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ABSTRACT

This report gives the results of seismic refraction surveys
undertaken in response to an application from the Irrigation and Water
Supply Commission of Queecnsland; the areas surveyed are the sites of
two dams which are proposed for development of the Mary Valley.

At the Yabba Crecek 19.3M site the depth to bedrock ranges
from 10 to 80 ft. A comparison with diamond drilling information
shows that the seismic depth determinations are accurate to within
10 ft.

. The value of Poisson's ratio caldulated from longitudinal
and trangverse wave velocities is 0.39. As7uming % boedrock density
2.7 g/cm the value of Young's modulus is 10! lb/in .

At the Amamoor Creck 14.7M site the depth to bedrock
ranges from 19 to 108 ft, On the right bank (locking down stream)
the calculated depths to bedrock are different when shot parallel
and perpendicular to the strike of the strata; the discrepancy is
explained by the phenomenon of hillside creep. On the left bank
& shear zone is indicated.

For the bedrock the value of Young's modulus estimated
from an empirical relation ranges from 1.6 to 5.3 x 10 lb/inz.

Two positions for test drilling to check and control the
seismic interpretation are indicated.



14 INTRODUCTION

The Mary Valley, a rich agricultural arca of Queensland,
uses water from the Mary River and its tributaries. To increase
the water resources available for irrigation.in the valley, the
Irrigation and Water Supply Commission (I.W.S.C.) of Queensland
is investigating a number of dam sites on the llary River system.
The Commission had investigated several sites on Amamoor Creck .
and Yabba Creek, tributaries of the Mary River; it requested that
the Bureau of Mineral Resources, Geology and Geophysics carry out
a geophysical survey to determine the type of bedrock and depth
to bedrock at one 'site on cach creek. The sites selected werc
the Yabba Creck 19.3M and Amamoor Creek 14.7M sites; their
approximatc coordinates are 572707 and 569726 on the "Gympie" sheot
of the Australian 4-mile military map series.

Geological investigation of the dam sites has been
carried out by the I.W.S.C: (Dunlop, 1959).

The Bureau geophysical party consisted of P. E. Mann,
goophysicist and party leader, B. J. Bamber, geophysicist, J. P. Pigott,
geophysical assistant; in addition four field assistants were supplied
by the Commission. Field work at Yabba Creek site lasted from the
28th August to 18t September 1959, and at Amamoor Creek from 2nd
September to 14th September 1959.

The Commission carried out the topographical surveying
of the site and provided additional transport and some supplies for
the party.

2 Y4BBA CREEX 19,3M SITE

" 2.1 Geology

The site is situated in a narrow valley on a creek whose
banks rise steeply to over 150 ft above the creck bed.

The geology of the areas is described by Dunlop (1959).
Test drilling has been carried out in the area. The term "over-
burden" will refer to soil, sand, gravel, and weathered or decomposed
rock, with seismic velocities of 7000 ft/sec or less,

At the dam site there are metamorphic rocks of Lower
Palacozoic age and alluvium of Quaternary age.

The metamorphic rocks consist predominantly of cherty
shale and lesser amounts of grcenstone Jasper, quartzite, and shale.
The bands vary in thickness from % in. to 100 ft, dip at 80° to the
east, and strike 170° to 175°. Cleavage of the metamorphic rocks
is parallel to the bedding. Rock contacts are tightly banded and
generally sharp, although some transitional rock types exist. Close
Jointing and irregular fracturing arecharacteristic of all the rock
- types.  Outcrops are rare although some individual beds are hard
or very hard and are resistant to weathering. In slightly weathered
outcrops joints are stained with iron and manganese oxides.,
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The greenstones in the vicinity of the dam site result
from the regional metamorphism of basic igneous rocks. The greenigh
grey colour is due to actinolite, chlorite, or epidote, the principal
mineral constituents. The rock is a hard, fine-grained, unbanded
rock highly resistant to weathering and erosion. In the left bank
exposure, the greenstone is closely jointeds the major jointing
strikes 135° to 140° and dips 55° to the east.

' The interbedded red jasper in the metamorphic rocks
is hard and brittle. Numerous irregular tightly banded white quartz
veinlets occur throughout the jasper, which is very . closely jointed
and fractured.

