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SUMMARY

The object of the survey was to detemmine the
depth and nature of the bedrock at the site of a proposed dam in the Upper
Cotter Valley. Two ‘'borrow areas' were also investigated to gather
informgtion about the quantity of clay present that can be used in the
construction of an earth dam.

The seismic refraction method was used, supplemented
by resistivity and magnetic traversing. Laboratory tests were made on samples
from drill holes in the area of the proposed dam site.

The results show that the overburden is relatively ..
thin, generally less than 50 feet. Seismic velocities of the bedrock range
from 7000 ft/s to 19,000 ft/s. The zones of low velocity suggest the
presence of shear zones. : .

Sites for further investigation by drilling are
suggested. :



1., INTRODUCTION

The Commonwealth Department of Works proposes to construct a
dam on the upper reaches of the Cotter Valley in the Australian Capital
Territory. The water impounded by the dam will supplement Canberra's
water supply. It is proposed to construct a dam with a wall height of
about 220 feet.

The Geological Branch of the Bureau of Mineral Resources,
Geéology and Geophysics (B.M.R.) is carrying out the geological inves-
tigations and supervising some technical aspects of -the drilling.

A short geophysical survey ‘was ‘made in the area in 1961
(Wiebenga, Polak, and Kirton, 1962), and in response to a request ‘from
the Geological Branch of the BMR, a further survey was made to determine
the depth and nature of the fresh rock along the axis of the dam, along
the ridge dividing the Kangaroo Creek from White Sands Creek, and on two
borrow pits. Seismic refraction, magnetic, and resistivity methods were
used. The survey was made between the 18th February and 11th March, 1964
by a geophysical party comprising E. J. Polak (party leader), L. Kevi
(geophysicist), and J. P. Pigott (geophysical assistant). Field assistants
were provided by the Geological Branch of the BMR. The topographic survey
was made by the Department of the Interior. - '

It is desired to acknowledge the assistance given by the
Commonwealth Department of Works and the Geological Branch of the B.M.R.

As used in this record the term 'bedrock' refers to the deepest
refractor with the highest recorded seismic wave velocity. The term
'overburden' refers to soil, alluvium, scree material, and weathered rocks
in situ. Soil is defined as a surface layer consisting of a mixture of
organic matter with other material in situ or transported.

2. GEOLOGY

Plate 1 shows the geology of the area as interpreted by the
Geological Branch of the B.M.R. (Best & Hill, 1962). The geology has been
discussed in a previous record (Wiebenga et al, 1962). The main direction
of jointing coincides with the bedding plane, which is indicated in Plate 1,
Subsequent to the geophysical survey of 1962, several holes were drilled _
and the scree covering the area on the right abutment of the dam was stripped
off, This work disclosed a shear zone underneath the Cotter River. A shear
zone indicated by the geophysical survey of 1961 was also exposed.

3. METHODS AND EQUIPMENT

Seismic refraction method

The seismic refraction technique used has been described in
several reports of previous surveys ih the A.C.T. (e.g. Hawkins & Stocklin,

1956).

Longitudinal and transverse wave velocities were measured in the
present survey. Longitudinal velocities were used to determine the depth
to the bedrock using the 'method of differences!. Longitudinal and trans-
verse wave velocities were used to determine the dynamic properties of the
bedrock (Polak & Mann, 1959&). On most of the seismic “traverses a 50-f%
geophone spacing was used. A 25-ft ‘spacing was used when more detailed
information was required. Two shots were fired at each end of each ‘geophone
spread, one at 25 feet and one at 200 feet from the end of the spread. In
addition, 'weathering spreads' using a geophone spacing of 10 feet were
used to obtain the velocities of the upper layers.
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The seismic velocity of a rock depends primarily on the lithological
composition, porosity; and water content (Wyllie, Gregory,& Gardner, 1956).
Laboratory and field experiments show that an increase in porosity results
in a decrease of velocity. Because a decrease in porosity corresponds'
with an increase in density (assuming the same rock type) it follows :
than an increase in density usually corresponds with an increase in velocity.
Fracturing and jointing usualty decrease the velocity of the rock in bulk
unless the rock is recemented: A large number of rocks show seismic .
anisotropy, with the larger velocitids parallel to the bedding or joint
planes; and the lower velocities across or perpendicular to the bedding
or joint -planes.

