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~ ABSTRACT

A quarry site near lowbank has been geologically mapped
and partly explored by 14 diamond drill holes totalling 702 feet
in depth. Marine sandy limestone and calcareous sandstone of the
Norwest Bend Formation form a resistant capping about 20 feet thick
at the top of the Murray cliffs, which are 120 feet high., The
beds are almost horizontal, and continuously exposed for 3000 feet
along the cliff, Drilling suggests that the most competent mater-
ials, limestone and well-cemented sandstone, occur in a bed L to
15 feet thick, which appears to be continuous over the greater part
of the explored area, Overburden on this material ranges from
zero to 10 feet at the cliff edge, up to a maximum of more than
LO feet, and consists partly of clays and clayey sands, and partly
of‘sandstone and limestone of poorer quality than the competent
bed.

Preliminary estimates are as follow:-

(a) Assuming both sandstone and limestone to be of acceptable
guality.

Rip=-rap 480,000 cu,.yds.
Overburden 2,160,000 cu,yvds,

(v) Assuming the limestone only to be acceptable,
Ri 180,000 cu,yds

-ra Se
Overburden 810.000 cu,vas,

A considerable amount of fﬁfther exploratory work, includ-
ing diamond drilling and trial guarries, will be required if it is -
proposed to adopt the site as a rip—rap source,

INTRODUCTION

The proposed Lowbank Quarry Site is-located on the south

ag¥
bank of the Murray River, seven mlles to the west of Waikerie

(Figure 1). The site is adjacent to the Sturt Highway, and approx-

imately 6l road miles from the Chowilla Dam site.

The results of geological mapping of cliff exposures, and .
of three initial diamond drill holes put down at the site, are des-
eribed in the progress report dated Novémbera 1964 (Ref,1). It
was concluded that the Lowbank site should be further investigated
by diamond drilling. |

Fourteen drill holes, mostly about 50 feet deep, have now
been_completed. Holes I1 to L11 inclusive were drilled in.aﬁbroad

pattern to check the continuity of hard rock beds indicated by
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surface mapping. Holes L4A, L7A and L10A were drilled a few feet
away:from Holes L4, L7 and 110 respectively-to oﬁtain samples for
laboratory testing. ’

This report describes the results of.the drilling.
Figuré 2 shows summarized logs of the drill holes, indicating the
material cqnsidered probably ussble as rip-rap. Detailed logs of
the individual holes arebin Appendix A, and of the cliff sections,

in Appendix B,

DESCRIPTION OF THE SITE
The site consists of an unduiating plateau about 3000 feet
long and 18OO feet wide bounded on the northern side by éliffs at
the edge of the Murray Valley, and on the southern-side by the
Sturt Highway (Figs. 1 and 2). _
The cliffs are up to 120 feet high and rise at 60° to 70°

from the water edge. They are capped by relatively hard rocky

" bands totalling about 15 feet in thickness, These are continuous

for more than 3000 feet along the cliff line, apparently thinning
out rapidly upstream and downstream, where reQentrant gullies occur,
The plateau surface abo&e the cliffs is almost flat;‘SIOPing very |
gently upwards away.from the river, and is mbstly covered by sandy
soil with kunkar fragments,. '

The area explored so far is.BQOO'féet long and 600 feet

wide.(Fig. 2), and does nof extend completely over the site area,

GQEOLOGY OF THE SITE
The succession as indicated by cliff mapping and diamond

drilling is as follows:-
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Thickness & - o Unit s

Ocourrence Age Name Description

0 (at cliff edge) up ?Recent Terrestrial sandy

to. 20 feet in Drill _ - clays and clayey

Hole IAO , . : ‘sands,

20 to 32 ft, in drill Pliocene Norwest Calcareous sandstone

holes Bend and sands, mostly

: : Formation coarse to very coarse
grained and dense
limestone, sandy in
part. Fossil shells
occur scattered
throughout the rocks
and also concentrated

‘ in lenticular bands.
More than 70ft., thick- Lower Morgan Bands of sandy bry-
ness in lower part of  Miocene Limestone ozoal limestone up to

cliffs 2 ft. thick alter-
' : nating with soft
sandy calcareous clay
bands, :

Accofding'bo Iudbrook (Ref,.2);, both the Morgan Limestone
and the Norwest Bend Formation are marine sedimentar§'deposifs.
The Morgan Limestone which is a meﬁber of the.Murray Group, probabiy
represents the maximum transgressidn of the sea in the Lower}MioceneJ

The Norwest Bend Formation was formed by rapid sedimentation in an

estuary which ranged from three to five miles wide, and was approx-

imately parallel to the present course of the Murray Rlver. Pli-‘
ocene sediments from this estuary have been f ound as far downstream4
as Tailem Bend. .The calcareous sandstone seen at Loﬁbarkiis pooriy.
exposed in the cliffs for about eight miles upstream from'thé”éiieé
but in no other place doeé it form a continuous uniform rock cliffé

such as at the Lowbafk'site.

