(Shale AL,
¥ Trace Large, well rounded, brown
lithic pebble.,
2070-2080ft . 60% Calcareous Sandstone A.A., colourless, pink, white,
(with a little clay matrix).
Quartz grains usually m.gr.,
well rounded, sometimes get
coarse fraction, but as a rule
well sorted. Occassional
. quartz pebbles in the sandstone.
30% Dolomite: A.A., sometimes containing a
few quartz grains.
(Sandy Claystone A.A.
0% (
(Shale A.A.
2080=2087f% . 95% Dolomite: A.A. except most of it darker,

'j
W CORE NO. 63

T.D. 2098.8f%,

2087-2098.8ft.

5040 Shale

Trace

brownish colour.’
Pale blue-green,

Quartz and lithic pebbles.

Recovered 11.8ft. (100%)
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-l APPENDIX C

-

——
—
. d

CORE DESCRIPTIONS

w

N.B. P709/70 - P721/70, marked at the relevant depths

.on the core logs, refer: to petrological work

_carried out by A.M.D.E.L. (Appendix E).
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DEPARTMENT OF MINES — SOUTH AUSTRALIA : o o

';veu MT. wm.dueﬁav No.l . CORE DESClec%EE NO. | //_\“\

‘ =LOCAT!ON Approx/mafej 80 .miles W of Oodnaab/fu .- DEPTH | 203 5“2I3ﬁ

CIAT. 27°39'46°S,. . ... _ DATE umuso, 9. Noy.. 1970, :
.- . LONG. /3+°/6 39'E. . .. . RECOVERY . 95/ FL . 100 . %
ElEVATION GR. .789F .- DATUM M.S.L.. " FORMATION . BULLDOG .SHALE.
T RT. 79225/
;"b‘épm | crapHiC [ORILLIRECOVERY] ' .
N FEET “Lo6 | TIME|Los , DESCRIPTION A

37 203‘6520.90#: [nferiaminated shale. and sandstone, consisting of _ «
: " approx. 60% shale, 40% sandstone. Shale laminae arve befweerr
2-5-12:5 mm. thick, with Jandafbn& laminae. about 2-5mm or /ess,

.“_.2.03'5: Tkl

19:] Shale = blue ~black when we/‘ d’ark grey when dry, dense, fairly soff,
] micaceous and s/zthy pyritic, s/rckens)a’ed

il

Y ﬁandghme mainly white to pale grey, consisting of 70% 9uvn‘z grains,

[ 0:05—0{ mm. in diameter, colourless, subangutar to subrounded,

: \25 % glauconite grains of the same size 5 5% mica Plakes (wh/te), L
. -a fmce of yellow coloured grains and possibly a litle pyrite; { -

__all set in a sof¥, white clay motrix. Some of the laminae :

= are of Siltstore m/her thon fine grained sondstore. e | e

The /wmnae show many Sedimentary features such as “scour and 7
- Slumping, syndepasitional foulting within The sandstome bands
and eshale fragments caught up i the Sandsfore Jfarmimze. Many -~ -
oFf the aano’.r/aﬂc bonds are disconfinaous, end are in t"acr‘ B
lenses. - .

—

A good ;;frp/e of diagenetic Faulting,. running fhrough both
. Shole and.Sandstore laminae, occurs aof 2045 %

‘N.B. None of the faminge are Flat, e ==; they are alf e///rcr
dr.sfurbed or e/se show yarious cedlmanfmy features,

Appro:_(_. xl

_Dips vary from Q°-I0% but are predominantly horizortal, e

203 0=2/30F¢ : Inferlaminated Shale and sandstone , as cahove, except
that there are not very mary Sandstone kands.The change is -

gradational, so fhat near the base of fthe core fhere is only -
- obout 20% sandstorre. However;, at 2/3ft there (5 again an =~ - .
Increase - Jaﬁa’ percen/'o_ye . ;

Dips mg' from about S5=$5 and in oomp/e/e_/y e/r/‘r"erem‘ R
d:recﬁons, considered fo Ae a’t/e % J/umpmg T B

-

" CORE BARREL. 10", MINDRlLL srmgun_m-uloccio 8Y RCN. THORNTON | . PETROLEUM GEOLOGY

- COREBIT. MINDRILL . /™% : B
-NTIME START 1100 BM.." 9-ilrig70.2" ;7 DATE‘ IO-H"'|97O R SEQT'ON.,

. FINISH . 155 AW t0-1=1970": - : - TomG s }
. SR sHeeT 1 oF 21| o S?Lg% ]E




- CORE DESCRIPTION - "

Wl MT WILLOUGHBY No. [ CORE NO. | (cont) o
lOCATION Appmxmahz/] 80 miles W.of Oodm'af/u pepTH  203:5~213 4, L
27° 39" 468, DATEDRILED . 9 MK 70 . . =

lONG 13%° 61 39'E. . * RECOVERY 95 .. . f1...  f00. %

DEPART.N-\ENT OF MINES — SOUTH AUSTRALIA

ELEVAHON (G783 fF. ' DATUM ML - FORMATION . BULLDDG J//AL& -‘_. L
_ CORT 792256t SN TR |
. DRILL ~ R
. ~ .- DEPTH GRAPHIC . - .
:| <IN FEET LOG L{,’:fs DESCRIPTION o
s

CORE BARREL . 10" MNoRLL. st MERTWE LOGGED BY R.C.A. THORNTON. o PETROLEUM .GEOLOGYV'E =
| COREBIT. wmoAn . . SECTION R
TIME=START (109 P B~li-i90. " . OATE. 10-1/-1970 PR
FINISH . FIgAM o=ti=S%0 - = .o R ' iy DRG g
ST | sHEET. 2 0F 2 892240




-7

1 WELL .

DEPARi'MENT OF MINES ~- SOUTH AUSTRALIA

CORE DESCRIPTION

YT ess

ek

oocess |

. 58" |-

1. 859 _| .

:agol -

LS.

[

MT. WILLOUGHBY WNe. | . 2 ..
.. LOCATION Agproximately 8O miles W. of Oodnadaﬁu DEPTH ‘853—533..5 A
T CO AT 2700979675 DATE DRILLED . & mor /870 .
" LONG. 138° s’ .39"5. P RECOVERY 05 . FI. . & . . %
~ ELEVATION  GR. . 789 # DATUM . MSL.. FORMATION MOUNT: TOONDINA BEDS .-
©RT. . T92:25f¢ '
peptH | GrapHic [PRILLipEcovERY|
IN FEET | - LOG um‘g L06 B DESCRIPTION
(i)

QQ-BSS 2t : Sondstone. pale -grey fo gray, shphtly bonded, with (x19) @

green finge overall, very hard. Consists of approx. 75-80% quarts
- grains, colourless ; sorting goodvery fine ~mediom grwﬂed dormnan/‘{y
" very fine ~fine ysubangular o . rounded, mainly cubrcunded

. Sphericity medium 1> high. Other clastics consist of mu:com‘e and

- 863:2-853-4f1:

853.4-8535%

e

biotite, the latfer dominating, both in small Flakes, fo a fotal of

S about ZA The claskic components are sef in a white clay matrix .
207 and stromly cemenfed by calcife.This cement gives fhe pole :

" greem colour.

The sandsfone is full of small scale current s/mc/urés,;. s

mainly smoll crossheds,mary of which ore efched out with very

fine bands of biot/fe. e banding I the sandstone (ranging from . -

 f~Smm) also helps fo show the crossbeddling, and Is ,oméaél due.’
- P varying amounts of clay matriv (paler wheee There is more day}

The sandsfone is cut by Two very thin subven‘rm/ vems.
of whife calcife,

Dip is impossible fo defermine because f/:e crorsée/d,y

obscuresS the true bedding;but is probobly qapm/mfe{y
horizontal.. <

Jaﬂda/me as abovs, except soffer, less
cemented and does not hove the ynen -Hn/'m}z;'s
the mafmr s hg/rjy ca/wrzous

Clayey Sand, pa/e grey, consisting of mry
fine - grained quarfz, colourless, and about 2% minute

clay matrix. The rufio of clastics : mafn.r & approx §0-50.
Sof"f

Set in the clayey sand Is a well rowm’ed bau/a’er

(5cmx 3em) of dark grey pyrific- sandstone, which is rery
hard. The oufer surfaces have a modular appearance due -

fo bumps of pynfe Stiching up above the well rounded
surface.One face is broken, although e edges have been

- rounded ofY, and shows Fine horizomfal banding. The quarfz o
grains in the boulder are very fine grained and colourfess, - .

. ond are cemenfed together by pyrife. The boulder; from a
- viswal  estimation, cortains  about 80% pyrite, 20% - quarfz

Hakes of muscovite and biotite, set ir a /ng/r{y calcareous :

CORE BARREL . 10’ MINDRIL. STATIONARY- LOGGED BY RC N THORNTON

core BT MINORILL . "% ™°%

TIME-START . 203em. . " :,\. U DA
FINISH  #12 m TR e ;

12-11-1970, .

" PETROLEUM GEOLOGY - .

'SECTION

| sHeer i oF 2| N 89225
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DEPARTMENT OF MINES — SOUTH AUSTRALIA -

CORE  DESCRIPTION

- g6

| eez

| ees

8535 -863-5 f¥.

e MT WlLLOUGHBY No. | . CORENO. .2 (cortd) .
_lOCATION Approx:mcfeiv 80 miles W. of-aodnadaffv . DEPTH . 853-863:5 A1,
- 27°39'46"S SR DATE DRILLED , // Ao, 4970 o
o _‘LONG. B g 3. 0 L. RECOVERY . 05 . FT. S
" ELEVATION "GR. . 789 ff DATUM . MSL. - . FORMATION . MOUNT ' TOONDINA esos
: LRV, 79225# : ‘
*; -|ORILL RECOVERY
DEPTH GRAPHIC
N FEET |06 | TME{ 06 DESCRIPTION
860 ’

E - . oo . ) ' ) N -
o _Recovery, “due +o the core cofchor . .
~ breaking “and aemmy the fop OS5t a/’ /ﬁe core i
ﬂre base of oore barret R L

.. CORE BARREL. /0 MIORLL. Sttionary ivner- LOGGED BY /?uv THORNTON .

CORE BIT. ube
TIME—START
FINISH .

- MINORILL

_ 208pm. ..
42 pm

SECTION a

~ DATE..,R"/'./370. ‘

" PETROLEUM = GEOLOGY .~

DRG.

SHEET 2 OF2 '

9225q
Ba .
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- DEPARTMENT OF MINES — SOUTH AUSTRALIA -

- CORE DESCRIPTION

N WELL . MT. WILLOUGHBY . ‘Na I, | COREND. - 3.
.- |7 LOCATION Approximafely 80 miles W. ofOodnadoffa . DEPTH  (080- IOB?fY
AT, 27°39' #%6'S . . DATE DRILLED . /2 Aov. J70. =
LONG. W4° /6’ 39'F.. - . RECOVERY  4:8 . 1. . 684
 ELEVATION - Gk 789t . o _DATUM ML, FORMATION . UMT 2- .
o RT. 79225 Ft. :
DRILL [ RECOVERY '
1080 LOO 10806 ft : Sandy Calcareous Clay. Greemish-grey colouy
S soft. Clastics consist of quartz grains, meking up 30~40% of "f
 the rock, and a few white limestone fragments.The quarlz grains
are poorly sorted, from very fine = coarse grained, but dominantly -
* fine - medium _qmmed Practicolly ofl are well rounded with high -
e _ sphericity, especially the coarse grains. The gruins are rm/nly
Si| o o8 . olourless, a fow yellow. %e clay matrix s /x'/e 3re_y ond
highly ca/amzau.s i
i 0806‘ 10845 ft. : Sandstone (olcareous Claystone.
‘ i . (AMD.EL. : Impure Sandy Argillacecus Limestone and
'oaz" Rttt 25 4,7 ;. Calcareous Sandstone. See ,odrb/qym/reporf‘ ) :
T == ﬂ?‘i - Blotchy greenish grey colour; massive, dense, structure fess T
LR EEL 'z}, L and fairly herd. Clasfics comprise, on the whole, 10-30% of fhe -
il b . vook, with a few bands of samdstome up t 60%, and consists -
R A (I I 7uar1‘z grains, as above, except- that- there are a few
kg k) - very coarse grains to pebbles, and fhe colour of the gynr/:z
S ) Bt o Wt 7 alse includes rose quarfz.Tiere are afso a lite feldyar, o,
P e 4‘{’ v Bow small whife fragments of limesfone and froce amounfs of .
2 g N . fourmaline, 9arnet, zircon, Staurolife, ond apeque oxides, e mafn’x
- B Saticiel ] . seems fo be the some as thot above, oxcept much harder;
»'P7:v1/7o' "'_:—-5-'—- 0 N The ‘horizon between 10830 -/08%-5 Ft also contains

}1 : pebbles, the largest of which is Ix#cm. and wel rouna’ed
! + Oof red feldspathic silfstone and fime stone, e

S r08e i
- P7/a/7of ‘©T

28 1084:5-1084-8 £+ Clayey Cafcareous Sandstone. Not quite
. et s .- So dark grey as above, massive, Structfureless and hard, -
doas | L - : . Clastics consist of quartz jrams, as above, but the .
Slo8s 4 - . percenfage varies from 50-75%; alse, @ very little white m/ca,
and some white limestone fragments.The percenfage of’
A . quartz decreases downwards, however, until af, the base of
B B ' fhe core, fhe correct ferminology would be Sandy Ca/carecus 1
SRR : ' C/a_y.s/bne (with approx. 20% quartz). No lthic pesbles were
SRR I ' .observed. Tre mafrix coﬂ.S/s/:s of' grey, hghly cakareous -

1086 < L 8 ' © clay.