A South-western Industrial Electronics Co. 24-channel seismograph
was used in the investigation with Technical Instruments Co..geophones
having a natural frequency of 20 c/s to record longitudinal waves. Three-
component Hall-Sears Inc. geophones with & natural frequency of 4.5 c/s
were used to record longitudinal and transverse waves. B :

Resistivity constant-spacing method

Resistivity traversing with constant spacing has been used on
previous surveys in the A.C.T. (Jesson & Kevi, 1963). At the Cotter 'E!
dam site, the method was used on Traverses NN and HH: On other traverses,
the presence of a dry layer of scree prevented resistivity measurements
being made because of high contact resistances.’ ‘ ’

‘ A YEW ieéistivity meter, manufactured by the Yekagawa Electric
Works (Tokyo) and a Megger Earth Tester manufactured by Evershed and Vignoles

(London) were used on the present survey.

Magnetic method

The magnetic method is described by Polak (1964).

A verticalcomponent fluxgate magnetometer manufactured by E.J.
Sharpe Instruments of Canada Ltd. (Type MF-1, serial number 30749) was
used. The sensitivity of this instrument is 10 gammas per scale division
and the accuracy is estimated as + 5 gammas. ' :

Magnetic traverses were made along the seismic lines, readings
being taken at 50-ft intervals. Smooth magnetic profiles were obtained
on all the traverses except on Traverse CC; where low magnetic values
indicate demagnetised zones, probably caused by weathering on shear zones.

4. RESULTS - COTTER DaM SITE ‘Bt

‘

Plate 1 shows thé arrangement of the'geophysicai traverses and
Plates 2 and 3 give the results of the interpretation of geophysical work.

Seismic velocities

- ‘The seimmic velocities may be arranged in three groups, corresponding -
with the following three layerss. .

Top layer. This is interpreted as soil with a velocity of 1000
to 1800 ft/s. The thickness of the layer is about 2 to 5 feset.

: Second layer. This layer; with a velocity of about 4000 to 5000
ft/s is interpreted as rock with weathered joints. During the 1961 survey,
-which was made during wet weathg® when the rock pores and joints were
filled with water, the presence of water increased the seismic velocity.—..--
from the range 4000 to 5000ft/s to 6000 ft/s. Wyllie et al (1956, p. 51

& 56) showed that an aggregate of .glass beads.incrésses its séismic vélooclty
from 1300 f1/s to 4600 ft/s, and a 30% porosity sandstone from 5500 fi/s
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to 8000 ft/s, when becoming saturated with water. The layer described
in this record seems to form an intermediate example between these two
cases.

Third layer. This is interpreted as bedrock with seismic velocities
of 7000 to 19,000 ft/s.

The error in depth determination is considered to be less than
+ 20 percent. This estimate is based on experience of results in other
areas with comparable geological conditions. The possibility of a fairly
large percentage error in the depth of bedrock is due to many factors,
such as abrupt lateral changes in composition of the overburden, abrupt
changes in thickness, changes in water content, steep slopes, and excavations.

The properties of the bedrock

Seismic velocities. Seismic velocities in the bedrock are shown
in Plates 1, 2, and 33 they vary between 7000 and 19,000 ft/s.

By comparing the seismic velocities with rock types present in
the area (Plate 1), the following correlations were found:

1. Towards the western end of Traverse AL, massive sandstone, siltstone,
and quartzite show seismic velocities of 15,000 to 16,000 ft/s,
while the phyllites correspond to a seismic velocity of about
10,000 ft/s.

2. Mnely laminated shales on the right bank of the river show a
velocity of 11,000 ft/s. Interbedded shales, sandstones, siltstones,
and quartzites show velocities of 10,000 to 13,000 ft/59 depending
on their content of higher velacity rocks.

