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GEOLOGY AND FOUNDATION CONDITIONS AT
THE SECRETARTIAT BUILDING SITE, CANBERRA

SUMMARY

. The Secretariat bulldlng is a major office block at present
under construction near the Junctlon of King Edward Terrdce ard -
Commonwealth Avenue, Canberra, A.C.T. The building consists of five -
comnected. sectlons,‘de31gnated A, B, C, D and ‘E, which are being
constructed in two stages; Sections A and B were completed early in
1967, while constructlon of foundatlon structures for Sections C, D
and E started in August, 1967.

The.foundation‘rock for the building consists of ‘weathered
shale, to depths ranging from 30 feet to 80 feet, underlain by

cavernous limestone. The shale is a heterogeneous mixture of all

grades of rock from compact shale to very soft, plastic: clay, it
¢ontains scattered lénses of carbonaceous siltstone, liméstone and
alluvial material. The limestone is a hard, strong, crystalllne
rock which contalns over 90% calclum carbonate.

Exposures- of shale in the basement excavatlon 1nd10ate gentle
foldlng of the strata, dips of bedding in the exposures and drill ‘
core are generally less than 350  The shale is closely-jointed, Wlth
many narrow shear zones, though no major fault zones have been
1ocated. Very few Joints are present in the limestone: - °

The llmestone is cavernous beneath much of the s1te, ‘and the
drllllng has shown that some areas are s1gn1flcantlv ‘moére cavernous
than others. Cavities.up to 10 feet high* have been pénetrated,
though most -cavities are less than'5 feet high. Cav1t1es were not
identified during the 'initial ‘site investigation, and it was mot until

 construction of foundations for Sections A and B had commenced that

the true nature of the 1imestone bedrock was revealed.  The proposed

foundations, consisting of bored piers founded on limestone, were there-

fore discontinued and replaced by groups .of Franklplles founded, where
possible, in the shalé at least 10 feet above the - limestone. The
foundations for Sections A and B were completed using this method.

*  The vertical dimension of a cavity is referred to-in this report
as "height", rather than as "depth"; . this is to avoid the
ambiguity. of "depth of cavity", which could refer to its distance
below ground surface or somé other datum. ‘




-2

Because of the difficulties encountered in Sections A and B,
the foundations for Sections C, D and E were investigated by 25 NMLC
diamond drill holes before deciding the type and depth of foundations
to be constructed. The drilling showed that the shale is not sig-
nificantly weaker nor more weathered to clay than below Sections A
ond B, but the limestone is more cavernous overall. However, if the
foundations of Section C, D and E are divided into areas showing
extensive cav1t1es, on the basis of the total footage of cavities in
each hole, it is evident that much of Section C and half of Section
D is underlain by broad a;eas of limestone which are less cavernous
than the limestone below Sections A and B. Further, an analysis of
the vertical distribution of cavities shows that the areas of B
Sections C, D and E with few cavities are less cavernous in a vertical
direction than the corresponding areas in Sections A'and'B.' It is
considered that a. distinction between good and poor areas of foundation
rock on this basis is Justlfled by the volume of drilling data
obtained, and it is therefore concluded that the limestone below much
of Section C and half of Sectlon D is less. cavernous, both laterally
and vertlcally, than the llmestcne below Sectlons A and. B. :

An ana1y31s of the 81ze dlstrlbutlon of cav1t1es ‘shows  that
the range and relative dlstrlbutlon of heights of cavities below
Sections D and E are almost identical with those ‘below Sections A and
B. Section C has a high proportion of large cavities in the limestone,
though the results for the section as a whole are dominated by one
drill hole. No oplnlon can be glven on the likely shape of cavities.
in the limestone,

Considering all‘faotors, it is concluded that about half of
the total area of Sections C, D and E could be f0unded ‘satisfactorily
in the shale, Even in the cavernous areas, comparisons with the
cavernous areas of Section A and B show that Sections C,”D and E are
' 'slightly léss cavernous than' Sections A and B (Where plles have been
‘already founded in shale), While 'the ‘volume of data for cavernous.
areas of Sections A and B is 1nsuff1c1ent for reliable comparlsons,
it appears likely that many plles ‘in the _cavernous  areas of Section D
and E could be founded satlsfactorlly 1n the shale, In the cavernous
area’ of Sectlon c, plles must be founded on the fresh llmestone._

‘The abnormal foundatlon condltlons encountered at “the Secretarlat
site have shown up deficiencies in the general planning, implementation
and supervision of site 1nvest1gatlons for major engineering structures.
Specific recommendations are put forward which will improve the
efficiency and technlcal value (and probably the economy) of future
investigations, - .

INTRODUCTION

The Secretarlat bulldlng is" located near the Junctlon of Klng
Edward Terrace with Commonwealth Avenue, Canberra A.C.T. (see Plate 1).
The building consists of five sectlons, designated A, B, C, D, and
E; Section A has seven storeys, Sectlons B and C have six
storeys each, and: Sectlons D and 'E are three-storey wings to the v‘
main building, Although Sections D and E are smaller and
lighter buildings, the foundations are’ designed so that ‘the
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foundation loads ver unit area are of the same order as the loads
imposed by Sections A, B and C. Construction is being carried:
out in two stages, the first of which was completed early in 1967,
Piling for the foundations of the second stage: (Sectlons ¢, D

and E) gtarted in August 1967. :

lee many recent office blocks built 1n Lanberra, the”
Secretariat building has a cladded exterior flnlsh. Differential
settlement of foundations of more than half an inch Cannot be
tolerated in such structures, because of poss1ble serlous damage
to the cladding. It was therefore a matter of great concern when
cavernous limestone was located below the Secretariat site, soon
after the congtruction of foundations for Sections A and B had
commenced in May 1963._ At this stage, the Bureau of Mineral Resources
was requested by the National Capital Development Comm1ss1on to
plan and direct a programme of diamond drilling to determine foundation
conditions below Sections A and B. The Bureau has subsequently conducted
geological and geophysical investigations of the foundatlon conditions
below Sections Cy D and E, and this Record is a collation of all the-
relevant geological information obtalned at the 51te up to August, 1966

The Secretariat site 1nvest1gat10n 1s:a partlcularly
interesting case. history, mainly because the maJor foundation problem
was not identified, an d therefore was not evaluated, before congtruction
commenced. Also, the 1nformat10n obtained beforg’ and during construction

~ indicated extreme Varlatlons in the phy51cal properties of the strata

overlying the cavémous 11mestone, which made a scientific analysis of
the overall foundation oondltlons v1rtua11y 1mposs1b1e,, The following
chronological account of 1nvest1gatlons at the site illustrates the
difficulties encountered, as well as emphas121ng shortcomings which
should be borne in mind in future 1nvest1gatlons (e. g. at- the new
Parliament House site). '

HISTORY OF INVESTIGATIONS

The 31te 1nvest1gatlon commenced in January 1962 with six
vertical* diamond drill holes, each 25 feet deep; = the holes were
widely-spaced and COVered .the’ general area of the entire propOSed
building, All holes revealed soft shale and clay below the top soil
and gravel overburden, and it was decided ‘to put down five deeper holes.
These later holes located a stratum of hard, dark blue rock (tentatively °
identified as basalt), overlain by up to 16 feet of very goft material
which could not be recovered by the AX drilling equipment used for the
investigation, In one of these holes, the driller’ ‘reported that
"the drill string dropped one foot's however, the significance of this
report was not recognlsed because- of the 1noorrect 1dent1flcat10n of
the blue rock.

In July 1962, 36-inch diameter'auger hole drilled down
to the blue rock, and a; v1sua1 inspection revealed very soft, liguid
mud between the water table and the blue ‘rock, It was concluded that
the mud was the result of deterioration of the. shale below the permanent
water table, and in view of the fact that the watér table would rise
on the filling of Lake,Burley Griffin, it . was decided that bored piers
be used to found the building on the hard blue rock., In view of the
variations in depth of 'the foundation rock already revealed by

¥ A1 diaménd drill holes drilled at the Secretariat Site were vertical
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drilling, a further 38 holes were planned on a grid pattern over
the site to enable the depths of the bored piers to6- be egtimated,

It was specified that small bore: (AX) drilling equipment be uséd
and that the holes penetrate three feet into the blue rocks it

was also stated that no core recovery Was requlred, except in the
blue rock, Drilling of this programme commenced. in Decémber, 1962,
and 21 holes, totalling 1760 feet, -Were drilled before tenders Tor
the foundation oonstructlon were ‘called in. March 1963,” The drillers
did in fact recover, box and label core from the shale also, though
core recovery was not 100 - percent, and it is certain that core.
showing effects of solution Was 1ost or ground aWay.AI '

The excavatlon of bored piers by the contractor (Franklplle)
commenced late in April- 1963, and a problem was 1mmed1ate1y encountered
with the rapid influx of groundwater into the caissohs. It was evident
that the required belling—out of -the bottoms of ‘the piers would be
impossible unless the influx of water could be: controlled, and on 13th
May 1963, the Bureau was asked to give an opinion on the source of
the water and the likelihood of economlcally de—Waterlng the site,.
This was the first occasion on which geological adviée was requested
in the course of the gite investigation, After dlscuss;ng the problem,

samples from Frankipiles' drill were inspected, and several pieces of
cavernous material were found, It was ev1dent that the fresh bedrock
is limestone, and this: ig clearly ‘the main aqulfer.- A pumping test
in one of the caissons was recommended, ‘and ‘pumping at  a rate ‘of:
40,000 gallons per hour made little impression on the water level,

it was concluded that de-waterlng the gite was. 1mpraot1ab1e. Construct- "

ion work therefore stoPped whlle alternatlve foundatlon des1gns were
congidered, . .

The alternatlve'design'flnally adopted cons1sted of
replacing each of the proposed bored piers with a group ‘of Frankipiles.
Each group consists of clusters of piles, ranging from two to eleven,
‘and the piles Wwere to be founded in the shale, far. enough above the
top of the limestone to distribute the bulldlng 1o0ad over any<‘cavernous
zones., It was also ‘decided that the piles must be founded below the
current water table; so as to avoid any poss1ble deterloratlon of pile
foundations after the filling of Lake Burley Griffin, Because ‘of the
almost total lack of any data on the shalé in which the piles were to be
founded, it was necessary to re~drill the entiré site, A programme was
planned, and diamond drilling with NMLC: equlpment commenced on the 5th.
June under the dlrectlon of the Bureau.. ’ , :

The flrst elx holes* of thls programme were drllled only
to. the top of the 11mestone, because of ‘the importance of obtaining the
maximum amount of information on ‘the shale ag quickly as possible.
The drill core showed that all grades of rock, from a hard compact shale
to a very soft plastic clay, are present as a heterogeneous mlxture,
and it was obviously dlfflcult to: form a reliable opinion on its
behaviour under léad without. some quantltatlve data.,. Laboratory testing
was congidered 1mpractlcable, ‘becauge of the impogsibility of obtaining
undisturbed samples in such heterogeneous materlal, and it was finally
declded to test ‘the shale by measurlng the settlements of three plles,

These, and all subsequent»driilvholes, Werevioéged‘by-B.M;R.‘geologists.'

Y
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cach loaded to 200 tons (twice the maximum required bearing
caracity). ~The test loadings gave a maximum settlement of 0,07

_inches, and this d:flection disappeared with removal of the load;

the use of Frankipiles for the foundations of- Section A and B
was therefore considered satisfactory. During the subsequent -
piling programme, three-piles were selected at random for test
loading; these also showed negligible amounts-of settlement.

Aftér the first six holes (D.D.1 to D.D.6) of the new .
drllllng programme had been :completed, it was evident that the

. limestone would be too close to the surface in some areas for all

pile groups to be founded in the shale. All subsequent holes (D.D.T

to D.D.23) were therefore drilled at least 15 feet.into fresh limestone,
g0 that the size and distribution of cavities could be assessed. Twenty
three holes,; totalling 1660 feet, were drilled below Sections A and B
by August 1963 (for locations see Plate 1), Cavities, ranging in size.
from-% to 7 feet, were found in 12 of the holes, generally near the

top of the limestone. Contour maps of the top of the-limestone were
prepared as the drilling programme progressed, and in areas where

the founding levels of pile groups were within 10 feet of the limestone,
one pile of each group was- proved to a satlsfactory depth (generally 5
feet below foundlng level.

Durlng the dlamond drllllng and plllng below Section B,
several lenses of black- 511tstone were located which had weathered in
places to a plastic clayey silt. .. The settlement of this material,
calculated from the results of laboratory tests, was well within acceptable
limits, and no gpecial criteria were adopted for piling in areas underlain
by the siltstone (Davis, 1963b)..