A P ossible '"d’c"f"’” of dip is the comtact between _
the claystorie “and "Sandstone ot 10845 £+, which i at about S?

' ' 10848 —IOBTOft. i No recovery, due to coring in soft:;
. formation that fell out of the core borrel on retrieval,.

L TR

< joar o |7

. CORE BARREL. /O’ MINDRILL Statimary—. \OGGED BY .C.N. THORNTON. PETROLEUM GEOLOG v
- COREBIT. MINDRILL . . /nncr ube R SECTION
" TIME-START . 7:05.AM.- Wl DATE. M3fh.Now /970, | . o

FINISH . 9:50 AM, j.,: B
- e R S . |SHEET [.OF / DRG 89226
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. WELL .

MT “WILLOUGHBY .No. . .
LOCATION Approximately 80 miles W. of Oodnpdaﬁa

DEPARTMENT OF MINES — SOUTH AUSTRALIA

CORE  DESCRIPTION

CORE N
DEPTH

2022 ~2042:27 ft

LAT. 27° 39" 46" S, ‘. -DATE DRILLED . 2 Nek /970. .
. IONG. /3#° /6" 39"E. oo RECOVERY 2027 . F1. . /00.
ELEVATION = GR. 789#4 . . DATUM MS.L. FORMATION . UMIT 2 . . '
RT. 792.25Ft S ’
™ ORILL| gecorery ) '
| . DEPTH | GRAPHIC
TN FEET Lo |TIME "°°|—J DESCRIPTION
c2022. |3 Al 2022:0-2023-2ft ¢ Interbedded calcareous, clayey gandstore
' ; and shale. S
Sandstone : Composad of about 60% quarfz groins, co/ourless,
“ fine - coarse grained, poorly sorted,well rounded, polished, high 1
sphericity. The maftriv consisfs. of" highly calcareous choco/afe
B . brown clay. The rock is hard. :
T20 Shale : Chocolate brown colour, containing 1-2% -/"me gramed :
1R I v quartz groins. The shale 'is a/lghf/y calcareous and briffle. .
T PHT— G5, The ratio of sandstone ishale is opprox. 60:40, and the
B | interbeds dip at about 5 ®The shale inferbeds vary betweer
~ 5-10 mm. thick. .
e 20232 —2031 ft : Dense mossive sandy claystone, con/ufﬂ/'r_;g'vz,
F 204 4 Iithic pebbies. ' : -
Craystone ¢ Chocolate brown colour; highly calcareous, m/caCeous
(muscovite ?), hard, massive, dense ,contaiping up fo 50% quarfz
rains, Sift —coarse _9rmned mainly fine To medium gromed, fair! y i
. N wel/ sorted , well rounded, high sphericily, polished. . Y
|20 | o= _ .
' K o Pebb/e.s Generally about /cm. ocross, but some are as ‘
large as 4x2cm Consist of [ithics of various kinds, jgneous, -
| metamorphic, and sedimentary, but- predominantly very hard,
pale green dolomite.The pebbles make up' (-2 % of the rock ]
“cand are genera//y subrounded to rourded. PR
| 2028 - - There is no indication of dip, but probab/y as obove
] . -';‘NB XRD ana/y.m of a clay:faﬂe aamp/c at 2023-3ft _q/ms
. following minerals' in esfimated order of abumdance: S
: Quarrz +2 Fe/dspar.s * do/omr/e +ca/c/re *+ mica +c/7/om‘e
. 2027 ‘ ' ' ‘
. T ' e
202 ] )
" j
‘-."zozs

“ CORE BARREL 20’ MINDRILL  Stationary

LOGGED 8Y R.C.N. THORNTON

CORE BIT. MNDRLL . '-imr,mbe- :
TIME—START | 12- 45 AN,

< . -FINISH | 738 Am

DATE.

22 Nov 1970

 PETROLEUM 'GEOLOGY

SECTION

SHEET / OF 3 I DR 39227




-75 -

~ DEPARTMENT OF MINES — SOUTH AUSTRALIA
I Wew . . MT WILLOUGHBY .No, I.. . CORENO. 4 (CONTD). .
" LOCATION Approximately. 80. miles K. of" Oodnadarra. - DEPTH 2022 ~ 2042 27 M
AT, 279 38" 4678 .. . - DATE DRILLED . 2L NO¥. (870.. R
, IONG, /34°/6' 39'E.. . . . " RECOVERY 20-27 . fT. . f00 '
h ELEVATION GR. . T89Ft . OATUM . MJ.L FORMATION . UWNIT 2.
' CRT. . 792:25 o - :
T ORILL | RECOVERY . .
.|° .DEPTH | GRAPHIC ,
N FEET LG | g ‘ool—J DESCRIPTION
[ Tzo028 :
+ 2030 8l goau-zosz 0 ft.: Hord, dense, colcareous Sandstone, consisting -
‘ of loosely packed quortz grains (70-80% of The rock), :
. predominantly colourless, a few orange,very fine -mediurm
grained, subangular — subrounded, fairly high sphericify, wel/ - ‘
polished, feldspar (up fo 5%) and trace  amounts of lithic, -
: dblomife, opaque oxide, garnel,; Tourmaline, and zircon grains. ..
© 2031 = Te matrix (s pale green—grey, slightly clayey, calcite. where
: there /s more clay, +he mafrix ferids fo be pink.7e mck
; : is hard. There  is a band of large (3x2) dolomite .
| pmsjw -y pebbles at 203/-5 . There is no /indicatlon oF dip, .
S IR apart from the fop contact (about (0°),but the rormation:
: is disturbed and there are a few subverfical brown
: - o i clay veins running through it The bottom cortact Is not’
2082 T \ flot; but looks to be a rother severe ‘scowr and il -
Ui 2032-0-20324 £+ ¢ Sondy claystone os between 20232 -203Ift
; 4 but rio lithic. pebbles observed. Contains a few Subvertical
e el hairline  calcite veins.The botfom confoct is horizonta) buf =
al - uneven. STk
2o 3 =N\ 20324-20328F¢ ¢ Sandstorne as between 203H-2032:0 K
except the mafrix is possibly shohtly more clay rich.
Contoins a 12w large dolomite pebbles. The botforn com‘acf
is neorly horizonfal, but uneven. .
2032 820040 fY © Sandy claystone 05 between 20232-203//ft X
2034 '_\ Contains o f}w large aolomite pebbles. —
2034 0-2037-4 ft+ ¢ Inferbedded calcoreous, clayey sandstone
and shale as between 2022:0-20232 £+ The banding
dips af /-2° The shale bands are between Smm ana'
2-3cm. thick, and the ratio of sana’s‘/ane %o shale (s
S about 60 :40.
" 2038 _The shales break up ' info sma'// f;agmenf: aﬂd the
o core disintegrofes on being wetfed (which suggests
*an expanding /lattice - clay, like montmorillonite), buf
hard when dry
- 2036
- CORE BARREL . 20° MADALL. mmgn% LOGGED BY" RCN?HORNTON PETROLEUM GEOLOGY
TIME~START . .12 1'5 pm. DATE 22 //m( /970
FINISH . 738 pm.
~ LDl SHEET 2 OF 3 l DRG. 39227
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DEPARTMENT OF wiiNES

— 0. Th ALSTRALIA

CORE DESCRIPIION

CCRE NO.

4. (Cont©).

17wl . M'r WILLOUGHBY No. I . '
LOCATION  Approximately 80 miles .. of Ooa'ﬁadaﬂn - DEPTH 2022-204227

AT, 27° 39 46 S . DATE ORILLED . 2/, Mok 1970

LONG. /3%° /6 3.9”5.. Lt ECOVERY  20-27 FT. 100

ELEVA‘IION GR. . 789 Ft DATUM  MS.L. FORMATION UNIT 2. f
RT.. . 792:25FF
DRILL | RECOVERY :

_'SE‘;}:T c.kfgguc umg LOGI_J JESCRSTION

2036

'|~|l:‘lf'4

I H

2037-4-20371-8 ¢ /nf'erbedded chocolate coloured shale
(approximately 60%) ond blue ~green—grey shale (approx. rox. 40%),
highly calcareous, containing wvery minor Silt grains.7The ..
blue—~grey bands are a fhv mm.s. 7‘/1/ck The bana’mg 5.
nearly horizontal.

| 2037.8—2038:0 ft : Calcareous, clayey Sandsfone as befween . ’
20220-20232 £+, with only very minor shofe bonds.

" 2038:0-20396 £t ¢ Bonded chocolate coloured shale (and very
minor  blue - 9rzy} -and calcareous clayey sandstone, as., .
above. Predominontly shale with only a rfew /hfz coarse -
band's. Ve
There is a barnd of blue-grey shale, about S mm ﬂr/ck
and d/’p/’/ng ot approximately S5°, at 20396 £~

2039:6 —2042-27 Clayey dolornite sands/one ranszs/m ]
of quartz [F0~50% of the rock), potash feldspar /3—5 % ),
lithic (3-5%) and dofomife (3-5%) grains, with frace’ ‘
amounfs of opague oxide, calcite, garnet, zircon and apatite’
. groins. The grains are Subangular fo subrounded, fine - coarse ;"—
grained,peorly sorfed, and very loosely packed. The pole 5/2}
matrix ($0-50% of the rock)is cloudy and made- up of Very
fine grained dolomite ond clay.The rock' js -hard. Appmmfb—
ely 20-25% oFf fhe rock overal, comprises pok grey
dolomite pebbles, many of" them large (I xzcm) and

- gencm/gv .subrouna'ed o munded L

CORE BARREL . 20' MIORUL, Stetsomory . er-‘ LOGGED BY R.C. M THORNTON,

. COREBIT. MINDRILL,
TIME-START = . /245 pm.
Rm

FINISH .. .. 7°38

PETROLEUM GEOLOGY.

OATE 22 NOW.IS70 SECTION

ORS. 392275 "

SHEET 3 OF 3
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DEPARTMENT OF MINES — SOUTH AUSTRALIA

CORE  DESCRIPTION

TWELL . .MT. WILLOUGHBY No.l. . . _CORENO. 5. .