Velocity anisotropy is shown in places where two seismic traverses
intersect. For example, the seismic velocity at the western end of Traverse
NN is 12,000 ft/s, while at the south-east end of Traverse FF it is 11,000
ft/sa Traverse FF is located at right angles to the strike of the bedding,
whereas Traverse NN makes a small angle with the strike. Similar differances
we;e found on the traverse intersections JJ/AA, JJ/KK, BB/CC, CC/DD, and
DD/ Bl

In several places, low seismic velocities in the bedrock or a low
resistivity anomaly along a resistivity traverse indicate a fault or a shear
zone. On Traverse A4 (near station No. 21), a subsurface gully was formed
by deeper weathering and the decrease in velocity to 8000 ft/s suggests =z
fault or a shear zone, possiby the Coiter Fault.

On Traverse HH (stations Nos. 8 and 9) and Traverse NN (statis =
Nos. 10 and 11), the existence of a shear zone is suggested by low soimane
velocity and by low resistivity on a constant-spacing resistiviiy traverse.

On Traverse BB (stations Nos. 7 to 9), Traverse JJ (stations Nos.
4 and 5), and Traverse LL ( possibly stations Nos. 20 and 21), indications
for shear-zones are found on seismic traverses. It is possible that these
three indicgtions belong to one shear zone.

On Traverse .. .stations Nos. 3 t0 5), a shear zone is suggested
by low seismic velocity and low values on the magnetic profile.

Dynamic properties of rocks

Pield determination. The dynamic properties of the bedrock were
determined from longitudinal and transverse velocities in four localities of
the dam site area. The velocities were measured along 200-ft sections of
the traverse; thus the calculated values of moduli will represent an average
value of the moduli along the measured length in the direction of measurements.




The elastic moduli were calculated for an average specific gravity
of 2.55, which was determined from the weights and volumes of the samples.

Table 1 gives the calculated values of the dynamic properties of
the bedrock at the dam site. Values of Young's modulus and Poisson’s ratio
are also shown in Plates 2 and 3.

Laboragtory determination. Dynamic properties of the rocks were
determined on several samples of cores cobtained from the drill holes in the
area of the dam site. The detemminations were made in the BMR lLiaboratory
at Pootscray; the usual technique was used (Polak, 1963). The results
are given in the Appendix.

The geological descriptions of the rock types were given by BMR
Geologist, J. Hill ( personal communication).

Some of the samples were saturated with water for 48 hours under
partial vacuum and then retested. Table 2 gives the results of the dynamic
tests made on wet samples.

Comparisons of the values of several properties of the rocks measured
in the dry and wet states are shown in Plate 6. Examination of the figures
indicates -

(a) Seismic velocities in wet rock show a tendency to be higher
than in dry rock.

(b) Poisson's ratio for wet rock is generally higher than that !
for dry rock. '

(¢) Young's modulus for wet rock is generally equal to that
obtained for dry rock except that a decrease in Young's modulus
is shown by wet stilstone.

(d) Bulk modulus is higher for wet samples than dry samples.

(e) Modulus of rigidity for wet samples is lower than for dry
samples (for siltstone only).

. &
(f) Logarithmic decrement for wet rock is higher than that for
dry rock.

Static properties of rocks

Plate 7 shows the resulis of the static tests on five samples
from Cotter dam site "E'. The tests were carried out at the Comnmcnwealth
Department of Works Laboratories, Melhourne. Fhilips wire strain gavges,
type PROB10, were used. Stress-strain diagrams were plotted from the
load and deformation measurements for each specimen tested. The teuis we ¢
carried out Lo the destruction of the rock sample. Jitimate streneth was
calculated from the maximum load.

The initial modulus of elasticity (Young's mecdulus) was determined
as the slope of a tangen? at the corigin on the increasing phase of the
first branch of the curve. For ssmple No. 1371, which shpwed a ‘false’
initial modulus, the curve up teo a micro-strain 300 x 107" was ignored
following the normal praciice (Liebenberg, 1962). The false initial
modulus may indicate the existence of micro-cracks., the cracks beiny closed
at the beginning of loading.