The plllng programme proceeded satlsfactorlly, us1ng the contour
maps of the top of the limestone as a general gulde for determining
piling depths and the necessity of proving piles. The piling for Sections
A and B was completed on 1st November 1963, major problems being encountered
in two pile groups only, located near D.D.1 (see Plate 1). There is a
deep depression in the limestone surface here, and piles for one group
were founded at least 60 feet below excavated rock surface. - A proving
pile was drilled, which penetrated a cavity 9 feet high, and subsequent
piles in this area (ranging in length from 60. feet to 90 feet) were
installed with permanent steel liners. - -

In view of the diverse foundation conditions revealed by _
drilling and piling in Sections A and B, it was evident that an extensive -
programme of drilling would be necessary to test the foundations of
Sections C,-D and E. Drill holes would have. to be spaced at least as
closgely as in the programme D.D.1 to D.D.23, and it was thought that

-a geophysical survey could reduce the amount of dlamond drilling necessary.

Seismic refraction traverses were conducted at the site in October, 1964,
and the interpreted profiles were tested by eight dismond drill holes
drilled between February and July, 1965 (D.D.24 to 31) Only two of these
holes located limestone at the depths suggested by the geophysiéal profiles,
and it was evident that refractions from the limestone surface were not
recorded in traverses across Sections D and E. It was therefore
necessary to continue a full programme of diamond drllllng to ‘delineate

~ the zone of weathered and cavernous limestone below Sections C, D and Ej
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gizxtean holesg (D.D.32 to 48), totalling 1, 550 feet, were drilled
between February and May, 1966, The results (Henderson and Best,
1966) indicated that the limestone, particularly below Sections D
and E, is more cavernous than below Sectiong A and B, Doubts were
nxpregged on the ability of the weathered limestone to support the
building load, even if Frankipiles founded in the shale were to “be
used as before. Professor E,H, Davis, Professor of Engineering,
University of Sydney, made a statistical analysis of cavity
distribution, based on the drilling infomation, and this indicated
a significantly worse situation than the cavity distribution below
Sections A and B (Davis, 1966), After discussions in August 1966
between the parties involved in the site investigation and ‘design
of the building, it was decided that Sections C, D and E would
be supported by groups of Franklplles founded in the fresh limestone,

GEOLOGY

STRATIGRAPHY AND PALAEONTOLOGY

A gsuperficial cover of soil, gravel and clay grades
downwards into weathered shale, which extends to depths ranging
from 32 to 84 feet. Below the shale is an unknown thickness of
limestone,

Subdivigion of the shale has not been possible, exgept
below Section A, The shale is not_highly weathered below this part
of the site, and variations in colour can be correlated from one
drill hole to another in a few places. There are also lensges of
black carbonaceous gilt and siltstone in the shale, On the whole,
however, the colour variations are.not consistent enough to enable

the shale to be divided into stratigraphical units,

The limestone beneath the shale is of considerable thickness.
One hole, D,D, 23, reach a depth of 163 feet without penetrating its
bage., The limestone is uniform throughout and contains no distinctive
beds that could be used as marker horizons,

The shale is richly fossiliferous, and some drill holes
encountered numerous Weathered-out foggilgy +two well-preserved
specimens of the trilobite Encrinurus have been identified. Also,
numerous corals occur throughout the part of the-limegtone sequence
penetrated by drill holes, Both the shale and limestone belong to the
Riverside Formation, which is of Lower Silurian age.

A detailed palaeontological study of drill core from the
site will shortly be undertaken by Bureau geologists, and this study
may enable correlations to be made between drill holes.
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ROCK TYPES AND DEGREE OF WEATHERING

Shale

The shale is generally a buff or yellow—brown, soft,
weak rock, weathered to various degrees. In most drill holes, the
shale consists of moderately weathered rock, with numerous-.zones of
fragmented rock and clay. In many holes, weathering was found to
become more severe with depth, ' Under Section.B, however, almost
fresh shale occurs below a depth of 50 feet. The shale is dark grey
or grey-green and, although fresh, is soft and weak with broken
zones containing clay, : , :

In some areas, the shale;and clay have been bleached white
or pale grey by percolating mineral solutions. ' Bleaching is partic-
ularly common below Section D and the northern end of Section B
(see Plates 6 and 8). In other areas, bleaching is commonly '
restricted to a few joint planes. Partial' bleaching was also noted
in a few drill holes. - . . :

Carbonaceous Siltstone

Below Section B and the extreme eastern end of Section
A, a layer of black, carbonaceous siltstone.occurs.in almogt fresh
shale between depths of 52 and 69 feet. Some of the s1ltstone is
compact, but it is more commonly brecciated and partly decomposed
to a very soft, clayey gilt, The s1ltstone hés a. max1mum thickness
of 12 feet (in D,D. 11), whilé in one hole (D:D.15) threé separate -
thin bands were located at. the same general level as the siltstone in
nearby arill holesy this indicates some 1atera1 variation and lensing
out of 1nd1v1dua1 beds in the shale, = )

Samples from the black siltstone were tested in the
laboratory by Frankipile, and Profesgsor Davis of Sydney University’
analysed the results in conjunction with the fielddata; it was ' coricluded
that no appreciable differential settlement of plles would be causged
by the s11tstone beds. - .

Limesgtone

The limestone is a dark, blue-grey, hard, strong rock where
fresh, It weathers first to a pale blue-grey, then to a mid-brown,
and finally to a dark brown, granular rock which.crumbles readily.
Analysis has shown that the limestone is quite pure and consists of
greater than 90% calcium carbonate. The insoluble regsidue is carbon-
aceous matter, which accounts for the dark colour of the rock,
Calcite veins and -stringers,. resulting from the infilling of previously
open joints, are numerous in many drill holes. Small amounts of
pyrite were noted in gome drill holes, ' '

The extent of weathering of the limestone is very variable,
In gome drill holes weathering extends only a few inches below the
ghale-limestone contact; other drill holes revealed up to 40 feet
of weathered limestone, '
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Cavities have been found in the limestone below-all sections
of the building, and minor solution is evident in much of the rock..
The cavities penetrated in the drill holes are up to 10 feet high,
and average about 3l feet; three quarters of the major cavities are
less than four feet high. Cavities generally occur in the weathered
zone at the top of the limestone sequence, but a few have been found in-
fresh limestone. One drill hole, D.D. 30, penetrated a total of 28 feet
of cavities, but all other drill holes encountered less than 15 feet of
cavities and some did not penetrate any cavities.  Minor solution of the
limestone occurs in the form of small ‘cavities ard- open: veins, commonly '
lined with terminated calcite crystals. Calcite in veins -and stringers
has generally been dissolved preferentially, rndlcatlng that :the lime-
stone is less soluble in the percolating groundwater than the secondary
calcite. However, in a few drill holes; the limestone -has been dissolved,
leaving a "honeycomb" of calcite veins; this is probably due to- variat-
ions in the chemical composition of ‘the ca101te whlch have rendered it
less soluble than the. 11mestone. ,

In one. dr111 hole, D D. 44, 12 feet of unconsolldated black
carbonaceous silt was encountered at the bottom of a cavity. The silt-
is probably the residue from dissolved limestone and was washed into the
cavity by percolating groundwater. In a few holes, notably D.D, 26,
intermingled fragments of shale and limestone indicate- collapse of rock
into a cavity, and in D. D. 42 a cav1ty appears to+have been filled with
clay. oL :

Lenses or boulders of limestone in the shale have been penetrated
in eight drill holes (D.D. 5, 12,-17, 23, 30, 32, 44 and’ 45), and two
limestone boulders were located durlng “the excavatlon for: p11e caps

in Section A. The vertical dlstance of ‘the boulders or 1enses above the
top of the main body of limestone ranges between 10 and’ 30 feet; this
indicates that they are quite separate from the main limestone mass.

The boulders penetrated by the dr111 ‘holes range.from fresh, blue rock
to weathered, cavernous: limestone, One of the boulders exposed durlng
excavation was about two feet in diameter, and ‘was composed of fresh
limestone; the other boulder had been almost ‘entirely dlssolved by
percolating groundwater, leaving a cavity three:feet across’ and one and
a half feet high which was = 1lined with secondary calcite and black
carbonaceous material. o '

Alluvium

In seven of the dlamond drlll holes, alluvial material. was
encountered at depth in the shale, The mater1a1 recovered from the
alluvium generally consisted of waterworn quartz pebbles,; but in one of
the more recent holes- (D.D. 41) river sand was also:recovered by the.core
barrel; it is likely that sand is-slso present intermixed with gravel
in the other drill . holes penétrating alluvium, -An appreciable thickness
of alluvial deposits in the shale was -encountered in only two holes
(D.D. 41 and D.D, 42, with 10 feet and-9 feet of alluvium respectively).
D.D. 48 may have penetrated 7 feet of gravel, ‘as pebbles of quartz were
recovered between 43 feet and 50 feet. Core. recovery in this section
was only about 20%, and the ‘lost core could have been river sand which
would have easily been washed away during drilling. In .the other holes
(D.D. 1, 29, 30 and 31), pebbles of quartz occur intermixed with clay.

The origin of the alluvial_mater1al in the shale is difficult
to explain with the limited information availables All of the drill
holes showing gravel in the shale are located in a group at the extreme
western end of the building complex, i.e. along the western side of

"
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Section C. The gravel is obviously of geologically recent origin,
and was deposited long after the deposition and consolidation of
the shaley it must therefore have been transported and laid down
by a recent underground drainage system. The proximity of the

.cavernous limestone strongly suggests.the:presence of an integrated

underground drazinage system which could carry sand and gravel, but
only three of the drill holes showed gravel within 5 feet of the

top of thé'limestone;. in the. remaining four holes, the gravel occurs
at heights above the top of limestone of 11. feet, 11 feet, 17 feet
and 24 feet respectively. The shale in which the gravels occur is
not cavernous, and it is impossible to visualise a drainage system

of this order developing in the shale. The only evidence available
at this stage which suggests.a possible origin for the gravels is

the presence of limestone boulders or lenses in the shale. Eight

of the holes drilled at the site intersected limestone in the
weathered shale, and five’ of these holes (D D, 5, 23, 30, 44 and

45) are in the area where gravels have been 1ocated It is therefore
possible that the limestone "boulders" were. orlglnally connected
lenses which may at one time have been much more extensive than they
are at present. Solution of this limestone could have formed. an
integrated drainage system comnecteéd with surface drainage, and

"~ depogition of sand and gravel could therefore have taken place.

However, as limestone has not been recovered frgm the alluvial deposits,
it is necessary to postulate subsequent solutlggﬁhost of the limestone
and collapse of the shale into-the :resultant -cavities. The shale is
g0 broken and weathered that there 1s no positive 1ndlcat10n of such
collapse and settlement o

The bedrock surface across the entire site is covered by
alluvial deposits up to. 10 feet thick. " These dep081ts are 1mmed1ate1y
below the soil cover, and are of no s1gn1f1cance with: regard to
foundatlons for the building. ' Co i

STRUCTURE

The pattem of folding, as indicated by the structure
contours on top of the limestone.(see Plate 3), appears to be irregular,
even allowing for the possible collepse of shale into cavitieg in
some places. Observations of bedding in drill holes show that the
dip- ranges from O to 55 degrees; it is generally between 10 and
35 degrees. A structural "high" occurs below the centre’ 'of Séction
A and appears to indicate the crest of an antlcllne plunglng gently
north-east. At the western end of Section A, a syncllne is indicated.
Below Section C the depth to the shale-limestone contact is very
irregular, and it is possible that the shale was originally deposited
on an uneven limestone surface; alternatlvely this zone may be affected
by faulting, Below Sections D and E, there seem to be several folds
gtriking north to north—east. : :
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Faulting

No major faults have been identified in the area drilled,
but small faults are possibly present Where the structure contours
on the shale-limestone contact are closely spaced. Numerous zones
of fractured and decomposed rock occur in the shale, and some of
these show shearing, which indicates minor faulting., Broken zones
in the shale are extensive below the western end of Section”A and
also below Sections €, D and Ej they indicate that minor faulting
may be more extensive below these areas than elsewhere, '

Jointing

The shale is closely 301nted.‘ The dominant joint system
is parallel ‘to the bedding and a gystem of: vert10a1 joints is algo
evident, Most of the joints contain clay. Jointing in the shale
helps to account for the short core lengths brought to the surface
in most drill holes, particularly below Sections.C, D and E.

