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SUMMARY

' The petrological study of these sediments has revealed some new
information concerning the conditions of sedimentation in the Nelson
Bore area, and the mineral constituents and cementing media of the
sediments.

The Nelson Bore sediments have been divided into the following
informal unitss—

Unit Bb Eequivalent to Mt Gambier Formation)
Unit Be (equivalent to Nelson Formation)
Unit Db Eequivalent to Dartmoor Formation)
Unit Dd (equivalent to Bahgallah Formation)
Unit Gb |

Unit Gd (equivalent to Paaratte Formation)

Marine conditions prevailed during the deposition of sediments
in Unit Gd time and these were followed by deltaic-type conditions during
Unit Gb time. Unit Dd sediments indicate shallow water transgressive
conditions but a reversion to a paralic environment occurred during Db
time.  Another shallow marine transgression occurred during Bc times
this was followed by marine shelf conditions during which Unit Bb
sediments were deposited.

A major unconformity has been recognized at the base of Unit
Be at 992 feet, Other posgible breaks may occur at the base of Unit
Dd at 3746 feet, and around 4500 feet where weathered kaolinite occurs,
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I.  INTRODUCTION

The Nelson Bore was drilled in the Otway Basin, and near the
town of Nelson, in Victoria -~ approximately 270 miles by road west of Melbourne,
and 3 miles from the Victorian=South Australian border. It was sited
about 250 yards west-north~-west from the western edge of the bridge over
thg Glenelg River, 4+ mile west of the Nelson township (Lats 38°03!
20 S, Long: 141°00'10"E).  The precise position of the bore is given
in the Boring Records of Victoria (D.M.V., 1946).

This bore was drilled to test the possible presence of a struct-
ure and a stratigraphic scquence which might be suitable for oil accummulat-
ione The project was finance@ by the Commonwealth and Victorian Governments.
Rotary drilling operations commenced in 1941 and the well was abandoned in
1945 at a depth of 7305 feet without any hydrocarbon shows being encountered.

The current study of the Nelson Bore sediments was undertaken
as part of the review of the Otway Basin by the subsurxface section of the
Petroleum Exploration Branch, Bureau of Mineral Resources (B.M.Ri).

All the core and cuttings samples held in the B.MiR. collection were
examined - amounting to 365 core and 83 cuttings samples. The cores
range in diameter from 2 inches in the upper part to approximately 1%
inches near the bottom of the borey  the lengths of the core samples
range from 4 inch to 2 inches. Though the Nelson Bore was fully cored
(Crespin, 1954) gaps of up to 200 feet occur in the material available for
study. These gaps are due to non~-recovery of cores and occur mainly below
4000 feet. The deepest core sample recovered was from 6999 feets

below this level only cuttings are available. Although a total of 957
feet 4 inches of core was initially recovered (Baker, 1961), only 47 feoet
is now available at the B.ll+Re Core and Cuttings Laboratory for study,

Work carried out on the sediments includes a binocular microscopic
examination of all the available material and thin section analysis of
selected cores and cuttings (see Appendix l.). A calcimetry log was
prepared for the carbonate sequence. Staining tests for phosphate and
potash feldspar were carried out on selected samples. X=ray examination
of clay matrices in sandstone at 4920 and 4500 feet were undertaken.

II. PREVIOUS INVESTIGATIONS

The first description of the sediments of the Nelson Bore is
given in the Boring Records of the Department of Mines, Victoria, (D.M.V.,
1947); this is a very generalized (drillers) log but useful for providing
information in the gaps which occur in the material now available (see
Appendix 1 and Plate 2).

Crespin prepared preliminary reports on the microfossils
(Crespin, 1947, and in Reeves & Evans, 1949), and her final report (1954)
gives descriptions of bore samples and their foraminiferal content. Her
stratigraphy is summarized and compared with the work of others including
our own determinations in Plate 3. Boutakoff and Sprigg (1953) briefly
discuss the Nelson Bore sediments in relation to the geology of the
"Mount Gambier Sunklands'g although they are not formally described,
several new stratigraphical units are named in this papers "Bahgallah
and Dartmoor Formations', "Nelson Formation" and others.

The results of studies of the microflora and microplankton of
selected samples from the Nelson Bore by Cookson and others are incorporated
in a paper by Baker and Cookson (1955). Upper Cretaceous marine micro—
fossils were recognized below 4500 feet, The Upper Cretaceous and Lower
Tertiary was later divided into 3 zones by Douglas (1961) on the basis
of microplankton (Deflandreidae).



Baker's (1961) work on 98 selected samples from the Nelson Bore
was mostly a detailed study of the sedimentology; a small chapter
(pe 9) outlines the geology of the Nelson region.

11T, DESCRIPTION OF LITHOLOGICAL UNITS

The sediments in the Nelson Bore have been divided into lithological
units based on their composition and texture. It was considered that this
would simplify correlation work in the future. All the boundaries of
these units were delimited by observed lithological changes shown in the
samplesy however, the gaps in the material available makes these
boundaries somewhat tentative. Unfortunately no electrical log was run
in this hole.

The detailed rock descriptions are given in Appendix l. The
lithologies are also shown or the composite well log (Plate 1, Sheets 1
and 2) and in summary form km Plate 2, A letter/number system has been
adopted to designate the lithologicai units in the Nelson Bore; and these
are compared with the stratigraphical divisions of other workers, in
Plate 3. The stratigraphic names which we consider are equivalent to
our informal units are also shown in Plates 1 and 2, and leftland column
of Plate 3. :

UNIT G

In the Otway Basin Unit G represents the section which lies
between the major unconformity at the top of our "Unit J" (equivalent to
the Waarre Formation) and the unconformity at the base of Unit D (the
rocks of which comprise the Knight CGroup - mainly sandstones and
carbonaceous siltstones).. Unit G may include equivalent of the
Flaxmans Beds, Belfast Mudstone, and Paaratte Formation.

In the Nelson Bore two subdivisions, Gd and Gb, have been
recognized,

Unit G4

In the Nelson Bore Unit Gd occurs from 7305 (T.D.) to 4500
feet and consists mainly of sandstones. On micropalasontological
evidence (Baker and Cookson, 1955), Gd is Upper Cretaceous in age, at
least in part.

Further subdivision has been possible into Gd, (7305 to 5708
feet) - compact sandstones with carbonate cement and si%ty matrix, and
Gd1 (5708 to 4500 feet) = cleaner sandstones with Kaolinitic matrix.

Sub-unit Gd2 - 7305 to 5708 feet

Lithologys Sandstones form the dominant lithology of sub-unit Gd,s

Those in the upper part are dirty with clay and silt matricesg tﬁey are
generally moderately to poorly sorted. In the lower part of the

sequence (7305 to 6129 feet) the sandstones are cleaner, compact, cemented
and moderately to well sorted. The sediments are fine-grained in the
lower part of the sequence but became more coarse-grained in the higher
intervals. The finer grained sediments show a marked degree of angularity
of the grains whereas the coarser grained sediments possess subangular and
rare subrounded grains.

Mineral Constituents: The major constituent of the sandstones is quarts,
(strained quartz, metaquartzite together with minor chalcedony) and it
forms 72 to 78 percent of the rock. Orthoclase, microcline and albite
are rare, generally forming only 5 percent of the constituents, and at

5861 feet, 10 percent. Lithics occur in minor amounts - 2 to 10 percent -~
and consist mainly of chlorite, chlecrite schist, and quartzite.
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The chlorite is present in the form of ovoid pellets and as
isolated granulege An abundance of these pellets, which range from very
pale green to green, occur in a fine to medium~grained sideritic sand-
stone from 5784 to 5782 feet and in a medium to coarse-grained siderite-
cemented sandstone at 5914 feet. The chlorite in pellets is pale
green where occurring with siderite cementy in uncemented sections
chlorite is present as green granules. The pellets are thought to be
of detrital origin - unlike the chlorite occurring in the matrix which
is definitely authigenice. Some of the pellets have been squeezed and
altereds Proof of some late alteration of chlorite is to be found in a
sandstone at 6418 feet, where kaolinite, which is the alteration product
of a chlorite pellety transgresses into the adjacent siderite cement.
Glauconite occurs as well as chlorite, but is not as common.

Micas ocour in minor amounts (1 percent), muscovite predominating
over biotites In thin section some of the micas show a marked degree
of bending and squeezing. Biotite ranges from fresh brown flakes through
various stages of alteration to bleached end stages (Baker 1961). At
6233 feot biotite flakes carry numerous minute rhombohedra of dolomite
(Baker, op. cite)s the dolomite is part of the authigenic cement.

Pyrite occurs as an authigenic mineral in the form of erystal
aggregates, and as finely disseminated crystals in the matrix and on
quartz crystal faces. It is closely associated with carbonaceous horizons.
A small amount”of  cdllaphane occurs in a carbonaceous shale lamination at
6751 feet

Accessory minerals include zircon, tourmaline and rutile.  Baker
has also recorded rare occurrences of cassiterite, andalusite, kyanite,
hornblende, garnet and epidote, together with considerable amounts of
opaque minerals (6296 feet and 6520 feet).

The cementing media consist chiefly of siderite with dolomite,
pyrite, rare chlorite and silica, and minor amounts of kaolinite matrix.
The cement and matrix of the compact sandstones constitute 10 to 25 percent
of the rocke. The friable sandstonscs contain detrital clay and silt
matrices.

Lithifications It is evident that in many of the sandstones there has
been 1little change in composition and texture since deposition, for most
of the sandstones contain detrital clay and silt matrices. The only
changes that have affected the composition and texture after deposition
have been due to the cementation of the coarser grained sediments during
diagenesis.,

In the indurated sandstones, the cementing medium is generally
gsiderite, with minor amounts of calcite, dolomite and pyrite. The
siderite appears to have been deposited as a primary precipitate. The
observation that these sandstones have been cemented during early
diagenesis is borne out by the presence of "floating" quartz grains in
the fine-grained siderite cementsy some guartz grains have been corrodeda
A relationship appears to exist between the chlorite pellets and the
siderite-cemented sandstones, for where the chlorite pellets make up at
least 5 percent of the mineral constituents, siderite forms the primary
cement.

Between 6485 and 6298 feet there is evidence that dolomitization
occurred after the precipitation of siderite. This is shown by siderite
occurring along detrital grain boundaries with dolomite having crystalligzed
out between the siderite rims, At 6336 feet dolomitization was accompanied
by recrystallization of pyrite as a cement. Pyrite-cemented sandstones
also occur at 6999 and 7231 fecte
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Some authigenic quartz was recognized and, in some parts,
encloses sideritic material. At 5914 feet, compaction of the sandstone
after cementation is shown by microstylolites which have formed by
pressure solution along quartz grains.

Baker (op. cit.) also mentions the presence of phosphate cement
(collophane) in nodular form at 6192, 5236 and 6298 feet in sandy sediments.

Sedimentary structuress Observed bedding characteristics showed mainly thin
sub~horizontal beds with some laminated micaceous and carbonacecus shales
and claystones - particularly between 6300 and 5835 fect. Some

laminations are wavy and at 6067 feet convolutions occur. Cross-bedding

of the planar type (McKee and Weir 1953) with a low angle (5 to 10 degrees)
and emphasized in part by carbonaceous shale laminations and very fine-
grained thin sandy interbeds, occurs between 6250 and 5900 feet.

Structures which appear to be associated with slumping are
particularly well marked between 6751 and 5782 feect. Such structures
consist of "curled up", thin, clean, fine-grained sand lenses in a dark
siltstone. It is suggested that these structures formed as followss-—

(i) Sand lenses, with shaly laminations along outer margins,

were laid down in the siltstone during sedimentation.

(ii) Some lateral movement of the sediments, while still in
the plastic state, caused the sand lenses to fold over on
themselves.

(iii) Subsequent compaction of sediments caused flattening of
the "curled up" sand lenses, accompanied by extrusion of
silty material, from within the overfold, through a narrow

gap.

In other places thin, clean fine-grained sandstone occurs in
silty sediments in lenses similar to the "sand nests" of Bouma, (1962).
"Sand nests" are rounded bodies of clean quartz sand enclosed in a bed of
fine sand and are thought to have resulted from sporadic turbulent conditions
in an area where fine material was being deposited under quiet conditions.

Fine to medium-grained, silty carbonaceous sandstones show
churned bedding and unusual markings betwecen 6754 and 600C feet. These
markings consist of irregularly branching tubes - 3 mm. in diameter - of
fine clean sands and occur along the bedding. t is thought that they
represent burrows from which organic material has heen extracted.

Baker (1961) refers to similar markings which occur in
sediments in the Princetown area and which he attributed (1953) to
burrowing organisms.