Geologlcal Structure

The Norwest Bend Formation at the site is almost horizontal,
but individual sandstone beds'show‘pronounced current bedding, with
dips of up to 10° towards the south.

Steeply dipping Jjoints intersect the e¢liff face at 1ntervals
ranging from 10 to 30 feet, generally about 15 feet. Sevgral near-
horizontal partings are also present, along the bedding direction,

Weétherigg

The sub-surface effects of chemical»wcathering, inecluding

solution, are difficult to assess from the amount of exploration
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carried out to date. In this type of calcareous rock it is
possible to have disintegration or removal of the rock due to
weathering and solution in somé places, and a concentration of lime
cement to form very dense limestone in other places; The only

definite solution effect secn at the site is a vertical solution

‘ pipe up to 1 ft. diameter and more than 20 ft. deep, near Cliff

Section D10, Some of fhe variations in degree of cementation of
sandstone in the cores may be due to partial femoval of cement by
weathering,.but it is also possible that théy are the direct result
of variations in the amounts of cement initially deposited.

' The sandstone outerops show pronounced fluting, that is,
deﬁelopmeht of narrow lenticular slots or voids parallel to the
bedding direction, It appears likely that the narrow slots re-
present poorer quality materials which have been removed by erosionf
The drill‘cores show poorly cemcnted zones, and fossiliferous zones
cohtaining numerous voids, and these are considered to be equivalept
to the slots in the surface exposurecs. | |

The exposed sandstones appear gcnorally more strongly
cemented than the probably cqulvalent matorials recovered at depth
in drill cores. This effect appears to be caused by concentration
of calcarecous cement near the surface during weathering. Thié
process is loosely termed "case hardening,” and is a common feature

of the calcareous rocks of thc Murray Basin.

Groundwater

Drilling water was lost throughout the progress of most .
of the darill holes, and the holes were empty on completion of
drilling. It is concluded that the site is generally well-drained

and above the water table,

POSSIBLE RIP-RAP QUALITY MATERIALS
The drill cores show rocky1mmerialékof threec more or less
‘distinet types, namely dense limestone, fine grained calcarecous sand
stone, and coarse grained calcarcous sandstone., These héve been
distinguished by hachuring and written descriptions on the detailed

logs, Appendices A and B.
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On completion of dfilling of all holes, the cores were laid
out side by side, and a careful selection made of those rocky mat-
erials considered likely to provide rip-rap. The selection was
made on consideration of density, core lengths and degree of
cementation (Fig. 3).

It was found that most of the dense 1imest6ne, about half
of the fine sandstoné, and only small amounts of the coarse sand-

sﬁone, could be classified as probably usable, For convenience,

\the'probably usable materials of the three kinds have been referreq

to as Types A, B and C, as shown on Figure 3,

The dense limestone, Type A, is very similar physically to
Plioéene.limestone in the Adelaide area, which has an unconfined
compressive strength of‘the order of 8000 1b,/sq.in, It can
therefore be classified as a hard rock (qu > 5000 1b./sg.in.).

It appears to be durable.

The two sandstones, Types B and G, arc noticeably weaker
and more¢ porous, Although the selected materials should provide
relatively strohg blocks in the required sizes, there is some
doubt about their long-term durability.

The locations of the Types A, B and C.materials are shown

by means of coloured strips on the detailed logs, and also by meang

- of hachuring on the sections on Figure 2,  The sections suggest

that these materials occur mainly in an aimost horizontal bed,
ranging from 4 to 15 feet thick in the drill holes, and éxtending :
at least from Hole L4 to Hole 17 (2400 feet). The western half
of this bed appears‘to be mainly fine sandstone, and the ecastern
half mostly dense limestone, (Section A-A', Fig.2).

In addition to this well—defined.bed therc are localized

~ occurrences of types A, B and C materials at higher leVels in the

drill cores., These arc considered to be ecither lenticular beds or

isolated well-cemcnted patches.

PRELIMINARY ESTIMATES
Two separate estimates follow, the first assuming Types
A, B'ahd C will prove to be of satisfactory quality, énd the second

assuming that only Type A will be satisfactory.
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Types A, B and C as Usable Rip-rap.

The following assumptions are made:
(a) A1l of the typcs A, .B and C materialé
will be obtained from a single near-
horizontal bed of 6 feet uniform thickness.
It wouid not 5e_pfacticable during quarrying to
select material from localized patches or lentic-

ular beds above the main bed.