The limestone, on the other hand, is almost un301nted, m0st fractures
being due to the drllllng. o : -

mcmmmm GEOLOGY

The dlscovery of cavernous 11mestone below .the Secretarlat
site poged difficult problems in designing adequate foundations for
the building, particularly as only slight differential settlement
could be tolerated® The main problem was the. 1mposs1b111ty of
ensuring that any partlcular ‘pile or pile group is not underlain by -

a cavity in the limestone, which could collapse under“the increased
load. The obvious solution to this problem was to found the building
sufficiently far above the limestone for the building load to be
spread evenly over the limestone surface, This immediately created
another problem relating to the condition of the shale overlying the
limestones the shale is so variable in compogition, ranging from
soft clay to compact rock, that it was difficult to give an informed
opinion on the ability of the -shale to support the building load
without appreciable settlements Qualitative and seml—qpantltetlve
information on the shale was provided by .diamond drill cores and
laboratory testing of some samples of the very wéathered shale, while
quantitative data were obtained by test-loading. three plles and
measuring the settlement characteristics. After numerous discussions
between the consultant engineers and architects, the National

Capital Development Commission, and geologists from the Bureau,

it was decided that a foundation consisting of groups of Frankipiles,
founded in the. shale where possible, would be best~suited to the
bedrock conditions below Sections A and B. It was recognized that
there was some slight rigk, but. it was considered that the risk

is minimal, and that alternative types of foundatlon Would give no
better guarantee against rigk of differential settlement.

After the successful construction of the foundations for
Sections A and B, investigations were carried out to detemmine
foundation conditions below Sections C, D and E., It was determined:
that conditions in general are similar to Sections A and B, with the

oo
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important difference that the limestone generally contains moreé
cavities below Sectiong C, D and E. The. problem therefore arose
as to Whether the more adVanced solution of limestone was °
sufficient to warrant founding plles in the fresh limestone.

At this stage, differences of opinion arose between those involved
in the foundation investigation and designs some considered

that a piling programme gimilar to Sections A and B would be
adequate over much of the foundation area, while others maintained
that, as a considerably higher degree of. rigk was invloved, all
piles should be founded below cavernous limestone, ".The Bureau
geologists were of the opinion that the drilling indicated broad
ateas which could be treated as for Sections A and B; - this was
indicated in their final report on the results.of the site investigation
(Henderson and Best, 1966)., However, the opposite opinion was

~dmfluenced to a large degree by a statistical study of the distribution
- of cavities in the limestone(Davis, 1966). - It was finally decided that

the greater expense of the deep foundations was Warranted by the
increased risk of dlfferentlal settlement when compared W1th Sections

A and 3B, ) o

The results of_the‘diamond drilling at the site are
considered below in some detail; - in particular, the pattern of cavity
distribution in the limestone' is analysed in relatlon to foundatlon
design for Sections Cy D and E. -

SHALE

- The propertles of the shale, as desorlbed in the Sectlon
on geology (p.T -)y apply to the foundations of all Sections
of the building., When drilling in Sections €, D and E was in progresss
it was thought at first that the condition of the .shale, was
significantly worse than below Sectlons A and B, HOWever, subsequent
comparison with drill core, and photographs of . the earlier. drilling
ghowed that this -impression Was exaggerateds although ‘joints tend
to be closer-spaced and few drill core lengths of .shale from below
Sections Cy D and E are greater than 5 1nches, the shale is not _
recognigably more altered and decomposed than that below Sections
A and B, It is considered that the. founding of .piles in the shale is

~ possible in Sections C, D and ‘E without significantly .increasing

the risk, provided that there is a reasonable’ thlcknesé of shale below
the base of the piles. In Sections A and B, 10 feet of . shale below

the piles was congidered adequate for distributing bulldlng load evenly
over the limestone, and such:a thickness would. probably be adequate

for Sections €y D and E. In the. Bureau report of the investigation
for Sections C, D and B, a thlckness of 15 feet was. suggested° it was
envisaged that the extra 5 féet would more than. compensate for the
effect the closer JOlntlng has a load dissipation,

At the westemn end of Sectlon E, there is a danger of
settlement of piles founded in the shale, owing to pdssible consolide
ation of the alluvial deposits located in drill holes D.D. 41 and 42,
These are the only two holes. in which an, appre01able thickness of

alluvium was located in the shale, and.it is recommended” that piles
in this area be driven down to fresh lnnestone, regardless of other
rock conditionse
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LIMESTONE

Where free from cavities, the limestone ig an excellent
foundation material, as it is a hard, strong, crystalline, sparsely-
jointed rock., BEven in cavermous rock, only a few feet of sound
limestone above the cavities would generally provide sufficient
arching action to provide-adequate building foundations. However,
despite the extensive drilling programme conducted at the site,
it is possible to discem-only a general pattern in the distribution
of cavities; it is impossible to predict the location, size and
shape of cavities in any -specific area.

Areal distribution of cavities

. Forty-one of the NMLC holes were drilled at least five
feet into the limestone, and of these, 25 encountered oné or more’
cavities. The ‘distribution of drill holes penetrating cavities is
shown in Plate 9, and the total footage of cavities encountered in
these holes is indicated. To bring out the pattem of cavernous
areas, the holes showing more than 4 feet of cavities have been
grouped together and emphasised by stippling. There is no particular
significance in selecting the figure of 4 feet, but it is considered
that areas of limestone where less than 4 feet of cavities were
encountered do not give rise to critical foundation conditions,
particularly if piles are based 10 feet above the top of the limestone-
where possible, If this criterion is valid, it is evident from Plate 9
-that the piling programme adopted at the site was justified in Section
B and the eastern half of Section A, The distribution of cavities -
below the western half of Section A is not known, as drill holes 11t0 6 :
did not penetrate the llmestone to sufflclent depths. o - -

With regard to the foundatlons for Sections C, D and E,
Plate 9 indicates that thg gerieral criteria for piling used in Sections "
A and B would be adequate ‘for most of Section C and half of Section Dj '
Section B, however; is s1gn1flcantly ‘more cavernous than Sections A
and B. In the authors' opinion, there is no Justlflcatlon for comblnlng
all data from Sections C, D and E<for comparison with Sectiong'A and B,
when the data indicate that extengive areas of foundations below Sections
C, D and E are similar to those encountered below Sectlons A and ‘B,
The equipment to be used for the deep piling programme proposed for
the building extensiong is similar to that used in Sectlons A and B,
and there appears to be no economic advantage in adopting a unifomm
criterion for depth of piles whére foundatlon conditiong are ‘demongtrably
variable, Even if the distinction of Mgood" ‘and: "bad" areas shown on
Plate 9 is considered to be based on’insufficient data, it would be
preferable in any subsequent analysis to ‘consider each of the three
Sections separately, rather than combining them as one wniform area.
Mnalyses in later sections of this report are made on the basis of three
separate areas, and it is evident from the analyses that there are
considerable varlatlons between the three areas. ;

The following table ShOWS the dlstrlbutlon of drlll holes whlch
penetrated cavities, accordlng to - the Sectlon of the bulldlng in which
the holes are located.

\]‘
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Section of building . R 4 B € D E
No. of holes pénetrating at least e ‘ - :

5 feet into the limestone . .8 8 9 T 9
No. of these hqles penetrating cavities 5 4 :4 4 8

Percentage of holes penetrating cavities 63 50 44 57 89

This table shows that only Section E ig significantly more cavernous
than Section A and B when areal distribution of cavities is cons1dered,
Section C is seen to.be less cavemous than Séections A and B, “while
Section D has the same proportion~of drill holes showing’ cav1t1es

as Sections A and B combined. This analysis also shows that neither
Section C nor Section D agree with a statistical model of cavity
distribution constructed by combining all data from the three Seetions.
In such a model, for any number of random holes drilled into 1nnestone,
80% will 1nters°ct at least one cav1ty. ‘ :

Vertical dlstrlbutlon of cav1tles

In the course of drilling- holes D D. 1 to~ 48 “the total
footage drilled in limestone was 1,640 feet; of this, 178 feet
represented cavities. Plate -2 shows the distribution”of ‘the cavifies
in the drill holes, together with the observed lower limits of sélution
in limestone, and it is evident that solution of liméstone is hot
restricted to any particular.range of relative levels., The only general
trend which has been noted is a tendency for cavitiesg to -form within

.5 feet of the top of the limestone; this has been observed in 72% of

the holes which penetrate cavities., It is'also apparent from Flate .2
that almost half the total footage of cavities encountered occurs
within 10 feet of the top of the: llmestone. .

To compare the” relatlve severlty of solut:on 1n dlfferent
areag of the foundations, it 1s necessary to equate the total footage
of cavities encountered in any drill hole with the footage of limestone
in that hole which shows evidence of solution., These facts are readily
available in Plate. 2, and the following table compares the ratio of
cavities to soluble limestone for the five Sections of the building.

Section of building . \ A 3 €6 1 E

Average total footage of cav1t1es

per hole . . 3' % 4%(1%)r5& 6%

-Average footage of liméstone show1ng

- solution : « .29 15 14 (10) 23 30
Percentage of Cav1t1es in’ soluble o o : _
limestone . | 10 17 33 (1) 23 22

The figures in brackets for Section C are the values obtained if results
of D,D, 30 are not included. 'Although there is no statistical”
justification for ignoring the results of D,Ds 30, it is almost certain
that this abnormal drill hole gives an unduly pessimistic bias to the
results for Sectiom €. Another factor which influences. the results in



the ‘table above is relevant to the figures given for Section A,

In the table, drill holes D.Ds 21 and 22 are included in the o
calculations, whereas these Holes are in fact 40 feet out91de

the 1imit of: the main building, If these holes are 1gnored, the
percentage of cavities in soluble-limestone for Section A increases
from 10% to. 16% .However, even by taklng the pessimistic view

of Sectiong A and B, and the optimistic view of Section.C, it is
evident that the limestone below Sections C, D and E comblned is
more cavernous than Sections A and B

' If the same analysls is- carrled out by d1v1d1ng the 31te
on the basis of Plate 9 (i. e.. the areal distribution of holes _
showing cavities) very different results are obtained. The following
table shows the results obtained for Sections A and B éompared with
Section €, ‘D and E, both areas being divided 1nto the shaded and
unshaded areas shown in Plate 9. o :

- Unshaded I Sheded
A&B - C,D&E A&B . C,D&E

Average total footage of

cavities per hole o ?%,_ - %‘ 10% B
Average footage ‘of 11mestone f _**1“ A el o
showing solution - S 19 10 - v 28 33
Percentage of cavities ln S - ' '~4,L-" B Af"' o
soluble limestone S T 5T Y 33.0
It ig seen‘fhat in.the areas of Sections C, D and E where we consider . -

the piles may be founded in the -shale, -the limestone is less caverous

than in Sections A and B where piles actually have been founded

satisfactorily. In the two small areas of Sections A and B where extensive -
cavities were located by drllllng, the limestone is more ‘cavernous’ than

in the. shaded areas of Sections C, D and E. It is therefore concluded

that an analysis of the vertical-distribution of cavities over the site

confirms the conclusion made. in the previous sectlon that many plle

groups in Sections C and D may be founded satisfactorily in the- shale.

Size and ghape of cavities

"As 2ll of the drill holes at the site were vertical, the .
only dimension measured for cavities was the height.. No information
could be obtained on the lateral extent of individual cavitieés, and
so it is impossible to deduce the shape of the cavities. Solution of
- the limestone would have commenced along open joints, and it is likely
that the general shape and orlentatlon 'of cavities is related to the
orientation of the joint systems, even after the development of the
larger cavities. However, joints in the limestone recovered by drilling
Were very sparse, and no partlcular joint systems were evident;y this
is probably because all open joints have devcloped into cavities. The
only direct. ev1dence of solutlon along joints was shown 1n D, D 37,

i

in

g
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whore the drill followed a near-vertical jointg for several Ffect. f

The joint wag about two inches wide, and the infilling of olay
and shale fragments was recovered by the core barrel; at the

N intersection by the drill hole, the Jo:mt Was 18 fcet below the i X
top of the limestone, ’
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M analysis of the size distribution of cavities below
the five Sectiong of the building can be made by assuming that the
heights of the cavities located are proportional to their overall
gize, A list of the heights of all-cavities located by the drill
loles was made for each Section of the building, from which
cumulative distribution graphs of cavity heights were plotted; these
were drawn by plotting the percentage of cavities greater than a
certain helght L against log L (see Fig. 1a). The graphs show that
Section A has the smallest cavities, while Section C has by far the
largest cavities; Sections B and D have an intermediate range of
cavity sizes, while Section B has cavities which are generally
larger than those below Section A, :but smaller than below Sections
B and D, The graph for Section € is dominated completely by the
data from D.D. 30, as previous analytical data have been biased by
thig drill hole, However, if the heights of cavities from Sectlons
A and B are combined, and Sections D and E gimilarly combined, the
resultant cumulative digpribution graphs are as shown in Fig, 1b.
From this it ig clear t a%/range of caV1ty heights and the proportion
of any particular size of cavity is the''same below. Sections D and B
as below Sections A and B; . therefore, although there are more ’
cavities in the limestone below Sections D and B, they are no larger
than the cavities below Sections A and B. This is contrary to the
regults of the statistical model of cavity distribution for Sections
C, D and E where cavities have coalesced to form 16-foot high caverns.
As was shown in the earlier analysis of areal distribution, this
model is made unrealistic by the inclusion of data from all three
Sections in the one analysis.