LOCATION Approximately 80 miles W. of: Ooa'nao'ahb DEPTH  206/-25 -'2074 S‘of'f
' AT 270 39'46%S. . . . . . DATE DRILLED ., 22 Mawv: /970.. S,
- IONG. 13¢#° 16" 39°E. . . . . .  RECOVERY /325 . F.. . /f00. . %
ELEVATION GR. . - .789 F£ DATUM .- .M S.L. ' FORMATION . UMIT. 3.2 o
' RT. . 79225 f*
; ORILL| pecoveny| - - '
o | Slee [mme Loal_J | : DESCRIPTION

- 2061-25=2061'40 - : Dolomite : pale grey, hard, dense,

| 206125 e N finely. crystalline.
. o Sy I
Zririr '7 ‘j; $ 206/-90-2062-55_ft: : Interiominated pale grey dolomite. .. .
Trrs "]‘,gf and darker . green—grey dolomicrite I
o =257 =72 ] I Dolomite : consists of fine —medium crystalline, an/)ea’ra/
©1. 2062 T+ o | i) . equant grains of dolomite (95 %), calcite ond quartz.in a .
" e il . . few cases, very thin laminae occur (</mm. thick) of 51/7‘--'_ g
: #’_ A - Nod very fine grained quartz (40%) in a dolomte matrir
Bz ;:é : (60%). Dolomite was deposited under a rather higher
Lollriy ,,{l' 1 energy eﬂwromenf than:
- o Dolomicrite fairly hard,very fFinely crystalline
i Al L —— . (<0-01 mm), u//fh very fine der‘nfa/ grains of quarlz, mica,
2063 Ly 2 opaques and clay. The. colour s thought fo be due
7=~ AR " fo a very small amount of chlorite. Many of the .
R a4 B i laminae break Hhorizontally along shirny, well ,ao/;sbed
25757 f=-| | - swrfeces,presumably due to a very thin cancenfrm‘/on
L L1, . ) of clays.Dolomicrite was presumably deposited os o
1 e ~ | calcareous mud ond subsequently dolomitized.
o088 LT Z s \J o Most of the dolomicrite bands are betweer [-5mm. ]
AR Z, o thick, with a Ffw be/rg lem. thick, whereas, most of the .-
. < dolomite  bands are in +the order of /-2 com. thick.
Z, ‘ Bedding /s horizontal overol however; the lominae -
VAt Ay _J have been disturbed o form small Scale S)’ﬂyenef/c '
LT =X B theust faults and other [pad Strectures, as well as
BRI = s o : current stfructures, such as Scour and N, and .
| 2088 {7 Z 77— % 2 ;J lenses of coarser material in the dolormicrite. :
=yl - - 4,:
o Z_ 7 By '
’ Z 7 - !
P 77 ' :
o T L gD 2062 -55-2068-05 ft * Dolomite: pale grey, hard, dense,
- - BT r massive, firely crystalling. Much oOf the core .show.s
I o ) subhorizontal Ffupnels,about 2mm. in dia, presumably
2066 LIl § - due to biologic o d/agenef/c factors. ﬂcc‘a.s/ona//y
SN ,

very. small lenses of quartz grains (fine to medim ymma’}

y4
o =45 v oceur within  the dolomite .
el g ) . - Shale: black, very thin laminae occur; offenn formed: /m’v
O Z
ya

B = - well deve/oped large Stylolites, cutting right- across j
R Z I ZT 1 the core, with a displacemertt of aboat | c.rh, »/?':Lo) '
s i an iy G The dolomite " tends o fracture Venf/ca// ,a’ae fo
2067 Z7 2 f Q vertical sef of _/amfs.
T e
Al BT
7 7 QT - '
77 4
L7 [
R NV .
|+ 2008 B 20 = . .
CORE BARREL. 20'MINDRILL . Sttiizy \OGGED 8Y R.C.N. THORNTON.  rEOLARY
Tt e~ e
U TIME-START . 3O7AM.. .. - - ..  DATE’ 23-/I-70. _ ' o
FINISH .~ 20PM. 0 - . . LT .
: R L e i SHEET 2 OF 2 | DRG 83228
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DEPARTMENT OF MINES — SOUTH AUSTRALIA

CORE  DESCRIPTION

WELL . MT. WILLOUGHBY No. L. . CORENO. .5 (coNT®)

lOCATlON :Approximately 80 miles W of‘ Oodnada/fa DEPTH- = . 206/:25 = 207450 %, ..

, LAT.  27°39'46"S. & . . . ] DATE DRILLED . 22 MoW 1970. .
IONG. /34° /6’ 39"E. . . . .. _RECOVERY /325 BT . 100 .. %
“ | EEevATION GR . 789/ . DATUM . M.SL. FORMATION . UNIT. 3.

N R 79225 FF , e
ISE‘;TE’;T, GRCCP)ZJC ?Aﬁ;&: fggomy ) . B DESCRIPTION

. 2068 ‘ 2068 05 —2073-05 1+ ¢ Inferlominated, pale grey dolomite
T and dark green—grey dobomicrite. :
" Dolomicritet very Finely crystalline (< O'OIMMIAccessary
minerals are quartz, muscovite, opagques and c/v/or//‘e, :
the last giving the greem colouration.
" Dolomite : dolomite (95%), calcite and quarfz occur -
as ankedral, equant grains up to 0-03 mm diameter;
with trace amounts of biotife, muscovite, opaques .
and tourmaline. The micas show a weak parallelssm
with the bedding.A very rew small lenses of quarle
occur: The dolomife beds are graded, having a sharp
lower bourdary with the dolomicrite, ord grading
upwards in- qbout 2mm. back irfo the dolomicrite.
Bedding is horizontal overall, but most of the
laminae have been conforted to Yorm yarious /fode .
- structures such as small scale faulting and ;‘b/a’/ry
Sha/e i very minor, thin faminae.

|- 2069

|+ 2070

PRl = e

| P~ =i

2073-05-2073-75¢% + Dolomite : pale grey, hard, dense, .-
massive, finely cr/s/'a///ne consisting of dolomite (98%)
~quar1‘2 % ), and trace omounts of calcite, feldspar;
“mica, opagues and leucoxene. Layers (-2 mm. ftick
- contain most of rthe detrital mineral grains and these = 1’
layers show indistinct graded ~bedding. The. dolomite :
is slightly coarser where assoclated with the -
coarser grained detrital minerals.Elongate grains -

- parallel bedding, which is horizontal.

|

dolomite and dark grey dolomicrite, as above. - %

F073-75—2073-95 ft- i . Conforted [aminae of pale grey

2073:95-2074'50 £+ ¢ polomitic clayey sandstorie: overall: .

2013 7 ” I ; r'z 2 " colour-grey, comprised of quartz grains, colourless, r‘
L A s subangular to Subrounded, sphericity medium, fine -
IS R A e fo coarse grained,mainly fine o medlum, some polished, . .
- #72!/70—~ L’J ; LJ - others frosted.A Fow red grains occur. The matrix .
SO T o N A Is pale grey clayey dolomite, ond. the raf/o o/“ c/ost‘/cs :
o e “fo mafr/x /s about 5050 oo
| 2074 Tl U6 ' '
y : __.L—'_}_;. 3 . ;
: CORE BARREL . 20 MIWDRILL. Sz'aganay LOGGED By A’CN THORNTON " . PETROLEUM 'GEOLOGY - "
17 coreBIT.  MWORILL. , . 1 SECTION . . "
' © TIME-START . -.3-07 M- ... .f - DATE 23 NoV /970 , - ‘
FINISH . . 77/0. PM. = . R DRG
o Tt T SHEET 2 OF 2 gzzea




79—

'DEPARTMENT OF MINES — SOUTH AUSTRALIA -

7 WELL MT.WILLOUGHBY Nel . . . . . ‘ -
- LOCATION Approximatsly 80 mikes West of Obdnadatla. * DEPTH . ZOBT-2098-8 4

. AT, 27°39'46°S.
LONG. /34" 16'39°E

U ELEVATION GR 789 . . oatum MSL . © FORMATION Umit.3 .

RT. 792-25F.

- CORE DESCRIPTION -
CORENO. 6

DATE DRILLED 23 Mov. 1970 o
RECOVERY . /18 . fF1. . oo . =~ %

D1 oeetH | crapric |ORILL necove
| INFEET LOG MINS | LOG. .

DESCRIPTION

| prifo 5217 ‘
S , Ule »
Pr = :
ah 27 - - Is not so coarse as the ddlomitic sond,
- show slmp structures.

Tl

| zoen —" 78
_p'zlolvof Ty e

o 2094 .—;-——-I—L—f— a

2087

ZQE_LQ;%Q@;LF : Dolomite, pale green-grey to dark grey, hard,dense, massive,
structurle

ss, medum - crystabne. “Contains a“few partly fille vu?s up_to
5mm. across of sparry talcite, coarse euhedral colourless crystals. A few.
jtes occur, made up of black sholes, slightly metamorphosed fo ]
Ve a Fine schistosity parallel to the contdct With dolomite . The coarse
stylolite shown contairis a calcite vug 0-5mm’ across) -

20881208841 - Dolomife os above, except that included in it are obout 1-2%,

Zuarfz grain3, colourless(look black in the core), Fine ~ medivm grained .
nqular'- subround. '

-

- 2092 — /=r—7—

" 2098

G 20864-2088.8FF - % occurring i two modes. Blocks of poromscarme,
ar gae grey, very iny. crystdline, granular mfefrbqrowfh of equant grains .

' ,-‘ :,ZQ:. 88-8-20935 1 A,.,, 2, pale grey. dense, hard, massive, ﬁhelﬁ'lc;ySfa//fﬁe

. although cccassionally thicker) contain g few silt grains. T/re¥ oceur @

| 200005

Olmm across, thaf have been disturbed by the later intrusion of
oowomiTic  savo. darker. grey, speckled, codrser, confoming coarse sparr
- areas and fragments of dof!mialfe togother with ﬂuaﬁz,c ert and micré=|-
ine. A_silicate_concretion, pale-blve -white, very Finely crystaline, 4mm. . . |
\ long, occurs within tha dolomicrite. - ST S

Shale barids : b thin (genera

usually very ly <6.smm |
ver 05-50cm. r;‘a’ are %ogs,fsob;gggg%befween 2089-2090'5 Ft,.
very scarce_between 209/-5 -2093°5 F .
ey edding is etched ouf in the dolomite by these bands]
*and also ﬁy slightly dorker and coarser bands in the daomite. On -
average, dip Is “horizontal. .
: S ians occur through this horizon, up o
é x4 cm in size, they fend fo be poke blve -pale grey and are composed 1
"an intergrowth of microcrystalline quartz and dolomite, in ‘a
microcrystalline, quartz matrix, They sometimes show concentric banding,
in other cases the infergrowth is ‘dendritic. They. are considered fo be
dliagenetic, especially as”silicification is rot a/w% confined fo the |
qonc_ref/ous but passes into the surroundin omite. However, bedd-
g in the dolomite curves around the concretions so they must
ave gr'fbu;,n during or very recently affer sedimentation and priertfo |
ompaction, Co
.gchmd %‘ /ve%pa[e g,ne_yfoo%m;m:;rzo%bbgff chm i;‘/;l}'c/( f/;gf rather
coarser grey ‘dolomite, similar to tha -5f1 exce, e .
- Golomme e has ot been s0 badly d/bfurie 77%7d the " enclosing dolomite

dolomicrife seems fo —

3 ZQ&Q&%LO{?‘_' Dolomite pole -grey, dense, ﬁand, massive, finely cr_ysfa//ine,: -
Qi ands . )

fairly frequent between 2033-5~

N& Roman 7 ¥ refer Fo = of The bed i |
8 ;?rc;f:&r; %f]{rg’vllg l/;tp,oze- - refer fo segments of f/)g core descrlbecl{ln_ .

|:.; -~ CORE BARREL 20 MINDRILL STATIONARY
" COREBIT.. MINDRILL . .. .

TIME=START . * 2:06 pm...
. FINISH . 8:67 pm

ge (0908 .| i PETROLEUM GEOLOGY |

Tt.. RCNTHORNTON. . .. | | _ SECTION S

B . DATE. 24 Nov. 1970, . =
Lo DRG. e
o : 3 , 9229 |

. |wertorz w3329 )

ety

)oemAmm s sap ¢
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" LOCATION Agprox. 80 miles
v LAT. 27°39'46'S .
LONG. 134'16'39°E

" WELL MT. WILLOUGHBY NO.T.

Wes? of Oodnadatta.

ELEVATON GR 789 Fft -

DEPARTMENT OF MINES — SOUTH AUSTRALIA

- CORE DESCRIPTION -~

CORENO.  6(contd) . .
DEPTH 2087 - 2098:8fY.
DATE DRILLED 23 Nov. 1970
RECOVERY ~ [['8. FT.

. 100,
FORMATION, . (hit 3

oatum MSL, .