Sub-unit Gd, - 5,708 3 4,500 fcet

Lithology: Sandstones are again dominant throughout sub-unit Gd,; they
are well washed, quartzose and contain a clay matrix with minor amounts

of cementing medium. PFine to medium-grained mature lithic sandstones -
protoquartzites (Pettijohn 1957) or mature subgreywackes (Folk 1961) -
predominate and these are compact (cemented) to friable, and well sorted;
some coarser sediments occur but are poorly sorted. The angularity of
grains making vp the fine sediments is high, but the coarse sediments
contain, principally, subangular to subrounded grains. Between 5,400

and 4,500 feet feldspar is present ard some subarkoses (Pettijohn op. cit.)
oCCur.

Mineral Constituents: The chief mineral constituent of the sandstones is
quartz, (including metaquartzite, stressed quartz, rare chert and chalced-
ony), and it makes up from 75 to 86 porcent of the rock, Feldspar—-ortho-~
clasey; microcline and albite - constituies 5 to 10 percent of the sandstones.
Lithics range from 2 to 10 percent and consist of chlorite, quartzite and
rare sSchist fragments.
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The chlorite, which occurs in the form of pellets, shows some
alteration to kaolinite and some of the pellets are squeezed. Biotite
and muscovite occur more commonly (rare to 5 percent) in these sandstones
than in sub-unit Gdz. Both squeezed and shredded muscovite arc common
features.

Both authigenic glauconite and pyrite are present, with glauconite
occurring as scattered grains, and pyrite being in the form of finely
disseminated grains, aggregates, and as crystals on quartz grains.

Accessory minerals include tourmaline and zircon which are common
throughout, and restricted occurrences of staurolite, garnet and collophane.
In addition to these minerals, opaque minerals occur together with rare
rutile and epidote (Baker, 1961).

The cementing media consist mainly of kaolinitic clay with
siderite, dolomite, calcite, silica and pyrite being present in lesser
amounts. The matrix and cement constitute 10 to 25 percent of these
sandstones,

Lithification: Cementation of the sediments occurred during diagenesis,
mainly by kaolinite but some silica and carbonate cement was noted; some
lithification in the firier grained sediments was a result of compaction.

Kaolinite is an important matrix-forming constituent as some if
not all was deposited with the detrital grains. It is generally poorly
crystallized but where recrystallization has taken place well-devcloped
kaolinite books occur. Powdered clay samples from sediments at 4,500 and
4,920 feet were submitted for X-ray diffraction analysis. Dickite - kaoli-
nite peaks were obtained from the sample at 4,500 feet, but pure kaolinite
only was indicated from the sample at 4,920 feet (Pers.comm:S.C.Goadby
B.M.R. Laboratory).

At 4,809 feet the sandstone is comented by pyrite and
minor amounts of phosphatic matter which appear to be ~ in part at least -
depositional in origing there is no cvidencc to show that the pyrite is a
replacement of an earlier carbonate coment. However, minor amounts of
recrystallized dolomite do occur as a later diagenetic precipitate. TEtching
of some quartz grains is apparent in pyrite-cemgnted sandstones, the
cmbayments being filled with pyrite. The quartz grains appear to be
floating - showing little grain contact - except where a little welding of
some quartz grains has occurred.

At 4,792 feet sideritic clayey lenses occur in a sandstone with
calcite cement. The lenses probably formed from sideritic muddy layers
that were squeezed, partly as a result of pressure from above and partly
due to the crystallization of calcite cement during diagenesis, Other
features present include quartz overgrowths, pressure solution offects, and
bending of mica along quartz interfaces - all indicating the importance of
pressure.

In most of the other sandstones between 5,708 and 4,500 feet,
kaolinite occurs together with minor amounts of silica cementi both minerals
are thought to be of depositional origin. However, in some other cases the
origin of the kaolinite and silica cement is not clear due to the disgenetic
changes that have tzken place. Quartz overgrowths are present in these
sandstones, some growths occurring during early diagenesis and others forming
at a later stage. However, where carbonate cements are also present many of
the overgrowths are corroded. Quartz welding also occurs in these sandstones.

Due to diagenetic changes the initial porosity of the sandstones
of sub-unit Gd1 has been considerably reduced, in many cases to less than
10 percent.

Sedimentary Structures: Laminations are common between 5,708 and 4,700 feet
and consist of thin (0.25-1mm.) carbonaceous siltstone and dark carbonaceous
micaceous shale layers within fine to medium-grained quartzose.sandstone.
Cross-bedding of the simple type (McKee & Weir, 1953) with a low angle

(10 degrees) and marked by thin carbonaceous shale laminace occurs at 4,792
Teet.
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gcour-and;flll is present at 4,792 feet in the form of a chamnel,with
a concave base and flat top,filled with fin ined and j
scouxr ?s though tgin iamingéions in %he sanSE%ggé?e sand and clay materialy the
Unit Gb -~ 4,500 to 3,746 feet

This unit has been differentiated from the underlying Unit Gd
by a marked increase in the argillaceous content in the sequence in the
form of interbedded shales and siltstones, and by the marked increase in
the carbonaceous matter. On micropalaeontological evidence Gb is Lower
Tertiary (Palaeocene to Lower Tocene) in age. This unit is overlain
(unconformably) by Unit Dd.

Lithology: Sandstones with subordinate interbedded shales and rare
siltstones occur in Unit Gb. The sandstones are friable, guartzose and
contain a clay matrix; subangular to subrounded, medium to very coarse-
grained, moderately to poorly sorted sandstones predominate. The shales
are compact, fissile, with some sand laminations and are carbonaceous. At
3,850 feet a reddish-brown, sandy, haematitic siltstone occurs.

Mineral Constituents: The major constituent of the sandstones is quartz;
most grains between 4,209 and 4,180 feet are ironstained. Feldspar is
rare, as also lithic fragments. DMuscevite flakes are present in most of
the sandstones. Authigenic pyrite occurs in the form of disseminated
grains., Accessory minerals include rare tourmaline and zircon, together
with the opaque minerals and rare garnets observed by Baker (1961).

No cementing media were observed in these sediments although
Baker (1961) mentioned a phosphatic silty mudstone at 4,366 feet. He also
records the presence of carbonate in silty mudstones at 4,025 and 4,366
feet.

Lithifications The major changes which took place in this sequence after
deposition were in the form of compacticn, especially in the argillaceous
sediments., There is little indication that cementing media existed in
these sandstones, although depositional haematite forms the matrix of the
compact siltstone at 3,850 feet.

Sedimentary Structures: Laminations occur between 4,302 and 3,747 feet
and consist of fine-grained clean sand. Scour-and-fill occurs at 3,850
feet in red siltstone. The base of the scour is concave and filled with
very fine-grained clean sand.

Environment of deposition of Unit G: The accumulation of predominantly
arenaceous sediments throughout Unit Gd is thought to have taken place in
a shallow water inner neritic marine environment; isolated marine
organisms, carbonate cement, kaolinite, chlorite, pyrite and to a lesser
extent glauconite occur in these sediments. The presence of potash
feldspar in the sandstones from the upper part of Unit Gd would indicate
rapid erosion, transportation and burial.

Below 5,708 feet the sandstones are cemented with siderite and
dolomite which would indicate that the pH conditions were suitable for the
precipitation of carbonate. Above 5,708 feet, however, kaolinite becomes
the important bonding mineral in the sandstones with only very minor amounts
of carbonate cement, suggesting a change from alkaline to more acid
conditions together with a decrease in marine influence.

At 4,500 feet the kaolinite appears to be weathered; this was
borne out by the X-ray pattern of a clay sample at 4,500 feet where a
mineral presumed to belong to the kaolinite group and thought to
represent a possible weathering product was identified. This weathered
zone may indicate an unconformity at the top of Unit Gd, but there is no
indication of an angular unconformity, as such.

Unit Gb, which consists of sandstones and shales, represents a
regressive facies where marine conditions were being replaced by a paralic
environment and deltaic conditions. This change is marked by an influx
of carbonaceous matter. Quiet reducing conditions existed during the
sedimentation of carbonaceous shales.

At the top cf Unit Gb another change appears to take place, where
a transgressive facics exists., Although therc is no physical evidence for
the existence of an angular unconformity between Unit Gb and the overlying
Unit Dd an erosional unconformity at least, is thought to occur.
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Stratizraphic Relationshipss The age relationship between Unit Gd and
Unit Gb is still uncertain. The results of studies of planktonic micro-
organisms by Baker and Cookson (1955) and Douglas (1961) have shown that,
at least, part of Unit Gd is Upper Cretaceous in age - the top 500 feet
being of uncertain age due to lack of fossil evidence. Similarly, the
age of the lower part of Unit Gb is still uncertain. However, the upper
part of Unit Gb is thought from microplankton evidence to be similar in
age to Unit Dd which is regerded as Palacocene to Eocene (after Baker and
Cookson 1955, and Dcuglas 1961). Unit Gd is equivalent to the Pazratte
Formation, Gb is an unnaned unit.
UNIT D

The interval in the Otway Basin which lies between the
unconformity at the top of our Unit G and the major unconformity at the
base of Unit B (the rocks which comprise the Glenelg Group) has been
designated Unit D. It may include the equivalents of the Bahgallah and/or
Pebble Point Formations and Dartmoor Formation.

Two subdivisions, Dd and Db, have been recognized in the Nelson
Bore.

Unit Dd - 3,746 to 3,690 feet

Lithologys Sandstones form the dominant lithology of Unit Dd. Between

3,746 and 3,712 feect the sandstone is compact with carbonate and pyrite cement
and silty matrix, poorly sorted, angular to subrounded, and very fine to

very coarse~grained. The sandstone between 3,712 and 3,690 feet is

oolitic, compact, well-cemented, and poorly sorted. The sand grains are
subangular to subrounded quartz mainly and are medium to very coarse-

grained; ooliths are of carbonate.

Mincral Constituents: The most abundant constituent of the sandstones is
quartz (strained quartz) and with minor chalcedony forms 46 to 52 pcrcent.
Orthoclase, microcline and acid plagioclase are not abundant, and only
form between 5 and £ percent of the rock. Lithics occur in minor amounts
- 2 to 12 percent - and consist mainly of microquartzite, quartzite and
chlorite. The carbonate ooliths have been included with the cement when
assessing percentages.

Minor amounts of muscovite mica are present. Authigenic pyrite
occurs as finely disseminated grains. Accessory minerals include
tourmaline, zircon, and opaques.

The cementing media which constitute 25 to 30 percent of the
rock, comprises calcite, dolomite, siderite, phosphate, limonite and
pyritec.

Lithification: The main change which took place in these sediments was
in the form of cementation during diagenesis. In the sandstone between
3,746 and 3,712 feet siderite and pyrite were deposited in patchos as
primary cements; recrystallized calcitce and dolomite were formed later,
during diagenesis and have a granular texture.

The sandstone occurring between 3,712 and 3,690 feet contains
phosphate and pyrite coated nuclei and pyrite rimmed carbonate oolithsg
pyrite, iron oxide and dolomite are the cementing media. The ooliths,
with quartz and detrital limestone nuclei appear to have been formed
locally and deposited in a cement of phosphate, pyrite and carbonate.
Dolomitizaticn of the ooliths during diagenesis caused corrosion and
replacement of many of the quartz maclei; only the pyritic rims of quarts
grains now remain in some cases.

The diagenetic processes in these sandstones have reduced the
porosities to about 5 percent.

Sedimentary Structures: Burrow markings occur in a carbonaccous silty
sandstone at 3,718 feet: Tlongated and bifurcating structures, consisting
of clcan digested sand, are present on the bedding plane.

Unit Db

] In the Nelson Bore this unit occurs from 3690 to 992 feet and
consists of interbedded shales, siltstones and sandstoncs. On
micropalacontological evidence (Baker and Cookson, 1955), Unit Db is
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regarded as Focene in age.
Further subdivision of Unit Db has been possible into Db

(3690 to 2681 feet) - compact shales and friable sandstones, and %
(2681 to 992 feet) - sandstones with interbedded carbonaceous siltstones.

Sub-unit Db2 - 3690 to 2581 feet

Lithology: Sandstones and shales with minor siltstone interbeds occur in
sub-unit Db,. The shales, which arce more common than sanistones abecve
3,100 feet, are fissile, compact and finely laminated. The sandstones,
which are present below 3,100 feet, are friable and range from dirty,
coarse-grained poorly sorted argillaceous sandstones to clean, quartzose
fine-grained moderately to well-sorted sandstones; rare compact, cemented,
fine to medium~grained sandstones occur. The finer grained sediments
exhibit a higher degree of angularity than do the coarser grained.

Pinely divided organic matter occurs scattered throughout the sedimcnts.

Mineral Constituents: The chief mincral constituent of the sandstones is
quartz - quartz with overgrowths -~ and with chert constitutes 40 to 50
percent of the rock. Feldspar - orthoclase, microcline, and acid
plagioclase - ranges from 2 to 5 percent. Lithies vary between 10 and 20
porcent and comprise quartzite, chlorite and chlorite schist fragments.