(p) This uniform bed is continuous beneath an
areca extending 2400 feet along the site,

and for 900 feet in from the cliff edge.

Then Q (Types A, B & C) = 2400 x;ﬁ%p x 6 cu, yds.
)

480,000 cu, yds, (solid)

Overburden

Overburden is of two types: sands and sandy clays near

the ground'surface; and poorly cemented sandstones and limestone

L}

at greater depths,

i For the purpose of a prcliminary estimate- it is assumed
that the maximum depth of overburdcn is B4 febt on the upslope
edge of the quarry, and the minimum depth zero at the cliff edge.

A uniform surface slope is also assumed,

Then Q (overburden) = 2400 x 900 x 5L cu.yds.

27 X 2

2a16o 000 cu,yds. (solid)

Type A only as Usable Rip-rap.

The following assumptions are made:
(a) All of the material will be obtained from
| g single near-horizontal bed of 6 feet uniform.
thickness, on the eastern side of the site.

oy (b)‘This bed is contlnuous bencath an area extending
SR 900 feet along the 31te, and 900 feet in from
e the cliff edge.

Then @ (Type A) = 900 x 900 x 6 cu.yds.
27

180,000 cu.yds. (solid)

il

1l
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Overburden

It is again assumed that the maximum overburden &pth will
be 54 feet on the upslope edge, and the minimum zero at the cliff
edge, with a uniform surface slope between.,

900 x 900 x 54 cu.yds.

Then Q (overburden)
27 x 2

Il

l

810,000 cu.yds. (solid)

Ratio of Rip-rap to Overburden
It can be scen from these preliminary estimates that in

cach case the rati8v££R:£§R

orburden Sl4.5

FUTURE INVESTIGATIONS
If the Lowbank site should be adopted as a_rip—rap source,
it is considered that a large amount of further exploratory work
will be required, This will 5e to enable firm estimates to be made

to determine mecans of guarrying to obtain the required gréding, ang

to determine means of selection of usablc materials.,

The following are suggested:

(a) Additional diamond drilling in the area already
investigated, to complecte a pattern aﬁ approx-—
imately 250 foot centres. Ixtension of this
pattern to the south and west as required.

(B) Trial quarries at two or mor¢ locations, |

(¢) Additional lsborstory testing of material from
diamond drill holes, and from the trial

quarrics.

D, H. STAPLEDON /- Al
SENTOR GEOLOGIST,

g .52,
ééfﬁmthxga
‘ / .{;;/ .
J. P. TRUDINGER
GEOLOGIST,
ENGIMEIRING AND SOILS GEOLOGY SECTION,

DHS : JPT : AWK : END
12,2.65.
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TYPE A. Dense Limestone.
. MICROCRYPTOCRYSTALLINE CALCIUM CARBONATE
3 SOME FINE TO COARSE SAND,
AN FOSSILIFEROUS IN BANDS, YELLOW BROWN

TO GREY,

7’ ~ 4 /u;:

~ TYPE B. Calcareous Sandstone, Fine,
SANDSTONE , MAINLY QUARTZ, SOME MICA,
CRYSTALLINE AND GRANULAR CEMENT,

SAND "GRAINS "MAINLY LESS THAN O'6mm
FEW FOSSILS, ‘

anvan B i
. e -TYPE C. Calcoreous Sondstone,Coarse,
. . : SANDSTONE, QUARTZ GRAINS, POORLY GRADED,
e FROM 04 to 4mm MAINLY -2mm. SUBROUNDED,
. CRYSTALLINE CEMENT, YELLOW BROWN,

SOME FOSSILS, .

EXPLANATION:

Y. YUY .0
D77

The ,diamond drill holes at Lowbank Site
have recoveéred unconsolidated limey clays and
sandy clays, clayey sands , and rocky materials
including dense limestone and calcareous sand =
stone , both coarse and fine grained. The
materials defined above as Types A ,B and C
are SELECTED from the rocky material. -

Selection criteria : core lengths » O-5ft. generally > [ft.

: general absence of fossils and vaids
~: well cemented ; broken only by ham-

mer blow.
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APPENDIX A
10GS OF DIAMOND IRILL HOLES

Hole

 Depth

Nos _(roct) Drawing No,
m ' 50 53956 G + T
L2 50 S39LU8 G + J
L3 - L9 S39L9 G + J
L 63 S3987 G + J
15 56 - 8L023 G + J
16 5l suo2l G + J
L7 L8 SLo33 G + T
18 n sLou8 G + J
e Ly SLoL9 G + J
1104 Ll sLO75 G + J
L1 Ll SLO50 G + J
LhA 18 SL038 @ + J
L7A L2 54039 G + J
L10A L6 SLoOLO G + J
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