R1-79226FL° -
s | e [ 'ZZ?VHJF“ | DESCRIPTION
1088 P L] 2084.0F%, bt elsewhere Infrequent, buf where they do occur s%og/ifes are common)
' L0 . Alew concretions occur, similar fo those between 2068-8-20935/1. . .
[—I~T-I=T7 ‘ . PP - - S
R o 2094-5f$= Fine blve Flecks in the care :Flouride ? The dblomrte Fractures, - '
VA .7 Verbiaglly due fo o vertical set of joints; probobly also a forizontal
(LI T . - set. Vertical frocturing caused the care’ W becamt Jammed in"the -
773 baorrel, . ' : L
)Y
206 LT fe
77T
Tt : . . .
I 77 S : b
I 7 7 7
v i : ZQQZ-Q—’%OSQAﬁft , ﬁobmzﬁ' | pale-grey, dense, hard. massive, consisting of pure -
A _ Subhedral, lﬁr'anu/ar' /577/‘1%.‘96! stal size ranges from 025 -0-32 m'gz,
: o i v o B with irrequlor patches of similor sized crystals, A very Few thin -
208677 7 [ [t siyo/h‘esgoccur‘ aery Y v B
bbb bl S Aéédu/g= 7.4 cm, very different in appearance Fromthe , |
1 concretions observed higher in fhe, cora, it has'sharp boundaries with
N e " ‘the enclosing -dolomite. Consists of brown stained, microcrystaline
VA v v & g ",gr'anu/ar quartz ovoids and laths ug fo 3mmlong, cemented by pale blve -
O " "thakedeony: Scattered . through bofz the ovoids and loths are broken, |
- R dolomite_Fhombs, én ov age 0-026mm, across. At the contact with the
T “sedment there are half Filled vugs cantaining coarse euhedral .- .
R VA 4 dolamite crystals. . - ‘ S i
Trrio o : . -
N A v :
=
P13}T0 — -
L rrrrr ;
: ' I
" 2098 +{/—/=/={—{ |3 ' -
Rt v sy v v
- rrrra o
777
WA AN i
IR o v s o v : ‘ -
R g 16 - © . 20985-20988t : gd@i/e of fwo different tyges. The moet abundant form
P?‘fﬁo*ﬁ;@ i - 15_grey, hord, dense, massivs, consisting %g granwiar dolomite anhedra |
2098 . g " O2mm. diom. Enclosed inthis s aLcas” potomie, “buFF coloured, composed |
oot . of anhedra, 0-0/-0-02mm 07077., cortauring @ vorighle amount of ‘
o " inovs sfaining. Variations in the staining show the structures in these - -
: oreos which are considere algal stromatolites, in the main .
o . vertically stocked. lemispheroids of the type SH-V(logan etal 864).
o Beddding Hhroughout the core & horizontal and porosify i virtually il

|7 cone BarReL 20' MINDRILL STATIONARY  LOGGED BY S B UM ey
_ L 0! . - .- PETROLEUM GEOLOGY .
i COREBIT. MINDRILL . . &N%% . RCN.THORNTON - SECTION =~ . -
~ | TIME~START .2-Q5pm’ oL " ... DATE.24 NOV.-.1970 R
" FINISH S+ST pm. © - . : P e |
B o ’ SHEET 2 OF 2 S g22%a .

" PEN°SGOO4 MD
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APPENDIX D

DESCRIPTION OF FIVE PIECES:OF CORE FROM

CORE NO, 6

The sketches accompanying each description are of-
sections through the centre of each core. The .

arrows point to the base of the core, Thin

;  sections were cut at right angles to fhe faces

shown,
Although information has been taken from the
petrologic descriptions (Appendix E), not all the

information has been incorporated in this report..
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‘ nommcnma (M): pale grey, very fi.nely " ;
crystallme, consistlng of a granular :|.nter-
growth of equant dolomite grains, .01mm. 3
'orose. It shows some struoture, due to banding
" etohed out by very thin, slightly darker ba.nds

| The banding is not horizontal but ha.s been f’
disturbed by the later intrusion of"g | |

DOLOMITIO SAND(S) “darker grey than the mlcnte

and speckled Goarser, containing coarse

L pmofm ~feAST R
CTSVERT - Ay

A

D A

A_'grained., poorly sorted. There are slight

indications of bedding. )

have ooourred at the same tlme. ' '3 5

-'  SILICATE GONCRETION (c):, pele blue-pale grey-

B L I g g Sk

- Orig il shape of t,omre,’non 4
pruor to disruption b Y olomihic .

sund (ulonq Huck brolu,n Ime,) S2

:Ln a m:.crocrysta.lllne s:.llca cement. D:Lff‘us ‘

concentric bands. of dolomite, grystal 31zel |
SO "v"‘O;O‘l-O.L;.nim-., occur within the cement,. The B
AR either

.+-io.. gonoretion has/been broken up by the later
" intrusion of dolomitio sand, s shown in th‘e""

sketch, 1mp1ying that 1ts formatlon must hav

L‘woccurred during, or only very shortly a.f‘ter,

. sed.lmentatlon of the miorite. or else fomeﬂ-




- J1$209440 £ P10/ 70 220 o . R N
DOLOICRITS (M):  bended pele and slightly darker
grey (1 cm. bands), very'flnely crystalllne, ”:

;,’Aconsisting of a grenmular intergrowth of equant

'j dolomite grains, 0.01 oM. 8Oro8s. Mioro-

scopically, the material is completely Peaturel 68t

-". The banding ourves sllghtly ‘around:

?GONGRETION (C): there is a sharp ,)uncti.o'n betwee"nxu.

“the' dolomicrite and the ? concretion which 1s

‘rimmed by 100% mlcrocrystalllne (0. 01 mm.) quartz.

APaSSIng from the contaot, towards the centre of
the ? conoretion the amount of quartz decreases

.and dclomite-occurs. At flrst the dolomlte con—

-gists cf 8- sprlnkllng of exceedlngly flne—gralned

fmaterlal 9 but further awe.y from the oontact large

‘dolomite euhedra (Ook mmo) slso oocur.. L me
S from the contact there is no quartz any more.

Pure dolomite occurs at. the centre, where lens

.shaped areas of microcrystalline‘dolomite, and;
"new; coarser, dolomite-oocur togethergin”e'uen?
1rregular and dlffuse pattern. |
In one place, at the contact of. ?concretion and. dolomlcrlte an irregular vug (u mm;>‘

';; across) occurs fllled with fibrous chalcedony and an inner area of megaquartz.

"Where quartz and dolomlte oceur tOgether, the carbonate crystala extlngulsh together
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3

~"ﬁ9mkIIGRIlE (M): pale grey; dense, hard., maesive

. finely orystalline (0.02 mn. dlam.).’: Bedda.ng
f:is etohed out by thin dark bands of rather
f 'ooarser grained dolomite (0005 mne) | oontainins '
"kvery minor amount's of similer sized ;quartz,'
biotite, muscovite and opaques. o :
DOLOMICRITE (MQ): shghtly paler grey than
gbove. The dolomite a.nhedra are oemented by
‘mioroerystalline' quartz. This grades rapidly
= intos o | '

 QUARTZ BANDS (Q): white, microorystallineleuaif‘zé

. oocupies most of the bands. A little fine':;’

" grained, ‘enhedral dolomite occurs, t;ogetheri

with isolated dolomite euhedra that look to

have grown at the expense of the quartz.
** .CONGRETION (C): pale blue-grey, consisting of,

intergrown dolomte and. mlcroorystalllne qua.rtz{f

SH.ALE BANDS (Sh) thln, blaok, sllghtly

with beddlng.

t

The boundaries between C and MQ are diffuse and the two are consldered to have

developed. dlagenetlcally at the same time. But the Q 'band.s cut through both a.nd:

must, have developed. ‘afterwards. The euhedral dolomite 1n Q may well be an

: even later development.



T

. v A:ga?fg:a. X . . -
'*DOLOMITE (D)’ pale grey, dense, hard, massive,

P consmre vy

“oonsisting of pure subhedral granular dolomlteu
Crystal size Varles from 0425 mm. to 0.02 mm.,

‘ with irregular patohaa of similar sized

" orystalss This may have been due to either

YT TR T S TR ST Y

coarser reorystallisation of micrite than -

;NODULE (N): very different 1n'appearance fromg,;"

v'fithe conoretions observed higher in the oore, -’

}‘it has sharp boundarles with the eﬁolosing~g.$

el

dolomite and is made up of three oémponents.?J

:iThe most ebundant of these -is mﬂ:roorystalllﬂg

. P7i3£70
Ts. HORIZ.

';granular quartz, oocurring in rounded ovids

"and laths up to' 3 mme long, which is commonlyq'Q

}: stained brown by ferruginous material. ;;é

, are broken rhombs of dolomlte, on average
| 04025 mme. aoross. At the oontaot of the~
B jn“il*\_f~¥f .t nodule with the sediment are partly fllled

. . ; c : | “, - - . \]L
SSLo oo . Vugs containing coarse suhedral dolomlte

v
[

crystals.

be uald ax what stage of dlagenesis thls oocurred, espe01ally as the orlgln is

ety

‘3'f”. unknown. However, the broken nature of the dolomite rhombs must 1nd1cate that

s
l

‘_they were formed prlor to being enolosed by the ailioa. The final stage of

— size ) Withln

Y
Yo o v‘»._

- ‘,,,
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‘.-Pmlvo

con31sting of granular dolomite anhedra,

.
s .
2

0.2 mm. diameter.

?;ALGAL DOLOMITE (A): bufe 6olbured,-hard,

consiting of granular dolomlte anhedra,

.01-0.02 mme di ame, containlng a variable

TS VEQI.

definition,>these sediments are therefors

indicative of an 1ntertidal env1ronment.

A few vugs, up to 6wmm. aoross, occur w1th1n, ané

PR
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APPENDIX E

PETROLOGICAL REPORTS OF CORES

Carried out by the Australian Mineral Development

Laboratories

(a) - Report MP 2624/71

Calcareous and Dolomitic Sediments from Mt,
Willoughby No. 1:DAT11Holes

by Se‘Whitehéad and':Dr« RN, " Brown.,
" (b) Report MP 2523/71

Petrography and Xray Diffraction Studies of
Specimens from Mt. Willoughby No. 1

by Dr. B.G. Stevenson and Dr. R.N. Brown

2



P717/70
HW244
(1083.5 ft.).

P718/70
HW245
(1084,0 £t.)

P719/70 =

HW246

(2031.4 f£t.)
-

P720/70
HWo4?
(2039.75 £t.)

P721/70
HW248 -
(2073.5 ft.)
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CALCAREOUS AND DOLOMITIC SEDIMENTS FROM

MT. WILLOUGHBY NO. 1 DRILL HOLE

1 SUMMARY OF SPECIMENS

Impure, sandy and argillaceous limestone with

a pebble of feldspathic’siltstoene. ’
Poorly sorted, detrital grains and rock fragments
are scattered through extremely fine-grained cal-
cite containing an undetermined amount of ar-
gillaceous material.

Calcareous sandstone (50-60% quartz) gradlng to
sandy, arglllaceous limestone. Pebble is of
limestone with no distinctive features. Few
lithic grains in the sandstone include quartz-
mica schist, gneiss and feldspathic sandstone.
Part of the matrix calcite has recrystallised to
a clear mosaic and some of this occurs.as radia-
ting prismatic crystals.

Calcareous sandstone with dolomite pebbles. Matrix
is mainly of clean, recrystallized calcite but
there are a few patches of argillaceous material.
Pebbles are all of dolomite similar to dolomites
of cores 5 and 6 - specimens P721/70, 711, 712 and

'714/70 The rock also contains rounded detrltal

grains of dolomlte. . T

‘Dolomitic sandstone with peboles_of dolomite,

Detrital mineral grains and rock fragments are
cemented by cloudy, fine-grained dolomite con-

- taining an- undetermlned amount of clay.,

Dolomite,

.Composed mainly.of fine-grained. dolomite with

minor detrital quartsz, feldspar and mica in some
layers A-2 mm, -thick,

There™are a few thin seams of brown stalned
material associated with a little mica and quartz.
These are similar to seams of brown material in a
dolomite pebble in specimen P719/70,

2.,  X-RAY WORK

2.1 Procedure

Portions of samples P717/7Q and P718/70 were powdered and
mounted in the X-ray diffractometer. Diffraction patterns were
recorded using cobalt radiation.
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2.2 Results

Both samples were shown to consist of quartz, calcite,
feldspar, mica and (probably) chlorite. '

2.3 Remarks

Because these rocks are too well cemented to disperse in
water for sedimentation of the -2 micron fraction, it was not possible
-* %o report specifically on this fraction, as was requested. lore
definite information on the fine fraction, in particular the identi-
fication of chlorite, could probably be obtained if necessary, by
© grinding and sedimenting procedures but the urgency of the work did
not permit this, ‘ ’ '

‘ o 3,  DESCRIPTION OF SAMPLES

Sample P717: TS 26053%: HW224
- Location:

Mt. Willbughby No., 1 hole - 80 miles w of Oodnadatta. Core
3, 108%.5 ft. : ’

Rock Name:

Impure, sandy and argillaceous limestone with siltstone pebble,

Hand Specimen:

A pale, grey rock containing detrital mineral grains and rock
fragments up to 2 mm. in a very fine-grained matrix. There is-
no visible evidence of layering or of graded bedding. The

’ specimen includes part of one pebble of reddish coloured rock.,

Thin Section:

* An optical estimate of the constituents gives the following:

% - Grain size (mm)

Detrital quartz 25=30 0,02-1
Detrital potash feldspar 1=2 0,1 =0,5
Detrital plagioclase Trace 0,05-0,1
Detrital lithic grains Trace=-1 002 =0.4
Detrital calcite (limestone) 1=2 0.2 =1

. Tourmaline Trace 0,15

‘ Garnet ' . Trace 0,05=0,1
Opaque:.oxides.. - Trace 0,05
Pebble (feldspathic siltstone) few cm

Matrix - , o 65=70 0,05
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. Detrital mineral grains and lithic grains are well-rounded to
subangular, poorly sorted, and are scattered through a very
fine~ gralnedQ carbonate-rich matrix. Most of the detrital
grains.are not touching. ' ’

There is no definite evidence of layeringﬁbutnaifew;élongéte
quartz and feldspar grains show parallel orientation.