CONCLUSIQNS

1. Bedrock at the Secretarlat s1te cons1sts of weathered shale
to depths ranging from 30 feet to 80 feet below original ground
surface (R.L. 1850 feet). The shale is underlain by limestone,
which is cavemous under much of the site.

2e : The shale consists of a heterogeneous mixture of all grades
of material from compact shale to very goft, plastic clay.-
Lenges of black carbonaceous: siltstone are present in the-shale
at the eastern end of the gite, while at the western end of the
building the shale containg scattered lenses of alluvial material.

3, - Fresh limestone is a hard, strong, crystalllne rock which
contains at least 90% calcium carbonate. .

4 Cavities up to 10 feet hlgh have been located during:the
drilling at the site., A total of 178 feet of cavities was
penetrated during 1,640 feet of drilling in limestone.

Be .. Boulders or lenses of limestone in the shale were located in
eight drill holes. The deposition of alluvium in the shale may be-
agssociated with solution of such lenseSo . .

6o Dips of bedding in the shale are generally less than 35
gentle folding is indicated by these dlps and exposures in the
basement excavatlon.
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No major fault zones have been located, but the shale
ig generally closely-jointed, with many narrow shear zones,
Very few joints are present in the limestone.

The foundations for Sections A and B consgist of groups
of Frankipiles, many of which are founded in the shale at
least 10 feet above the limestone. The risk of differential
settlement in these foundationsg ig congidered negligible.

The shale below Sections C, D and E is not slghlflcantly
weaker or more extensively Weathered to clay than the shale
below Sections A and 3B,

Drilling in Sec¢tions C, D and E indicates that the
limestone ig more cavernous than in Sections A and B, However,
a plot of the areal distribution of drill holes showing
extengive cavities (Plate 9) shows that much of Section C
and half of Section D is underlain by limestone which is
demonstrably less cavernous than that below Sections A and B,

An analysis of the vertical distribution of cavities
ghows that Sections C, D, and E, when treated as individual
foundation areas, are more cavernous than Sectiong A and B.
However, if the foundations are classified according to the
areal distribution of drill holes showing cavities, as in
Plate 9, it is seen that the areas in Sectiong C, E and E
with few cavities are less cavernous in a vertical direction
than the corresponding areas in Sections A and Bs

It is congidered that a distinction between good and
poor areas of foundation rock, as ghown in Plate 9, is justified
by the volume of drilling data obtained., It is seen that the
holes showing an appreciable footage of cavities are grouped
into two well-delineated areas in Sections Cy D and E. On the other
hand, there is no valid reason why the foundation conditions,
and hence the foundation treatment, should be grouped according
to the outline of the building,

From conclusions 10 and 11, it is evident that the limestone
below much of Section € and about half of Section D is less
cavernous, both vertically and laterally, than the limestone
below Sections A and B,

An analysis of the size digtribution of cavities, as
exemplified by the heights of cavities penetrated by drilling,
shows that the range and relative distribution of heights of
cavities below Sections D and E are very similar to Sections
A and B. Therefore, although the limestone below Sections
D and E is more cavernous overall than that below Sections
A and B, the cavities are no larger than those present below
Sections A and B, Section € has a high proportion of large
cavities in the limestone, though the results for the Section
as a whole are dominated by one particular. drlll hole
(D.D. 30).

No opinion can be given on the shape of cavities in ‘the
limestone,
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16,4 From the above considerations, it is concluded that
about half of the total area of Sections Cy D and E could
be founded satisfactorily in the shale.

17e " In the cavemous area arownd DeDs 30 (see Plate 9)
piles must be founded below the cavemous limestone.

18, Mnalysis of the digtribution of cavities in the cavernous
areas of Sections C, D and E (see p.12,13,44)shows that the
percentage of cavities in solution-affected limestone is
slightly less than the corresponding value for the cavernous
areas of Sections A and B (where piles have been founded
mogtly in shale); +the contrast is more pronounced if D, D,

30 and DeD, 44 are omitted from analysis, as they should be
in the light of conclusion 17. As the distribution of cavity
heights is the same as in Sections A and B, there is a strong
case for founding piles in the shaley where possible, even

in the cavernous areas of Sections D and E. :

19, Where limestone is encountered during piling at a higher
level than indicated on the contour map of the top of limestone
(Plate 3), there is a strong possibility that the limestone
is a boulder or lens. In such cases, the pile should be
continued until shale is encountered or until the level of
the indicated top of limestone is reached.

20, Piles in the area around D.D. 41 and 42, at the weéstern
end of Section E, should be founded in limestone; this will
engure that alluvial deposits, which could cauge settlement,
are not pregent below the piles, '

RECOMMENDATICNS

Specific recommendationsg on. the piling for foundations
below Sections C, D and E are incorporated in the conclugions of the
previous sectiony many of them are no longer applicable to the
foundation construction, as all piles are to be founded on fresh
limestone., However, the unusual foundation conditions encountered
at the Secretariat site have shown up deficiences in the general
planning, implementation and supervigion of gite investigations
for large buildings, and the following considerations should be borme
in mind when investigating future buil?i@g'sites-in Canberra.

1. . Diamond drilling for engineering geological Investigations
ghould always be carried out -using NMLC drilling equipment. The
triple tube core barrel with face-discharge bit was specifically
degigned and developed for site investigations, and the ability of
this equipment to recover core intact from badly broken zones and
clay seams is well worth the small extra cost per foot of drilling,

No better example of the comparable value of AX and NMLC drilling
could be quoted than the Secretariat site investigation, where both
prograrmes of drilling were carried out by the same drillers using

the same drill machines.



3

- 19

20 Investigation diamond drill holes should always be
cored for their entire length, and not just in "bedrock" or
particular strata of immediate interest. The Secretariat site
investigation has clearly demonstrated the false economy of
restricting coring teclniques to particular zoneg of drill holes.

3. Adequate core storage facilities should be provided

at each site in the fom of well-designed, strongly-constructed
core boxes, and a weatherproof shelter for the core boxes.

The Department of Works has designed a core box to Bureau
specifications, and they will construct these boxes at short notice
for other Commonwealth Departments.

4e Any diamond drilling programme should ‘be supervised,
at least in the early stages, by an engineering geologist; +this
ig to ensure that proper drilling procedures and techniques are
being useds In particular it is important that proper boxing and
labelling of core be carried out, and that wooden spacers be used
to indicate zones of core loss, ,

Drllleré' notes are 1mportant in . interpreting foundation
conditions (e.g. "rods dropped one foot"), and there should be close
contact between the geologist and the drillers to ensure that relevant
observationg are noted, It should be gpecified in any drilling
contract that basic drilling information and notes must be recorded
for each shift; the use of a pro foma similar to that used by
Snowy Mountains Authority drillers is recommended,

5e ' The Canberra area is very complex geologically, and
congiderable variations in bedrock conditions have been encountered

in several major projects - for example, the Commonwealth Avenue and
King's Avenue Bridge sites. It is recommended that the services of

an engineering geologist be sought, as a matter of routine, at an
early stage of foundation investigations, In particular, the planning
of a drilling programme may be-influenced by the observed or inferred
site geology. In the case of the Secretariat site, vertical holes

on a grid pattern were quite suitable, but at many sites, an irregular
pattern of angled holes would provide more information with a minimum
of drilling, It is also suggested that construction fims and '
consultants engaged on projects in Canberra be made aware of the
extensive knowledge that Bureau geologlsts have of geological condltlons
in Canberra as they affect foundatien conditions,

6. ' It is probable that similar foundation conditions may be
encountered elsewhere in the Canberra City area where limestone is
present at or near the surface., To best appreciate where limestone
may occur in foundationsg, reference ghould be made to Opik (1958).
Briefly, the Riverside Fommation crops out along a broad, curved strip
extending from Dickson, through the west side of City Hill, to Barton
and Narrabundah; and the limestone member has been located in the
foundations for Gowrie Hostel, the Canberra Community Hospital, Ward
Bridge, the Lend Lease Office block being constructed on the north-
west corner of the Northborne Avenue — MacArthur Avenue intersection,
the Commonwealth Avenue Bridge and the National Library. Any major
buildings to be founded on this broad outcrop of the Riverside
Formation should be adequately investigated, to ensure that the problems
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encowrtered at the Secretariat site do not arise during
vougtructiony +the projcsed lakeside site for the New Parliament
louse is a particular example of future buildings in this category,

Limestone lenses and interbeds lmve been noted in
several other sedimentary rock units in the Canberra area. Although
the limestone beds are generally thin and restricted laterally, it
is possible that cavermous limestone could be encountered in rock
units other than the Riverside Fonmation, esge the City Hill Shale
and the St., John's Beds. '
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APPENDIX

GEOLOGICAL LOGS OF DIAGOND DRILL HOLES

Drill holes DeDe 1 to DD, 23 were originally logged
at 5 feet to 1 inch, whereas the programme of drilling in Sections
€, D and B (D.D, 24 to D,D. 48) were logged at 10 feet to 1 inch;
the earlier drill hole logs have therefore been re-drafted at 10
feet to 1 inch; During this re-drafting, the relative levels of the
collars of the holes were adjusted to 1850 feet to facilitate
correlation of drilling data between the logs and the various plansg
and profiles. ' The original relative levels of these holes are

indicated in Plate 2,
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OVERBURDEN ]
120"
Ve"aﬂnered Brown, coft, wealk, mod. Broken zones wilh
shale broken. Max. core length 5", clay occur throughout
mode 2" o

Bedding at 45°

IlllllllllllllIllll!l'llll!

Extensively sheared .
soft rock with mueh
clay befween 38857

Illlll

b' “
L Quartz pebbles in cfo_n, Z7'g"

t

llllLJLLLlliL

{ |

be' &l Z
weathered b7 0" - A
limestone @ | Weathered shale . Jug o~ - /
’ . - . , . .
few fresh Brown, soft +o mod. hard yy M B 4 Evidence of solution
e T 4o bottem of: hale
patches below with much caleite ] IT/
Y - %
: A | K
{very weolhered limestone :1,67% 1 //j 7
END OF HOLE ] 77 FEET ‘ ?
7 : \
]
-
]
-4
]
-5
oo Mindeill_£1000 | e _E.T BEST
oRLLER K gm(-“'l
conn:nczni&&}_—_
counur_n_l_&&___ . . v:c:':s“ 'o {ee'f : inC"'

I55/A16/299-1




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

prosecr _ OECRETARJAT SITE DD2Z ar 1250 (approx)
LOCATION 221'W of £8 ., 396 of £.1 ANGLE FROM uomzomln _qQ.f__.‘ DIRECTION

A DEGREE OF WEMTMERING

DESCRIPTION

SIZE OF
CORE

coae
#ECOVERTY

JOINTS, VEINS, SEAMS FAULTS CRUSHED JONES

]
]
OVERBURDEN ]
1o
==F
Weathered Brown, soft, weak, broken :E:‘;Z Broken zones with
shale rock. 1A | clay occor throughout
. J—__/
7
pEH 27
Bedc{ing ot 25° ] %
7
] 7//
3 Beclding ot 35° ' . / o
33" A
[Bleached shale 32‘»'1 //
a7
- Cavilies between3b'237'b"
o 27
Fresh limesfone | Blue-grey, hard, strong rock 430" e 7 "/
END OF HOLE ] 43 FEET
- ]
tree { l] i 'OQQ LOGGED E J— BEST
DRILLER h" Sm.’Th
co-‘-mcso_LM&___
Ny V7 — )0 et ;1 inch