Mica, which occurs throughout this sequence, is predominantly
muscovite and commonly shows bendings rare amounts of biotite occur.
Authigenic minerals include a small amount of glauconite and some pyrite
which occurs in clusters or as finely disseminated crystals. Accessory
minerals are tourmaline and zircon, togcther with the opaques, rare
. cassiterite, and rutile obscrved by Baker (1961).

_ The cementing media and clay matrix present in the minor compact
sandstone” intervals range between 20 and 40 percent. The cement compriscs
siderite, dolomite, chlorite, phosphate and pyrite, and the clay is
limonitic.

Lithification: The principal form of lithification in this sequence has
been by compaction although some diagenetic changes in the form of
cementation occur in isclated fine and coarsc~grained sandstones.

In a sandstone at 2,230 feet pellicular chlorite cement is
present which is thought to have been depositional. In addition, globular
siderite, phosphate and rare patches of kaolinite occur which are possibly
late diagenetic products. At 2,920 feet limonitic clay, pyrite and
recrystallized dolomite form the cementing média in the sandstone. The
presence of limonitic clay in thin laminations would indicate a
depositional origin which allowed preferential arrangement of the clay.
The sandstone at 2,886 feet roveals a primary sideritic clay matrix with
calcite recrystallized during later diagencsis and accompanied by pyritc.
Much dissolution of quartz grains is shown at 2,830 feet where carbonate
cement occurs; embayments in quartz show replacement by calcite. The
carbonate cement may have been primary calcite which during later
diagenesis was recrystallized and partly delomitized. A lens of
microcrystalline siderite which is thought to be a primary precipitate
occurs at 3,655 fect.

Other fcatures present include minor quartz overgrowths, quartsz
welding, and small amounts of pressure solution shown by microstylolites at
2,886 fect. Porosity is negligible in thesc cemented sandstones although
at 3,230 feet about 10 percent interstitial porosity exists.

A

Sedimentary Structures: Laminations are common between 3,244 and 2,735 feet
and consist of thin (0.03 - 0.25 mm.) clcan, very fine-grained sand in
shalesy thin clay and silt laminations are present in some sandstones.

At 2,830 feet in a dolomitic sandstone, isolated clay lonsecs
show broken undulating laminations. It would appear that the pattern of
the laminations results from locad effects by squeezing and re-orientation
of the clay. A definite load cast structure is present in shale at 3,123
feet. Scour-and-fill occurs in a compact siltstone at 3,587 feet. The
scour is 17 mm. wide by 4.5 mm. deep and the fill is slightly convex at the
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top. The fill is fine-grained clean sand which shows microcross -~ bedding.

Sub-unit Db, - 2,681 to 992 feot

Lithology: Carbonaceous sandstones and argillaceous sandstonce with
interbedded carbonaceous siltstones occur in sub-unit Db,. The

sandstones which are friable or may be partly compacted Aear the base,
range from dirty, coarse-grained, poorly sorted to fine-grained and well-
sorted. Rare compact, cemented, fine-graincd sandstones occur. The finc-
grained sandstones show marked angularity of grains whereas the coarser
grained sandstones consist of subangular to subrounded grains. The
siltstones are sandy and contain abundant carbonaceous matter.

Mineral Constituents: The most abundant constituent of the sandstones is
quartz, (in part coated with iron oxide), which forms 40 percent of the
rock. Feldspar -~ orthoclase and plagioclase, somec altered ~ is rare, and
ranges between 1 and 5 pcreent. Lithics which occur as chert fragments
constitute 10 percent of the rock. Opaques are an important mineral
constituent and also form 10 percent of the sandstcnes,

Muscovite and biotite are common throughout the interval.
Authigenic pyrite and glauconite occur - pyrite in the form of disseminated
crystals and clusters and glauconite as grains. Limonite and siderite
pellets occur at various horizons between 1943 and 1241 feet. The
accessory minerals present consist of zircon, tourmaline, rutile, cpidote,
chlorite, chloritiod and staurolite, glaucophsne, anatase, phosphate and
garnet. (For details of the heavy mincrals see Baker, 1951).

The important bonding media in these sandstones are clay and
silt which make up 35 to 40 percent of the rock. Minor cement occurs in
the form of dolomite, anhydrite and siderite.

Lithification: Little diagenetic changc has taken pleace in the
composition and texture of the sandstones and they remain friable and
porous. Finely divided primary haematitic clay forms the matrix in a
siltstone at 2,681 feect. In a sandstone at 2,296 feet diagenetic dolomite
with spots of anhydrite cement occur. At 2,017 feet granular
microcrystalline siderite forms 80 percent of the scdiment, with isolated
sandy patches. The siderite was a primary deposit and some areas were
slightly recrystallized during later diagenesis. In the sandy patches,
later diagenetic changes have taken place which resulted in calcite being
formedy; corrosion of the quartz grains occurred.

Where the sediments are cemented the porosity is less than 5
percent. Elsewhere, in the friable sediments, porosities are between 15
and 20 percent.

Sedimentary Structures: Laminations are common and are formed by dark
carbonaceous silt, clean fine-grained sand and clay.

Burrow markings which are common between 2,200 and 992 feect are
characteristic features in the fine-grained carbonaceous sandstones and
carbonaccous sandy siltstones. They have irregular branching structures
which commonly cross one another and appecar to consist of clean digested
fine-grained sand in matrices containing organic matter. These features
are to be found along and through the bedding planes.

Environment of deposition of Unit D: The accumulation of both arcnaceocus
and argillaceous sediments throughout Unit D is thought to have taken
place in & predominantly paralic environment, where interfingering of
marine and deltaic facies occur; isolated marine organisms, gastropods,
rare fish teeth, plant remains together with rare carbonate cement, pyrite,
glauconite and carbonaceous matter arc present in these sediment.

At the base of Unit D and between 3712 and 3590 feet oolitic,
coarse-grained sandstones occur which are cemented by carbonate,
phosphate and pyrite. This scquence is thought to represont a short
transgressive phasc where the waters were sufficiently alkaline for the
precipitation of carbonate cement together with the formation of carbonate
ooliths, but where slightly reducing conditions prevailed for the formation
of siderite and phosphate cements. The angular to subrounded nature of
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the grains together with the ooliths would seem to indicate that these
sediments were dcposited in a zone where high energy currents were activae,

Between 3,690 and 992 feet Unit Db sediments repreéent a
regressive facies where deposition has taken place under predominantly
deltaic conditions accompanied by minor marine influxes. The sediments
between 2,681 and 992 feet contain abundant carbonaceous material
‘accompanied by pyrite, phosphatic fragments and glauconite; this would
indicate stagnant conditions resulting from poor circulation and a loss
of oxygen as a result of decaying terrigenous organic matter (Baker 1961).
Thus the waters of this paralic environment were of a reducing nature
during the deposition of sub-unit Db,. The pH of the waters waB such
that very little primary carbonate cement was precipitated, indicating
more neutral alkaline conditions during sedimentation,

A form of cyclic sedimentation is thought to have occurred
throughout Unit Db due to the recurrence of coarse and fine-grained
carbonaceous sediments. The mechanism necessary for sedimentation of
this type could be either step subsidence or a migrating river across a
sinking delta.

At the top of Unit Db another change takes place, where a
transgres31ve sandstone facies occurs., Although no angular unconformity
appears to exist there is physical evidence in the form of a basal
conglomerate for an erosional unconformity between Unit Db and the
overlying Unit Be.

Stratigraphic Relationships:s The age relationship between Unit Db and
Unit Dd appears to be known. The results of studies carried out by

Baker and Cookson (1955) and Douglas (1961) have shown. that Unit Dd i
Palacocene to Lower Eocene in age and that Unit Db is all Eocene.
However, the relationship of Unit Db to the overlying Unit Bec is still
uncertain as some workers (Crespin 1954) considered Unit Bec to be Upper
Eocene. Baker and Cookson (1955) although uncertain of its age, regarded
1t as being pre-Janjukian (this would be pre-Oligocene according to
Carter, 1958). Other workers, (Boutakoff and Sprigg, 1953) consider that
Unit Bc has closer affinities to the Oligocene than Upper Eocene.

UNIT B

- In the Otway Basin Unit B reprcsents the interval which occurs
above the major unconformity at the top of our Unit D. Equivalents of the
Nelson and Mt. Gambier Formations (Glenelg Group), as descrlbed by
Boutakofl and Sprigg (1953), are represented in Unit B.

‘ Two subdivisions, Bc and Bb, have been recognized in the Nelson
Bore:s Be from 992 to 812 feet - conglomerate and green to brown sandstone
with pellets, and Bb - limestones and dolomites - from 812 to 108 fect.
Unit Bc is probably equivalent to the Nelson Formation and Bb Js part of
the Mt. Gambier Formation. '

Unlt Bc -~ 992 to 812 feet

Lithologys Unit Bc is an arenaceous sequence consisting of sandstones with
a conglomerate at the base. The conglomerate; which occurs between 992 and
986 feet, is compact, well cemented, poorly sorted with well rounded pebbles
of quartz, microquartzite, chert and quart-mica-pegmatite.

Below 953 feet the sandstones are green, friable, fine-grained,
moderately to well-sorted with carbonate cement and silty matrix; above
953 feet the sandstones are reddish~brown, compact, fine to medlum, and
coarse to very coarse-grained, gritty, bimodal, moderately sorted, with
cement and minor clay matrix. The very coarse-grained sedimonts possess
subrounded to rounded grains whereas the finer sediments show marked
angularity of grains,

Mineral Constituents: The most important detrital constituent of the
sandstones and conglomerate is quartz,; (quartz with vermicules of
kaolinite and chlorite, pitted quartz, iron oxide and chamosite coated
quartz) and forms 20 to 40 percent of the rock. Feldspar - microcline -
is rare, ranging from 1 to 5 percent. Lithics, in the form of chert,
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quartzite, microquartzite, with rare quartz-mica-pegmatite and microgranite
fragments, are important constituents and form between 10 and 15 percent of
the rock. Pellets are important constituents throughout Unit Be; these
consist of limonite, haematite, chamosite and gocthite, often with quartz
nuclei. Baker (1961) mentions that X-ray patterns of material from brown
oocliths at 976 feet revealed gcethite.

The cementing modia and matrix material present in both friable
and compact sandstones range between 35 and 50 percenty the cements consist
of dolomite, siderite, calcite and pyrite, with a trace of phosphate.

Lithification: The main change which affected the texture and composition
of thcse sediments was due to cementation.

In most of the sandsteones, dolomite is the cement and has formed
during diagenesis. The dolomite and dolomite/énkerite cement which is
recrystallized and coarse-grained often forms 40 to 50 percent of the rock
so that it probably had its origin as a primary carbonate cement. The
primary origin of the cement, as at 902 feet, is suggested by its abundance
(50 percent) and the scarcity of grain contact cven though the original
outlines of grains are in most parts preserved. "Ghosts" of echinoderm
remains and shells indicate that scme diagenetic changes have taken place.

Siderite cement is only found between 592 and 953 feet. In the
conzlomcrate at 986 feet recrystallized, fine-grained siderite is the
principal cement with isclated patches of calcite; i1ron oxide infills the
interstices and boundaries between the closcely packed siderite crystals.
Abundant pellcts composed of haematite — limonite and chamosite cccur in
this cenglomerate. In the sandstone at 963 feet recrystallized sideritic
patches are present within a dclomite cements iron oxide pellets (goethite)
also occcur. Pyrite and g trace of phosphate occur as later diagenetic
cementing media in the conglomerate at 986 feet. The pellets present
throughout this sequence were thought to have been formed by a slight current
cr wave action on a fine-grained precipitate. The limenite coating of
quartz grains at 902 feet is considered a primary precipitate.

Porosity is low - about 5 percent ~ in the cemented sandstones.
Unit Bb - 812 to 108 fect

Lithology: Predominantly bryozoal limestoncs with subordinate dolomitized
limestones and dolomites occur in Unit Bb. The limestoncs below 646 feet
are grey, chalky to crystalline, argillacccus, with rare dolomitized and
silicified strcaks; Dbryozoa debris occurs in this interval. Between 646
and 528 feet dolomites and dolomitized limesteonecs cccur. The dolomites
are pink, compact, sucrosic and coarsely crystallincs the dolomitized
limestones are green to cream, chalky, sucrosic, fine-grained, bryozoal,
The limestones above 528 feet are grey to cream, scft, chalky, bryozoal,
with thin bands of compact silicified limestone throughout.

Mineral Constituents: Detrital mineral constituents are rarc; scattered
detrital and authigenic quartz occur in the limestones. Granules of
authigenic glauccnitc, rarec pyrite, and biotite flakes are present in the
sediments. In a limecstone between 736 and 730 feet there is evidence of
bryozoa fragments having been partially filled with phosphatic material.
At other horizons glauconitic infillings of foraminifera tests occur,
espcecially at 811 feet.