Many of the quartz gralns show strain and a few are composites
of several gquartz gralns derlved from a métamorphic or granitic
rock. : ,

Potash feldspar: gralns 1nclude both microcline and orthoclase
and a few showing perthitic intergrowth. Some are cloudy and
. were probably weathered before incorporation in the sediment,

v The:calcite (or limestone) grainslare well-rounded and are

" composed of a mosaic of calcite crystals up to 0,1 mm in size,

i.e. they are much coarser grained than the carbonate in the _.
surrounding matrix. This difference in grain sigze and=the
general appearance strongly suggests that these grains are in -
fact of detrital calcite and are not former feldspar or:lithic ~ -
grains which have been subsequently replaced by calcitey .. -~
however this possibility cannot be entlrely excluded. Staining =
does not show any other carbonate mlneral in these” detrital. . -
gralns. 'iif S .,:;
Lithic grains are not common and they differ in compos1tlon.

L few are cloudy. and appear to have been weathered. Some

contain sericite and ‘quartz and- may have been derlved from
granltlc or gnelss1c rocks. One has a gneissic texture and

is composed of" calc1te, feldspar and granulated or-microtrystallin
quartz with streaks-of: oloudy undetermlned materlal and traces of
- very fine-grained dolomite.

Garnet and tourmaline grains are subangular to subrounded and

show no evidence of concentration. along layers. Tourmaline

grains vary in colour and may have not come. from the same

SOUTrCes, . _

SiltSﬁone Pebble

Part of the large pebble is included in the section and is
composed predominantly. of closely packed, well sorted,. angular
to subrounded quartz and feldspar grains 0.03 - 0.05 mm. in
size. There are also 10-15% of chloritic and sericitic
grains, -2% opaque oxides and' leucoxene -orisphene, ahd.a few
mica flakes. There has been some interpretation of grains by
 pressure solution and secondary quartz and/or feldspar fills

a few lnterstlces.. Calcite also- fllls a few interstices.

- The siltstone is heav1ly stalned by red-brown iron ox1de whlch
occurs as films along all grain boundaries. .

Layering in this pebble is. dlstlnctly shown by variations in.
the amount of iron oxide staining and by sllght variations in
graln size.
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There is no evidence of metamorphism,

Matrix. ° This is very fine-grained (less than 0.05 mm) and
is a mixture of carbonate with pale brown, argillaceous
material, Staining with alizarin red S shows much of the car=-
bonate to be calcite but small grains of dolomite mgy also be

present,

Because of the small grain size and general cloudiness the
identity of the argillaceous mineral cannot be determined by
optical properties.

Minute opaque grains are scattered through much of the matrix.

Sample P718/70: TS 26054 HW245

Locations

Mt, Willoughby No. 41 Core 3 depth 1084.0 ft,

Rock Name:

Calcareous sandstone grading to sandy, argillaceous limestone,

Hand Specimen:

A grey rock containing more abundant detrltal mineral grains
than specimen P?ﬂ?/?o

Thin Section:

An optical estimate of the constituents gives the following:

% Grain size (mm)
Detrital quartz . : 50-60 0,05=1
Detrital potash feldspar 3-5 01 =046 .
Detrital plagioclase Trace 0.2 =0,5
Detrital lithic gralns 3=5 0.2 =2
Detrital calcite grains Trace 0.2
Garnet .. Trace 0.1 =0,2
Staurolite Mlnute “trace
Tourmaline ‘Trace 0.2
Zircon Trace 0% =01
Opaque oxides Trace 0.1
Pebble (limestone) '
Matrix A 3040 © varies

~ (more in some parts)

Detrital mineral grains and rock fragments are well-rounded,
and a.few sub-rounded to sub-angular. -They are loosely packed
and are cemented by a fine=-grained matrix composed of .calcite
and argillaceous material,



Special features

Detrltal mlneral gralns and rock fragments are much more
abundant than in specimen P717/70 and in general are better
sorted, They are loosely packed but most of them are still not
touching. o : . -

The core specimen is not of uniform composition and in places
the fine-grained matrix comprises 70-80% of the rock. This
contains a considerable amount ©f argillaceous material,

Lithic grains include well-rounded fragments of quartz-
feldspar-mica schist, quartz-feldspar gneiss, and a grain of-
feldspathic sandstone similar to, but coarser grained than’
the pebble of feldspathic siltstone described in specimen
P717/70, - It-also shows less- iron oxide staining than the
pebble in P717/7O T

Limestone Pebbleo' ‘The thim'section contains part of a large
pebble. This-is composed mainly of a uniform, flne—gralned
- (0,05 mm)9 cloudy mosaic of calcite crystals with minor
dolomiter-and-.contains a- few scattered quartz grains, traces of
mica and~-of argillaceous material, It shows no distinctive
features but is cut by very thin veins of transparent calcite.

Matrix., Much of the matrix of this rock is similar to that in
specimen P717/70 and is composed of very fine-grained, pale -
brown argillaceous material, fine-grained calcite, and p0551bly
a llttle fine- gralned dolomltea

In places the matrix is now composed of clear, recrystalllzed
calcite with grain sizes varying up to 0.1 mm. Some of this
shows traces of radiating prismatic crystals.

Slmllar, coarser grained calcite has also. invaded a few
“detrital feldspar and lithic gralnso ,

Sample P719/70: TS 26055: HUW2U6
Location: | | - -

Mt., Willoughby No., 1 Cere 4 depth 2031.4 ft.
Rock Name: .

Calcareous sandstone with dolomiteApebbles

Hand Spe01men
A fine- gralned, Sandstone contalnlng a few large pebbleso
Thin Sectlon |

An optlcal estimate of the constltuents gives the followings
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%  Grain Size (mm)

Detrital quartz v 70-80 0,05-0.3% -
Detrital potash feldspar ' 3=5 0.,05=0,3
Detrital plagioclase ‘ Trace 0,05=0,1
Lithic grains ' - Trace 0,1 =0,5
Dolomite grains Trace 0.05=0,1
Opaque oxides Trace . 0.05-0.1
Garnet Trace 0+05=0,2
Tourmaline Trace 0,05-0.1
Zircon : Minute trace 0.05
Matrix calcite . 20-30 0,05=0,2

Dolomite pebbles

Detrital mineral grains.and“rackifragmeﬁtsaamefﬁubrouhdédbbo
subangular and poorly sorted. <They are loosely packed and many
are just touching or are not quite touching. Interstices have

"been-filled by clean, medium grained calcite possibly with

traces of very fine-grained dolomite. There are a few patches
of pale brown, argillaceous material containing only a few,
minute carbonate grains.,

Lithic grains‘include'a few of cloudy, feldspafhic siltstone,
cloudy quartz-feldspar rock, a few of granulated or micro-
crystalline quartz and a few of fine-grained dolomite.

The large pebbles exposed in the section are all of fine-grained
dolomite containing a few opaque oxide grains and a few quartz
grains, Grain size of ‘the dolomite' is 0501-Ds05 mm. : One:pebble
shows thin seams of brown stained material,

This dolomite is very similar to the dolomite of Specimen

vP724/7O (Core 5 at 2073 ft.) and also to dolomites from Core 6 -

specimens P71, 712, 714/70 from 2091,2, 2091,9 and 2098,8 ft,
respectively but it is finer grained than dolomite in specimen
P713/70 (Core 6 at 2097.5 ft.). '

Dolomite in specimen P715/70 (HW242 Core 5 at 2070.7 ft.) is
finer grained than in these pebbles and contains more argilla-
ceous material and detrital mineral grains.

Sample P720/70: TS 26056: HW247

Location:

Mt. Willoughby No. 1 Core 4 at 2039.75 ft.

- Rock Name:

Dolomitic sandstone with pebbles of dolomite

Hand Specimen:

A pale grey, sedimentary rock containing detrital mineral grains
and rock iragments of very variable size. Larger pebbles are of
fine-grained, grey rock. :
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Thin Seetioné

An optical estimate' of the constituents gives the following:

‘Rock - % ‘Gfein Size (mm)

Detrltal quartz . - 40-50. 0,03-0,5

. Detrital potash feldspar " B=5 0,0%=0,3.
Detrital lithic grains . 3=5 0.1 =2
Opaque oxides : ‘Trace 0.05" -
Calcite grains L Trace-" 0.,05=0.2
Garnet . S - . Trace - 0.03=0.1
Zircon o , o Trace 0,0%=0,1
Apatite . . . Minute trace . .- 0,03=0.1 -
Dolomite grains ' s B35 s 0.2 =3 L
Matrix ) A SO
(Dolomite and clay) . =%e TH0-50 " - T e

_ Pebbles - fine-grained dolomlte I

The detrltal mineral grains are subangular to subrounded poorly
-sortéd and very loosely packed, .They are cementedﬁby a cloudy '
matrix composed of very fine- -grained dolomite and an undetermined
amount of clay Whlch 1s largely obscurred by the carbonateo

A11 pebbles included in the sectlon are -of dolomlte but this
- 'shows some variation in grain size. In some pebbles it is 0,01
- =0,05mm, in others 0,05-0,1 mm. One.ldrge pebble is composed
of dolomlte with 3-5% calcite, Dolomite crystals are 0.0%3-0,06
- mm, and the calcite fills some interstices. Indlstlnct layering
in this pebble is shown malnly by brown stalnlngo

The dolomlte gralns and pebbles in. thls rock are 81mllar to
dolomltes from cores. 5 and 6 : :

- Sample P721/703 TS 26057: «HW248

‘Location:

Mt Wllloughby Noo 1 Core 5 at 2075 5 fto
Rock Names
| Dolomi te
Hand Specimen:

Pale grey, fine-grained rock Wlth a few very thln seams of
dark mlcaceous materlal

Thlﬁ.Sectlon:
An optical estimate of the constituents gives the following:
oz

-
~

- - S J——
—
———
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% Grain Size (mm)

Dolomite 97-98 0,01-0.05
Calcite Trace 0,05
Detrital quartz 1=2 0,02-0,08
Detrital feldspar Minute trace 0.05
Detrital mica Trace 0,05
Opaque grains and '

leucoxene Trace-" 0,05

brown staining

The rock is composed predominantly of fine-grained dolomite.,

Layers 1-2 mm. thick contain most of the detrital mineral
grains and these layers show indistinct graded bedding. The
dolomite is slightly coarser grained where associated with the
coarser grained detrital grains.,

Elongate mineral grains are parallel to the layering.

The thin seams of brown-stained material contain a slight
concentration of mica and quartz but do not appear to be
true stylolites,

;i‘hey are somewhat similar to the seams of brown material in
the dolomitic pebble in specimen P719/70 (HW 246), '
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' PETROGRAPHY'AND X-RAY DIFFRACTION STUDIES
OF SPECIMENS‘FROM MT. WILLOUGHBY NO.4

~ Sample P709/70: TS 26019:
Loéationz - .
ut. Willoughby No. 1 Core 6, 2088.7 £t. HW 236

Rock Name:

Finely crystalline dolomite
Hand Specimen: |

= These rocks are similar to each other and can be described
"~as a group, All are compact, fine-grained sediments, pale-
creamy t0-grey in colour. Whilst P11, 713, 714 and 715
have thinj-laminar beds, the remaining samples contain ..
~lenses or nodules of pale, fine-grained material, P712 con-
z6ains: an irregular bed of this material whereas P71% contains
a large pebble (apparently 3-4 cm. in diameter) within the -
.- .. . laminar_-bedding, N . . : :

P715 is a more impure limestone arnd is darker in colour
than the remainder, ’ x

P716 is different from the above specimens; it is a dark
- purply-grey clay stone, free of any sedimentary structures.

