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SUMMARY

Geological investigations carried out both before and during
construction of the Bendora water main have added to geological
knowledge of the Lower Cotter valley. Of some interest to the
stratigraphic interpretation is the discovery of a Silurian graptolite
in strata conformably beneath the Tidbinbilla Quartzite whose inferred
Silurian age has been based previously on structural relations only.
Siliceous shale, containing Upper Ordovician graptolites and similar
in lithology to the Acton Shale in the Canberra city area, was mapped
at several localities.

A comparison of seismic refraction and augering results with
observations of rock condition in the trench dug for the pipeline shows
the varying degrees of reliability of each investigation method in a
range of rock and overburden types. Soma apparent anomalies in the
seismic results are probably due to the nature of jointing.
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INTRODUCTION

The Bendora water main, a 20 km long 60 inch (1.52 m) diameter
gravity reticulation pipeline linking Bendora Dam and the Cotter
pumping station, was constructed during 1966 and 1967 (for location
see Fig. 1). The main provides for reticulation of water from Bendora
and Corin Dams to the Canberra city reservoirs. Before the pipeline

“was laid, extensive geological, seismic refraction, and augering investiga-

tions were carried out to determine the condition of soil and rock along

the proposed route of the trench which was to be excavated for the

pipeline. The seismic survey was done by Industrial Geophysical Surveys
Pty Ltd and the augering by Ground Test Australia Pty Ltd. D.E. Gardner
of BMR carried out the geological investigation. During excavation of the
trench for the pipeline G.A.M. Henderson recorded geological data including
thickness and nature of soil, lithology and state of w=athering of the under-
lying rock, and other information such as attitudes of bedding and fauits.
This report contains the geological data recorded in the trench and compares
the data of engineering relevance with the data obtained from the feasibility
investigations. ' ' - ‘ '

GEOLOGY

The geology of the Lower Cotter Valley area is described mainly
in Noakes (1946 and 1948) and Malcolm (1954). Since then, further '
information has been obtained from investigations associated with Bendora
Dam and other dam sites, and from the feasibility investigations for the
pipeline (Gardner, 1965). The following notes outline the stratigraphy and

“structure of the area, and incorporate information from the mapping

carried out along the trench dug for the pipeline and along nearby access
tracks. Plate 1 shows the regional geology of the area.

STRATIGRAPHY

Ordovician

Ordovician rocks belonging to two lithological associations are
found in the area. The first association which is thought to be the older
of the two, consists of phyllite and quartzite, and crops out along Bendora
Dam road west of the Cotter Fault (Plate 2). It was not crossed by the
pipeline. The second association crops out southeast of the Winslade
Fault and comprises beds of sandstone and quartzite, siltstone, shale
and mudstone, chert and siliceous shale. The beds were exposed in the
pipeline trench between chainages 3 m4700 and 9 m5080 (Plates, 3, 4 & 5);
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the lower part of the sequence consists mainly of interbedded sandstone
and shale, but the upper part contains thick units of sandstone with units
of shale; occasional beds of chert are found throughout the sequence. The
siliceous shale is found at about the middle of the sequence and is
similar in appearance to the Acton Shale described by Opik (1958) in

the Canberra city area; it also contains Upper Ordovician graptohtes
similar to.those in the Acton Shale,

The total thickness of the saquence southeast of the Winslade
Fault is probably at least 1300 metres, although the complexity of folding
and faulting limits the accuracy of estimates. It is not clear whether there
are several beds of siliceous shale or only one which is repeated by
folding and faulting. The exposures of siliceous shale range in thickness
from 20 to 40 metres. @ ———

Silurian

‘Two sequences of Silurian rocks in the area were crossed by
the pipeline. The first sequence, which was found at intervals between