Lithification: In this limestone sequence the changes that have taken
place have been primarily due to lithification by compaction, although
some diagenetic recrystallization, dolomitization and silicification have
occurred. Dolomitic replacement of limecstone is shown in cne sample

(560 to 528 fect) in which dolomite crystals are coated with clay, and
palimpsest structures of former fossils are preserved. In another sample
(587 to 580 feet) sucrosic dolomite occurs with relics cof bryozoa. A
numb-r of silicified fessiliferous horizons occur in the sequence.
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Medium to high porosity - 15 to 20 percent -~ is present where
the limestones contain an abundance of fossil debris. Vuggy porosity
occurs in the dolomites.

Enviromment of Daposition of Unit B: Conditions of sedimentaticn during
Unit B times were markedly different from those existing in Unit Db times.
Unit Bec ~npears to be a transgressive facies which represents an
intermediate phase in the change from paralic to the deeper neritic
conditicns cf Unit Bb. A number of features give some idea of the
cenditions during Be time, but the sequence of events is not clcar. Firstly,
the basal conglomerate, becausce of the roundness of its pebbles, suggests
a reworking or crosion of a pre-existing conglomerate. The conglomcrate
was overlain by sands which contained iron oxide pellets throughout. The
presence of these pcllets, together with iron oxide and chamosite-coated
quartz and the general rounded nature of the detrital grains would point
to high encrgy conditions in shallow oxygenated water. The Eh conditions
must have been positive for the precipitation of the ircn oxide which
subsequently coatcd grains and formed pellets. However, increase in pH
and quieter conditions must have occurred for the precipitation of
carbonate to take place. The red-brown compact sandstone at the top may
indicate a period of oxidation duc tc weathering.

The marked lithological bresk at the base (812 feet) of Unit Bb
suggests a marine transgression over a shallow shelf area. Throughout
the deposition of the limestone sequence, a neritic marine environment
prevailed; the depth, temperature, and salinity of the water was
suitable for supporting abundant calcareous organisms. Little terrigencus
material was being depositeds the carbonates were deposited under conditicns
of positive Eh where faunzl develcpment could be sustained and under high
pH allowing for the precipitation of calcium carbonate to be maintained.

Stratigraphic Relationships: There is some doubt about the nge of Unit Bey its
rclationship with the overlying Unit Bb is sbill uncertain. On
micropalaecontological evidence (Baker and Cooksen, op.cit., and others)
Unit Bc may be either Upper Eocene -or Oligocone in age. If Unit Be is
considered as Upper Focene then a time break may occur in the form of a
non~-depositional unconformity between Bc and Bb, for Unit Bb is regarded
as Oliogocene in age by most workers. Although no samples were colleccted
between 108 feet and the surface, Baker and Cockson (1955), regarded the
top 816 feet as being compesed of Janjulkian (Oligocenc) limestones and
marls, However, Boutakoff (1951) regarded these sediments (108 feet to
surface) as belonging to the Bzlcombian stage (Miocene).

IV _COMMFNTS ON TH™ SORTING OF CRETACEOUS AND
TERTIARY SEDIMENTS

Detailed mechanical analyses of particle grade sizes were
carried out by Bokor (1961) on 48 samples from the Nelson Bore. Proportions
of the various grade sizcs in uncemented or slightly cemented sediments
were shown by histograms, and average valucs for the sorting, skewness and
kurtosis were calcul~tad for the intervals 990 to 4500 feet and from 4500
to 7305 feet. The results were averaged and matched against the
stratigraphical sequence. Provided that the sampling was carried cut over
intervals of uniform composition, and that completely representative
material was analyscd, the grouping of sediments con the basis of granulo-
netric parameters is valid.
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TABLE 1
SORTING
DIEPTH
Fine - Med. Coarse - V.C. Av. Sc.
990 to 4500 fcet 1.6 1,49 1.58 ﬁ
14500 to 7305 feet 1.55 1.37 1.49

The gr2dc size percentages given by Baker for the 48 samplos
analysed can be divided intc fine to modium-grained sands (up to 0.5 mm.)
and coarse to gritty sands., Thc sorting coefficient figures of these
graded sands are given in Table 1 together with the average sorting
cocefficients. However, the samples apparently contained little or no
material of silt-size cr less, whoreas petrological analysis shows
interbedding of mudstones with sandstones over the intervals analysed,
moreso in the upper interval. The figures, therefore, dec not give true
sorting coefficients for the intervals.

The sorting of the fincr sandy material for each interval is
comparable - and poor; the coarse matorial is much better sorted in the
lower interval than the upper - though both are well sorted. The relative
"clecanness" of the conarse sands below 4500 feet is also apparent from the
study of the corcs, and points to a greater maturity of these sodinents.

It is probable that the bathymetric and encrgy conditions during
the deposition of the lower (Crctaccous) interval may have been only slightly
different tc the conditions during the dopesition of the upper (Tertiary)
sequcnce: however, the differences in the quantity of silt and clay size
material present in the two intervals makes the two sequences quite
distinct.
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V  COMMENTS ON FOSSIL ASSEMBLAGES

Detailed micropalaeontological studies have alrecady been carried
out on the Nelson Bore sediments by a number of workers; the
gstratigraphic significance of their results are summarized on Plate 3.

Crespin (1954) discussed the foraminiferal assemblages which
occurred in the various lithological units in the Nelson Bore. Abundant
foraminifera were present in the interval we referred to as Unit Bb, and
were also present, but scarce, in Unit Db. Crespin placed the interval
between 7305 and 5304 feet - which contained no foraminifera ~ tentatively
as (?) Palaeocene; she considered the sequence from 5304 to 992 feet to be
Middle Eocene and between 992 and 112 feet as Upper Eocene (cf. Plate 3).

The studies carried out by Deflandre and Cookson on selected
sediments from.the Nelson Bore, revealed the presence of planktonic
micro-organisms, dinoflagellates and hystrichosphaerids which "provide
further proof of the marine envircmment of this theatre of sedimentation"
(Baker & Cookson, 1955). Conclusions reached by the above authors were
that sediments between 3650 and 992 fect wore identical to those of the
upper section of the "Wangerrip Group!" in the Moonlight Head-Princetown
area to which a Lower Eocene age has been assigned. (This interval is
approximately equivalent to our Unit Db).

Sediments from the Nelson Bore between 4025 and 3650 feet
yielded microflora- and microplankton characteristic of the "Pebble Point
Formation" at the base of the "Wangerrip Group" in the Moonlight Head -
Princetown district; Baker in 1950 and 1953 regarded the "Pebble Point
Formation" as being of Lower Eoceno age but with Palasccene affinities
(Baker & Cookson, op. cit.). Sediments between 4500 and 4250 feet were
also thought to be Palaeocene to Lower Eocene by the above authors.

Deflandre and Cookson isolated a sporomorph and two micro-
plankton species from the interval 6192 to 5782 feet; these microfossils
"occur in Australian Upper Cretaceous sediments, but have not sc far been
found in Australian Tertiary deposits". (Baker & Cookson, 1955).

Douglas (1961) studied the microplankton occurring in the Nelson
Bore but considered the Tertiary microplankton to be of little
stratigraphic interest. He has delimited three zones - based on the
occurrences of Deflandreidae -~ within the lower half of the Nelson Bore
(see his correlation chart, P. 27 and our Plate 3):

Zone 1 Deflandrea bakeri : Palaeocene to L. Focene
Zone 2 Nelsoniella sp. s Upper Cretaceous
Zone 3 Deflsndreaz sp. s Upper Cretaceous

From the work of Deflandre and Cookson (as summarized in
Baker & Cockson, op. cit.), Douglas (1961), and P.R. Bvans (pers. comm.)
there seems little doubt that some Upper Cretaceous sediments do occur in
the lower half of the Nelson Bore. However, P.R. Evans (pers. comm.)
considers that insufficient detailed sampling of the (?)Upper Cretaceous
sections has been done to justify the establishment of microplankton zones
at this stage.

Evans (1962) has shown that in Flaxman's No. 1 and Port Campbell
No. 1 wells, the pollen Xenikoon australis occurs at the top of the Upper
Cretaceous sequence - above Zone 2 as defined by Douglas (1961). Evans
(pers. comm.) has not found Xenikoon australis in the Nelson Bore, and it
is possible that its absence may point to either a break in sedimentation
ory more likely, to a lack of samples at about 4500 feet - at the boundary
of sub-unit Gd1 and the overlying Unit Gb.

Despite the palaeontological work carried out, there is still
considerable doubt ‘as to the age of the upper limit of the "Paaratte
Formation" (Unit Gd equivalent). However, there is a marked lithological
change at 4500 fcet which has been taken as the top of Unit Gd.

The palaeontological work of Baker and Cookson (1955) and
Douglas (1961) may provide evidence for a time bresk at approximately
3650 feet — this depth roughly corresponding to the upper limit of the
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oclitic sandstones of Unit Dd, and correclated with the "Bahgallah Formation™
by the prcsent authors; a tentative correlation of this typc was suggested
by Baker and Cookson. The scdiments which form the "Bahgallah Formation”
have been correlated by Kenley (1951) with the ferruginous grits cf the
"Pebble Point Beds" in the Princetown-Mconlight Head district; he assigned
an Eocene age to these "Bahgallah Formation' sediments.

The age of Unit Be (ecquivalent to the Nelson Formation) is now
in some doubt. Crespin (1954) placed the interval 992 to 112 feet - Units
Bc and Bb (equivalent to the Nelscn Formation and Mt Gambicr Formation) -
in the Janjukian Stage of the Upper Eocene; considerable importance was
placed on the presence of Victoriclla plecte. Boutakoff and Sprigg (1953)
have placed the '"Nelson Formation" in the Oligoccne and this view has been
indirectly supported by the work of Carter (1958), who carricd out 2 study
of the ranges of the Tertiary foraminifera in Victoria. This Oligocenc age
for Unit Bc has been adepted in this study. However, Baker and Cookson
(1955) are not certain of the age of the "Nelson Formation" but state that it
is pre~Janjukiang hey have also suggested that the lithological brcak at:
816 feet is indicative of a time break separating pre-Janjukian from
Janjukian sediments: this corrcsponds with our break at 812 feet. Some
dcubts about the significance of the Nelscn Formation have arisen as a
result of work carried out by Fromc-Brcken Hill Co. Pty. Ltd. (Leslic,
PCrS. COmMiie 1964). Unit Bc as defined in the Nelson Bere may »epresent a
condenscd time break facics made up of both Eoccne and Oligocene scdiments
that elscwhere have boen subdivided into scparate "formations'". The major
break recognized in the present lithological study occurs at 992 fects
Baker and Cookson rccognized another lithelogical change at 990 feet.

According to Bakor and Cookson (op. cite.) the scquence from
7305 to 990 feet in the Nelson Bere can be considered as partly Upper
Cretaceous and partly Palacocene to Lowcr Eocene, though ¢ exact positicn
of the Mesozoic-Tertiary bourdary remains in doubt.

VI _CONCLUSIONS

The thick accumulation of sediments in the Nclson Bore area
suggests a strong influx of terrigencus material intc an area of depositicon
which was sinking up until Oligocene times: during the Oligocene, nore
stable conditions provailed and limsteones were deposited on a shelf area.

Sedimentation in Unit G4 times - Upper Cretaceous - took placce
in 2 shallow watcr inner neritic marine environment; depositicn occurrcd
under beth quict and rough water conditicns together with variaticns in the
pH and Eh as revealed by the cementing meodia. At 4500 feet an unconfornity
may occur in the form of a non-depositional break between Unit Gd and the
overlying Unit Gb. The sediments in Unit Gb reprGsent a regrossive facies
where essentially deltaic conditions. prevailed and where there was in influx
of carbonaceous material. The upper part of this unit is Palaeocene to
Eccene in age from microplankton evidence.

Between Unit Gb and Unit Dd a disconformity is thought to occur.
The oolitic sandstoncs of Unit Dd are thought to represent a transgressive
facies, where the sediments were deposited in a near shore high energy
zone. However, the overlying sediments of Unit Db-Palacocenc to Eocenc
in age - reprosent a regressive facics vhere deposition tock place in a
paralic environment, accompanied by an influx of carbonacecus material.
Throughout this sequence a form of cyclic scdimentation is thought to
occury the most appropriate mechanism for this type of sedimentation is
thought to be a migrating river across a sinking delta.

At 992 fect a marked erosional unconfornity cccurs between Unit
Db and the overlying Unit Be. The arenaceocus sediments of Unit Bc represent
a transgressive facies where sandstoncs were deposited under high energy '
conditions in a well oxygenated littoral zone. At 812 fect - the basc of
Unit Bb - a marked lithological change occurs suggesting a marine trans-
gression over a shallow shelf area. The limostones of Unit Bb were deposited
in a neritic marinc environment on a stable shelf where little terrigenous
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material was accumulating. Temperature, salinify, Eh and pH were
important factors in sustaining faunal development and for the precipitation
¢f calcium carbonate.