) Thin Section:

" An optical‘éStimate‘ofjthe constituents giVés.Ehe following:

Dolomite . ~wu | - s 7580
Quartz “. v e o 20
Microcline/albite Less than 1
Chert _ 1
Opaques . - : Trace

Most of the slide consists of a granular intergrowth of
equant .dolomite grains; 0.01 mm., across. This is a miorite
and the material is completely featureless, -

A band about 4 mm. thick, within the dolomite, caries coarser
sparry areas together with quartz, chert and microcline., The
latter are sub-angular to rounded grains, rather poorly sorted.,
Diameters range from 2 mm. to 0.1 mm. Some of the smaller
grains appear to be reacting with the dolomite matrix,

- In anofherlpart of the section the same suite of silicate
minerals occurs but the cement here consists of microcrystalline
silica, The material is a_featureless array of crystals, less

) . E S g
o - e
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than 0.01 mm. in diameter., Within the cement are bands contain-
ing dolomite which ranges from less than 0,01 mm., in size to
anhedra O.4 mm, across. These bands have diffuse margins.

At the contact between the micrite and the quartz cement it
appears that new coarser dolomite has grown at the expense

of the quartz cement, euhedral dolomite grows from the micrite
into the quartz. Feldspars are rounded, but fresh, Both micro-
cline twinning and albite twinning is present, ‘

The irregular band of quartz-cemented material is possibly
some kind of fill structure within the micrite material above
and below it,

Sample P710/70: T826020:

'Locationa

Mt. Willoughby No. 1 Core #o 2091 ft. HW 237,

Rock Names

Finely crustalline dolomite

Thin Section:

An optical estimate of the constituents gives the following:

%
Dolomite 85
Quartz 5
Chalcedony _ 5=10
Calcite Trace

Much of this rock consists of micrite similar to that
described in P709/70,

Near one end of the slide, however, a bedding surface can be
seen; at this plane there is a sharp junction between micrite
and microcrystalline (0,01 mm) quartz. Passing down from this
contact the amount of quartz (100% at the contact) decreases
as micritic dolomite occurs. This dolomite is, at first a
sprinkling of exceedingly fine-grained material but further
away from the bedding plane, the larger euhedra (mentioned in
the description of PP09/70) occur also. Four millimetres
from the bedding plane the rock is entirely micrite, ’

Further down the bore there is another area in which this
microcrystalline quartz occurs but here the contact with the
micrite is irregular and gradational,
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Lens-shaped areas of micrite, new, coarser dolomite and quartz
occur together in varying proportlons in a band approx1mately
parallel to bedding. The structure in this part is qulte
irregular and diffuse - it can best be “seen by examining the
thln ‘sectlon by eye., .-

The slide also carries$ a vug, now filled with fibrous chalde-
dony and an inner area of megaquartz, The vug, which has an
irregular bulbous shape is 4 mm. across. Smaller (approx1mately
0.3 mm.) areas of fibrous chalcedony also occurs

Calcite occurs only in late velins, parallel to bedding, and
approx1mately O d I, w1deo

;Sample P711/707 TS 26021:

Locatlon°

- Mg, Wllloughby No. 1 Core #6 2091,7 ft. HW 238

Rock Name°

Flnelv crystalllne dolomite

Thin Section:

An . optlcal estimate of the constltuents glves ‘the follow1ng

, %
Dolomite | 90
Quartz _ : 10
Opaques ce _ Trace
Calcite . Trace-1-

Dolomite anhedra9 0,02 mm. in diameter, occupy almost all of
this section. This material has a granular texture and is
free of any structure., Rare detrltal gralns of quartz are
present with the dolomlte.

Part of an oval, lens-shaped 0bject can be seen. This con-
sists ¢f a. granular intergrowth of microcrystalline quartz
similar to that in P709/70 and P710/70. Zones of apparently
newly crystallised dolomite are present here also - as in

the other rocks mentioned above. This dolomite defines broad
zones parallel to the marglns of this lens. (These can again
be seen by examining the thin section with a hand lens). The
edge of the quartz bearing lens is sharp but the dolomite
anhedra penetrate into it making the contact highly irregular.

Irregular brown,.ferruginous staining occurs in different
parts of the rock These often deflne the bedding but this
is difficult to detect under the microscope.
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A fracture, 0.5 mm, wide, passes across the section; it is
filled with large dolomite and calcite anhedra, elongated
parallel to the length of the fracture. The calcite occurs
in the centre of the fracture usually, but the calcite fills
the fracture in some parts.

Sample P712/70: TS 26022:
Locationz | |
- Mt Willoughby Nos 1 Core #6 2091.9 £, HW 239,
o+ Rock Name: "
Finely crystalliné dblomiteo

iThin'Secﬁioﬁg_

' Ah_optioal_estimafte of the cOnsti_tuents gives the following:
_ o : %
Dolomite 90-95
Quartz 5=10
Biotite Trace
Opaques - Trace

Muscovite - ‘ Trace

. Most of this rock consists of micrite material displaying no

i structures, - Individual crystals are 0,02 mm in diameter. In
some areas the dolomite anhedra are cemented by microcrystalline
quartz. This material passes rapidly into material in which
this quartz occupies most of the rock. Here isolated dolomite
euhedra occur (as described in P709/70 -~ 711/70) along with
finer-grained anhedral dolomite,

‘ ~ These. quartz-rich areas are separate beds - as can be seen
¢learly in the thin section, - .

Bedding is indicated by the presence of layers of rather
coarser grained dolomite (0,05 mm) which contain very minor
amounts of similar sized quartz, biotite, muscovite and
opaques.

Sample P71%/70: TS 26023%:

Location:
. Mt, Willoughby No. 1 Core #6 2097,5 ft. HW 240,

Rock Name:

Dolomite with chalcedony
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Thin Section:
*An'optiqal estimate of thefconetipueptsEgiueeffhe IolloWihg:
_ : . :

The sectlon consists of two distinct lithologies; a chalcedony
- cemented impure dolomite and a pure.dolomite.- The latter is-
'_100% dolomlte and the former has the follow1ng minerals:

. Dolomlte . R o 5-45 ,
Chalcedony and micro= '85-95
.Crystalllne quartz L .

‘The pure limestone consists of subhedral dolomlte in a
.granular array., Crystals vary from 0,25 mm to 0,02 mm in
size, there belng irregular areas of 51m11ar1y-81zed crystalso

. The other half of the thin sectlon consists of rounded,,ovm.ds9 B
up to 2 mm long. . These consist of mlcrocrystalllne granular
quartz commonly stalned brown by ferruginous material where™ .
the stain is dark, the ovoids are well-defined; elsewhere they -
tend to have rather dlffuse outlines,- :

P

Cementlng these ov01ds is chalcedony, Wthh is granular néar
the ovoids, but fibrous-in the centres of. the largest areas
of chalcedony. The very last stage of crystalllsatlon was
the development of equant quartz oryetals (O 07 mm in 51ze)

g fScattered over both the ovoids and the 51llca cement are
- dolomite: grains,.many -of. which appear: to be Pragments of
 Dbroken anhedra, - Unbroken .rhombs are rare. - They are up: to<3 5 om -
- @iameter many«of the b;oken fragments -are 0., 025 mn. . across on -
. average. . A
-Both the- dolomlte and the 81llca of thls part of the rock
.appear- to be secondaryg. o , . o .

”_No satlsfactory hypothe81s of orlgln has been establlshed
for the rock), other than that 1t is.a sedlmentov

4'Sample P’714/7O 18 26025_ o

Locatlon : _
Mto Wllloughby Noo 1 Core #e 2098 8 ft 'iiw 241,
iRock Name 3. o
Dolomlte
_Thin Section;' .’ |
| Ah<optiéal estimateioflthe constituents gives the followingé;

. - -
T - - . - Tt ~
- == - T~
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%
Dolomite | : 99
Quartz ' Trace
Calcite _ 1

This rock consists almost entirely of a granular intergrowth
of dolomite anhedra. There are two modes in the grain size
distribution - about half the section is occupied by grains
of 0.01 - 0,02 mm diameter, whilst the remainder of the
dolomite has a size of the order of 0.2 mm,

The finer-grained material carries a variable amount of pale,
ferruginous stain - variations in this define the bedding.
The coarser material is massive -~ these relations can be seen
on examining the slide with the naked eye.

Amongst the dolomite are irregular areas, up to © mm long,
which consist of calcite anhedra, similar in size to the
adjacent dolomite,

Sample P715/70: TS 26025:

Location:

Mt. Willoughby No. 1 Core #5 2070.7 ft. HW 242,

Rock Name:

Lutaceous dolomite

Thin Section:

An optical estimate of the constituents gives the following:

%
Dolomite 93-95
Caleite 5
Clays : 71
Quartz ’ 2-5
Opaques Trace -1
- Tourmaline Trace
Biotite Trace
Muscovite Trace

This rock consists of beds of fine-grained dolomite with
coarser beds of quartz, calcite and micas. The sediment

shows graded bedding.

The dolomite-rich beds are fine-grained and in many parts

the crystals cannot be distinguished even under the highest
power. Accessory minerals in these beds are quartz, muscovite,
opaques and ?clays. Grains larger than 10 microns in diameter
are rare in these beds. ‘
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'The coarser beds have a more. varied mlneralogy and texture, -
Dolomlte9 calcite- and quartz commonly occur -as anhedral$ equant
gralns up to 50 mlcrons in’ dlametero : :
Occas1onally dolomite rhombs can be recognlsedo. These three
minerals (dolomite, calcite and quartz) are major components
of these beds whereas biotite, muscov1te9 opagues and. tourmallner
are accessories,  Generally the micas occur as elongate . - '

_erystals between 20 and 100 microns in length.  Ragged, anhedral
grains are not uncommon and very elongate, bent subhedra are-
occas1ona11y recognlsedor There is a weak parallelism of the :

‘longest axés of the micas, corresponding to the bedding planes.
Tourmaline and opaque minerals (Vmagnetlte) are rare accessorles
ocourrlng as equant;- somewhat rounded: gralnsa_

. The coarser, dolomite-calcite-quartz beds have a sharply
defined base on the fine-grained dolomite - and they grade
upwards, in about 2 mm, into- s1m11ar material, Thls feature
suggests that the sediments are the "right way up". ‘However,
the bedding 1s somewhat irregular in some parts of the section
containing isolated masses- of coarse beds Wlthln the pure
dolomite bedso : : e :

1. XRD WORK

4 lefraotometer traces were made.. -The three samples on which.
clay work was specifically requested (.002 mm, P711, 715, 716) -
were too consolidated to disperse in water and had to be examined in
bulk, as for the other samples. Information on clay minerals will
be poor because of this. N Co

161 ;Results

Minerals in estluated order of abundanceo,

P709/70 Dolomltey ‘quartz + tr° feldsparo-;

PZWO(ZO Quartz + doloulte + ca1c1te:j

P712/70° Quartz + dolomlteo #

P712/70 Dolomite + quarté’+ tr?‘feldspar"+ tr. calcite.,

P214£20A_Dolouite + calcite + quartz + tr. feldspar

P716 O* Quartz + 2 feldspars + dolomlte + ca1c1te + mlca

+ chlorite. . S

P71 0* Dolomite + quartz + feldspar + mlca + chlorite +
: tr. calc1te°

P711/70* Dolomite + quartz + tr, probable»montﬁorilloniteo

* See note above,
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2, CONCLUSIONS

These rocks are predominantly dolomites, consisting of
micrite-like material, While the origin of this material is
not known,; it is clear that the coarser anhedral dolomite,
sometimes observed is secondary,

Calcite commonly occurs as a late vein-filling mineral,
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Appendix 'F! .