"Bendora Dam and chainage 3m4040 (Plates 2 and 3), consists of the

Tidbinbilla Quartzite (Noakes, 1946) and, at the northern end, 4 succession
of siltstone and quartzite with silty laminae which appears to conformably
underlie the Tidbinbilla Quartzite (shown as part of Tidbinbilla Quartzite
on Plate 2). The contact between the succession of siltstone and quartzite
with the Ordovician rocks farther north was not exposed in the trench,
but an unconformity was inferred by Noakes as structural grounds. No
fossils had previously been found in this sequence*, but during the
mapping along the pipeline a fragment of a monograptus genus was found
in the siltstone at chainage 3m1400 (see Plates 1 & 3), thus confirming
Noakes' inferred Silurian age of the Tidbinbilla Quartzite. Although an
early Upper Silurian age was assigned to the graptolite in Strusz (1971)

a re-examination of the fossil has indicated that it could be a genus which
is found earlier in the Silurian (D.L. Strusz, pers. comim.).

The second sequence of Silurian rocks crossed by the pipeline is
part of the Uriarra Volcanics (Malcolm, 1954) and was exposed in the
trench north of chainage 9m5080 (Plates 5 and 6). Malcolm regarded the
unfossiliferous Uriarra Volcanics as Upper Silurian from lithological and
structural data, and no evidence to contradict this conclusion was found
along the pipeline trench. Most of the rock expoed along the pipeline

* Localities with queried Middle Silurian graptolites about 3 km to the
north are shown on a field map of J. Barrie from mapping done in 1956 .
(see Plate 1). Although this area is shown as part of the Paddys River ‘
Volcanics on the Canberra 1:250 000 map the lithologies shown on his
map suggest a correlation with the Tidbinbilla Quartzite and underlying

siltstone and shale.
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consists of massive porphyritic dacite except for three beds of ashstone
or tuff between chainages 10m3800 and 11m3600 (Plate 6), and a probable
rhyolite dyke at chainage 11m2000. The northernmost ashstone bed is
approximately where Malcolm's Tarpaulin Ashstone Member is shown
on this map; however the other beds are not indicated. In all exposures
of the ashstone we=athering was too severe to determine the attitude or
thickness of the beds.

>

Intrusives

Granite and dacite intruding the sedimentary rocks were mapped
along the pipeline. The granite is the Cow Flat Granite (Noakes, 1946) and
was exposed between chainages 0mg800 and 2m?2940. Granite contacts with
dacite and Tidbinbilla Quartzite were exposed between chainages 2m1000
and 2m?2940 (Plates 2 and 8). Several exposures of porphyritic dacite, some
definitely intrusive, were mapped between chainages 2m2940 and 5m1880.
At chainage 2m2940 dacite and granite were seen in contact but the rocks
ware too weathered to give any indication of their age relations; this dacite
appears to extend soms distance to the north and is possibly related to the
Paddys River Volcanics (see Flate 2). Although it is similar in appearance
to the other dacites between chainages 2m2940 and 5m1880 no intrusive
contact with sedimentary rocks was exposed and therefore it could possibly
be extrusive.

STRUCTURE

Folding

All the sedimentary rocks are folded with varying degrees of
complexity. The Ordovician rocks in the northern part mainly dip at
moderate to steep angles to the west or northwest (Plates 4 and 5), but in
the southern part (Plate 3) directions of dip are much more irregular. No
regular fold system is apparent in the Ordovician rocks along the pipeline.
The Tidbinbilla Quartzite and the beds conformably beneath it (Plates 2
and 3) show moderate to gentle dips and gentle folding. The regional dip of
the quartzite is in a general westerly direction (Noakes, 1946) but dips in
other directions were recorded along the pipeline, probably owing to the
proximity of faults. Steep dips were seen close to the faulted contact
between the quartzite and dacite at chainage 2m3640 (Plates 2 & 8). No
bedding or folding was seen in the Uriarra Volcanics, although Malcolm's
map shows the Tarpaulin Ashstone Member dipping at about 30 degrees to
the west.



Faulting

Several major faults have been mapped in the lower Cotter Valley
area but only one, the Winslade Fault, was crossed by the pipeline (at
chainage 9m5080) where the fault delineates the contact between Ordovician
sediments and the Uriarra Volcanics. The precise attitude of the fault
could not be determined owing to weathering, but the general northeasterly
strike was apparent from another exposure of the fault on a nearby track.
Numearous other faults, mostly of unknown displacement, were seen along
the pipeline and access tracks, and are shown on the plans and cross-
sections. Faults probably account for some repetition of the beds of
siliceous shale and chert which were mapped at various places along the
pipeline and access tracks.