I55/A16/299-2
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

rrosecr _ SECRETARIAT. _SITE HOLE NO. DD 3 at 1850 (approx)
‘LOCAHON 253'\’\/ of & B 9N tA ANGLE FROM MORIZONTAL ____ DIRECTION
wc.‘ :":‘L”‘E“"'G oescarmion slz:m Loe :‘::‘" JOINTS. VEINS, s::::c:::::s CRUSHED ZONES
]
OVERBURDEN ]
e 3
Weathered Brown, soft, weak rock. :é‘;:— Extersively
shale :gi—: 7 dechPosec( to clay
J=== % 'le»—oughouf
iR /
£ %
= 7
JEES //
== ,//
=
=
1,.3'(,": / Cavities from 43" 4o &4
. - 7
""m,‘f,,';;’gfo,,e Brown, mod . strong rock 45, 4T .////
END OF HOLE 8 45 b"

;
] -
]

TYPE Mlndkl” E'IOOO

DANLLER K Sm'-“']
COMMENCED 13/b 3

COMPLETED M&__

LOGGED ET BEST

VERTICAL .
SCALE 10 —Fee‘t. ! mcl‘]

I55/A16/299-3
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BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

's

o

PROJECT SECRETQRIHT SITE HOLE NO. DD 4 R.L 1850 ' (approx)
LOCATION 31“5’ W 0'( L g; on £ H ANGLE FROM HCRIZONTAL goo DIRECTION
8 DEGREE OF WEATHERING oescripmion s::loin:r Loe "s:::m JOINTS, VEINS, SEAMS FAULTS CRUSHED ZONES
OVERBURDEN ]
12'0" 1
' £zl
Weathered Soft, brown , broken rock ] /// Much decomposed
shale ' ] 7 to clay
. ” Z
2
r TN i) A
zs'o"__H_f//
) 271'%" ===
T
LBieoched shale 2gon =2 //
: 3)'@"-1:_55//
4 "
34" %
] Z
] ///
==
4
R
4'2" ] A
Fech limeglone Blue, hard rock L7 0" Y4
END OF HOLE ] 47 FEET
ﬁ
5
-—1
B
§ -
nee _Mindpill_E1000 ' ossrs __E-J. BEST

DRILLER AK S m‘f“'\
couu:u‘cso‘—g&L“—_
COMPLETED 22/b/63 Temmas 10 F‘EQT.' i lf)C;')

SCALE

I155/A16/299-4
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOé OF DRILL HOLE

PROJECT SECRETARIAT SITE woie no. _D-D. G RL lgSOl(a’ppko,v.)
Location 300 W of ¢ B , 37’6 oft A ancLe From worizonTaL ___Z0° _ owrecrion
DEPTH LIFT
ROCH TYPE L) 'Y STRUCTURES
b OEGRYE OF WEATHERING prscmeTan Sone | ¢ CcoRE JOINTS, VEINS, SEAMS FAULTS CRUSHED ZORES
RECOVERY

OVERBURDEN ]
10'0°]

Weathered Brown, soft broken rock zIz Much decém;oos'\’a‘lon

-——— \
shale iy +o ¢ ’a}j throvghout

Beddinﬂ at 35°

Mnm

Bec{din\a at 25°

lL'll!lllllllll'llllllllllLL!lllIll‘l'll

[ Very weathered limestane 52,9.,_'

Dark blve-black shale

Buff ca[ow—ed, mod. hard

O T IUOrhIErR

Fock ]
]
b8'p"
weathered Brown wilh calcife veins ALI Solution cavilies up
limestone 720" T+ to 1" across
] /
]
=
B
:‘
Tree Mlnc{HU Elocpo ' LOGGED E:r BEST

ORILLER K Sml-tl\

commenceo _22/b[bT
COMPLETED _ML_ raEmeaL ‘O —FeeT N I )nc‘q

SCALE

I55/A16/299-5
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

PROJECT SECRETHR[HT SITE . HOLE NO. D Db R.L. JQSOI(OPPVO’C)
LOCATION 220' W 0{ E B 35 ’N O{ L H ANGLE FROM HORIZONTAL J—Oo - DIRECTION
ROCs IYPE “:”‘ U.n STRUCTURES,
5 DEGREE OF WEATHERING pesceirrion s::zoz.;:r Loe cosE JOINTS, VEINS, SEAMS. FAULTS CRUSHED ZONES
RECOVER 1} .
‘ -
] -
OVERBURDEN .
4
12'0" 7]
Weathered Rrown, soft , broken rock 1=z Broken zones wilh
shale Bedding ot 30° :gég clqy ﬂ«rau\gkou‘i‘

Bedding at 55°

g2'4r ===
Light grey shale, slightly Z
wedthered .
: b2'0"
Fresh h'm_esTDne B'UB-QPey, hard rock pe'o" 1 JT
END OF HOLE i bl FEET
4
v Mindrill £100 | oo __E.TBEST
onncs K. Smith .
commencto b : : & .
B 1Y/ - T 10 feet - Linch

I55/A16/299-6




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

PROJECT SECQETHR]F]T SITE HOLE NO DD7 L. '850'(0PPY0~\’-)
LOCATION 185'W of tg‘ on ¢t A ANGLE FROM uomzoum._q_o_:.___ DIRECTION
OVERBURDEN - b
' 10
: _:::// - : —
Weathered Brown . soft to very J==: / Broken zones with
. === A4 . ) BE
shale soft, mod. broken rock. ];557 clay in many places. -
Max. core length 5 mode 2" == ,
| R
200 ::h:[/
|. Bleached shale 230" 1L /
e iy
‘ 25557/ '
e /A
- %
] g
oo ..::::/ \
ht d. hard rock B 1
5“3 f_y Mod . havrd rock - Cavi ' \';:‘
weathered : : h avity 1
limestone ks'o" T T
Fresh Blue , hard | strong rock T
1 limesTone ' :JT //
15 L/
B
] LT A
4 1
N e AL
T Some solution of
6l+'o"jr1 % calcite from b2' +o 624"
T
END OF HOLE S bl FEET
]
) ]

ORILL ND

1YeE

illEl00

aRILLLR

Ccomenceo . 25/6 /63
COMPLETED 27 L"Le_z___

LOGGED E J- BEST

VERTiCAL

scaLE {0 feeT 2 inC‘T

I55/A16/299-7



prosect _ SECRETARIAT. _SITE

LOCATION IQSIWOFQ_B 38'5 of £. A

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

HOLE NO. _&D__g__ R.L.

o
ANGLE FROM HORIZONTAL ....ﬁ_Q_._._._

DIRECTION

Fox.

a0CK 1YPE

DEPTH

[
SIZE O

LIFT
3

STRUCTURES.

OVERBURDEN -

_ 100" 7
Wealhered Brown, Soft, moderately ] 7
shale broken rock. Max. core ] %
length 5", mode 2" ] "*y
J %
:55—:%
=7
I i%/
:_";7
34'0'*335//
. y 4
Bleached shale |-, .1 7
(SR
PV B ,//é

Weathere- Brown, hard, stronq vock . Cavity

ol limegtone 5" 40 2" core lengths b?’o"'_:j—J'/7/’

|
i Fresh Blue hard, s'h—onj rock 1.1 //
"~ limestone 8" 10 2" core lengths mode 5" g,',,v-] Ij 4

e 5“3’1“\\/ +o moderate (yA :l] :
.. wecthered limestore 5oy

o
//
‘s
/
7

|

r—-m-—« —_}J‘
-~
SR I N I U iy 0 (0

st

il

Cavilies from bo tob2’

1!11(111111!111111[1)11

- Selytion of caleile
}",T with  slight wealhering
1 at 72’
760" Moy
END OF HOLE 76 FEET

DRULL NO.

mee _Mindrill _E1000

oRILLER

COMMENCED 27 63
COMPLETFD _zﬂL

LOGGED E; J. 8 EST

e 10 feet : Iinch

I55/A16/299-8
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BUREAU OF MINERAL RESOURCES., GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

PROJECT SECRETARIAT SITE

HOLE NO, D D q

aL _ 1850 (approx)

o
ANGLE FROM HORIZONTAL J_Q___ DIRECTION

LOCATION "07‘«/ of¢ B, on ¢A _

& DEEREE DF WEATHERING OESCRIPTION alh | voe 't::::m JOINTS, VEINS, SEAMS FAULTS CRUSMED ZONES
OVERBURDEN C
10’0
Wealhered Brown, soft, moderately ] V/
shale broken rock. Max. core :J //
length 6", mode 14" 1=z /A
=7
S EEE //
Ceddine ot 25" :-35.5_7///
edding a 4===
£ ////
sn'o"-§§§7
Mo'sﬂy clay with a few Iéii,
weathered shale fragments :Eifz
' 1=:==F
=7
M 1 77
Pale brown - buff soft rock, 4z=: /
mostly in 3" core lenaths I,S'Q":.E::::'/
Grey to black, broken shale ] /
a with much clay. 49'9" A
=
Weathered Brown, moderately hard , T /
, limestone cavernous rock. Max core :FP/A
’ length 10", mode 5" jl] [/
:]HI , Open cavity at 5¢’
L T1r,
AT l//
— e - 625:' l//
Fresh Blue, hard, ¢Trong rock H ]‘//’ Calcite veins and
" limestone Max. core length 127 . . ° 5 / stringers.
:rnosﬂ_\l 4" +o 10", :[ L T é
V4
1 //
- l N
41 /%
g 1//
. I
. 79'0" o A
END OF HOLE 7 79 FEET
_{
E

DMmILL NO.

TYRE

100

COMMENCED

omucen K. _Smith
27/b/b3
COMPLETED _Z_‘ 7‘ 63

LOGGED

E.T BEST

VERTICAL
SCALE

[0 feet : | inch -

I55/A16/299-9
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

v

srosecy _ QECRETARIAT SITE . HOLE NO. DD IO aL 1850 '(approx.)
LOCATION 1465w, O'F ¢B8, 3bNof ¢ A : ANG;.E rrom worzontaL — 0% oinecrion
] nzo.n:ioi:( :«v:m:amr. © DescRiPTIoN 5,';10{2” Loe “S“:‘::" JOINTS, VEINS, s::::c:::::s CRUSHED IONES
OVERBURDEN ]
H'0]
.7 .
Weathered Brown, soft to very soft / Very soft zones partly
shale . rock. 5"+c 1" core len\cﬁhs, // weathered to clay
mede 2° ' g

N
.

RN

Core losses duve to
washing away of clay.

llllllllllllllIllllllllllllllll

\\\\&\\\\\ NN \\\\t\\\\\\\\\

(»

43'0"
Grey to buff coloured , soft ]
rock. Max. core length 3" ]
56’01
Fresh Blue, hard, strong rock |- ]
limestone ]
b1 0]
A ] .
Buff - grey , wedathered ] Covilies from bl to b9’
shale fragments :___-0:; : '
68'0" 3
17" 4" core lengths . // Calcite stTringers and
h r] 2 veins scattered
] 1// througheut
4 1
T
T ,
:] l /
— I
e //
A /A
END OF HOLE ; gb FEET ,
TYPE Mlnd}’l” EI000 . LOGGED EJ— BEST
» .
comncro 277/ - : '
COMPLETED ”17(63 X ) . ::':T:AL lo ‘F€€+ [ 'lnch

T 55/A16/299~-10




BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

N ¢
PROJECT SECQETHR,AT SITE . HOLE No. DDIl R.L. 1852
LOCATION 25'E of £ B, ontA : : i} ANGLE FROM HOMIZONTAL _qL__ DIRECTION
& DEGREE OF WEATHERING pescRiPTION . el B “23::.“ JOINTS, VEINS, SEAMS, FAULTS, CRUSHED ZONES
OVERBURDEN -
| ged =
‘Weathered "Pale yellow, ‘soft to very fgg’é
shale soft rock decomposed- 13'0" ===
to clay in places. &" core |I50"]=2% White clay
lengths to 1" fragments. ' az:g_f
43 6 4-=> ” Bleached shale with
=== irreg. brown sTainins
- .

r~
w-
[ T
tl
(R
t

N
Q
o~
2
[
1
it

~1ll!ll|Allllll

Yellow brown, soft,
moderately broken rock,

| 3" core lengths to 1
-Frdsmen‘fs.'