WELL VELOCITY SURVEY OF ‘MOUNT WILLOUGHBY No, 7

by

" B.E. MILTON ..
SENIOR GROPHYSICIST

ABSTRACT

' Interval and average veloc1t1es ‘have ‘been
determined in the South Australian Departméent of
Mines ‘stratigraphic well Mount Willoiighby No. 1
to-a depth-of 2084 feet -below surface: The
,most significant feature of  the geologlcal log
is a very dense crystalline dolomite ‘intersected
at 2042 feet below surface. The interval
velocity of this material is about 18000 feet
per second. This information identifies- the-
origin of a high speed seismic refractor, -
which was the main purpose of the well, and
enables a more. certain: 1nterpretat10n of .seismic
and: other geophy51cal data in this region.-

INTRODUCTION ‘

'Durlng exploratlon of the western Arckarlnga Basin, a
region in the north and northwest was- found 0 dlsplay anomalous
geophysical characteristics relatlve to the area to the south and
southeast, where it has been determlned that Permian sediments rested
directly on crystalllne basement. In this 1oca11ty, a distinctive
gravity ridge is associated with a magnetic;trOugh with a maximum
depth of greater‘than 6000 feet interpreted from the aeromagnetic
data. Seismic refraction profiling also revealed en horizon at a
depth of about 2000 feet below surface with a veloc1ty of 21000 feet

. per second, in contrast with a per51stent veloc1ty of 187000 feet
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per second for'crystalllhe-basehent whichf‘tolthe south-of the - ..
gravity high, lies at a ‘depth of 35000 feet (Mllton, 1970) |
' Identlflcatlon of the hlgh speed refractor appeared v1ta1
to ‘an - understandlng of the geology of thls sector of the Arckarlnga
' Ba51n, and a stratlgraphlc well located from an analy51s of gravity
'and seismic data was drllled 1n November, 19’70o The co-ordinates
3 \are 134 16 59"E 27 39"46"S (offset about 350 feet NNW of shot
: pornt JC44) A veloc1ty log of the well enabled the 1dent1flcat10n

= } of the hlgh speed refractor, as descrlbed in the followlng sectlonso

{
{

s

{ {
i i

L , ' PROCEDURE |
‘ *Equlpment used for the well shoot con31sted of a Selscor
':'FngCE 101 pressure sen81tlve well geophone borrowed from the ‘Bureau
~‘:;of Mlneral Resources,-and the South Australlan Department of Mlnes
"-‘S I, E P19 12 channel selsmograph unlt w1th photograph1c recordlng
The geophone was llnked to. the recordlng equlpment by the cable
.'of a Falllng logger w1th a capac1ty of BGOO feet and as thls cableF"
.lrwas not strong enough to oarry the welght of the geophone, a thin
7“isteel‘cable was used to support the selsmometeraf - '
l - '3? A s1ng1e shot polnt drllled by hand auger was located -
pil‘185 feet from the well on a bearlng of 73 east of north° Small o
: charges of ’Anzomex prlmer were adequate to obtaln good to falr -
breaks, the largest charge used belng 36 ozo. Records were obtalned_.Aj
‘ at dlfferlng levels by ra1s1ng the geophone 1n the hole. A delay
tlme of 2 to 5 mllllseconds were applled to the recorded t1mes to
,,adgust for ampllfler response° ‘ N |
The well was drllled to a depth of 2096 feet below surface,
but the bottom\hole was not reamed out after corlng, S0 that the

-\v

— deepest veloc1ty 1nformat10n was obtalned from 2084 feet The

. depths of=the shallower p051t10ns were chosen from a con51derat10n :

T T ) Tomr et

~— - aat - . PR
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of the lithoiogic log and the electric and radio-active logs. .The
shallowest geophone depth of 171 feet was 29Afeet below the base of
the casing. | o |

The tetal logging depth.recofded'was 2111 feet compared
with the driller's depth of 2099 feet, and the cause of this
dlscrepancy has not been established. Loggihg.depths have beenv

adjusted using a ratio of 2099/2111

RESULTS

The reduction-of observed tlmes aﬁd depths is recorded on
the Computatlon Sheet. Corrections have been made to a datum of
782 feet relative to M.S.L., i.e. 7 feet below the surface elevatlon
of the' ‘well. The surface veloclty of 1650 feet per second was |
determined from seismic operations undertaken earlier in 1970,

Tﬁe time-depth, averege velocity-depth and interval
velocity-depth relétionships are bresented iﬁ'graphieal form in
'drawing 71=44, Correlatibn of ihterval_velocifies with the
lithological log shows the following approiimate relationships:

. Depth below surface
to formation top

Bulldog Shale 6090 feet per seeend‘ 0 feet
Cadna-Cwie Formation 5130 . " ' : : 326 "
Algebuckina Sandstone . 6730 W 470 "
Mount Toondina Beds 7890 " 651 "
Unit 2 - Lower Permian 8010 o 956 "
| 9430 oo {259 n
10620 n o apze

Dolomite - (Devonian?) - 18000 " ' 2042 "
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Two changes'of velocity occur within Unit 2, the_second of
‘which can be attributed to a change in lithology ab 1748 feet. This
change is also apparent on the gamma and neutron logs° The variation
in lithology related to the'Velocitvvchange atn1239 feet, is however,
not obvious and could be related to dlscontlnutles showing on the
rad10~act1ve logs at 1200 or 1275 feet approx1mately

The 1nterval velocltles compare w1th those obtalned from
- refraction profiles from the area to the south Where crystalllne

-

basement is. overlaln by Permlan and younger sedlments, as follows

Cadna—Ow1e~Format10nma- S - 7000/7500 feet per second

Mount Toodina Beds ' -_7500/9OOQA ”‘f L
- (top of Permlan) : ‘ Lo

Unit 2 ) n - 15000(7) .' =

and from the refractlon surveys over the Wlntlnna grav1ty hlgh

lv.

Devon1an(7) dolsmlte N . 21000 f feet _per second g

mil oy

Assumlng that the relatlonshlp between the. refractlon and 1nterval

1/ el
the values of Mount Wllloughby No. 1 for the’ Cadna-Owie Formation

”veloc1t1es 1s approx1mately Vel 0.9, then

interva ‘refraction

and Unit 2 are low, while the Permlan and dolomlte values appear
. reasonable, | ‘
A conparison of interval velocities with'those'obtained

from a well shoot of Cootanoorlnaw,No° 1 (Kendall 1967)'and an

§
§ 2™
..‘,..u_-

1ntergrated sonlc log from Weedlna Noo 1 (Pexa, 1970) is as follows:

Mt, Wllloughby Cootanoorlna : Weedlna

M. Toondina Beds = . 7890 7520/8070 - 8500 (average)
Unit 1 . absent  8240/10600* 8100 "
Unit 2 | | 8000/10600. ~ 11100%* 10100

Dolomite v 18000 . . Eﬁ;; - 15500/18800 =

—— ———

*10600 feet per second orlglnates from a marine shale w1th1n Unit 1--

-— [
-~ s,, —

**Derived by assuming a velocity of 18000 feet per second for the

R

- PR . . . -,
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PLATE 1::

=111=

2088.5 feet:

H2O§8°8 feet:
Fig, 3 2091.9 feet:
2097.5 feet:

N.B.

PIECES OF CORE NO.6

- Dolomicrite (pale grey) disturbed and

disrupted by the later intrusion of dolomitic
sand (dark grey). Note the microcrystalline .
silicate concretlon (whlte to very pale grey)o

Algal stromatolltes (pale grey) in crystall;ne
dolomlte (dark grey). o :

OVOld concretlon of 1ntergrown ‘midrocrystalline
uartz and dolomite enclosed'in dolomicrite
%dark grey). Note the:two thin white bands

of microcrystalline quartzt.

Nodule, con51st1ng .0f laths and rounded ovoids
of micEocrystalline granular quartz cemented
by chalcedony, enclosed in dolomicrite (dark

grey).

For a fuller descriptioh of these séctions see App?ndix D.

AR .
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PﬁATE 2 PHOTOMICROGRAPHS OF A THIN SECTION FROM CORE NO. 6
‘ ' (Depth 2088 7 feet) '

Contact of dolomicrite w1th clastic quartz, chert and
mlcrocllne. x60

Dolomlte euhedra in mlcrocrystalllne s111ca° The darker
- materlal is dolomicrite. - x6O

N.B.. Both photomlcrdgraphs have been taken from A M D E.L.
thln section No. P709/70, ‘ -
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- OF SELECTED MATERIAL. TR

Brian_McGowran and Wayne K. HarriS'»

Palaeontology Section:

ABSTRACT
Intersected Bulldog Shale is low, bio-
- stratigraphically well below the Coorikiana .
Member. The Algebuckina/Mt., Toondina con-
s tact can be placed at 655ft. .Lithological
* .and palynobiofacies evidence shows that base
- Mt, Toondina Beds is at 960ft. but that the
.. section below this 'is either low Unit 1 or
"~ Unit 2, The contact is lower than at Coot-
- anoorinma biostratigraphically, and is pre-
.- sumed therefore to be older. :

- The ‘stratigraphy of Lambina No. 1 is
. ‘revised .to the extent that the Mt., Toondina/
: - Unit 1 or Unit 2 contact is raised to a
- " transitional interval below 936ft. Criteria.

" available at Mt. Willoughby are not useful
here, perhaps because of transition, but ,
particularly because contamination is heavy. -
Subsequent drilling in the Arckarlnga Basin
should include much more coring,. .

INTRODUCTION

Problems in the analysia of well logs and recovered

llthologles from Mt. Willoughby No.1 led to a request from

";Mr' R. C N " Thornton (Petroleum Exploration D1v131on GSSA) for a F

~:pa1aeontologlcal study; hopefully, mlerof05511s distribution
would be pertinent to rock stratigraphic boundaries and correl-
atiohs.b Spe01f1ca11y, the problems were: .- the position of the

Bulldog Shale sectlon,,the Algebucklna Formatlon/Mt. Toondlna o



‘Toondina Beds/Unit 1 boundary. . Problems.assooiated'with‘ﬁhe’
7'sect10n dr111ed in Lambina No." arose early 1n the 1nvestlgat10n;
' Samples were selected by comparing we11 logs. Reference 15 made
:to reports on both stratigraphic boreholes (1 2) for data on |

v31tes drllllng, and llthologlcal and geophy51cal logs.

' preparatlons (Pn in- Table 1).: Table 1 1ncludes essentlal con— §

Beds ; boundary (i.e. Mesozoic/Palaeozoic boundary);.the Mt,

MATERIAL EXAMINED

Selected samples were examined‘for'fOraninifere or
other mlcrof0531ls in washed re51dues (Mp in Table 1) and for

SpOTes., pollen and noncalcareous mlcroplankton in palynologlcal

clu51ons.;

el .
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. TABLE I: SAMPLES EXAMINED, MT. WILLOUGHBY NO. 4

e —

MATERTAL

DEPTH 'FORMATION AGE - PALYN,
(FT.) : SAMPLE
- 206 Core 1 PnMp Bulldog Shale. -L, Cretaceous, C. hughesi s-zone. 52186
. 211 Core 1 PnMp o " ‘ e " . - 82187
" 360-70 cuttings Pn ‘Cadna-owie Form. : " . no older than " . 52201
610=20 "o Pn Algebuckina Sst. L.:; Cretaceous cavings only. 52198
64-0— 50 1] Pn A ) "o~ LS s _ . S21 99
. 680-90 "o Pn ?Mt. Toondina Beds. . "o : 52200
740-50 e PnMp -~ Mt. Toondina Beds L. Permian, Stage 3. 52192
780—'90 11} Pn ) . 11] . X 3] X - 82193
1" T " e
wele 1w : C
853 ~ Core 2 . Pn " L. Permian, Stage 3. 52188
880-90 cuttings PnMp " , E R : S2194
940_50 . 11 PnMp ) 11 . . L1 . ) . . - ) S2195
. 980-90 : PnlMp Unit 1 or Unit 2 L. Permian,»Sta$e 2, with microplankton. 52196
- 1000-10 . " Mp E . Toee e s S o
2 14020-30 - " . PnMp . " L M . 52197
©-1040-50 : " PnMp " U S .. 82202
1081 Core 3 PnlMp : S ;:;”_ N~ 52190
‘1084.50 Cogg'B ﬁnMp ; S 52189
42;28:;0 cuttings Mg | | ST o .
. 2042 Core 4 Pn Permian (barren) - 82191
2087 Core 6 Pn " L ; . 82184
" .o 1

2091

' 82185




;;?,Apreserved and diverse assemblage referable to the Cyclos-

““{' shown by the presence of abundant noncalcareous micrbplénktoniff

"fj. low in the Bulldog Shale (5).

.- species is Trochammina minuta; others include Pseudoboliving 7. .

'513engeninensis, Bigerina loeblichae, cf. Ammobaculites irra-

BULLDOG SHALE - LOWER CRETACEQUS

Core 1 at 206 ft. and 211 ft. yielded a well

Cy

¢ porites hughesi subzone of the Dictyotosporites speciosus zone ;-

(3). The nominate species is present, Marine influence is
| of the Dingodinium cerviculum zone (4). Core 1 therefore ist.;ﬁ

‘Foraminifera are rare in core 1 and are also poorly. !

preserved, being crushed and flattened. The most common

©: ‘patinensis and ?Reophax sp. The entirely arenaceous nature i

.. of this assemblage and its specific composition-indicate that.jﬂffﬁ-;ﬂ

"3. core 1 probably is in the lowest microfaunal zone of Trocham- ;;jf;

L faunal evidence agrees with palynology that the encountered - -

;:;‘notw1thstand1ng, indicates that the age is no older than the _;3

' pina raggatti - Textularia anacooraensis (6). That is,'miérof7f};f%:£
e section is well below the Coorikiana Member.