The flood terrace deposits, irregular slopes at the edge
of the alluvium, consist of fine sand, silt, and clay with organic
material, The stream bed is gravel and sand.  Soil on the right
bank abutment consists of brown gravel-sand and clay. The gravel and
sand consist chiefly of angular jasper. Fine alluvium is found up
to 50 ft above the water's edge on the stecp left bank. Surface
material on the steep left abutment consists of fine sand and silt with
occasional floaters of quertzite, cherty shale, and greenstone.

2.2 Methods and equipment

A genmeral description of the seismic refraction method
and the technique of the'"method of differences®used on this survey is
outlined in a report on the Moogerah dam site, Queensland (Polak and
¥ann, 1959).

The equipment used on the survey was a twelve-channel
portable seismograph designed for shallow reflection and refraction
seismic methods, manufactured by the Midwestern Geophysical Laboratory
of Tulsa, Oklahoma. Midwestern geophones with a natural frequency
of about 8 c/s were used to record the vertical motion of the ground.

The following types of geophone spread, based on the
"method of differences", were used :

(i) .Normal spreads - the geophones were spaccd 50 ft
: apart in a straight line and shots were fired
50 £t and 200 ft beyond each end, in line with
the spread. :

(i1) Weathering spreads - these spreads were used to
obtain the seismic velocity and thickness of
the soil and near-surface layers. The geophone
interval was 10 ft and shots were fired at
distances of 10, 25, and 50 ft beyond each end,
in line with the spread.

On several occasions a shot was placed in the centre of a
normal spread to provide additional information on the seismic velocity
and thickness of the near-surface laycrs. ‘

Southwestern Induztrial Electronics horizontal geophones
having a natural frequency of 6 c/s were used to measure the transverse
wave velocity of the bedrock on Traverse X between X3 and X14.
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2+:3 Results

Plato 1 shows the locality plan: The layout of tho seismic
traverses at the Yabba Creek 19:3M site is shown on Plate 2. The seismic
rofraction work has been interpreted to give the depths to bedrock, shown
on the seismic cross-sections (Plate 3);

2.3.1 Right_bank*, Traverses A and X

On Traverse A the seismic velocity of the top
formation of scil, eluvium, and jasperoid fragments ranges
from 1450 to 3300 ft/sec, the maximum thickness being 34 ft
neayr A21, The seismic velocity recorded for the weathered
bedrock of cherty shale, jasper, and fractured quartzite is
6000=T7000 ft/squ The unweathered bedrock with a seismic
volocity between 18,000 and 23,000 ft/sec ranges in depth
from 35 £4 at A6 to 106 ft at 421. The average depth to
bedrock is smaller between 42 and X10 than between X10 and
A21,

On Traverse X the seismic velocity of the top
formation consisting of soil, gravel-sand, clay, and eluvium
is between 1000 and 2500 ft/sec. A seismic velocity greater
than 1500,ft/sec was generally recorded betwecen X2 and X14.
The thickness of the top formation ranges from 9 ft at X6/X7
to about 20 ft at X13, On the flood terrace between X14 and
X17 the top fermation is a mixture of gravel, sand, and silt,
with seismic velocity of 1000 ft/sec. A layer with a velocity
of 10,000 ft/sec was struck at 19 ft in diamond-drill hole DD1
between X15 and X16.

) The seismic velocity of the weathered bedrock
on the hill slope between X2 and X12 is about 6000 ft/sec;
between X12 and X17 in the creek bed the velocity is much
groater, ranging from 10,000 to 13,000 ft/sec. In the
creek bed the erosicn is presumably too rapid for weatherin
to continue until the seismic velocity is as low as 6000 ft/sec.
The seismic velocity of the unweathered bedrock on the right
bank ranges from 19,000 to 21,500 f1/sec.

2¢3.2 Left bank, Traverses B and X

On Traverse B the seismic velocity of the top
formation, consisting of fine sand, silt, and floaters of
weathered bedrock, ranges from 1450 to 3000 ft/sec and is
thickest near B2 (about 20 ft). At stations wherc velocities
of 3000 ft/sec were recorded the soil is thin, and very
weathered bedrock crops out. The seismic velocities for
weathered bedrock range from 6000 ft/sec for very weathered
bedrock to 10,000 ft/sec for slightly weathered bedrock.

The depth to the unweathered bedrock with a seismic velocity
of 19,000 to 21,000 ft/sec ranges from 10 ft at B21, the
up-stream end, to 65 ft at B3, the down-stream end.