The mineral composition of the arenacceous scediments below 812
foet points to a mainly granitic-metamorphic provenance. The cvidence
from the heavy mineral content would suggest that the processes of crosion
of similar source rocks was maintained thrdpghout the sequence. The
conpositicn and texture of thesc sediments Indlc 1ted that the land relicef
was sufficient for continucus erosion to také place and a steady supply of
detritus to be transported tc the area of accunulation; thore was little
indication that long distances or long periods of transportation wore
involved.

The oil potential of the sediments in the Nelson Bore area is
difficult to assess. No indicaticns of source rocks were observed, but
large intervals in the scction were not available for examination and may
have contained some indication. Likewifio rescrveir conditions may or may
not be present; similarly, porosity may be far more extensive in these
sediments than is known. Porosities of between 10 and 15 percent exist in
some sandstone beds in Unit Gd (equivalent to Paaratte Formation) but
permeability appeared to be low:as a result of patchy ccmontation.
Generally speaking, the cleaner, coarscr sands helow 4500 fcet would
indicate better reservoir possibilitics. Impermeablce zoncs and caprcck
conditions are indicatoed in the scediments, particularly in Unit Db
(equivalent to Dartmoor Formation).
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(D.M.v.,, 1947)and Bulletin 58 (Baker I961,

Geological Survey Victoria.)
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APTERDIX 1,

- DETAILED DESCRIPTION OF SAMPLES

Detailed lithological descriptions of all the samples examined in
the Nelson Bore are given below., No samples had been collected until the box
had reached a depth of 108 feet. According to Boutakoff (1951) the bore passed
through polyzoal limestones, dolomite and marls of"Balcombian stage" down to
100 feet. When ;2ps occur in samples, details have been taken from the boring
records (D.M.V., 1947, 26) and are shown in brackets.

0 to 10 feet No samples over interval,
UNIT Bb (equivalent to Mt, Garbier Fomation)

108 to 132 feet (Core) Limestone: Light grey, chalky, fragmental limestone
composed of bryozosz debriss scattered angular quartz
grains, dolomite rhombs, rare glauconite and pyrite,
Abundant bryozoa and foraminifera, At 112 feet,
compact, silicified limestone.

132 to 152 feet (Core) Limestone: Medium giey, chalky, marly limestone,
rarely fragmental; scattered calcite crystals, and
glauconite, Abundant bryozoa and foraminifera., At
152 feet, compact silicified limestone.

152 to 453 feet {Core) Limestone: Light grey, fragmental, chalky limestone,
argillaceous intsrvals; scattered dolomite rhombs,
rare angular quartz grains, rare glauconite and
pyrite., 15 to 20 percent porosity where abundant
bryozoa debris in limestone, especially at 310 and
390 feet. Bryozoa and foraminifera present. Compact
silicified limestones at 198, 230, 348 and 410 feet.

453 to 465 feet (Core) Limestone: Medium yellow, chalky limestone composed
of bhryozoa debris, with compact silicified patches
and scattered dolomite rhombs,

465 to 474 feet (Core) Limestones Light to medium grey, merly limestone
with bryozoa debris, anddolomitic streak; some fine
subrounded authigenic quartz grains, rare biotite
and glauconite., Bryozoa present.

474 to 528 feet (Core) Limestone: Light cream, soft, marly limestone
with bryozoa debris; some dolomite euhedra,
rare quartz grains, rare glauconite. 10 to
15 percent porosity at 494 feet,

528 to 560 feet (Core) Dolomite: IMedium pink, compact, sucrosic,
recrystallized, coarse-grained, vuggy dolomites
rare quartz graing, dolomite crystals coated
wita clayy; vugs sometimes rimmed with clay matter,
scattered pyrite crystals. 5 to 10 percent
porosity. .

560 to 580 feet Limestones Light pink, compact, recrystallized
limestone composed of bryozoa debris; shells
filled with coarse calcite crystals, some
crystals of coated dolomite. Bryozoa and
pelecypod fragments present,

580 to 587 feet (Core) Dolomites Medium pink, compact, sucrosic,
recrystallized, coarse~grained dolomite,
calciticy with relics of bryogzoa.



587 to 607 feet (Corc)

607 to 625 feet (Core)

625 to 646 feet (Core)

646 to 689 feet {Corc)

689 to 812 feet (Core)

2o

Limestone: Light cream, chalky, sucrosic,
fragmental, fine-grained limestone, dolomitic,
composed of bryozoa debris; dolomite content
decreasing basewards. 5 percent porosity.
Bryozoa present.

Limestones Light pink, chalky, fragmental
mediun~grained limestone composed of bryozoz
debris; dolomitic intervals. 10 to 15
percent porosity.

Linestones Light groen, chalky, sucrosic,
fine-grained limestone, dolomitized; dolomite
crystals in chalky matrix, rare quartz grains
and glauconite. 5 percent porosity. Bryozoa
relics,

Limestone: Whitc, chalky limestone with
bryozoa debrisg, argillaceous at top; scattered
dolomite crystals, rare quartz grains. 5 to 10
percent porosity.

Limestones ZLight grey, chalky to crystalline
limegtone with argillaceous intervals; sc-ttered
dolomite euhedra in chalky matrix, rare quartz
and mica, scattered glauconite., DBryozoa and
foraminifera present. At 730 to 736 feet compact,
bryozoal limestone, with bryozoa partly filled
with impure phosphate., At 770 to 779 feet more
massive limestone with silicified organic debris
and spicules. At 770 and 812 feet sucrosic,
crystalline limestone dolomitized.

TOP_OF UNIT Bc {cquivalent to Nelson Formation)

812 to 857 feet (Corc)

857 to 939 feet (Corc &
Cuttings)

939 to 953 feet (Core &
Cuttings)

Sandstones Medium reddish-browvm, compact, very
coarse~-grained,; subrounded grains, poor to
mderately sorted ss., with quartz pebbles

(2-4 mm.), pellets of limonite, iron oxide
pellets with quartz nuclei, chamosite around
guartz grains, some glauvconite; coarse-grained
dolomite cement with limonite, and clay matrix.
5 percent porosity,

Sandstones Light brown, compact, very coarse-
grained, subrounded grains, moderately sorted

ss., With subrounded quartz pebbles (3-5 mm.),
limonite pellets at 874 to 885 feet, iron oxide
pellets at 923 feet, some iron staining on

quartz grains, rare glauconite; calecite, coarse-
grained dolomite and ferruginous cement. 5 percent
porosity.

Sondstones Medium khaki-brown, friable, fine to
coarse-grained, subangular to rounded grains
poorly sorted ss., with limonite coate@ﬁolomite
rhombs and quartz grains, iron oxide pellets,
glauconite; dolomite and limonite cement. &
percent porosity,



953 to 986 feet (Cowc &

Cuttings)

986 to 992 feet (Corc &

Cuttings)

992 to 1032 feet (Corc &
Cuttings)

1032 to

1042 to

1099 to

1155 to

1241 to

3e

Sandstones Grecen to dark brownish-green,

friable, very fine-grained, angular grains,
moderate to well sorted ss., with iron oxide
pellets at 963 foet, limonite pellets at 976
feet, limonite coated quariz grains, mica
flakes, abundant glauconite; dolomite,
siderite cement with gilt in matrix.

Conglomerates Medium brown, compact, poorly
sorted conglomerate with well rounded pebbles
of quartz, pellets of limonite and chamosite,
and rare glauconite; fine-grained siderite
and iron oxide cement with minor patches of
calcite,

UNCONFORMITY - -

Unit Db, (equivalent to Dartmoor Foemation)

1042 feet (Coro)

1099 feet (Core)

1155 feet (Corc)

1241 feet (Core)

1300 feat (Core)

Sendetones Mcdium browm, friabley, very fine to
fino~grained, subangular grains, moderate to
well sorted ss,, micaceous, with altered
feldeneor, limonite, glnouconite, epidote and
nyrite, and carbonaceous matter; silt and clay
metrix, 5 vercent porosity. Clay laminations,
abundant burrows at 1012 feet.

Cycleammina SP.

Siltstone: Mcedium brown, sandy with mica
flakes, 5 porcent porosity.

Sandstones Medium to light brown, friable, very
fine to fine-grained, angular to sulangular
grains, well sorted ss,, micaceous, with altered
orthoclase and plagiocclase at 1079 to 1089 feet,
some glauconite, epidote, tourmaline hornblende,
chalcedony, limonite, and some phesphatic matter
in organic material. 10 to 15 percent porosity.

Sandy Siltstones liedium brown, very fine to
medium, angular quartz grains, micnceous,
nltered feldspar, with zircon, tourmaline, rutile,
lauconite, pyrite and chalcedonys lamination
5 mz, thick) of silt and organic matter at
1099 feet. 5 percent porosity. Burrows at
1119, 1139 and 1145 feet,

Cyciammina sp,

Sandgtone: Light brown, friable, very fine to
medium-grained, subangular to subrounded grains,
moderate to well gorted ss., micaceous, with
rors feldspar, glauconitey, tourmaline, zircon
(w011 rounded at 1211 feet), chlorite, garnet,
gtaurolite and rutile; and finely divided
carbonaceous matter near the base; clay matrix,
5 percent porosity. Cyclemmina sp,

Siltstones Light to dark browm, compact, fine

to medium, subangular quartz grains; mica

flakes, rounded quartz granules at 1280 feet,
with siderite pellets at 1241 feet, glauconite at
1241 and 1270 feet,; finely disseminated pyrite

at 1270 feet together with tourmaline, zircon,
chloritoid and opaque minerals, 5 percent
porosity. Burrows at 1254, 1270 and 1280 fcot
and thin snd laminations at 1280 feet,

Cveclammina  sp.



1300 to 1320 feet (Coro)

1320 to 1341 feet (Core)

1341 to 1382 feet (Corc)

1382 to 1410 feet (Core)

1410 to 1449 feet (Core)

1449 to 1510 fect.

1510 feet (Coxre)

1510 to 1533 feet

1533 to 1553 feet (Core)

1553 to 1583 feet (Core)

1583 to 1610 feet (Core)

4,

Sondstonc: Light brown, friable, fine to
nodiumegrained, subangular grains, well sorted
B8,  micaceous {(muscovite & biotito), rare
foldspar, limonite pcllets, rare glauconite,
zircon and opaque mincrals and dark carbonaceous
clay streaks. 10 to 15 porcent porosity.

Cyclammina sp.

Sanc.stone: Light brown, frinble; fine to very
co rso~-grained, subangular to subrounded grains,
pcorly sorted ss., micaceous.
Fr.raminifera present.

Sandstone: Light to medium brown, friable,

fine to medium-grained, angular to subrounded
¢;rains, well sorted ss., micaccous (muscovite &
biotite), rare feldspar, some reddish quartz
jrains, glauconite, anatase, phosphate, rarc
tourmsline, opaque minerals, finely dissominated
ayrite at 1360 fcet, and dark carbonaccous
laminations at 1341 fcets silty matrix, 5
percent porogity.

Sondstones ILight to dark brown, friable,

medium to very coarse-grained, subrounded

graing, poorly sorited ss., somec quartz grains
coated with iron oxide, limonite pellets (1 nmu),
abundant glauconite at 1382 feet, abundant dark
carbonaceous matter at 1403 feet,

Cyclamnina sp.

Sandstone: Light brown, friable, very fine-
grained, subangular grains, well sorted ss.,
thinly bedded with siltstone streaks; micaceous,
rore euhedral quartz graing, rare zircon,
glzuconite, phosphatic fragments, pyrite clusters
and dark carbonsceous laminations at 1410 feet.

5 percent porosity. Clay laminations.

Cyclammina sp.

No sample over intcrvals (1356-1602 ligncous
sandy clay)

Sandstone: Light brovn, friable, fine-graincd,
subangular grains, well sorted ss., micaceous
(muscovito), rarc feldspar, rare euhedral
quartz crystals, zircon.

No sample over intervalg (1356-1602 ligneous
sandy clay)

Sandstono: Dork brown, friable, fine to coarsc-
grained, subangular to subrounded grains; poorly
sorted ss., micaceous (muscovite & biotite),
subrounded quartz granules at 1553 feet,
glauconite, and abundant organic matter; silty
matrix, 20 to 25 percent porosity., Rore burrows

Siltstones Dark brown, sandy, fine, svwbangular
grains of quartz, micaceousy rare glauconite,
carbonaceous matter, Thin sand laminations at
1573 feet.