~ CADNA-OWIE FORMATION - LOWER CRETACEOUS

Cuttings from 360-370ft. yielded a well preserved

" and diverse microflora which, definite contamination by caving.f'ﬂﬂ

Cyclosporites hughesi subzone. Thus 1dent1flcatlon of the Cadna--.:

‘j owie Formatlon 1s supported blostratlgraphlcally (5 7)

.
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ALGEBUCKINA SANDSTONE

‘ ‘Two samples 610—620ft. and 640-650ft., ylelded no
_f7kmlcrof0331ls other than downhole contaminants. . .'yf.f

PERMIAN

‘The Algebuckina/Mt, Toondina (i.e. Mesozoic (Permlan)

' ?and Mt. Toondlna/Unlt 1 (? or 2) contacts could be studied only
wi“fon the basis of cuttings. Although both Permian formations were o

}f-ncored some caution is necessary in conszderlng results.

MT. TOONDINA BEDS

Permlan microfloras are present in cuttings 740-750ft.1 :

‘;f:and continue beyond cuttlngs 940-950ft. The assemblages are

‘“jfddminatéd by Parasaccites spp. and Granulatisporites trisinus,|-:ff
-+ gtriate bisaccate pollen and Marsupipollenites sp. are also

“; present. These data identify Permian palynological Sﬁage 3(8)5@i1t
T;irand indicate low Stage 5 rather than high. The low frequency:jj?t
.;:lof striate bisaccate pollen supports this. '
No noncalcareous microplankton or foramihifera were 'f

found in the samples examined. A

| All palaeontological evidence, positive and negative,~?3
1&“supports cuttings lithologies in 1dent1fy1ng Mt, Toondina Beds b
1ff as high as 740ft., Examination of cuttlngs 640—650ft. and 740'»5 3  
T} 750ft, supports 1dent1flcat10n of the Algebucklna/Mt. Toondlna f{{f_‘
‘ ‘:contact at’ 655ft. j_-f" ‘



PERMIAN UNIT 1 or UNIT 2

Core 3 is a dismictite, an important rock type in

;iTthé lower part of the Permian succession (9). This grey,
. caleareous clay, plastic when wet, with rounded and frosted i';é
;ffguartz'grains; is found in cuttings up to 960 feet although‘

. lithologies are mixed, At 940-950ft. the dominant lithology -

Jg}is a clayey micaceous siltstone typical of the Mt. Toondina
{:TBeds. Samples above and below the 940—970ft. interval con- _
g;ffirm lithologically the well log evidence (1) for an import-
" ant csnfact at 960ft. (corrected depth), - We consider this |
z;jto be the base of the Mt, Toondina Beds, and fossil evidence

. provides strong confirmation.

‘With the exception of occasional contaminants from

. the Cretaceous no foraminifera were found in any of the samplesff”'

??yexamined.

The base of the Mt. Toondina Beds 'in some sectlons is jfﬁ

B

?f7marked by the dlsappearance upwards ‘of marine indicators:

7}1foram1nlfera and noncalcareous microplankton, Although no 4
#(foraminifera were found microplankton aré present in cuttings:'é;
-fifrom 980-990ft, to 1040-1050ft. and in Core 3 at 1081ft. and !
:i;ﬁ084ft. 6in. " The environmental significance of their presence-:j
'”for—absence (7) is enhanced by preservatlonal aspects. sporesi
f;fand pollen at 940—950ft. and above are preserved much better:

f than at 980—990ft. and below andcorr051on in the lower samples E~ff

is interpreted as belng due to attack by marlne mlcro-organlsms;‘li
The,spore-pollen component of the core 3 assemblage

- has abundant Parasaccites st,“together'witH Sulcatisporites

Lfovatus Punctstisporites gretsnsis and Micrdbaculisporaﬂtentula.
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o None of the elements characterizing'palynoldgical Stage 3 are
.present and those species that are, characterize Stage 2(8). g
Cuttings up to 980-990ft. can also be placed in Stage 2, being:J -
remafkably free of cavings from the Mt. Toondina Beds. Thus
the Mt. Toondina Beds/Unit 4 ormEscontact'at,960fta‘is.also

the biostratigraphic Stage 3/Stage 2 sontact. |
Stage 2 microfloras are typical of Unit 2 and the

lower section of Unit 1 (7). The apparent absence of fora—;s

:} im1n1fera from mlcroplankton—bearlng samples supports this,

.- The llthology of core 3 and cuttlngs is consistent both w1th

e

' -some of the diamictites of Unit 2 (9) and with the plastic,

}’-sandy clays of Unit 1. Wescannot go beyOnd an identification:”ff

" of "lower Unlt 1 to Unit 2" for the sectlon below 960£t. .
The Stage. 3/Stage 2 contact, identified at 960ft.,

" was placed at about 2100ft. in Cootanoorina No.1 (7). Thus,

"fd‘at least 400ft. of Unit 1 is represented by the Mt, Toondlna

Beds in Mt, Wllloughby No.1, or there is an'hlatus. The flrst
g ~'possibility'isﬁcoﬁsidered more liksly.oh,évidence from Lamblnaj;é

No.1 (beibw);' o |
- PRE~-PERMIAN

No acld-re31stant mlcrofoss1ls were found in samples

g ‘from the dolomltlc rocks of cores 5 and 6 and so there 1s no

blostratlgraphlc evidence to hand as to_age.-7




NOTE ON LAMBINA NO. 1

Results obtalned in the stratigraphy of Mt Wllloughby
| No. 1 suggested, in comparing the well-log profiles, a subd1v131on

-

of the sectlon in Lambina No.” somewhat different from that pro- 1'
posed previously (2).

Accordingly, samples listed in Table 2 have'
been examined and are discussed brlefly here.

- -x"»?wq,.r'

_ Core 1 in typlcal Cadna-owie Tormatlon llthology was
barren palynologlcally.

Cuttlngs from 850-860ft, agreed- w1th'th@'llgebuck1na

Sandstone 11tholog1cally, although downhole contamlnatlon by

"'Bulldog uhale is very bad, Cuttlngs 870-880ft. are similar,’ ﬁ‘

v Abut a log break at 850ft, eppears to be the Mesoz01c/Perm1an
ifﬂ contact (2), . |
‘ Cuttlngs from between 890ft. and 1100ft. were washed

" but yielded no microfossils apart from occas1onal Lower P

Cretaceous contamlnants°

Cuttlngs from 890-900ft; ahd'910-920ft. show typlcal N

Toondina Bedsg llthology although the palynologlcal data
are not clear.

M,

Cuttings from 930-1020ft, have varylngly mixed

,llthologles ranglng from the silty, mlcaceous, noncalcareous »

ngt. Toondlna Beds to grey, sandy, calcareous, plastic clays

f‘s1m11ar to those identified herein sas Unlt 1 or Unit 2 in the

o Mt, Wllloughby section, Contamlnatlon clearly 1s very heavy,

{fbut the 1nspectlon did not contradlct Thornton s (2) analy51s

" in which a brlef alternatlon of the two llthologles correlates
Me;w1th two well deflned hlghs 1n gamma-ray count

’ centred on 950
ii‘and about 1ooort. respectlvely,

The Mt; Toondlna Beds/Unlt 1.



Z9- |
TABLE II: SAMPLES EXAMINED, LAMBINA NO. 4

“Maas

. DEPTH . MATERIAL FORMATION AGE - PALYN.
(FT.) | - . SAMPLE
593 Core 1 Pn Cadna-owie Formation _ (Barren) -
1899-900 Cuttings g Mp M‘E. Toondina Beds | o cee
'910%20 , ) " ~ PnMp Mt, Toondina Beds. L. Permian, Stage indet. 5211
l930-40 . wp 2 o
_:950-66” " PoMp  ?Mixture L. Permian, Stage 3. S2210
,,970-8'0 .‘ " ~Mp | "Mt. Toondina Beds" | ’ .
"l990-1000 " Mp e ‘
1010«20,' " PnMp  ?Mixture L,iPérmian, Stage indet. 52209
l1030-40 ff  Mp  Unit 1 or Unit 2 E o R |
11050-60 " ' PnMp  Unit 1 or Unit 2 L. Permian, Stage indet. 52208
11070-80 " Mp " . - ‘
11090-1100 " Mp " | | |
» Core 3 Pn ‘L. Permian, Stage 2, with microplankton.
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‘or Unit 2 contact could be as high as the well defined horizon

at 93%6ft. (2) even though a good Stage % microflora with no micro- -
plankton was found.at 950-960ft. The choice between this horizon ?

‘e and the equally well marked level at about 985ft. would appear,to.:ﬁ
be arbitrary. .ContaminatiOn has swamped the cuttings and precluded;f
the use of mlcroplankton and palynological Stages. h
Core 3 at 1445 ft., has a good Stage 2 mlcroflora (8)
and also includes microplankton. v
If, then, there is the fepetiﬁion of iithologies as

‘_;indicated (2) below 936ft. - and not contradicted by our study,

:f};ﬁut identified as the change from Unit 1 (?2) to Mt, Toondina

rff-'-;e}'3e.ds - .this is good evidence that the formations are not dis- -
?'?;'-lconformablé, Extrapolating to Mt. Willoughby, the (better defined)
Vf contact in that ‘section is likely to be lower (older) then at -
;i:Cootanoorlna on the evidence of the palynologlcal Stage 3/Stage 2
_h#eboundary. Thus we heve} perhaps, conflrmet;on of the suggestion:
l?‘_(1Q) that ﬁhe'baseﬂof the Mt, Toondina Beds is significantly

i'i allochronous.

CONCLUDING REMARKS'

This study was carriédmout in response to certain

'€fxquestions which arose‘during.preparatiqn of the M, Willoughby
! No.1 Well Completion Report. It is highly selective in its s00pe,"?
The lack of foramihifera‘meant that a routine study based on 5

" original and washed cuttings would be unrewarding; However, the

: ;1nadequacy of the materlal for palynologloal analys1s is the more :17

1mportant point here. The nature and dlstrlbutlon of microfossil -

' assemblages are;81gn1ficahtiin_the Permieh Of‘théjArCKaringajBasih'}*

N . .
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(9; ref. therein) and the main thing now outstanding is a
sufficiently refined, locally based biostratigraphic framework.
This can be provided only by palynology, and undoubtedly it will
help fo clarify various pfoblems both within the area and in
integrating the story into that of the Australian Permian at
large. To do this one can go only so far on the basis of micro-
floral successions documented in eastern and West Australia (8,
11); local confirmation and perhaps refinement are required.
~ Environmentally - the Mt. Toondina/Unit 1 contact
i?' is the best example - stratigraphic tops to the ranges of marine

" miero-organisms (foraminifera, organic-walled microplankton) give

,?];the méin facts, The sometimes startling bﬁildup in fossils during -
AIJ {the Aincrease in marlne influence (Unlt ‘1) is blurred rather than |
'fa181f1ed outrlght by downhole contamination. That is, cuttings -
- have 81gn;flcant information content. o .
. Correlafiqn.and age determination are in diametric
_* contrast to this situation. The palyno-biostratigraphic ”Stages" /1f
"?',(8) are based on floral buildup: each sucdessional unit containsz-
"essentially the elements of the preceding, plus new elements. . “
V?{ Ciearly, rotary cuttings will not reflect this item of historical.;'
“ ' biology with any reliability.‘ (The Stage 3/Stage 2 boundary at
Mt, Willoughby is a rare and precious excepﬁion)°
| Palynolégical work is préceeding in the pre-Mt,
- Toondiha section at Mt, Willoughby in the hope that something
- can be salﬁﬁged from cuttings, In Lambina No.1,, contamination
 is particularly bad and crucial questions could?not be answered., -

Neithei'bore will improve eubstantia11y the“preéent situation,
';There,are two answers to these problems, -One is to
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 *increase routine coring regardless of significant lithological
 { changes. The second is to introduce routine 81dewa11 corlng,

based on well logs, into the dr;lllng programme.f"”
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MT. WILLOUGHBY NOI.
STATE: SOUTH AUSTRALIA PETROLEUM TENEMENT: Out of Lease Areas |: 250000 MILE SHEET: Wintinna. BASIN: Arckaringa
WELL STATUS: Dry and Abandoned
LOCATION: 27°39°46 ' S. LITHOLOGICAL REFERENCE
134° 167 39" E. ;
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5 1445’ Surface ' : S R - AN
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. . o |
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WELL SYMBOLS
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- CORE INTERVAL AND NUMBER B  CASING sHOE
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DRILLED BY: S. A. DEPARTMENT OF MINES. e CUT WITH Cce,
DRILLING METHOD: ROTARY.
LOGGED BY: S.A. DEPARTMENT OF MINES.
LITHOLOGY BY : RCNTHORNTON.
COMPILED BY: R.CN.THORNTON.
DRAFTED BY: J.M.BRADFORD.
DRAWING NUMBER: L 71— 3.
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