ENGINEERING GEOLOGY

A considerable amount of augering and seismic refraction work
was done along the pipeline route before the trench for the pipe was dug.
These investigations were carried out to determine the thickness of
overburden and weathered rock, and to determine along which sections
blasting in solid rock would be required. (Because of the steep and unstable
slopes and also because of the effects of frost on the water flow in winter
time, it had been decided at an early stage to bury the pipeline rather than
lay it above ground). On plates 7 to 12 the results of the augering and
seismic work have been plotted to compare them with the nature and
-condition of the soil and rock recorded along the pipeline trench. The
following comments on the comparison of the investigation methods and
the actual excavating conditions encountered are given.

1. Granite, dacite, and volcanic rocks were commonly deeply
weathered and excavation along miich of the route where those rocks
occurred could be done without blasting.

2, In the sedimentary rocks, most of the rock below overburden was
too hard to be excavated without blasting, but there were soms short
sections, generally with gentle slopzs, where the rock was weathered
sufficiently to be excavated by mechanical means.

3. In some places thick colluvial soil and scree enabled easy
excavation, for example betwzen chainage 5m2560 and 5m4100 (Plate 9).
Thick alluvium, also easily excavated, was encountered in other places,
for example between chainages 1m1840 and 1m2620 (Plate 7).
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4, A generally fair to good correlation between augering, seismic

and trench mapping data was obtained except in some s=ctions of the~
granite. The anomalies in the granite were due to the nature of weathering;
boulder cores of fresh or slightly weathered rock ware present in highly

to completely weathered rock. The rock varied greatly over very short
distances, and the augering and seismic methods did not predict excavating
conditions accurately in all places.

5. Where alluvium contained gravel or colluvium scree, seismic

results ranged widely depending on the proportion of gravel or scree. Where
the cobbles or blocks of scree were large, penetration of the auger was
restricted although the material was unconsolidated and easily excavated.

6. Along much of the section of the pipeline where sedimentary rocks

ware encountered the seismic results tended to indicate slightly deeper
overburden than that which was actually found. The augering however,

was more accurate in predicting excavating conditions. The reason for the
discrepancy in the seismic results is not certain but could have been due
to open soil filled joints in hard rock immediately below the overburden,
However, the open-jointed rock was commonly loose enough to-be
excavated without blasting.

7. In some places substantial variations in seismic velocity of rock
ware obtained where no noticeable difference in the degree of weathering
was noted in the trench. This feature was not noted until after the trench
was filled, and it was therefore not possible to observe wiethzr the variations
in seismic velocity ware due to the pattern of jointing, which is the most

“likely explanation. For example, open joints crossing the trench line at

right angles would give lower seismic velocities than if they were parallel
to it. Or, alternatively, a closely spaced joint set crossing the trench in
one place could give lower seismic velocities. '

8. In areas where the trench crossed steep ridges and valleys underlain
by sedimentary rocks the seismic velocity of the rock in any seismic layer
tended to be less on the tops of the ridges than in the bottoms of the valleys.
Possibly the rock is more open-jointed on the ridges although no noticeable
difference was ohserved during the mapping. This feature is most apparent
between chainages 6m1000 and 8mo00.




il I BN N BN BN BN B BE B BN B BN B B B B

- Fal '~.g-l" opm - v ek
' -’J&h‘n-’« -

-6-

BIBLIOGRAPHY

BEST, J.G., D'ADDARIO, G.W., WALPOLE, B.F., & ROSE, G., 1964 -
Canberra A.C.T. and N.S.W, - 1:250 000 Geological Series. Bur,
Miner. Resour, Aust. Sheet S1/55-16 (2nd edn).

BUCHHORN, D.A., 1968 - Geological investigation of Coree dam site
Cotter River, A C.T. 1967-1968. Bur. Miner. Resour. Aust. Rec.
1968/98 (unpubl.).