Sandstone: Medium brown, frinble, fine-grained
subangular grains, well sorted ss., micaceous,
pyrite and glouconite, and carbonaceous matter.
15 to 20 percent porosity at 1595 feet,
Cyclammina 8D



1610 to 1644 feet

1644 to

1669 to

1700 to

1733 to

1752 to

1782 to

1830 to

1845 to

1644 feet (Core)

1669 feet

1669 feet(Core)

1700 feet

1700 feet(Core)

1733 feet

1752 feet(Core)

1782 feet(Core)

1830 feet(Core)

1845 feet(Core)

1901 feet(Core)

5

No sample over interval; (1602-1625 ligneous sand
-1632 grey sand
~1640 ligneous
sandy clay.
-1668 sand and gravel)

Sandstones Dark brown, friable, fine to very coarse-
grained, subangular to subrounded grains, poorly
sorted ss.,, with scattered subrounded quartz granules
(2=4 mm.), mica flakes and pyrite.

No sample over interval; (1640-1668 sand and gravel.
-~16Y0 fine grey micaceous
sand)

Sandstones Medium brown, friable, fine to medium=
grained, subangular grains, moderately sorted ss.,
mica flakes, rare pyrite, and carbonaceous matters
gilty matrix,

No sample over intervals "1669-1700 friable light-
grey sandstone, with fine to coarse quartz grains,
carbonaceous material and glauconite", (Crespin 1954).

Sandstones Light brown, friable, medium to coarse-
grained, subrounded grains, moderate to poorly
sorted ss., with pellets of iron oxide, reddish
quartz grains, gleuconite and opague minerals.
Cyclammina sp.; ostracods and rare fish teeth.

No sample over intervals (1690-1732 coarse sand with
thin gravel bands, 1732-1832 fine grey micaceous sand).

Sendstone: Light brown, friable, fine-grained,
gubangular grains, well sorted ss.,, micaceous
(muscovite & biotite), glauconite, and pyrite and
organic matter,

Sandstones Medium brown, friable, fine to coarse-
grained, subangular grains, poorly sorted ss., with
iron oxide coated quartz grainsg, limonite and
glauconite; silty matrix,

Cyclammina sp. and gastropods.

Sandgtones Light brown, friable, fine to medium~grained,
subangular grains, well sorted ss., micaceous

(muscovite & biotite), clear quartzj silty matrix,

15 to 20 percent porosity at 1799 fest.

Sandgtone: Dark brown, compact, very fine to very
coarse-grained, subangular graing, poorly sorted ss,,
thinly bedded, with subrounded quartz granulos at
1830 feet, mica flakes, pyrite, zircon, rutile and
glauconite, and carbonaceous mattor; silty matrix.

5 percent porosity. Burrows at 1830 and 1835 feet.

Cyclamnina sp.

Sandstone: Light to medium brown, compact, very fine-
grained, subamgular graing, moderate to well sorted

ss.y micaceous, pyrite and glauconite, and carbonaceous
clay laminations at 1878 feet; silty matrix. 5 percent
porogity. Cyclemming sp. At 1855 feet claystone with
thin micaceous ssg, laminations containing organic matter.
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Sendstones MNedium brown, friable, fine to very
coarse-grained, subangular to subrounded grains,
poorly sorted ss,, with finely disseminated pyrite,

Sandstones: Light brown, friable, very fine-grainocd,

subangular grains, well sorted ss., micaceous. 5
percent porogsity. Rare Cyclammina sp., At 1903 feet
shale, fissile containing mica and pyrite,

Sandstones Light brown, friable, medium to coarse-
grained; subrounded grains, poorly sorted ss.,

with rare feldspar, brown limonite pellets, some
quartz grains coated with iron oxide, and glauconite,
Shell fragments and ostracods,

Siltstone: Medium brown, sandy patches with fine,
subangular quartz grains, mica flakes and rare
organic matter,

No sample over intervalj

(1943 ~ 1963 micaceous sandy clay.
- 1979 grey friable sand.
- 1980 consgolidated sand.
- 2016 grey micaceous sand)

Sandstones Light browvm, friable, very fine-grained,
subangular grains, well sorted ss., with glauconite
end carbonaceous matter; silty matrix, Cyclammines sp.
Sandstones Dark brown, friable, very fine to coarse-
grained, subangular grains, poorly sorted ss., with
rare glauconite and abundsnt organic matter,

Cyclamming sp.

Sandgtone: Light brown, friable, very fine-grained,
subangular grains, well sorted ss., micaceous

(muscovite & biotite), pyrite clusters at 2017 feet,
rare glauconite and rutile at 2047 feet, and thin
laminations containing scattered carbonaccous matter;
silty matrix, 5 percent porosity. At 2017 feet
giderite compact, granular, microcrystalline, with
scattered sandy patches of very fine, subangular to
subrounded quartz grains,

Siltstone: Medium to dark brown, compact, sandy, with
very fine to coarse, subangular to subrounded guartz
graing, mica flakes, pyrite, and carbonaceous
lamination containing phosphatic fragments at 2056 feect.
Burrows at 2066 feet and thin sand laminations at

2069 feet,

Sendgtones Light brown, friable, fine to very coarse-
grained, subangular to subrounded graing, poorly
sorted ss.

Sandstones Light brown, friable, fine to medium-grained,
- gubangular to subrounded graing, moderately sorted se.,

micaceous,

Sandstong: Light browm, friable, fine to very coarse-

grained, subangular to subrounded grains, poorly
sorted ss., micaceous.

Sandstones Medium to dark brown, friable, fine to

coarse~-grained, subangular to subrounded grains, poorly
sorted ss., with mica flakes, rare glauconite, cosaly
matter containing phosphatic fragments at 2136 feot;
silty matrix,



Te

2146 to 2186 feet(Core) Sendgtone: Light to medium brown, friable, very
fine-grained, subangular grains, well sorted ss.,
siltstone interbeds, micaceous, rarc zircon,
finely divided organic matter near base. 5 percont
porosity. Burrows at 2176 feet and thin clay
laminations at 2166 feet,

2186 to 2238 feet No gample over intervalj .
(2132-2212 dark micaceous sandy clay
~2258 grey sand and gravel with pyrites)

2238 to 2248 feet(Core) Sandstone: Light brown, friable, very fine to
fine~grained, subangular graing, well sorted ss.,
micaceous (muscovite & biotite), rare rutile, and
finely divided organic matter. 10 to 15 percent
porogity.

2248 to 2278 feet No sample over intervaly "2236-2278 fine~grained
rey micaceous sandstone with pyrite"
%Crespin 1954).

2278 to 2295 feet(Core) Sandstones Light brown, friabley very fine-grained,
subangular grains, well sorted ss,y; with rare
glauconite and rutilcy and fine organic mattor;
silty matrix at base.

2295 to 2306 feet (Core) Sandstone: Light to dark brown, friable, very fine-
grained, subangular grains, well sorted ss.,
micaceous with pyrite, rare glauconite, zircon and
rutile, lignite at 2295 feot and abundant finely
divided organic matter at 2299 feet; silty matrix,

5 percent porosity. Clay laminations at 2299 feet.
At 2296 feet sandstone compact, very fine-grained,
well sorted, with orthoclase & plagioclase feldspar
(5%)s3 dolomite and minor anhydrite cement,

2306 to 2363 feet (Core) Sandstones Light to medium brown, friable, very
fine-grained, subangular grains, well sorted ss.,
micaceous with rare glauconite and scattoered
organic matter ot 2330 feet. 5 percent porogity.
Below 2350 feet sandstone compact; silty matrix.

2363 to 2365 feet (Core) Sandstones Light brown, friable, very fine to very
coarse-grained, subangular to subrounded grains,
poorly sorted ss,.,j; silty matrix.

2365 to 2408 feet (Core) Sandstones Light to medium brown, compact, fine to
medium-grained, subangular grains, modcrately sorted
SS.y micacecus; silty matrix. 10 to 15 percent
porosity. Below 2390 feet sandstonc friable,
micaceous, with thin dark laminations of finely
divided organic matter,

2408 to 2427 feet (Core) Siltstones Medium brown, compact, sandy, very fine,
subangular quartz graing, and mica flzkes,

2427 to 2519 feet No sample over intervalsg
(2427-2471 grey sand and water worn gravel
-2538 fine micaceous sand)

2519 feet (Core) Sandstones Light browvm, friable, very fine to
coarse-grainced, subangular to subrounded grains,
poorly sorted ss.; micaceous, with organic mattexr,
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8,

feet (Core) andstone: Light to medium brown, friable, fine-
grained, subangular grains, well sorted ss.,
micacoous, with organic matter; silty matrix.

feet (Core) Sandstone: Medium brovm, friable, very fine to
medium~-grained, angular grains, moderately sorted
ss., micaceoous, with pyrite clusters and organic
mattors silty metrix., 15 to 20 percent porosity.

feet (Core) Sandstones Light to medium brown, compact, very
fine-grained, angular grains, moderately sorted
ss,, micaceous (muscovite & biotite) rare
glauconite, pyrite clusters and organic matter;
silty matrix. 10 to 15 percent porosity. Thin
clay laminations,
Cyclammina sp.

feet (Core) Siltstones Medium browm, compact, sandy, fine to
very coarse, subangular quartz grains, with mica
flzkes, pyrite and orgeonic matter,

feet (Core) Sandstone: Light to medium brown, compact, very fine
to fine-grained, anguler graing, moderately sortecd
ss., micaceous (muscovite & biotite) with gamet,
and lignite fragments at 2622 feoet; silty matrix,
5 percent porosity.

feet (Core) Siltstones Dark brown, sandy, fine subangular
quartz grains, with mica flekes and finely divided
organic matter containing phosphatic fragments,

feet (Core) Sondstone: Light brovm, friable, fine-grained,
angular graing, well sorted ss., micaceous,
10 to 15 percent porosity.

feet (Core) Siltstones Dark brown, sandy, very fine, angular
quertz grains, with mica flakes and finely divided
orgenic matter: finely divided haemotitic clay in
matrix, Cyclemmino sp.

TOP_OF UNIT Db, (cquivalent to Dartmoor Formation)

feet No sample over intervalg
(2639-2682 dark micaceous sandy clzy,
~2737 zrey sand)

feet (Core) Shales Light to medium brown, compact, figsile
shale with mica flzkes, glauconite, pyrite and
limonite, Thin sand laminations (.03 mm,) and
lenses, Cyclemmina sp., ostracods and
gastropods., At 2753 feot gandstone compact;
prrite cement.,

feet (Core) Sandstones Light brown, friable, coarse to
very coarse-grained, subangular to subrounded
grains, poorly sorted ss.,, with mica flakes,
iron coated quartz grains and organic matter,

Cyclommina sp.

feet (Core) Sheles Mcdium brown, compact, fissile shale,
vith mica flakes. Thin sand laminations,

feet (Corc) Sendstones Light brown, friable, fine to
coarse-~grained, angular to subrounded grains,
noorly sorted ss., with mica flakes, rare
feldspar, end pyrite; silty matrix. Undulate
clay leminations. At 2830 sandstone compacts
dolomite cement,
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9.

Shales Medium brown, compact, figsile shale,
mice fleokes, phosphatic fragments and organic
matter in sand laminations, At2874 feot
pyritized plant romains and pelecypod shells.
At 2586 fecet sandstone compacty argillaceous
siderite and recrystallized calcite cement
Microgtylolites.

Scndstones Light to medium brown, friable, very
fine to fine-grained, asngular to suhmangular
grains, moderately sorted ss., micaceous. At
2920 feet sandstone compact, with abundant organic
metter in laminations; recrystallized dolomite
cement and limonitic clay matrix,

Shale: Medium brovm, compact, fissile shale, with
mica flakes, pyrite clusters, and leminations of
organic matter at 2925 and 2942 feet, Thin sand
lamingtions.

No sample over intervalj
(2932-3046 dnrk miceegous banded siltstone with
pyrites)

Shale: Medium brown, compact, fissile shale.
Thin sand laminations,

rndstones Light to medium brovm, friable, fine
to coarse~-grained, angular to subrounded grains,
noorly sorted ss., with mica flakes, rare zircon
and pyrite; silty matrix increasing basewards.

No snmple over intervals '"3024-3059 hard to
friable dark-grey to black micaceous lignitic
sandgtons with foraminifera™,

(Crespin 1954)

Srindgtone: Medium brown, compact, fine-grained,
subangular grains, moderately sorted ss.,, with
mica flakes; silty matrix,

Sholes Medium brown, compact, poorly fissile
shale, with mica flakes and scattered organic
motter, Thin sand laminations.

No gsample over intervalg

(30593100 dark bended siltstone with hard
sand bands and pyrites. 3100-3102 consolidated
grey micaceous sand)

Sendgtone: Light brown, friable, medium to
coarse-~-grained, anguler to subangular grains,
moderately sorted ss., micaceousy silty matrix,
15 to 20 peorcent porosity.