The numericgl rcesults of the tesis cre siven below the siress-strain
curves. Tyble 3 compares the siatic and dynamic £e8ultsSe
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Tapls 1

Dymamic properties of bedrock determined in the field

Seismic velocity Poisson's Modulus (1O6ib/in2)

Traverse Stations

(ft/s) Ratio Young's Rigidity Bulk
A.A l - 4 1295()0 Oo37 300 101 460
BB 2 -3 11,000 0.3C 3.1 1.2 2.6
Jd 9 - 12 11,000 0.36 2.5 0.9 3.0
o0 3-6 7,000 0.30 1.2 0.5 1.0
TABLE 2
Dynamic properties of wet samples of bedrock
PR )
Sample No. Lo?gltu%lnal Poisson's Modulus (1061b/in2) Logarithmic
: velocity . T = et .
(field) ’ft/s) Ratio Young's Bulk Rigidity decrement
408 16,900 0.32 Te1 6.8 2.7 0.16
411 . 17,800 0.10 110 4.6 5.0 0.13
420 155900 0.37 446 5.9 1.7 0.33
431 17,900 0.18 10.0 5.3 4.3 0.08
432 17,100 0.15 9.7 4.6 4.2 0.17
243 13,800 0.41 2.9 5.4 1.0 0.54
239 17,100 0.22 9.1 5.4 3.6 0.09
235 12,200 0.39 204 39 0.9 0.46
231 11,250 0.41 107 3.4 0.6 0.3€
232 13,400 0.36 3.6 4.4 1.4 C.30
226 13,500 0.38 3.2 467 1.2 0,35
271 8,800 0.41 1.1 201 0.4 0.24
276 11,900 0.39 2.3 3.7 0.9 0.24
277 125400 0.41 2+3 4.3 0.9 0.23
281 11,200 0.39 2.1 2.4 0.8 0.231
284 11,900 0.29 57 4.7 2.2 0.08
261 13,000 0.40 3.1 5e2 1.2 0.22
A comparison of the static and dynamic voiuss
gf%ilNo bszple b§2p16 “Poisgon's ratic Young's Modulus (1O6lb/iqil

. " . , \ S’. A i ,,.’ .l S t' ) i¢ ie
(DDH) (field) (1ab.) tatic Dynamic Static Dynamic

2 412 137‘2 003/1 On"io 707 707
3 447 1376 0.12 0. 10 9.5 9.6
3 419 1378 0.21 0,10 10.5 9.6
4 422 1384 0.16 0. 31 10.5 8.5
4 429 1288 0.16 505




.~ Table 3 shows that the values of Young's modulus found in static
tests tend to be gqual to or higher than those found in dynamlc testso

Static measurements on wet samples were not carried out9 but it
is expected that the results would bear the same relation to those obtained
on dry samples as is shown for dynamic measurements in Table 2 (Mann &
Fatt, 1960).

Values of dynamic and static properties were determined using

standard procedure and equipment and the results are within the + 5 percent
error accepted by the American Society for Testing Materials (quberg9 1952) .

5.  RESULTS - RED HILL BORROW PIT

Red Hill borrow pit is located approximately three miles south
of Cotter dam site 'E'. It is proposed to use material from overburden
‘in the construction of the earth dam.

Two seismic traverses (Plate 4) were made to detemmine the thickness
and character of the overburden. Plate 4 shows the seismic cross-sections
and their interpretation,

Depth to bedrock

Seismic traverses indicate a maximum depth to bedrock of 84 feet
at station SS3. Along three quarters of Traverse SS, the velocity ranges
from 7000 to 8000 ft/s, possibly indicating weathered shear zones. Along
Traverse RR; the velocities in the bedrock are higher and reach 15,000 ft/s.

Character of the ovexburden

Under a thin layer of soil the overburden consists of rock of
uniform velocity of 4000 ft/s. This velocity is characteristic of a
"'stiff® or compacted wet clay (Helland, 19405 p. 469; Polak & Manns; 1959b).

6. RESULTS -~ BRIDGE BORROW PIT

Bridge borrow pit is loca*ted approximately six miles scuth
of Cotter dam site "E'. It is proposed to use the overburden material in
the construction of the earth dam.

Two seismic traverses (Plate 5) were made to detarnmine the
thickness and character of the overburden. Plate 5 shows the seismic cross..
sections and thelr interpretation.