*  Looking down stream
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On Traverse X the seismic velocity of the top
formation ranges from 1000 to 2500 ft/sec; Higher up the
slope near X22 the seismic velocity is 2500 ft/sec and is
interpreted as soil and very weathered bedrock. The
weathered to slightly-weathered bedrock has a seismic
velocity of 5500 to 10,000 ft/seo. The déepth to unweathered
bedrock with seismic velocity 19,500 to 23,000 ft/sec ranges
from 10 £t near X19 to 44 ft near X26. A shear or fracture
gone is indicated uphill from X26, where the bedrock velocity
is only 9000 ft/sec.

Seismic velocities

Although the principal objective of the seismic
method is the determination of the depth to elastic discon-
tinuities, the seismic velocity is an indication of weathering,
jointing, and fracturing of thec rock. In general terms it may
be said that the higher the seismic velocity the more consolidated
the sediments are or the less fractured; jointed, and weathered
the bedrock is.

Table 1 lists the interpretation, in geological
termsy, of the seismic velocities marked on the cross-sections.

TABLE 1

Seismic Velocity

ft/sec Rock type

1000 - 1500 Unconsolidated rock - sand,
silt, gravel, with angular,
metamorphic fragments.

1500 -~ 3300 Unconsolidated to semiconsoli-
dated rocks - soil, eluvium,
very wcathered slate, quartzite
and cherty shale.

5000 -~ 13,000 Consolidated rock,; weathered to
slightly weathered slate, quart-
zite, cherty shale, and green-
stone.

9000 Sheared and fractured unweathered
bedrock, slate, quartzite, cherty
shale, and greenstone.

19,000 - 23,000 Unweathered bedrock of slate,
quartzite, cherty shale, and
greenstone.




2.3.4
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Comparison of seismic depth determination and

dieamond~drill hole data

In Table 2 a comparison is made between the
depth to bedrock determined by seismic methods, and the
interprotation (Dunlop, 1959) of diamond-drill cores from
holes located on or near the seismic traverses.

TABLE 2
Drill Hole Depth to dis- Depth to dis- Geological inter-
number, continuity by ocontinuity pretation of
Dip/Bearing, seismic methods,from drill drill core
Locality ft hole logs
£t
D1,
90° 19 23 Blue and grey quart-
Right Bank (10,000) zito with iron
X15 - X16 ' staining
26 . Greenish grey very

weathered and
weathercd greenstone

30 36 Bluish grey quart-
(19,000) | zite and purplish
brown jasper

D24
o) 0. .
50°/128 25 - 17 Greenish grey fresh
Loft Bank (23,000) greenstone
X19
bp3.,
50°/128° 45 ' 39 Greenish grey fresh
Left Bank (23,000) greenstons
X22 - X23
DD4.
45°/308° - ‘ 16 Greyish white to
Right Bank 1light brown very
X12 weathered to
weathered slate
54 Greenish grey to
(19,000) purple quartzite
with iron staining
D5,
450/308O 15 . Greyish white to
Right Bank light purple very
X10 : weathered and un-
woathered slate
52 , Grey purple to red
' Jjasperoid slate
70 Jasper with iron
(19,000) staining
88 Groy quartzite,

jasperoid slate,
and jasper
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D6,

90
Right Bank
X3

68
(19,000)

67

76

Greyish white, light
brown and khaki very
weathered slate,
weathered slate, and
grey quartzite.
Faulted with clay
seams

Khaki slightly weath-
ered slate and grey
quartzite with fault
zones and clay seams

Grey quartzite with
iron staining

DD9.
45°/82°
Right Bank

X112

34

23

37

Groyish brown to
orange very weathered
and weathered slate.
Between 6' and 23!
three fault breccia
zZones :

Dark grey to purple
decomposed to weath-
ered jasperoid slate

Reddish brown to grey
jasperoid slate and
quartzite

D10,

60°/128°
Left Bank
X25 - X26

55
(23,000)

27

67

Brown very weathered
and weathered slate

Greyish brown weath-
ered slate with some
quartzite faulted
with clay seams

Brown to greyish brown
slate, quartzite,
breccia, and clay

D11,

- 45°/308°
Left Bank
X25 - X26

37
- (20,000)