Shele: Mcdium brown, compact, poorly fissile
ghale with mica flakes and pyrite., Thin sand
laminations and load cast at 3123 feet,

Scndotones Light brown, friable, fine-grained
angular to subangular grains, well sorted an.,
micaceous,; with finely divided organic matter;
8ilty matrix increasing basewards. 15 to 20
percent porosity. Thin clay laminations.

No sample over intervalg
(3154-3174 hard siltstone and pyrites
~3209 grey micaceous sand.,)
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10..

Sendstones Mcdium crcam, friable, fine to
very coarsc-grained, subangular to subrounded
graing, poorly sortcd ss., with mica flakes,

No somple over intervals
(3174-3209 grey micaceous sand,
-3240 fine grey micaceous sand with
golid bands and pyrite.)

Sandstones Medium yellowish~favm, friable, fine
to very coarse-grained, subangular grains,
noorly sorted ss,, with mica flakes, chlorite,
#louconite, and pyrite; recrystallized siderite,
and phosphate cement with rare patches of
kaolinite matrix. 15 to 20 percent porosity.

Sondotones Light brown, friable, fine-grained,
subangular grains, moderate to well sorted ss.,
miicaceous. 10 to 15 percent porosity. Silty
laminations,

No gample over intervalg
(3240-3245 dark micaceous sandy clay,
~3246 hard cemented sand.,
-3260 goft micaceous sand.
-3265 comented sand.
~3390 soft grey micaceous sand,)

Sndstonc: Light brown, friable, fine-grained,
subangular graing, moderatec to well sorted ss.,
with mica flakes,

Scnéstone:  Light brown, friable, fine to
medium-grained, subangular to subrounded grains,
moderately sorted ss,, with mica flakcs,

No sample over intervalg
(3265-3390 soft grey micaceous sand,)

Scndstones Light brown, friable, fine to
nedium-grained, subangular to subrounded grains,
moderately sorted ss,, micaceous, 10 to 15
percent porosity. Thin silty laminations.

No snmple over intervalsg
(3265-3390 soft grey micaceous sand
~3549 hard cecmented sand,
-3565 dark sandy clay.
-3594 dark sticky sandy clay with fossil
plant remzins,

Siltstones Medium brovm, dark grey at base,
compact, sendy patches, with mica flakes,
pyrite, and minutc carbonaceous matter. Scour~
and-£ill 2t 3587 feet, Rare Cyclammina sp.

‘Sandgtones Light grey, compact, fine-grained,

angular to subangular grains, well sorted ss.,
with mica flakes., Cyclammina sp. and pelccypod
castg. :

Shalcs Dork grey at top, becoming light brown,
compact, fissilec shale, silty, with mica flezkes,
pyrite, and pyritized orgenic matter at 3618
and 3625 feet. Thin sand laminetion at 3617
feet., Plcont remains,

Siltstones Dark grey, compact, sandy, with
coarse, subrounded guartz grains, mica flckes,
and finoly divided organic matter, Burrows,



3655 feet (Core)

3655 to 3690 feet

11,

Siderite lens: Mcdium brown, compact, granular,

nmicrocrystalline, siderite with scattered silt
sized, angular to subangular quartz grains, -~nd
pyrite,

No somple over intervals
(3631-3662 dark sandy clay, fossiliferous
and micaceous,
-3678 sandy clay with hard bands,
-3716 dark grey comented pyritic sand.)

TOF OF UNIT Dd. (equivalent to Bahgallah Formation)

3690 to 3712 feet (Core)

3712 to 3746 feet (Core)

Sandstones Dnik grey, compact, oeolitic, medium

to coarse-grained, subangular to subrounded
grains, poorly sorted ss., with orthoclasc
feldspar, microquartzite, abundant pyrite, and
ooliths containing quartz and detrital limestone
nuclei. Carbonate ooliths show recrystallization
cnd dolomitization, nd pyrite rims. Cnlcite,
dolomite, siderite phosphete, pyrite and iron
oxide cement, 5 percent porosity.

Scndstones Dark grey, compact, very fine to

very coarse~grained, angular to subrounded

grains, poorly sorted ss., with mica flakes,
plagioclase, chlorite and pyrite, and organic
matters siderite and dolomite cement and silty
matrix, Burrows at 3718 feet, and microstylolites.

TOP OF UNIT Gb. (equivalent to Unnomed Unit)

3746 feet (Core)

3746 to 3795 feet

3795 to 3814 feet (Core)

3814 to 3850 feet

3850 feet (Core)

3850 to 3875 feet

Shales Medium grey, compact, fissile shale with
mica flakes, pyrite, end organic matter. Thin
sond laminations,

No somple over intervalg
(3716-3763 dark micaceous sandy clay with
thin loyers of grey sand.
-3766 hard sandy clay,
-3804 soft sandy clay).

Shale:s MNecdium grey, compact, fissile shale with
nica flakes, and orgenic matter, Fine-grained ss.,
laminations and lenses,

No sample over intorvalj;
(3813-3829 micaceous sandy clay.
-3832 ccmented sand.,
-3850 fine ond coarse micaceous sand, )

Siltstone: Medium reddish-brovm, compact,

thinly bedded, sandy, with quartz grains showing
preferred orientation parallel to bedding planey
mica flakes, abundant orgonic matters haemetitic
mud metrix with pyrite. Scour-and-fill,

No sample over intervals

(38503868 sandy clay with hard bonds.
~3873 grey sand,
-3387 brown micaceous sandy clay, )



3875 to

3920 to

3955 to

4025 to

4180 to

4209 to

4302 to

3875 feet (Corc)

3920 feet

3920 foet (Core)

2955 feet

3955 feot (Core)

4025 feet

4025 feet{Corc)

4180 feet

4209 feet (Core)

4302 feot

4302 feet (Core)

4366 feet

12,

Srndstones Light brown, fricble, mcdium to
very coarse-grained; subangular to subrounded
grains; moderately sorted ss.

No sample over intervalj;
(38733887 brown micaceous sandy clay,
~3917 grey sand with bands of gravel,
- 3951 sandy clay with bands of soft sand)

Sandstones Light brown, friable, mecdium to very
coarse~-grained, subangular to subrounded vr01ns,
poorly sorted ss., with mica flakes.

No sample over intervals :
(3917-3951 sandy cley with bands of soft sand,
-3965 cemented sand,)

Srndstones Light brown, friable, medium-grained
subangular to subrounded grains, well sorted ss.,
with mica flakes,

No gample over inteivals
(3951-3965 cemented send.
-3976 grey sand with bands of sandy clay.
~3992 soft grey sand,
-4003 cemented sand,
~8012 soft sand,
~4022 gand with cemented bands,
~4041 dark sendy micaceous clay).

Shales Medium grey, compact, fissilc shale with
mica flakes and organic metter, Thin sand
lrminations and strecks.

No sample over intervals

(1022-4041 dark sandy micaceous clay.
-A052 sands with bands of sandy clay.
~057 congolidated sand,
~4072 soft sand,
-4085 consolidated sand,
~4095 soft sand,
~4209 consolidated sand with pyrites,)

Sandstone: Medium brown to light grey at
buse, friable, medium to very coarse-grained,
subsngular to subrounded grains, poor to
moderately sorted ss., with some iron coated
quartz grains.

Mo sample over intervaljg

(4209-4216 soft grey sand,
=221 medium~grained white siliceous sand,
-4223 derk micaceous sandy clay.
-4291 grey coarse-grained cemented sand,
-4302 soft sand with bands of sandy clay.)

Shale: Modium brovm, compact, fissile shale with
mica flakes. Thin, fine-grained ss.,
laminations,

No sample over intervals
(4302-4317 brown sandy micacecous clay.
-%358 sticky brown sandy clay.
~-4361 compact sand,
-4365 sandy clay
-4375 brown sandy micaceous clay with
pyritos.)



4366 feet (Core)

1

4366 to 4500 feet

4500 to

4506 to

4681 to

4743 to

4746 to

4792 to

4809 to

4506

4681

4681

4743

4746

4192

4192

4809

4839

4839

TOP OF UNIT

13.

Shale: Medium grey, compact, fissile shale wituw Qlf\cq.
(muscovite & biotite) flakes, pyrite clusters, and
organic matter, Fine-grained ss., patches.

No sample over intervalg
(4365~4375 brown sandy micaceéous clay with
pyrites,
-4380 brown sandy clay.
-4419 grey sand,
-4428 grey sand with bands of sticky clay.
-4500 grey sand with hard bands, )

G, (equivalent to Paaratte Formation)

feet (Core)

feet

feet (Core)

feet

feot(Core)

feot

feet (Core)

feet(Core)

feeot

feet(Core)

Sandstones; Light grey, friable, fine~-grained, angular
to subangular grains, clean, well sorted ss., :
micaceous (muscovite & biotite), pyrite, and organic
matter; soft white kzolinite matrix, 15 to 20 percent
porosity.

No sample over intervalj

(4503-4524 fine grey micaceoussand,
—4555~6" gandy clay:
~4788 cemented sand.)

Sandstones Light grey, friable, fine to mediwn-grained,
subangular grains, well sorted ss., subarkosic,
orthoclase, mica flakesy; pyrite, and pyrite on some
quartz grainsgg kaolinite in matrix, 15 to 20 percent
porosity.

No sample over intervals
(4555-6" —~ 4783 cemented sand),

Sandgtones Light grey, compact, fine-grained,
subangular grainsg, clean, well sorted ss., micaceous,
(muscovite & biotite), rare glauconite, and thin
carbonaceous silty laminations at 4746 feet; minor
calcite cement and soft kaolinite metrix. 10 to 15
percent porosity.

No sample over intervalsg
(4555~-6"-4788 cemented sand.
-4793 medium~grained sand with green
grains and carbonaceous bands.)

Sandstone: Medium grey, compact, very fine~grained,
subangular grainsy well sorted ss., micaceous, pyrite,
collophane fragments, glauconitey; and darlt carbonsceous
laminationss sideritic mud lenses and calcite cement.
Scour-and~-fill and cross-bedding.

Sandstones Light greys friable, medium to very coarse-

grained, angular to subangular grains, gritty, poorly
sorted ss., with orthoclase (5%): kaolinite matrix,
15 to 20 percent porosity. At 4809 feet sandstone
compacts pyrite and dolomite cement,

No sample over intervalg
(4808-4811 medium angulam-grained siliceous sand
with green pyritic grains.
-4816 sandy clay.
-5154 grey micaceous sand with thin layers of
clay and cemented bands., )

Sandstone: Light grey, friable, coarse-grained,

subangular to subrounded grains, moderately sorted
S8,y With pyrite on quartz grainsj patches of pyrite
cement. 20 to 25 percent porosity.



483G to 4867 feet

4867 to 4869 feet{Core)

4869 to 4920 feet

4920 feet(Core)

4920 to 5112 feet
5112 feet(Core)

5112 to 5191 feet
) 5191 feet(Core)

5191 to 5304 feet

5304 feet(Core)

5304 to 5391 feet

5391 feet(Core)

5391 to 5427 feet(Core)

Sandstones

14.

No gample over intervalj
(4816-5154 grey micaceous sand with thin
layers of clay and cemented bands.)

Medium to light grey, friable, medium
to coarse-grained, angular to sut:- ngular grains,
moderately sorted ss., with pyrite. 10 to 15
percent porosity. TFine shale laminations and cross—
bedding. At 4868 feet sandstone compact,

No sample over intervalg
(4816-5154 grey micaceous sand with thin layers of
clay and cemented bands, )

Sandgstone: Light grey, compact, fine-grained,

angular to subangular grains, clean, well sorted ss.,
subarkosic, orthoclase, mica flakes, chlorite, pyrite,
and scattered organic matter; kaolinite matrix with
minor chlorite and dolomite cement, 15 to 20

percent porosity.

No sample over intervalg
(4816-5154 grey micaceous sand with thin layors of
clay and cemented bands,)

Sandstones Medium grey, compact, medium-grained,
angular to subangular grains, well sorted ss,.,, silty
streaks; kaolinite matrix., 15 to 20 percent porosity,

No sample over intervals
(4816-5154 grey micaceous sand with thin layers of
clay and cemented bands,

-5192 hard fine grey sandstone,)

Sandstones Medium grey, friable, fine-grained,
angular to subangular nrains, well gorted ss.,
subarkosic, orthoclase, micaceous; kaolinite matrix,
15 to 20 percent porosity.

No gample over intexrvaljs
(5154-5192 hard fine grey sandstone,
© -5233 soft sand.,
~5293 soft sand with hard bands,
-5305 conzolidated micaceous sand
~ with sandy mudstone bands.)

Sandstone: Light grey, compact, medium-grained,
angular to subangular grains, well sorted ss., with
mica flakes, chlorite, pyrite, zircon, anddark
carbonaceous shale laminationss kaolinite matrix
and layers of pyrltlc clay., 15 to 20 percent
por031ty.