FOWERAXER, J.C., 1958 - Geolbgical report, dam site C, Upper Cotter
River, A.C.T. Bur. Miner, Resour. Aust. Rec, 1958/16 (unpubl.).

GARDNER, D.E., 1957 - Investigations of sources of aggregate and sand,
dam site C, Upper Cotter River. Bur. Miner. Resour. Aust. Rec.
1957/55 (unpubl.).

GARDNER, D.E., 1965 - Geological investigation Bendora Water- Main for
Commonwealth Department of Works (compiled by CDW).

HAWKINS, L.W. and STOCKLIN, A., 1956 ~ Freliminary report of a seismic
survey of the eastern abutmant of dam site B, Upper Cotter River, A.C.T.
Bur. Miner. Resour. Aust. Rec. 1956/24 (unpubl.).

HAWKINS, L V., 1657 ~ Seismic survey of the southern abutment of dam
site A, Upper Cotter River, A.C.T. Bur. Miner. Resour. Aust. Rec.
1957/24 (unpubl.)..

' HILL, J.K., 1964 - Foundation grouting and joint permeability measuremen‘s

at Bendora Dam, Australian Capital Terr1tory Bur. Miner. Resour. Aust.
Rec. 1964/140 (unpubl.).

INDUSTRIAL GEOPHYRSICS SURVEYS PTY LTD, 1965 - Seismic refraction
‘survey Bendora water main for Commonwealth Department of Works.
Rep., V22.

MALCOLM, D.K., 1954 - The geology of ths Cotter River and Uriarra area,
-Australian Cap1ta1 Terrltory Bur. Mmer Resour. Aust. Rec. 1954/71
(unpubl.). .

NOAKES, L.C., 1945 - Dam sites on the Upper Cotter valley between
Bushranger and Collins creeks. Bur. Miner. Resour. Aust. Rec.
1946/12 (unpubl.).




-T-

NOAKES, L.C., 1948 - Summary of the regional survey of the Cotter River
area carried out by student geologists W.J. Orme and H.M. Harris

Ibid. 1948/31 (unpubl.).

NOAKES, L.C., 1956 - Upper Cotter dam site investigations: dam site C -
progress geologlcal report and proposed dr111mg programme. Ibid.
1956/98 (unpubl.).

NOAKES, L.C., FOWERAKER, J.C., & BURTON, G.M., 1957 - Second
progress report - dam site C, Upper Cotter River. Bur Miner. Resour.

Aust. Rec. 1957/17 (unpubl.).

OPIK, A.A., 1958 - Geology of the Canberra City district., Bur. Miner.
Resour. Aust, Bull. 32.

PERRY, W.J., 1853 - Geological survey of Upper Cotter dam sites A and
B, A.C.T. Bur, Miner. Resour. Aust. Rec. 1953/108 (unpubl.).

STRUSZ, D.L., 1971 - Canberra, A.C.T. and N.S.W. - 1:250 000 Geological
Series. Bur. Minar. Resour. Aust. explan. Notes S1/55-16.

STRUSZ, D.L., and HENDEZRS3ON, G.A.M., 1971 - Canberra City, A.C.T. -
1:50 000 Geological Map. Bur. Miner. Resour. Aust. explan. Notes.




;] S EE &N B . B BN BN B

HE Il N B B B B e

GEDLOGY OF . // v
LOWER COTTER VALLEY -! .

Al v

SCALE

A
el
o) | 2 MILES _C
| — ¥ ——3

<
w
[
c

~°

North

Geology after
Neckes {194k, 1a4g)
Malcelm (1a5L)

Best et al (1:250000 Canberra
gheet, 2nd. Edn., 19bk)

Reference

 SILURIAN gbf D"
To DEVONIAN)

r

Y-
Svu ..+

p 2

Smp| * |
[ st [ ]
“orpoviclan 0 [ J

SILURIAN ¢

- - ——

o e o oms

Bureau of [Mineral Resources, Geology and Geophysics,

Cow Flat Granite
Shannons Flat Granodiorite

with
Tarpaulin  Rshstene Member

Uriarra Volcanics

Paddys River Volcanics
Tidbinbilla Quartzite
Unnamed sediments
Monograplus feeality
Geological boundary

Fault

Road
Track

Bendora water main

[ 55/R16/1007

0 X
+ + /7
\N\ p.
A) /
\
+ t e ‘/
\
\‘-

..