10°

37

Brownish grey weath-
ered and slightly
woathered slate with
some quartzite

Grey fresh slate énd
quartzite with iron
staining
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D13,
90° 5 Brownish grey to grey
Left Bank very weathered and
X271 - X28 , fresh slate with some
. quartzite
23 Grey fresh slate and
quartzite with iron
"staining
37 Brown grey weathered
slate to very weather-
ed slate
‘50 47 Brown to grey decompos-
(9000) ed to fresh pdrphyry
- 62 Grey fresh slate and
quartzite
pi6.,
Left Bank 10 - No data available
X20 (23,000) ’ :

In Fig. 1 the depth to a discontinuity from diamond-
drill hole logs is plotted against the depth to a discontinuity
determined by the seismic refraction method. The figure shows
that in 8 of the 10 cases the depth determined by the seismic
method is accurate to within 8 ft of the depth proved by drilling.

Elastic properties

A value of Poisson's ratio (éﬁ) can be calculated
from the compressional and transverse wave velocities. To
obtain these figures; a spread with horizontal geophones instead
of vertical geophones was laid out between X3 and X14, and shots
were fired 150 ft beyond the end of the spread. The transverse
wave velocity Vo of the bedrock deduced from this spread was
8000 ft/scc, anﬁ from the normal spread at these stations the
compressional wave velocity (VP) of the bedrock was 19,000 ft/sec.

Now (VpNg)? . = (6 - 1)/(& - 3)
(see Polak and Mann, 1959)
S G = 0.3

The dynamic values of the elastic constants of the rock with
longitudinal velocity of 19,000 ft/sec and density taken as
2.7 g/cm® (0,098 1b/in>) are :

Yoﬁngs modulus B . = 9,9 x 106 lb/sq.in.

Bulk modulus B = 1.5 x 106 toon

Modulus of rigidity G = 3.6 x 106 L
The values of the elastic constants of the rock determined as in
this case by a dynamic method (seismic wave propagation) are
generally larger than those determined by static methods, which

are based on dimensional changes under stress (u.s. Dept. of
Interior, 1953).



The compressional wave velocity can be used to
estimate Young's modulus. The value of Young's modulus (E)
is obtained from an empirical formula

E = V234 1 1073 1p/squin.

where V is the velocity of the compressional wave in ft/sec.

This formula has been established from & compilation of values
published by Birch, Schairer, and Spicer (1950), and by Heiland
(1946), and of values established during field work by the Bureaui
The value of E estimatsed from the formula is considered 'to have a
probable orror of 30 per cent.

For bedrock with a compressional wave ve}locity 19,000
to 23,000 ft/sec, Young's modulus is 10.8 x 10° to
15.0 x 106 1b/sq.in.

2.3.6 Conclusions

‘The seismic refraction survey provided information. on .
the depth to unweathered bedrock at the Yabba Creek 19.3M dam site.
The .depth ranges from 10 £t near X19 to 80 ft near X4. On the
cross-section of Traverse X (Plate 3) the depth to slightly
weathered bedrock, which may serve as good foundation rock, is
about 20 ft. The rock with a measured seismic velocity greater
than 19,000 ft/sec should be very good foundation rock.

A comparison between the seismic depth determinations
and drilling information suggests that the depths indicated on the
seismic cross-sections are accurate to within 10 ft.

The value of Poisson's ratio calculated from longitudinal
and transverse seismic wave_velocities is 0.39. Assuming a
“bedrock density of 2.7 g/cm3, the value of Young's modulus fox
bedrock with a velocity of 19,000 £%/sec is 107 1b/sq.ine

3. AMAMOOR CREEK 14,7M SITE

3.1 Geology

The bedrock consists of siliceous metamorphic rocks (thinly
banded jasper) of Lower Palacozoic age. Outcrops are formed of tightly
bonded bands, ¢ in. to 3 in. wide, with many irregular quartz veinlets.
The jasper is irregularly fractured, and the fracture surfaces are coated
with iron or manganese oxide.

The beds in outcrops on the right bank strike N SOE and
dip SOO to 55O to the west. Subsequent to Dunlop's geological
investigation of the site a "platform" for a diamond drill had been cut
into the hillside of the right bank ncar station X7, The jasper bands
exposed dip steeply into the hillside and strike approximately parallel
%o Traverse B, No accurate mecasurements were made of the dip and strike
of the beds exposed at the platform. On the upper part of the right
bank the soil contains many floaters of angular Jasper.