No sample over intervalj;
(5293—5305 consolidated micaceous sand with
sandy mudstone bands.
-5312 sandy mudstone,
~5319 ccemented sand,
~5374 soft sand
-5391 cemented sand. )

Sandstone: Light groy, friable, fine-grained,
subangular graing, well sorted ss., subarkosic,
orthoclase, muscovite flakes; kaolinite matrix,
Brown clay laminations, 15 to 20 percent porosity.

Sandstones Medium to light grey, friable,
medium to very coarse-grained, subangular to
subrounded grains, poorly sorted ss., with rare
euhedral quartz grains at top, and pyrite. 5
percent porosity.



15,

5427 to 5458 feet No scmple over intervalj;
(5391-5489 coarse sand with micaceous
particles, )
5458 to 5468 feet(Core) Saondstones Light grey, compact, medium to coarse-

grained, subangular grains, gritty, poorly sorted
9S., with feldspar, chlorite, mica flakesj kaolinite
matrix with recrystallized siderite, dolomite and
pyrite cement, 5 percent porosity.

5468 to 5536 feet No smmple over intervals
(5391-5489 coarse sand with micaceous particles.
-5494 soft sand,
-5510 comented sand.
-5589 fine-grained siliceous pyritic sand.)

5536 feet(Core) Scndstones Medium brovn, compact,; fine to medium-
grained, angular grains, wcll sorted ssy silty
matrix and pyrite cement.

5536 to 5597 feet No sample over intervalj
(5510-5589 fine-grained siliceous pyritic sand.
-5596 grey pyritic sand.
-5638 noft fine grey sand. )

5597 feet(Core) Sandstones Lizht grey, compact, fine-grained,
sngular to gubangular grains, well sorted ss.,
micaceous (muscovite & biotite), rare chlorite,
pyrite, and brown clay lenses containing fine
orgenic matters calcite cement and kaolinite in
motrix. 5 percent porogity.

5597 to 5708 feet No sample over intervals
(5596-5638 soft fine grey sand.
~5640 cemented sand.
-5675 soft sand
-5676 cemented sand
-5696 soft grey sand
-5708 send with bands of micaceous sandy clay.)

5708 feet(Corc) Sandstone: Light grey, compact, fine to medium-
graincd, angulaer grains, well sorted ss., with
orthoclase, rarc glauconite, tourmaline, chlorite,
thin micaceous,carbonaceous shale laminations and
coal lens; kaolinite matriz, 15 to 20 vnercent
porosity.

TOP _OF UNIT Gd, (oquivalent to Poeratte Formation)

5708 to 5782 feet No sample over intervalj
(5708-5733 sand with mudstone bands,
~5774 sand with clay bands,
-5785 sand with mudstone bands. )

5782 to 5784 feet(Core) Sandgtones Iedium grey, compact, fine to medium~
grained, angular grains, moderately sorted ss.,
mica flakes, microcline, chlorite pellets (3mm,)
(10%)s siderite cemont with minor kaolinite in
matrix, Near vertical mineralized hair fracturcs-

c2lcite on fracture planes. Clern gs, lenses and
nodules, "Rolled" ss. lenscs showing thin
concentric clay laminations around them, and slump
structures,

5784 to 5835 feet o sample over intervals
(5774-5785 sand with mudstonc bands.
-5843 grey consolidated sand.)



5835 feet(Core)

5835 to 5861 feet

5361 feet(Core)

5861 to 5914 foeet

5914 to 5915 feet (Core)

5915 to 5972 feet

5972 feet(Core)

5972 to 6000 feoet

6000 feet(Corc)

6000 to 6065 feet

6065 to 6089 feet(Core)

6089 to 6129 feet

6129 feet (Core)

6129 to 6233 foet

16,

Sandgtone: Medium grey, compact, very fine to fine~
fsrained, angular grains, moderately sorted ss., with
thin derk, micaceous, carbonaceous shale lnominations,

No scample over intervalg
(5785-5843 grey consolidated sand.
~5866 grey sand with bands of greyish
mudstone, )

Sendgtones Light grey, friable, fine to medium~zraoined,
angular to subangular grains, well sorted se.,
subarkosic, orthoclase, micaceous (muscovite & biotite%
repe rutile and glauconite.

No scmple over intervalj
(58435866 grey sand withtands of greyish rudstonc.
-5915 consolidated brown sand, )

Sendstones Light to medium grey, compuct, medium to
coarse-grained, angular to subanguler grains,
moderately sgorted ss., with orthoclase, chlorite
pellets (7%)9 mica flakes and pyrite; recrystallized
gsiderite cement and minor kaolinite and zilt in
matrix, 10 to 15 percent porosity. Clean ss. lenses,
crogs~bedding and microstylolites,

No sample over intervals
(5915-5916 szoft grey sand,
-5974 cemented sand.)

Sandstone: Light grey, friable to compact, fine to
medium-grained, subangulear grains, moderately sorted
ss., with orthoclase, chlorite pellets (5%), mice
flakes and pyrite; potches of siderite cement and
ninor kaolinite metrix, 15 to 20 percent porogity.

No sample over intervalg
(5916-5974 cemented sand,
~6007 brownish sandy clay and pyrites.)

Sandgtone: Medium grey, compact, fine to medium-
grained, subangular grains, moderately sorted ss.,
with mica flakos, and dark carbonaceous shale
laminationsy silty matrix., Burvows, clcan ss. lonses
and sand "ests",

No sample over intervalg
(59746007 brovmish sandy clay and pyrites.
-6062 consolidated sand.
~-6236 dark grey micaceous sand and pyrites,)

Sandstones Medium grey, compact, fine to very coarse-

grained, angular to subrounded grains, poorly sorted
ss.y with rare mica flakes, glauconite, and finely
isseminated organic matter; silt and clay matrix, 5

percent porosity., Convolute clay lamination at

6065 feet; "rolled" ss. lenses, sand "nests", slump
structures and cross-bedding from 6065 to 6069 feet,

Ho sample over intervalj
(6062-6236 dark grey micacoous sand and pyrites).

Sendstones Medium grey, compact, fine to medium-
grained, angular to subangular grains, moderately
sorted ss., with mica flakes end dark carbonacoous
shale laminations,

No sample over intervalg
(6062-6236 derk grey micaceous sand end pyrites,)



5233 to

6236 to

6250 to

6291 to

6298 to

6328 to
/

6337 to

6418 to

6485 to

6520 to

6533 to

6236

6250

6291

6298

6328

6328

6337

6418

6418

6485

6485

6520

6533

6565

feet{Core)

feet(Core)

feet

feet(Core)

feet

feet(Core)

feet(Core)

feet

feet(Core)

feet

feet (Core)

feet

foet (Core &
Cuttings)

feet (Core &
Cuttings)

17,

Sendstone: Light grey, compact, fine to modium-

grained,; subangular grains, moderate to well sorted
s8,, With mica flekes, glauconite, and thin dark
micaceous carbonaceous cley laminationsy patches of
siderite cement. 10 to 15 percent porosity. Cross-
bedding. :

Sandstones Light grey, friable, coarse to very
coarge~grained, angular to subangular grains,
moderately sorted sse

No sample over intervals
(6236-6260 dark grey micaceous sand, pyrites,
with traces of glauconite,
-6287 consolidated sand with pyrites
-6298 dark grey micaceous sand with light
groy streaks and traces of glauconite.)

Sandstones Light grey, compact, medium to vexy
coarse-grained, angular to subangular grains, poorly
sorted ss,, with mica flakes, orthoclase, rare
chlorite, pyrites dolomite, siderite, pyrite and
rarg chlorite cement with minor kaolinite matrix,

10 to 15 percent porosity. Thin dark micaccous
shale lamiriation, -

Mo sample over intervals
(6298-56336 soft sand,)

Sondsgtone: Medium grey, compact, medium~grained,
ongular to subangular grains, moderate to well
sorted ss.,3 pyrite cement and silty matrix,

Stndstone: Light cream, speckled, compact, medium
to coarse~grained, subangular groins, moderately
sorted ss., with feldspar, chlorite and pyrites
fine-grained siderite, recrystallized dolomite and
pyrite cement,

No sample over intervalj
(6337-6542 cemented sand.)

Sendstones Light brown, compact, medium to
coarse—grained, angular grains, poorly sorted ss.,
with orthoclase, chlorite (5%), mica flakes and
glaucophanes recrystellized siderite and dolomite
cement, with minor kaoolinite in matrix, 5 percent
porosity.

Ho sample over intervalg
(6337-6542 cemented sand., )

Sandstones Light brown, compact, medium to very
coarse-grained, angular to subangular grains,
poorly sorted ss., with mica flakes, chlorite (5%)
ond pyrite; siderite and dolomite cement with rore
kaolinite patches.

No sample over intervals
(6337-6542 cemented sand,)

Srndstones Light grey, friable, coarse to very
coarse-grained, subangular graing, moderately
sorted ss,, with glauconite,

Sandstones Light crecam, compact, fine-grained,
angular to subangular grains, well sorted ss.,
with glauconites calcite cement and minor clay
matrix, '



6565 to

6654 to

6682 to

6751 to

6818 to

6843 to

6911 to

6939 to

6999 to

7062 to

7091 to

1147 to

6654 feet (Core &
Cuttings)

6682 feet (Corok
Cuttings)

6751 foet

6818 feet (Core &
Cuttings)
6843 foet

6911 feet {Core &
Cuttings)

6939 feot

6999 feet (Core &
Cuttings)

6999 feet (fore)

7062 feot

7091 feet(Cuttings)

17147 feet

7209 feet (Cuttings)

18,

Sandstone: Lizht to medium grey, compact to friable,

very fine to medium-grained, angular grzins,
moderate to well sorted ss,, with mica flakes,
finely disseminated pyrite, and wavy silty
carbonaceous laminations at top; clay snd silt
matrix, At 6576 feet, pseudo-nodular structures
with concentric clay lamingztions around them,
nodules of clean sand, clean ss. streaks and
"nmests" and slump structures.

Sandstone: Light grey, friable to compact, fine

to very coaorse-~grained, angular to subangular
grainsg, moderate to well sorted ss., with glauconite
end pyrite and wavy carbonaceous silty streaks,

At 6678 feet sandstone compact; dolomite cement.

No sample over intervalj
(6676-6323 consolidated fine send with pyrites.)

Scndstones Medium grey, compact, (bocoming friable
basewards), very fine to fine-grained, angular to
subangular grains,:moderate to well sorted ss.,
nicacecous., At 6751 feet, sandstone with pyrite
and glauconitey carboneceous shale laminationss
silty matrix, Burrows, thin clean ss, lenses -
normal, "rolled" and slumped - and ss. "mests",

No ‘sample over intervalg
(6676-6823 congolidated fine sand with pyrites,
-6844 soft sond,)

Sandstone: Light brovmish-grey, compzct to
frizble, very fine to medium-grained, angular to
subangular grains, well sorted ss., with
glauconites silty matriz. 5 percent porosity.
At 6843 feet sandstone compacts calcite cement
and clay matriz,

No sample over intervalg
(6875-6975 soft sond.)

Sandstones Lizht grey, compact to friable, very
fine to fine-grained, angular to subtngulcor  grains,
moderate to well sorted ss., thin carbonacoous clay
lominations at 6939 feet,

Sandstone: Medium grey, compect; fine-grainred,
angular grains, moderato to well sorted ss.,
with thin carbonaceous strecks; pyrite cement,

No sample over intervals
(6975-7050 congolidated sand with pyrites,
-7093 soft sand,)

Sendstones Light grey, compact to friable, very
finc to fine-grained, angular te subhgular  graing,
moderate to well sorted ss., with scattercd
dolomite rhombg, glauconite and pyrite; silty
matrix,

No sample over intervols
(7050-7093 soft sand.
~T094 copper pyrites
~T7132 soft sand.
-7174 consolidated sand, )

Scndstene: Light grey, friable, very fine to
mediuwm-groined, angular to subangular greing,
moderately sorted ss,, with mica flokes, rare
glauconite, pyrite, end finely dissemincted
orgenic mattery clay and silt matrix.



7209 to 7240 foet (Cuttings)

7240 to 7291 feet (Guttings)

7291 to 7305 feet (Cuttings)

19,

Sendgtone: Light grey, compact, fine to

coarge~-grained, angular to subangular grains,
moderate to poorly sorted ss., with rare
glauconites dolomite ccment,

Sandstones Medium grey, compact, fine to

very coarse~grained, angular to subrounded
graing, moderatelysorted ss., with scattored
orgenic matters silty metrix, At 7250 feet

sandstone compact; pyrite cement,

Sondstones lcdium grey, compact, fine to

medium-grained, angular to subangular graing,
moderate to well sorted ss.; pyrite cement,
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