Depth to bedrock

Seismic traverses indicate that the maximum depth to bedrock is
approx1mately 200 feet near station PP 15; here the bedrock consists of
rock with a seismic velocity of 11,000 ft/s0 In other places the velocity
is 14,000 to 16, ooo ft/s. ’

Character of the overburden

The overburden con51sts of three layers. The top layer, with a
seismic velocity of 1,000 Pt/sn represents the scil. The second layer,
with a seismic ve1001ty of 3500 ft/sa is interpreted as a mixture of clay
and fragments of solid rock. The bed is porous and not saturated with water.
The layer with a seismic velocity of 50C0O tt/s is probably decomposed bedrock
in situ or material of the second layer below the water table. This
interpretation of the overburden veTqu ties is based on previcus experience
(Polak & Mann 1959%)s . : :



7. CONCLUSIONS AND RECOMMENDATIONS

The overburden in the area of the dam foundations reaches 57 feet
at station AA 15. The weathered joints in the rock are open as indicated
by an increase in seismic velocity when wet (wiebenga et als 1962). 1In
places, the bedrock has seismic velocities as low as 7000 ft/s. These
localities should be further investigated by drilling before the type of dam
to be constructed can be decided.

Areas of low seismic velocity on the 1idge between Kangaroo Creek
and White Sands Creek should be further investigated by drilling to determine
the possibility of water leakage from the proposed reservoir.

Young's modglug of the bedrock measured in the field is between
1.2 x 107 and 3.1 z 10 1b/in‘o %abora%ory measurements show much higher
values of 2.6 x 10 to 10.6 x 10 1b/in » The large difference in value isg
due to the fgct that in field tests an average value for jointed rock is
measured, whereas in the laboratory only a sample of the homogeneous rock
material can be investigated.

: , 0f the two proposed borrow pits, the Red Hill area is the more
promising and should be further investigated, possibly with a multi-channel
refraction seismograph or a ‘seismic interval timer’.
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Laboratoxry determined dynamio properties of dry rook samples

-(CoreAdiametef 0.17 feet)