The bed of the creek is about 50 £t wide and consists of
gravel and sand.

The surface material on the steep left bank consists of
a scree deposit with red clay soil.

The right bank saddle consists of sand, clay, and decomposed
phyllite, ‘

3¢2 Methods and equipment

The seismic equipment and field technique cf the "method
of differences" used on this survey have already been treated in part
2.2 of this report. A

A geophone spread to determine the depth of alluvium was
laid out in the creek bed. The geophone spacing was 10 ft and shots
were fired at distances of 10, 50, and 150 ft beyond each end, in line
with the spread.

3+3 Results

Plate 1 is a locality plan. Plate 4 shows the traverse
plan, and Plate 5 shows cross-sections giving the depths to bedrock on
each traverse, In addition to the tests at the dam site, Traverse E
was surveyed to test the depth of weathering in a possible spillway site.

3¢3¢1 Right bank, Traverses A, B, and X

On TraversesA and B the seismic velocity of the
top formation of soil and angular jasper floaters ranges from
1100 to 2800 ft/sec. A seismic velocity greater than 2000 ft/sec
‘is recorded on or near the ridge, where the soil cover is very
thin (generally less than 5 ft). A velocity of 2500 to
4000 ft/sec was recorded for the upper formations on Traverse X.
The seismic velocity of the weathered bedrock on Traverses A and
B ranges from 3500 to 9000 ft/sec and generally the larger value
is recorded on the right bank ridge.

The unweathered bedrock with a seismic velocity
of 12,000 to 15,500 ft/sec ranges in depth between 34 ft and '
78 £t on Traverse A, and 17 and 55 ft on Traverse B. The
average depth to bedrock on Traverse B is less than that on
Traverse 4, On Traverse X the depth to bedrock (seismic velocity
greater than 12,000 ft/sec) ranges from 9 £t at X9 to 117 £t at
X3+ The depth to unweathered bedrock at the intersection points
of Traverses A, By, and X 1s different when computed for each
traverse. The discrepancy of about 40 ft is due to velocity
anisotropy (Section 3.3.5).

3.3.2 Creek bed

In the creek bed, water-saturated gravel and gravel-
sand mixture of seismic velocity 5500 ft/sec overlie unweathered
bedrock of seismic velocity 14,000 ft/sec. The depth to the
unweathered bedrock is 27 ft near X10,
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Left bank, Traverses C, D, and X

The top formation consisting of scree deposit and
red clay soil has a seismic velocity of 2000 to 3000 ft/sec.

A seismic velocity of 8000 ft/sec recorded on
Traverse C probably represents weathered bedrock.

On Traverse C, unweathered bedrock of seismic
velocity 17,000 to 18,000 ft/sec ranges in depth from 19 £t
at C2 to 52 £t at C7.

On Traverse X the depth to unweathered bedrock
ranges from 20 ft at X11 to 68 ft near X173 the seismic
velocity decreases from 14,000 ft/sec between X9 and X15
to 8500 ft/sec between X15 and X19,

On Traverse D the depth to a refractor with a
velocity of 8000 ft/sec ranges from 22 to 108 ft. Only a
limited part of Traverse D was surveyed because of instrumental
trouble. It was not considercd worth-while to persist further
with this traverse, as its surface eclevation was higher than
that of the right bank.

Right bank saddle area, Traverse B

The top formation, consisting of a sand-soil
mixture and clay, has a seismic velocity of 1600 to 2600 ft/sec
and an average thickness of about 20 ft, The weathered bedrock
has seismic velocities of 8000 to 9000 ft/sec and the unweathered
bedrock from 15,500 to 18,500 ft/sec. The depth to unweathered
bedrock ranges from 54 to 105 ft.

Velocitz anisotropy

The depth to unweathered bedrock computed for
Traverse X at X4 and X6 is larger than that calculated from
Traverses 4 and B. The discrepancy, due to the phenomenon
of velooity anisotropy, is probably caused by hillside creeps
Visual observation of the dip and strike of the banded jasper
at the drill platform shows that Traverse X would be approximately
perpendicular to the strike and Traverses 4 and B approximately
parallel to the strike. The block diagram (Fig. 2) illustrates
the three layers present on the right bank. If hillside creep
were acting in layer Q, joints parallel to the strike would be
more open, and weathering more advanced in the open joints than
in the individual bands of jasper. In layer Q the seismic
velocity V, measured parallel to the strike would be much
larger than the velocity V_, measured perpendicular to the strike,
because the seismic waves Parallel to the strike are propagated
in the less-weathered material. Thus the "time depth" to a
higher-velocity refractor is less when shooting parallel to
the strike than when shooting perpendicular to the strike.