N e

»

Pale buff coloured - BEEE
soft shale, decomposed 4===
to clay along a few —===
joint planes. 3" core - SEEE
lengths to 1" fragments 4=
Bleached . in Place‘s. o —g-_};}
. : - ‘58'9':5;_.:
Carbonaceovs| Black, soft to very soft =
R 1
siltstone rock, broken throughout. 1 A
Decomposed to clayey silt 1
in places. ]
21'0™]
Almost fresh| Med. grey , mod. hard.
shale - 740" '
. st ] Broken zone with
Fresh Blve - grey , hard, sfrons T \; ) .
_ . ., . T solution openings.
limestone rock. 12”10 I" core lengths, T
’ w go'z" I T
mode 3 . lere” l]] 570“ solution ,ope'nins.s
, 84'0" I :
END OF HOLE i 84 FFET
]
.
v Mindrill E1000 , ‘ | eos _E.T_BEST
unn.uu K SMITh ’ : ) .
COMMENCED 7 . ) . .
counrer 2/ 7/b3 | | e 10 feet : I inch

T 55/A16/299-11




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

PROJECT SECRETRRJHT S'TE . HOLE NO. DD ,2 AL IQISFO'(GPP?’OX.)

O,

LOCATION bo,W of £B, 31S of £ A ' ANGLE FROM HORIZONTAL _9_0_0_.__. DIRECTION
-4
-
-4
OVERBURDEN ]
] e
. q’oll.—*
weathered Brown, soft to very soft ]
shale rock. 5"to 1" core lengths, ] >
mode 3" ' ] %
E== ).
£
23'0"] g .
;:Zu = //ALClosely jointed clayey zone
223 // [ Closely jointed with clay
] 7/
- : %
~ INWEEEZZ
weathered .to almost :‘2)"(’)"‘ TV
fresh limegtone - ' ._;‘;'-.'/ :
. Grey - green, soft to /
E 3 ‘ very soft rock //Z
. 4 .
S3'H"- %
-+ : 550 2] Clay zone, bleached dt 45!
Dark grey , mod. hard 7 '
mossive rock //
bi'p" 7
Curb;g:(i:aus Black, very soft rock bo" :,‘ %
weathered Pale grey with brown 1 7 '
. 1.1
- limestone | patches, mod. hard rock . -7//
: B 15 N O Y g%
Fresh Blve grey, hard, strong 0 7/
h'mesTone. rock, 24" To |" core lengths. 11 7/
7
1 T
11 17
L /
g
I,
=7
- /A
ymm 7775
1 Cavity
pa
T 17/
1 /
[ T A
wee Mindrill El000 woeere _E.T. BEST
DRILLER K SmlTh v
CO‘IENC[\IJ_llZ_&l—_ . .
conneres I3/7/63 . U 1ofeet o 1 inch

I55/A16/299—-12
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s

'BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

prosecr __SECRETARIAT SITE

GEOLOGICAL LOG OF DRILL HOLE

LOCATION bolv of ¢ B . 3I's of tA

woe v DD 12 aL _1850" (approx)

[-4
ANGLE FROM HORIZONTAL .Jg_—. DIRECTION

An(cu::: ::mcnmc oescaerion ’é’o‘:é" roe 'RE::::.::M JOINV!.VE!IS.S(ANS,FAULV;.ClVSK[DldNES
1
Fresh as above |
limest =%
.IMCS one T /
1/,
. 1
I /
7.
T / -
T
T A
|
-4 l o
AIJ I /
. - 7
e
B ] 1
I 11244
JC IV
= ]?/
1300 = /
END OF HOLE ] 130 FEET
.
\4 1
_"‘ .
_{
DAILL NO. . > *
wee _Mindrill E1000 woeoro _E.T. BEST

',H,I;RILLEN K Smﬂh

COMMENCED -——lu_—_63

VERTICAL

seave 10 fee'f : | )nc“)

I55/A16/299-13,
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE ‘

~ PROJECT SECRETRR'HT SITE ‘ . . HOLE NO. _D.._D._.Ll_ TR 1850
LOCATION - 32'w of & B, bS'S of £.A ancLe From wortzontaL ___90° DIRECTION
ROCK TYPE . n(:YN L:'Y STRUCTURES, .
8 DEGREE OF WEATHERING PESCRIPTION e Loc cone JOINTS, VEINS, SEAMS, FAULTS, CRUSHED ZONES
core RECOVERTY
] ~
. .
OVERBURDEN i
8,011 -4
Weathered Brown, soft to very soff,

shale weak: mod. broken rock. 3"
core lengths to %" frqsmet\fs

'LJlllll

el

\X\Q\\&\\\\ NN \N®®

v

_lllllllllll[

e

/Vcr_\j broken zone
with much clay

33'0"

llllll!

Ye”ov-'bn—own/ soft "

rqck. b to 1" core Ienj'ﬂ\s_ “7.3,‘..—

Brecciated zone wilh clay

gy

1 -~

Brecciated zone wilh clay

Il

END OF - HOLE S4 FEET
' ’ HOLE PBANDONED AT 54'

DUE TO COMMENCEMENT

OF PILING PROGRAMME.

JllLll‘lll]!lllllllllllll|Lllllllllll'lllllll]

DRILL NO.

TYPE .—MLD.ALLU_E.LQQL. . . . LOGGED E T BEST

DRILLER

COMMENCED |

o 1EJ7/6T | | - ' 16 feet : I inch

T 55/A16/299-14




eosecr _SECRETARIAT _SITE

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE

900" ]

RMTTHm

Evidence of solution
gL't +o €5'0"

HOLE NO. D D “&— R.L. ]esol
LOCATION 25'E of £ B . 10'S of¢ A . ANGLE FROM HORIZONTAL 30" opirecrion
Clay with a ] //
‘few shale fraas. . 1‘_’5": 7//
Wedthered- | Vellow-brown, very - soft ] /
" shale rock. Decomposed to i //
shale "in places. 4" core’ - 7/
lengths Yo 1" fragments. i /
§EEE %
] /)
-] 7/ .
o
B
: Zh
- %
QL\ : 43" 11"] %
Very soft shale & clay, either ] 7
stained dark red or bleached . //
7 white 4q'0"] LU 7/
=77
== ///
o e A
Carbonaceous | Black, very soft rock ] 7/
siltstone and vnconsolidated silt. 2u"] A
Rlmost fresh Gtey-green, soft To very F "/
. shale soft rock, {bs'q" ﬁ///
Weathered Blve , mod. hard ﬂs'h—onj rl T //_ Infilled cavety ]
) : L ) '
Iumesfone Voclf. be"(‘wee/\ IQ{IHQA _“'ql,é‘/ In-Fi”cA\ Cav't"f_\;- F»’ms.t of ‘
caviTies. :Q\?o limesTone, shale b guarta
78’ " H-" in grey-green clay
Fresh Blue, hard, strong T l1
. limestone  |massive rock. 10"~ 1" core : T
lwgms. 1
- —Jgo'z 01
' ljhghﬂy weatheved limestone 613" il
) ) 4 1
I
]
I

END OF HOLE.

I N T |

90 FEET

ORILL NO.

TYPE I Illldt|“ E’QQQ

DRILLER

63

0,

COMPLETED

L066ED E.TBEST

VERTICAL
SCALE

10feet: | inch

155/A16/299-15
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BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE ‘

‘. - '

PROJECT SECRETARIAT SITE " HOLE NO. s 5_____ re 1850 ;

LOCATION _ZS_M_B - ”0'5 of £ A ANGLE FROM ‘HORIZONTAL _ﬁ_____oo DIRECTION

pEPTH LIFT . ' .-
ROCK TYPE * a STRUCTURES,
8 DEGREL OF WEATHERING peschieTion . ‘5,‘.,;" Loe core JOINTS, VEINS. SEANS, FAULTS, CRUSHED ZONES |
HE RECOVER R »

- - i
T T "
[y 7
Vscattered chale ] // ‘ s
Frbgmei\'{‘s‘ oo g e
' O b0 === 7 v
Wecthered Dark yellow- brown, soft === P
shale massive rock 5" core === EN

lengths to 1° fragments.

llllllll]lvllllllLL-

301 b“‘" :
330" 1=

AN

_/\'/er\y dec’o‘mposcd zone
with much clay.

Pdle , yellow-brown, soft,
mod. broken rock. 2" core
lengths o 4* fragments

40'0"

b I S K S |

$2 D

1 0]

/ Very soft zone of
sheared ghale with clay

[~ Bleached shale, irregularly
sTained ‘red.

45’3

Bu€f- brown, soft, mascive
“rock. ‘

37

lllll

siltstone

.Carbonaceovs Black sitt with ,P‘Y”.'Te

Almost fresh “C'Pe‘y -areen, soft rock

ET

Lt 1l

Probab '_‘I very soft

CIQy

LAY NN A T T Y

shale v - —{bolto*
[ Very soft, black shale P CH /Decomposed shale wi
o much grey-green cla\y
Carbonaceous . .
d ' bq'o"-% Silt or cavity
wasth. limestone| Moderately hard rock 70’9, _li Many small irreqular
Fresh Bive, hard, strong’ g caleite stringers with |
limestone massive rock. wilh a few | some veins wp-to "
broken zones. 7"-2" core gil wide,
Iens'ﬂw *fl
lv
g l
80

END OF HOLE

llllllllllllll!

Q4 FEET

L DRILL NO.

wee _Mindeill EIQQ.Q ’ -

ORILLER

COMPLEYED JZ_? sz

LOGGED —EIJ B‘E'ST

VERTICAL

SCALE 1o '(ee.f- o1 .(nﬁh

I55/A16/299-16



BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
' GEOLOGICAL LOG OF DRILL HOLE

PR;)JECY SECRETRR’HT SITE HOLE NO. D D ’b i R. L. ’95 0.
LOCATION 25’V o{ E 8 N Z'N Or t-n ANGLE FROM NORlIONTA.L __qL_. . DIRECTION
» DEGREE OF WEATHERING pEsCRIPTION ’é’o‘.f' Loe n::g::m JOINTS, VEINS, SEAMS, uuu;, CRUSHED IONES
OVERBURDEN ] )
| ' b'o" ] //
Weathered Soft "to very soft brown /
shale massive rock. §"to 1" core // :
lengths. Small amounts of | /
clay on a few, joints. %
21
7// '
7
? |
/A .
= / Mostly dark brown clay|.
/A with a few shale frags.
% T
] //// Closely jointed shale
L - - 390" A partly _ decomp. to clay |-
Buff-brown, very soft © ] 7// ; '
and broken rock with : //
decomposition to clay. B //
47'p" ] / _
s . _ _ l69'0"] /1l Dark brown clay
leps‘f . Grey - green, soft, massive - / Much _\}elvlow~bkown clay
fresh shale - | rock. - 520 / ;
. o 54'3" / 7
[ Black carbonacesus silt 55'0«*@/
- 78
' . 619" ] ,
Sl weath. limest. |  Hard., strong rock , L:_!’b":,[ < 17 4 Small calcite slringers|
Fresh Hard, strong, massive EL scattered throughout
"l limegtone | rock. 12":1'0 1" core lengths, | - T /)
mode 5" = /
33:g:~ T ]V/A Broken zone wilh a
H little clay.  Minorsolution
£2 R L
. - 780" /A
_ END OF HOLE B 79 FEET
. . . \
TYPE l‘ !‘.lldl ill E loQg I.OG.G[D E T BEST
comnincre _22/7/63
. COMPLETED _‘tl 71 L}_ ::Ll:“ Io {ee.t o inch

I55/A16/299-17

Lot



PROJECT

SECRETARIAT

BUREAU OF MINERAL RESOVURCES. GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

SITE

LOCATION

On £B  53'S of ¢ A

D.D 17

HOLE NO,

eL 1850’ (dppkor.)