o § [ . ’ 6 2 Tcwa i Manl o
ﬁiiélwo Dopth °a§gle ”aﬁgie . Description : Length Specifie L°:§i:2:t;al Poisson's EPdUIuS‘ (1071b/in") Logard thmic Porosi ty
i . . . . ] B .
(Do) (rield) (1ab.) (from hang specimen) (feet) gravity (ft/a.) ratio Young's Bulk Rigidity deorement. »
1 35' 0" - 35! 3 241 1478 Almost fresh quartzite. 0.148 2.57 14,000 ’ 4.5
1 67! 8" - 63Y 3¢ 244 1479 Fresh medium-grained quartz sandstone. 0.550 2.62 ~1i,100 0.06 1.
1 87* O" - 87" 6" 246 1480 Slightly weathered interbedded fine-grained sandstone .
and siltstone. _ 0.240 2.49 12,000 )
1 95" 0" - 95! 5w 245 1481 Fresh interbedded [ine-grained silicified sandstone : ’ : '
and siltstone. 0.358 2.57 19:480 6.5
1 138 3" - 138! 10" 243 1482 Fresh interbedded blue-grey fine-grained sandstone ' ' .
’ and siltstone. ; 0.496 2.67 11,800 0.395 2.39 3.82 0.88 0.111 2
1 158" 1" - 168¢  G" 240 1483 TFresh slumped quartz siltstone and fine-grained
. ' quartz sandstone. 0.187 2.69 9,600 3
1 192" 2" - 19217 gn 239 1484 Fresh fine-grained blue-grey silicified quartz
sandstonc. 0.486 2.68 17,300 0.094 0.5
1 217 10" - 2187 2v 238 1485 Fresh dark bluc-grey siléstone. 0.146 2. 74 14,600 1
1 223" 0" - 223t 4 242 1486 Fresh blue-grey siltstonc. 0.156 2.63 6,800
2 33t 6" - 34 On 410 1369 ©Slightly weathered fine-grained quartz sandstone :
with numerous tnin silty interbeds. 0.412 2.59 15, 300 0.37 4.6 5.9 1.7 0.070
2 41 3" - 41 1 412 1371 Fresh fine-grained silicifiedrquartz sandstone. 0.492 2.60 15,000‘ 0,10 T.7 3.2 3.5 0.052
2 74 1" - 14 1" 411 1370 Fresh fine-grained silicified quartz sandstone. 0.700 2.65 17,300 0.24 9.1 5.8 3.7 - 0.053
2 96" gv - g7' v 413 1372 51i htly weathered fine-grained silicified quartz
R sandstone with numerous thin irregular silty interbeds(.505 2.63 13,400 0.42 2.6 5.4 6.9 0.183
;2 112 7" o~ 1130 3 408 1367 Fresh fine-grained silicified quartz sandstone with :
a few silty interbeds. : 0.613 2.63 16,600 0.36 5.9 7.0 2.2 0.072
2 138' 7% . 139 On 414 1373 Slightly weathered fine-grained silicified guartz :
- sandstone with quartz veins. 0.371 2.060 15,500
2 156' 0" - 156 " 409 1358 [Iresh fine-grained silicified quartz sandstone with
irregular silty interbeds. . 0.470. - 2.61 15,800 0.24 7.4 4.7 3.0 _ 0.13
3 23" 10" -~ 24t 5" 427 1386 Slightly weathered medium-grained silieified quartz _
: sandstone. 0.408 2,62 17,0600
3 43 A" - 44" Ov 417 1376 Fresh medium=-grained silicified quartz sandstone. 0.468 2.63 16,700 0.10 9.6 4.0 4.4 0.039
3 66' 10" -« 67' 3" 418 1377 Interbedded fresh blue-grey fine-grained silicified '
' : quartz sandstone and siltstone. 0,119 2.66 12, 300
3 85 I .. BTY 5n 420 1379 Frésh to slightly weathered Blue-grey gilicified .
’ quartz sandstone with siltstone interbeds. 0.685 2.34 15,000 0.34 4.6 4.8 1.7 0,205
3 102" 11" -~ 103' &6 419 1378 Fresh fine~-grained silicified quartz sandstonc. 0.428 2.03 15,700 0.10 9.6 4.0 44 0.082
3 127 3" - 127Y 10" 415 1374 Yresh blue-grey massive siltstone with quartz veins. 0.444 2.57 13,100 0.15 5.6 2.7 2.4 0.304

. 155/85-43
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brill

Sample

Longitudinal

Hodulus (10%1b/in?)