In layer R the difference between weathering of
joints in the two directions is not so marked, and the seismic
velocities V, and V, are approximately equal. The "time depth"
to the refractor is“approximately equal for both directions of
shooting. A
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1.

On Traverse X, an unweathered bedrock velocity
of 14,000 ft/sec was recorded between X9 and X15, but cn -
Traverse C the bedrock velocity is 17,500 to 18,000 ft/sec.
Velocity anisotropy is present in the upper layers, but the
depths to unweathered bedrock calculated from Traverses X
and C agrec. '

The bedrock seismic velocities recorded on -

- Traverse X between X15 and X19 and on Traverse D are 8500

and 8000 ft/scc respectively. It may be that these
velocities represent weathered bedrock, and that a higher
velocity for unweathercd bedrock has not been recorded
because the 200-ft shots of the normal spreads were too
close to give refractions from a higher-velocity layer.
Alternatively, the seismic velocity of about 8000 ft/sec

may indicate a shear zone or a jointed and fractured bedrock.

Seismic velocities

‘Table 3 lists the tentative interpretation of
rock type in terms of the seismic velocities marked on the
cross—-sections of Plate 5.

TABLE 3
Seismic Velocity Rock type
ft/sec
1100 - 3000 Unconsolidated rocks - soil with
jasper floaterss scree material
with red clay soil; alluvial
material.
5500 Water-saturated gravel or gravel-
' sand mixture.
4000 - 8000 Very weathered and weathered jaspers;
o weathered phyllite,
8000 - 8500 Intensely fractured and jointed
, , Jjasper.
14,000 - 23,000 Unjointed jaspers weathered phyllite.

Elastic properties

The value of Young's modulus for the bedrock with
a compressional velocity of 14,000 to 23,000 ft/sec, galculated
from the formule quoted in Section 2.3.5, is 5.3 x 10° to
15,0 x 10° 1b/sq.in. and for bedrock with a velocity of 8500 ft/sec
is 1.6 x 106 1b/sq.in.

Accuracy of seismic depth determinations

In computations by the "method of differences", the
depth (2) is determinei from the following equation $ :

Z = Vt

where V is the seismic velocity and + is the "time depth".
Differentiating,
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Thé time depths, which are about 10 milliseconds; are probably
roliable to within 1 milliseccond, i.e. 10 per cent. A
comparison of the apparcnt velocities found at adjacent stations
on the seismic traverses indicates that the orror in the
determination of apparent velocity will be within approximately
16 to 20 per cent. The total error in a determination cf the
depth to bedrock will therefore be about 20 per cent. Although
the errors in absolute depth may be large, the relative errors

"~ in depth from station to station along a traverse arc likely

to be much smaller, and the profile shown for the surface of
the fresh rock is expected to be qualitatively accurate.

Conclusions

The seismic refraction survey provided information
on the depth to unweathered bedrock at the Amamoor Creck 14.7M
dam site.

On the right bank the depths to bedrock determined
at stations common to intersecting traverses are not in agroement .
On Traverse X the calculated depths at two places are 112 and 61 ft.
Depths calculated from adjacent points on Traverses A and B are
37, and 24 ft, respectively. The discrepancy may be oxplained
by the phenomenon of hillside creep.

On the left bank the depth to bedrock ranges from
19 to 108 ft. There is probably a shear zono between X15 and
X19,

The depth to bedrock in the right-bank saddle area
ranges from 54 to 105 ft,

The value of Young's modulgs fcr.bedroc%, derived
from an empirical relation,is 1.6 x 10° to 5.3 x 10° 1b/sq.in.

It is recommended that some test drilling be done
to act as a control on the seismic interpretation. The positions
suggested for test drilling arc 3 '

(1) Near X7, vertical and horizontal holes to
test the soundness of the rock and detect
any significant difference in jointing due
to hillside creep, and

(2) Near X12, vertical and angle holes to test
the soundness of the rock on the left bank.
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