4
ANGLE FROM HORJZONTAL __Q.Q—.. DIRECTION

ROCKX
® DEGREE OF WEATHERING

TYPE

DESCRIPTION

DEPTH
a

SIZE OF
CORE

LIFT
L]
core
RECOVER ™

STRUCTURES,

JOINTS, VEINS, SEAMS. FAULTS, CRUSHED TONES

OVERBURDEN ?
b o"f___[
Weathered Brown , soft rock, with e 7
shale only a few J‘oin'fs containing J==z '//
clay. 5" core lengths to I" Y, //
fragments, mode 2" // .
7 Very sott and broken
= 7 4 decomposed shale
/N
] 7_/ '
Moderafely broken, soft :EEE/
rock. 3" core lengths to ; ///
%" fragments, mode 1" ] Z
] g
] fi::/A
. %
Soft broken rocl, i //
extensively decomposed to :EEE/
clay adjacent to joints. ': é :
: V, ' Shale «Frasmerﬁ‘s irreg.
///\b{eachec\ grey, clay brown
| /]
Weathered ' . ' 5“"‘""//
eather ” 7=
: 1im:s'Fone With shale frags. and clay 550 ] [//
Rlmost fresh | Blue, hard, strong massive MLI . -
limestone |rock. b"-2" core lengths. |cqp 'rl/
Dark grey | Soft, moderately broken ] Abl’b" _
+o black rock. §° core lengths. to ] / Mostly vnconsolidated silt
siltstone A Fragr‘nenfs. ; /A bk'0" : ‘ i
Black ‘ ‘ ﬁ'lgu- I ‘/A '
a;? 1r:Pur—e Hard , strong rock //
_limesTone . l I /
Frech Blue, hard, strong / 5'0°
L + massi rock 1 "0 Fragments of blve
imesione assive Foc " ] limestone and black
' Z impure limestone
o1 T e
I /
| R
2277
=77
1 l | /
90’ '
1 I l/
- ‘
A
I : 17/
100'0" : /// END ©OF HOLE

QRILL NO.

nee _Mindrill E000

DRILLER

COMMENCED

COWPLETED SQ‘ 2 / bz

weeeo £ T BEST

VERTICAL
SCALE

10 feet : | inch

I55/A16/299-18




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

erosect _SECRETARIAT __SITE woewo D18 o _1850 (approx.)
LOCATION ZS,E OF E“ B ,IO’N O{ ER ANGLE FROM HORIZONTAL _E.QD_— DIRECTION
OVERBURDEN )
1 7
UH'o] — 7/
Weathered BraWn{ very soft vock, | ,ég?% Bedding and Jorrting
shale closely jointed and partly x_:_;_:// 4 o 25°
clecomposed to clay. 1===
4ZZ>Z
Max. core length 3" but _5:__:%
“most fragments less —527
than 1" s EEE /
_:::7///
Soft, moderately broken 7//
rock. 4"to I" core IenSTbs - A
mode 2" 7
: / Sheared very decomp. rock
iy A
Bleached Soft Yo very soft rock. %
shale 2" core lengths to %" 7A
fragments. %
> ’ Cav'lty
nlll 7
Limestone *Fvajmerd“s 2 shale 52%,;:/%:'
Slightly Blve. hard, strong rock | ' H 1
[ weathered weathered brown along =
limestone Join‘f‘s. 7" Yo & core lengths. 590" L //
Broken grey | Probably fragments at -] Cavity
shale with bottem of cavity. 1.
gome limestone “;5\,}\-7
A=A, -'
Fresh Blue, massive, hard, 1 y Only a few calcite
limestone - s'fror;s rock. H"+o 1" core / stringers.
lengths, mode 4"-5". //
L—]r . Cavi'f_v
. 1
T 1/
[
I /
I Solutr. leit
220" 11 /; OUTS);A"Ofﬂon’J’Co"e
END OF HOLE ] 82 FEET
e _Mindrill_E1000 | v ._E.T.BEST

venien K. Smith

COMMENCED

25‘ :][LhL_— VERTICAL -
counzvm.ﬁﬂlﬂ_ scate 10 feet . | inch

I 55/A16/299-19




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
4 GEOLOGICAL LOG OF DRiLL HOLE

.
PROJECT SECRETARIAT  SITE woeno. _RD1F h.L‘_LE’_S_O_'(,Qi.p.p.tQ&.)__'
LOCATION On EB ) SO'N 0{ t«ﬁ ANGLE FROM HORIZONTAL __ELQ a_ - DIRECTVION _ :
‘ OVERBURDEN :
1k
10'0"" '422 -
Weathered Brown, soft to mod. : 7 g
shale hard rock. b"to!" core 1: / ‘
lengths, mode 3" A few E 7/
small clay zones. o /
; ‘/// Bedding af 15°
] %
30't //A .
N
. 3b0 (/ ‘ :
Weathered Pale -.grey to buff, soft i 4 Bedding af 20° .
shale ©.  |rock. 5" core lengths 1o 1* | o' 3% 2
- |fragments, mode 2" J== %
’ =77,
AEH77
- . 5o » ///
e,
- 57072 %
Carbonaceovs|  Black,ivery soft, - 7z '
siltstone Frobalslj muclvJ unconsolidated ] :
| material. ' ]
] v : bslon- L, -
Rimost fresh Grey, soft, broken rock| . /
i shale k"core lengths to 4" , A
fragments, mode 1" 70 ' ///
7
- ;/
80' /A
Z
85'b"4 / .
" Fresh Blve, hard, STI’D"S rock. 1 I/ Only a few calcite
limestone | 24" t0 3" core lengths . [//’ stringers
' . . . 117
iy | )
) wol U
L FEET

END OF HOLE

P I |

GRILL RO,

TYPE l I|[|dt|” E IQQQ
4

'DMLLEW

K. Smith

COMMENCED —;MZL-B-— -

COMPLETED

LOGGED -

E T BEST

VERTICAL

SCALE

_10-feet : [ inch -

I55/A16/299-20 -



mosecr —_SECRETRARIAT
25'W oft B, 110'N of & A

LOCATION

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

SITE

woevo DD 20 oo _LREO'(approx.)

o
ANGLE FROM HORIZONTAL i&____ DIRECTION

*0Cx TYPE
A DEGRIL OF MEATMERING

DESCRIPTION

DEPTH

»
SUZF OF
(<113

LOG

LIFT
)
COWE
RECOVERT

STRUCTURES,
JOINTS, VEINS, SEAMS, FAULTS, CRUSHED 20NES

OVERBURDEN 1
100" ,///
Weathered Brown, soft to very . //
" ' g /
. shale soft broken rock. 3"coreford=Z2 / Broken zone with clay
lengths to 4" fragments, W
core lengths mostly less // :
. " - 4 }'/ Vi b k .
than 1" CIQ3 in smqll / e.r‘\; roken zone
zones and on joint planes //\wﬁh some clay
. . //
7
7
/]
Bleached Pale grey, soft to very soft iz
shale rock. I"core length toi"frags|soind 77
Shale extensively ] L7
clet:omposed to clqy i %
) X M'O'— / ,
] 7z
. 52|0"1
Fresh Blue, hoe_—cl, strong, ‘ /A
limestone | massive limestone \ oA
. 57 l‘-" l =
Slightly InTermixed fragments 1
weathered of shale and limestone ] Cavit
shale and | with some sand and ] avt\.y
limestone | ¢lay. 1 >
Lf7
Granvlar Pale blue, moderately ), : |V
limestone hard and strong rock. -L[
3" to 2" core lengths. gL //
jt 1%
709l : A
72'p 1 - 3'tol" fragments
o //
E Cavity
89'0"]
Fresh Blve, hard, strong, massive|. "le
limestone [rock. Ib"+03" core lengths. I
- S 7.
.'_I /
1T
=2/
vnz’ _M[D_d_tl_“_E_LQQO_ QS'O';lrl L // LOGGED £ T BEST

onitLER _K..S.m-l_tb—
COMMENCED _3_[/_1,/_&3_
—3/8/b3

COMPLETED

VERTICAL
SCALE

10 feet : | inch

I55/AL6/299-2]

axy -



BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

rrosect . QECRETRARIAT SITE woe vo, DD 21 R J&S(Z.Lgpp_tax_)_
LOCATION lgblwof EB -4 79'5 OF tg ANGLE FROM HORIZONTAL _Q.QS__.. DIRECTION
OVERBURDEN ]
8'0"-‘_-— i .
Weathered ‘Brown, very soft, weak _‘::::::7
shale rock, extensively Zg_fé/
decomposed to clay. :gg;/
Max. core length 2" === ]
7553%
BEs ///
2,.,.,15557
Soft to very soft ;EE—:E /A
rock. 5" to 2"core lengths. :EE_E%
=7
SEERY,
HraEe
Fresh Blue, hard, strong | 7/// Very few calciTe
limesTone massive rock. lb"to 2" T stringers in limestone
' core lengths, mode b" ] . ]
to 8" IT /
=
i
5
Sl thered li e //
| Sl weathered limestone 575:L- 9
L %
. — T — _
Slightly Blue, hard, strong rock. {1 l 7 Partial solutien of
weathered b" core lengths to 1" - 4 calcite veins and
limestone | fragments. 59’3": ~'/// stringers.
Fresh ~ Blue, Ahard,sTrong rock —E % No cd(ciTe veins or
. 3‘" " 4 .
limestone to L" core lengths. 45 // stringers.
I /
ymu777
- 7/
T
: ///
] 7
J'L /
T /7
w7
| /7
g %
w77

DRILL NO

;:mu.:a K Smlﬂ\

COMMENCED

COMPLETED

E T BEST

LOGGED

VERTICAL

sme |0 Feet -

ILinch

155/A16/299-22




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE ‘
PROJECT SECRETARIAT SITE HOLE NO. _D__D__ZJ___ R.L. _J_&S_Q’__L(lpm-)____
LOCATION ISB’WO‘FQ B ” 79'5 O{ EH ANGLE FROM HORIZONTAL __SL DIRECTION _
N Si. weathered limestone | iorqr 1 / Some  solution on
Fresh, blve Hard , sfrong rock. ! T WA Joints <
limestone 7" to 2" core lengths. 10b'0° : T 1
Hard, strong, moderdtely 111 // Brecciated limestone
broken rock. 4" core T /| vecemented by calcife
leng‘ﬁ'ns to 4" fragments. | l[ I/ .
- HIB T A -
Brown weathercd hmesfoneuz,g .]./ Evidence of shearing
o T
Hard, strong rock. 32 1 / A few scatfered
+to 2" core lengths, mostly 1 A calcite stringers
L" 1o 8. + I : throughout
10 : %
1 I1
:] 1 A
4T
:30'51L!
Sl. wedthered limestone. T //
2"core lensﬂ!s to 4" :! T
fragments, 1360 '/
Hard, strong, massive + 1 l /
rock. 12" fo I core lengths + I
:]J /
_J 1
41
gl
- . 1
I 1/
1530"H- /A
b END OF HOLE ] IS3 FEET
1
]
TYPE _Mindﬂ_“__E_LO_Qo__ LOGGED E T BEST
DRILLER }ML— i
COMPLETED _ﬂm______ ":CTL':“- ‘O'FeeT . l inch

155/A16/299-23




BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE
SECRETARIAT _SITE

" PROJECT

(05' W of ¢ B

bb'S of £A

HOLE NO. DpD22

LOCATION

L}
14
X ANGLE FROM HORIZONTAL __Q_L_._. DIRECTION

ROCH 1rPE
8 DEGREE Of WEaTHEWING

CESCRIPTION

DEPTH

a
SITE OF
CORE

LIFT
3
Los CORE

rECOVERY

STRUCTURES.

JOINTS, VEINS, SEAMS FAULTS. CRUSHED ZONES

OVERBURDEN

| N .

IO‘
RE==7
wedathered Brown, soft rock, with - /
shale a little clay on some ] // :
Joints. 3" to 1" core lengﬁsls.o-.:_ %
: 17'0° ] / Very soft ghale and clay
R /
Yellow - brown, soft to ] /
very soft, moderately i é
broken rock. 2" core i 7
lengths to I" fragmenTs. ] %
) EEH ¥4
] 7/
37'0"] 7/
Buff - brown soft /
rock with very weothered % " Clay zone with a few
C‘C'\\]ej sones. L' +o 1" =z V/ very soft shale fragmenls
core 'engThS- /Aqé’"% 5" shale xfmgmen'fs
E //}\wﬁh some clay
Very Brown, moderdtely I T.'r///
weathered |hard and strong rock T Cavity
limesfone |showing much evidence R
of solution. b" core lengths T 17/
to 1" fragments. lbo's" 1 /
Slightly Blue, hard, gtrong rock. L .7/ A few calcite stringers
to moderdfely| b" core lengths to I l|/ scattered throughout.
weathered | fragmenTs. L /A
limestone L
g
1 o.—- ; / " Brown weathered
5,15 r] 7N cdyernous limesfone'
Fresh Blue, hard, strong T //
limestone |massive rock. 23" to 3" 1 %
] I pa
core lengths, mostly I] 7
from 127 1o b" - %
] | i
1
7
I 1 /‘
_ P,
5
9L 01 /A

END OF HOLE

)

4 FEET

nRitL NO

¥

e _Mindrill_ E1000

DRILLER

K. Smith

LOMWENCED

coupreren .l 3[ S_l_b__g_

LOGGED

E. T BEST

VERTICAL

SCALE

10 feet ;. linch

 I55/A16/299-24




BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOQPHYSICS
GEOLOGICAL LOG OF DRILL HOLE )

reosecr _ SECRETARIAT. SITE. . woeno D23 a, ME.P.PJ:DXL__

‘ : ¥: 0°
LOCATION w ancLe From womzontar 307 aimecriow

Q o | et WATER PRESSURE TEST
ROCK TYPE = ) g . STAUCTURES gd N toot |
8 OEGREE OF WEATHERNING DESCRIPTION ; § "::,l.:" g g cont JOINTS VEINS, SEAMS FAULTS CAUSHED ZONIS :z Gallons per minute per foo oss
RECOVIN -
§ L ) ;JlleLlJllLJJL‘l
[ +
4 .
-4
4 )
FiLL MATERIAL j
RESULTING FROM ]
gxXC HYBTION FOR ]
PILE CRP q
]
B A
]
Lloil'
Weathered Brown,-soft, weak rock= 7,0,:
B = 4
shale 4" to I" core lengths. ¥ Brown clay

Brecciated rock with
much clay. 3" core -
, ‘ lengths to %" fragments.