. ; . Description Length ©Specific - Poissonts Logari thmic
Hole No, Depth - o, Ho. : s volooldy - p ot s . Porosity
(pDi1)’ (fierd) (lav.) (from hand specimen) (feet) gravity (£t/s) ratio Young's Bulk Rigidity  decrement
3 1461 9" - 147" 4" 428 1387 Fresh davrk blue to grey {ine-grained silicified quart:z
sandstone with quartz veins. 0,500 2.68 17, TCO 0.20 10.0 5.7 4.2 0.114
3 1517 4" - 151 9¢ 426 1385 IFresh dark blue fine-grained silicified quartsz
sandstone. 0.365 2.59 16.700
3 173 11" - 474" 7" 424 1383 Iresh dark blue to grey fine-grained silicified quartz :
sandstone with silty interbeds. 0.494 2.63 15,800
3 180' 8" - 181" 1" 425 1384 As for 424 but with numerous quartz veins. Frobably
recemented breccia. Iyrite present. Also cavities
due to leaching. 0,305 2.66 15,900
3 197 4" - 197" 1" 416 1375 Fresh dark blue finewgrained siiicified quartz :
sandstone with quartz veins. 0.414 2.62 18, 300 0.20 10.6 5.9 4.3 0.066
4 13' 9" - 14' Ov 234 1488 olightly weathered silicified fine-grained quartzs
sandstone. 0.196 2.44 10,900 "8
4 32 6" - 33t ¢ 430 1389 ©Gslightly weathered fine-grained silicified quartz
sandstone. 0.452 2.55 15,500 0.32 5.8 5.4 2.2 0.098
4 57' 4" - 57v g¢ 233 1487 5lightly weathered intersected fine-grained silicified
quartz sandstone and siltstone. 0.211 2446 7,200 13
67Y 10" - 6B' 5" 429 1388 ©lightly weathered fine-grained silicified guartas
sandstone. 0.408 2.51 14,000
4 92! 3" . g2t gv 423 1382 51lightly weathered fine-grained silicified quartz
sandstone with numerous thin siltstone interbeds. 0.354 2.55 14,500
4 106' 8" - 107" 2" 422 1381  Glightly weathered fine-grained silicified quarte
sandstone. 0.483 16,800 0.31 8.5 7.5 3.2 0.085
4 127" 3" - 128 On" 421 1380 slishtly weathered fine~-grained silicified quartz
: sandstone. 0.520 2.57 15,900 0.13 8.4 3.8 3.7 0.032
4 141' 5" - 142t 3" 432 1391 slightly weathered fine-grained silicified quartz
sandstone. 0.742 2.60 16,400 0.16 8.9 4.4 3.3 0.056
4 168 0" - 168! 10" 431 1390 Slightly weathered fine-grained silicified quarts
sendstone. ' 0.6h7 2.62 17,200 0.115 10.0 4.3 4.5 0,078
6 18' 4" - 18" 9" 253 1505 Pdla brown siltstone. 0.210 2.63 11,200
6 320 9 - 33t on 254 1506 Buff siltstone with fine quartz veins. 0.372 2,61 13,000
6 108" 10" - 109" 4n 260 “1512  HBlightly weathered fine-grained brown sandstone. 0.385 2.59 12,500
6 126 6" - 127" qn 261 1913 Slightly weathered fine-grained sandstone with pyritesa0.472 2.04 11,300 0.39 2.21  3.53 0.32 0.075
6 156" 6" - 156" 11" 255 1507 Fresh dark grey siltstone with quartz vein. 0.380 2.66 17,100
5 179 1" - 179 v 256 1508 I'resh dark grey siltstone with pyrites. 0.342 2.76 18, 300
6 191 5" « 191" 11* 257 1509 I'resh dark grey stltstone. 0.293 2.07 17,500
6 217 0" - 217 6" 258 1510 I'resh dark grey sheared siltstone. 0.296 2.68 17,400
6 249'  O" - 249 1" 259 1511 I'resh dark grey brecciated siltstone. 0.370 2.72 15, 100
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3.
,_ _ — T T
giiilNo Depth Saggle oaggle Jescription Length Specific Lo:ﬁisg;t;al Poisson's liodulus (40"1v/in”) Logarithmic Corosity
. » . " . . ; . : . t 1 YIRS o i
(DDH) (field) (lab.) (from hand specimen) (feet) gravity (ft/S/ ratio Ybung 8 Bulk Rigidity decrement
7 78t 6" - 79 qn 274 1526 Fresh dark grey siltstone. 0.400 2.84 13,300
FT' 115" 9" -~ 11560 4yv 75 1527 Fresh dark grey laminated siltstone. 0.290 2.72 11, 300
7 131" 4" - 131t gn 273 1525 Fresh dark brown non-laminated siltstone. 0.296 2.60 14,100
8 17 O" - 13+ qw 250 1495 Moderately weathered finc-groined quartz sandstone. 0.384 2.23 10, 300 15
8 23Y 8" - ppr 3 249 1496 lioderately to very .eathered medium-grained quartz
sandstone, 0.430 2.12 7,620
8 31 4 - 31 10 248 1497 lloderately weathercd fine-grained quartz sandstone. 0.493,-\ 2.38 - 13,900 0.027
8 57' 10" - 58t §n 247. 1498 lloderately to very weathered. thinly bedded to laminated,
interbedded siltstone and shale. 0.563 2.36 12,100 0.395 2.25 3.6 0.83 0.128 13
8 70' 8" - T1v qv 229 1499 Fresh blue-grey silicified quartz siltstone, thinly
bedded to lominated, with well developed cleavage. 0.285 2.60 13,900 7
8 100 Q" - 100' 6" 228 1500 Fresh blue-grey silicified quartz siltstone, thinly
bedded to laminated, with well developed cleavage. 0.404 2.63 13,800 4.5
8 126" 8" - 127" 4 227 1501 il " " n " " 0.590 2.60 14,700 6,175 6:89— 3,65 2.89 0.058 4.5
8 1521 oM 152! 7u 226 1502 " " " i H " 0.51? 2_55 14,500 0‘155 5.89 2'99 3. 10 0'091 55
9 12 1"~ 12 gw 262 1514 lLioderately weathered pale brown f{ine sandstone. 0.406 2. 50 13, 300
9 34 3n - 3 1" 271 1523  lioderately weathered brown coloured siltstonc. 0.508 2.28 8, 100 0.116 1.07  1.09 0O 57 0.056
9 43" 4" - 43% 10" 270 1522 iioderately fresh pale grey non-lauinated siltstone. 0.267 2.44 8,900
9 65" 1" -~ 65! 4 269 1521 Iresh brown coloured medium~-grained sanustone. 0.331 2.57 14,200
9 90t 7" - g1t qn 268 1520 I'resh ;rey coloured nedium-grained, silicified
sanastone, 0.440 2.60 16,400
9 125 3" . 1250 gn 266 1518 Fresh groy coloured juartuite. 0.325 2,65 16,700
9 193' 6" - 194 On 263 1515 Iresh dark grey, fine-grained sundstone. 0.390 2.62 14,000
10 340 5" - 350 o 236 1489 Fresh mediumr to coarse-grained sendstone. 0.516 2451 11,600 0.125 5
10 6t " - 57v  3n 235 1490 Jlightly weathercd fine-grained silicified quartz h
sandstone, 0.623 2.37 10,500 0.36 2.06  2.47 0.77 3.102 11
10 78" 4" - 78" 10" 239 1491 mcderateiy wegthered ispure coarse-grained quartz
sandstone. 0.488 2.52 14,000 7 0.044 4
10 103" 4" - 103" gn 231 1492  lloderately weathered coarse-greined quartz sandstone.0.417 2.33 9,630 0.19 2.61 1.44 1 03 0.325 10
10 1260 1" - 126! @n 232 1493 Frech blue-grey silicified fine-grained quartsz
sandstone. 0.513 2.59 12,700 V17 5.1 2.70  2.14 0.139 3.5
10 159" 8" -~ 150" qn 237 1494 slightly weathergfl fine-graincd siligifiou quarts
sandstone, 0.389 2.40 3,330 9.5
12 LA L P E 276 15280 lioderately weathered coarse-griincd sandstone. 0.5063 2.51 10,200 0.23 2.95 1.8% 1.13 C 042
12 22' 6" - 23t (n 283 1535  Moderately weathercd pale brown medium-grained
' sandstone, ‘ 0.2063 2.26 7,220
7
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4.