Core losses cdue +to

ll,L,Lllll

i
TRy

washing away of clay.

|48’z
49°0”]

=

LFresh blue [imestone 0

S loll-
£5°0

57'0"

~ Yellow: brown clay zone

-
4

probably due to slight f::: .

Shale s 3;—9‘91'511_

y.
Z
%
" bleaching =miili7)
. ==z ] 7z
=] '
=it ] 7
cIz 71'q"1 A
- 7
Fresh Blve, hard, strong. ) Y, Top b" of limestone is
limestone |massive rock. 24”10 3" [ ] // slightly weathered.
core lengths. ] '
>3 L ] 7 Evidence of solution
0" 7 / from 150" 45 758"
» . .
. ) R few calcite stringers
-+ ] scatftered throughout.
T ]
I .
190"
5
]
I ]
] SUEE ENETE EEE
et _Mjﬂ.dtlﬂ_EJ.QQo_ ‘ LOGGED E T BEST

omiLLERN —KA—S-m.Lm—*

C".'Itll—wbz—_— N .
commario Mm__ ':é:‘_‘__(_o_fﬂ_ﬁf | inch

w»

,-~\155/A 16/299-25



Y

BUREAU OF MINERAL RESOURCES, GEOLOGY AND GECPHYSICS
GEOLOGICAL LOG OF DRILL HOLE

mosecr — SECRETARIAT SITE .

LOCATION MB_J__&IS_QM A

HOLE NO —DA—DA_ZZ——

°
ANGLE FroM HomizonTAL _QO~

‘»

DIRECTION ____
ROCE TYRE L . N:M I§ L STRUCTUAES < J WATER PRESSURE TEST
. om“’ocm WEATHERING pEscairTian ; § S 9 g ct:" LJOINTS YEINS SEANMS FAULTS CRUSMED IONES ;E Gallons per minute per foot foss
& . F nrct;u . ;Jllllllllll_Llll
6 12 18+
Fresh * Blue, 'hard, strong, - ] R few calcite stringers
limestone |massive rock.” 24" +s1": ] scatfered throughout.
core lengths, mode b . ] ‘
1 i ' Broken zones
T “O% ‘ Possib[y dve to
i
T ] drilling
1 Z
T - .
120 7 Broken zones from
[ ~ (1) [} '
: ] 122'0" to 122'4° and from
T ] H'3” fo Hi'9"
T ]
T )
130
T ]
T ]
1 b L
140
" ,o,.: Rock broken inte 3"
] to 5" core lengths by -
. A horiz. splinfery fractured
T A
T |50-—: '
I ] 'S
1 4
T 4
I ]
T ibo q
T—1b3'0"]
END OF HOLE, ] I3 FEET
' :
R
-
-
.
.
- ] ¢
’ Rk
]
| ]
] | I lLLLllllllllll
TYre _MmAZLM_E.LOQ_O_ LOGGED E I BEST
omLLen K Sm\-”')
comere 26/9/b2 . s 10 feet : Linch

I 55/A16/299-26




1 . - . y .i' .
: B PROJECT ¢ = - R HOLE NO. '
BUREAU OF MINERAL RESOURCES,  ocaron
" GEOLOGY AND GEOPHYSICS D 02 4
o ] K
GEOLOGICAL LOG OF DRILL HOLE ANGLE FROM HORIZONTAL 90 : DIRECTION ]
cooromares _IEL'NEA bW EEB R.L,J.RSDJQFFCL’() sHeeT —L— oF L
ROCK TYPE DESCRIPTION we] PS8 Fracrore "':f STRUCTURES [ WATER PRESSURE TEST
8 DEGREE - OF WEATHERING LITHOLOGY, COLOUR, STRENGTH, HARDNESS, ETC Lo6 | size of | 106 | % comrelal JOINTS, VEINS, SEAMS, FAULTS, CRUSHED ZONES ;; Loss in gallons per minute per foot
CORE RECOVER H T R N
No core ] ;
. i
1 - [
]
o] [
H
Very Yellow brown, mostly MLe 2795 [
wealhered very soft , weak rock, 2% | |
gl | ! !
shale .and oltered completely to ;;& i !
. . ) V] i s
siltstone clay in many P/acos /ﬂ Core losses dve P {
9 fo washing away | [
%% :
/] of clay and ‘
% | 3
009 soft shale i
1% aun
4 i
% : ; |
Vi i P L
/4 — | [‘
323" % /; ! i o 3
Limestone Very weathered , white 3'10 ; /5 !
. Fresh 1o mod. e v I
LimesTone /‘/ Cavities i !
veqﬂ'peked 7 P — i | |
/] | ‘
f i
. 1/ sl ! [
Limestone, Dark blve grey, 955!
fresh mod. hard, sfrong rock Wy
A
195
V1
9994
947%"
94 I/A i
//
hld9%
AC I/ # |
//V/ % s
25004 L
// // v
[ 74 »
| t [
Vi o997 ; |
m T g u I |
END OF HOLE ] bl }
. | }
4 |
] I
— ‘ L
1 |
] . |
] T
] o
_ . |
— i -
] |
. i
|
T I
4 ! |
) L]
oru rvee Mindrill E/1000 D NOTES . WATER PRESSURE_TESTS
FEED oo —— | FRACTURE LOG  Number of nww‘.": per foo! of core Zones of cors loss are blacked in PACKER TYPE
CORE BARREL TYPE - BEDDING AND JOINT PLANES -~ Angles are meosured relative to 0 plane normal to the core axis SUPPLY LINE
- P - R . VERTICAL SCALE
oreer . G Niten o Sachoms are Tndute oammcalty by biocked-im atrps
COMMENCED .. . PHOTOGRAPH REFERENCE SYSTEM
COMPLETED .. _ - IR BLACK AND WHITE _ . _ [ ——
Locceo v R M- HENDERSON
verrical scace (0" 1" o
COLOUR . —

. :  _TR&8/AIR/299-27



|.'.f??'1".’§9' paidepie . S : .
e N . PROJECT SECRETIARIAT SIiTE ’ HOLE NO
BUREAU OF MINERAL RESOURCES, ) :
GEOLOGY AND GEOPHYSICS vocaton D025
] GEOLOGICAL LOG' OF DRILL HOLE ANGLE FROM HORIZONTAL: 90° - OIRECTION ——————————
.o cooromares _ IS4 N €A 118w ¢B rL 850 (apprpx) fsweer L or L
ROC TrPE DESCRIPTION baaorac] 527 bracire] C§T STRUCTURES & WATER PRESSURE TEST
® OLGREE OF WEATHERING|'  (iTHOLOGY, COLOUR, STRENGTH, MARDNESS, ETC 106 | sizE of | .06 | % core]af JOINTS, VEINS, SEAMS, FAULTS, CRUSHED ZONES 5; Loss n gallons per minute Der toot g- §
o - CORE RECOVER . = BIITE S I
» ]
No core ]
L e : ]
- : : 135"
‘ . =3 W
Moderately Yellow brown, very |z=zlvmic ; 44
]
to very soft, weak rock, ;%;
weaThered altered completely /; -
shale. and | to clay ///ﬁ
, . iy y Iin mony 7 g
siltstone places. 795
/ 4
97
%
.
g
g Care /osses Jue
2 to washing away
Z of c/a_y' and
9% soft shale
‘N
: ) V.
. 9%
. Very : Very pale grey, very A ag
f / L
: weathered | soft weak rock, /C f
shole _ altered completely to i
4 while c/ay in many i
P/ates. . v |
h // | -
//: |
. /J i
4
j//: b
/ -
//;/ s
V. A/ [
[} A N
7]
. f }
. ’ -
: 210" 7,1 | [
) 'y // Cavilies s
Slightly to Pale blve grey. mod. ki F__ !
moderafely | soft and weak rock. I—L //
/ - . oy |
- weathered . /j: Cavities t
- limestone . - . - !
! ‘ : ch i 144 . L
: I
] " Cavity [
A p I
- —187°9"] 70 - . !
' P nod. 7995
Fresh Dark blve grey, mod. |- A1V -
. A !
limestone hard and strong rock. |- [/ /; /:
: " - #4tés
I : Y
' i Y/
. L /////
)
: vesL!
omu e _Mindeill E 1000 /&/V/ WATER PRESSURE TESTS
% r:}:b ‘ I AV;// » PACKER TYPE _
i ofJeorcommme e | - . s /V‘ % SUPPLY LINE
i - ' . [_lg'o > - VERTICAL SCALE
; omen_C. NILON. END OF HOLE , 1067 0 B e T e S bocksc.n s
COMMENCED - . - o : PHOTOGRAPH REFERENCE SYSTEM
COMPLETED . - . ' ' * : : BLACK AND WHITE s -
wosceo oy _C.AM HENIERSOM.
VERTICAL SCA.LE._LQ._’;_,_I—I'___
' e ) o T _A . . o ) . 3 . . coLour




"

e A ©

" PROJECT

SECRETARIAT _SITE

HOLE NO, |

BUREAU OF MINERAL RESOURCES, -
GEOLOGY AND GEOPHYSICS voearion 0 D 2 b '
" GEOLOGICAL LOG OF DRILL HOLE ancie Frow womizotar 90" DIRECTION o
. - cooromares. __IEGNER  2772'WER n.L.Le.ina./zpmx) sweer L or 4
ROCR TYPE DESCRIPTION OER™ Leacrme) BT STRUCTURES [ WATER PRESSURE TEST P Ng
s o:cf(: ~of ‘VI‘EAYNENNG LITHOLOGY, COLOUR, STRENGTH, MARDNESS, ETC. LOG | SIZE OF LoG % CORE JOINTS, VEINS, SEAMS, FAULTS, CRUSMED ZONES i; Loss in gollons per minute per foot S
— ' CORE ":W"“ “loggad e eg g by
No « core 1 r
' 0]
Overburden Gravel, sand ond clay 1770 ///j r
Moderately Buff colovred to ;EZ
" 1o very ‘ yellow brown, Soft, / ) |
U
wvealhered mod. weak 7o weak ;;,;
V]
shale and | rock. Rlfered Z/;
v
siltstone. complately in o few 9995 . .
places to clay f/ F
. g L
20%%
¢97
%1%
ol
N4V 3
[ V1 Core losses dve {
. 2 ‘f‘of washing :/m:zy , f
¢ of clay an [
1 Soft ‘shale
J
1
. . 7'h® /4 | 4
Siltstone Buff colovred To pale bluel= : /‘;4. [
. N
slightly to mod.| grey soft weak rock, /;;: ]
wealhered altered to clay in places |=2Z]sz's" // [
. Fragments " -t
4 A
of ‘shale and A Covit | [
— Ca
weaTh ered ¢ i ' !
limestone ;: g
wilh clay 0 4
: . z J_ 7"6" . [ .
Mod. weathered| &AF colovred, soft, : ///// i
. [/ L
limestone mod. s'h-ong rock with wgs,__r_l'_ 770" ;2;;3 :
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GEOLOGICAL LOG OF DRiLL HOLE
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND G:EOPHYSICS
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) BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRILL HOLE
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K oEPTN 3 1Al WATER PRESSURE TEST
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GEOLOGICAL LOG OF DRILL HOLE

AND GEOPHYSICS
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BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS

GEOLOGICAL LOG OF DRiLL HOLE
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE
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BUREAU OF MINERAL RESOURCES, GEOLOGY AND GEOPHYSOCS

GEOLOGICAL >LOG OF DRILL HOLE
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BUREAU OF MINERAL RESOURCES. GEOLOGY AND GEOPHYSICS
GEOLOGICAL LOG OF DRILL HOLE
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STRUCTURE CONTOURS ON TOP OF LIMESTONE
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X Driil holes wvsing single tfvbe core barrel (AX size) 1
A Test drill holes below excavations for piles \\
% Depth to top of limestone from original ground surface (R.L.1850") ' ‘
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1180 Interpreted contour on top of limestone ‘
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©2k  Drill holes vusing triple tube core barrel (NMLC size) b
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