gﬁg%’ Depth Sa;g]:e Oagg%e Description Length Specific Lotgi.:ggit;al Poisson's Modulus (1061b/ in°) Logarithmic Porosit
(i) (field) (lab.) (from hand specimen) (feet) gravity (£/s.) ratio Young's Bulk kigidity decrement 4

12 57" 5" - 58t (on 282 1534 Weathered fine-grained sandstone. ‘ 0.375 2.28 8,340

12 82" 4" . .83+ Qv 284 1536 lioderately weathered brown medium-grained sandstone. 0.539 2.55 14,500 0.25 5.83 3.98 2.31 0.023

12 63' 5" - 63t qqn 279 1531 ‘eathered f{ine-grained sandstone. 0.438 2.30 10,000 |

12 100" 3" - 100" gv 230 1532 ©Slightly weathered buff coloured laminated siltstone. 0.362 2.42 9,400

12 126" 5" -« 126" 1q¢ 278 1530 Koderately feesh buff coloured fine-grained sandstane.0.436 2.42 12,600 0.17 4.68 2,48 1.95 0.032

12 152" 2" - 152' 8¢ 277 1529 Fresh dark groy laminated siltstone. 0.437 2.56 13,200 0.24 5.02 3.26 2.01 0.045

11 167" 1" - 16T 9gn 281 1533 Fresh buff coloured laminated siltstone. 0.562 2.51 11,700 0.20 4.09 2.31 1.58 0.086
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