Y
b

To accompany Record 1973/103

Februvory 1968



BENDORA
RESERVOIR

\2400

Q 1M 690:37

\ —
i ]
[

! =

b0
d—

l 2

bureav  of  Mineral  Resovrces, Geology

+++++++++++++4—++ + +
++++++++++++++++++‘-¥N~

REFERENCE

Quartzite and sandstone
Inferbedded sandstone and shale
Phyllife

Gram'te

Dacite  porphyry

Fault, showing dip, position accurote

w— e—— Fault, position approximate

Dip and strike of beddinq

and  Ceophysics, Febrvary 1968

BENDORA WATER MAIN

CHAINAGE OMO0Q0 TO 3M829

GEOLOGICAL DATA

\\
.
—
_— Pipeline
7~~~ Road
-=~-s  Track

400 0 400 800 1200 Feet
100 0 100 200 Joo Metlres
e S e S S ey S—

o accompany  Record 1973/103

Magnetic North

PLATE 2

-

Tyue

nortY

I55/Alb[1008




o Bulls Head

To \ /\\ \\/
Bendora Dam\\ ) ,,/’/ \ f/\ 2600
> k

S~

BENDORA WATER MAIN J B \ N / PLATE 3
CHAINAGE 3M829 TO 6M197 = \// o )
GEOLOGICAL DATA S AN

REFERENCE

Sandstone and guartzite

P \ e /

/ \/ ,,’ InTerbedded sandstone and shale
[ - -]
- - -]

\ / =  Inferbedded laminated candstone
/ and siltstone

Shale @ Chert

Siliceous shale

=
—-  Pipeline Dacite Porpl'yry
o~  Road —t—  Vertical fault
S
30
~Z
@

Fault showing dip

w=~=s  Track

100 o 100 200 300 Metres i} — - Dip and strike of bedding
P e ——— X i
Bureav of  Mineral Resources, Geology and Ceophysics, Febrvary 1968 To  accompany Record /9 73//03 Monograptus  localily 155/A1b/1009




BENDORA WATER MAIN
CHAINAGE 6M197 TO 7M2756(8M00)
GEOLOGICAL DATA

e === Fault, position approximate

8, Dip and strike of bedding

Bureav of Mineral Resources, Geoloyy ond — Geophysics, Februvary 1968

800

1200

200

e T | P e S ———

300 Mefres

REFERENCE
| SCALE
Sandstone —— Pipeline B o »
Interbedded sandstone and shale )
—-———- Trac o . —
Shale .
@ Chert

Feet

PLATE 4

I55/AlbjI010




PLATE 5

BENDORA WATER MAIN
CHAINAGE 8M00_TO 10M640
GEOLOGICAL DATA

REFERENCE
COrre
- Sandstone & Dip and strike of bedc]ing
— Interbedded sandstone - e Fstablished  fault, posn. acc.
ond shale = Egfpblished" - ftvlf, posn. approx
Shale —?— !ﬁfﬂ!\'}“ed f‘aUlT
% Siliceous shale i AnT;clme
- [ -+f . T nbe
S—— anag Chert e = e w‘NBg;?‘
- ')\00 / Dacite T*P"ﬁ(ks
\\\ 2200 !
N = 1300 Granite ——— Pipeline
o
. CoTTE

’7(.%\
> o~ N w- To Pierces Creek

2500
= To Pierces Creek SCALE
400 0 400 800 1200 Feet
oo o 100 200 - 300 Metlres :
Bureau of Mineral Resources, Geology and Geophysics, February 1968 To accompany Record 1973/103 - I55/RIb6]101]




PLATE 6

BENDORA WATER MAIN CHAINAGE 10M640 TO 12M4228
GEOLOGICAL DATA

\ REFERENCE SCALE

Lo 400 0 400 800 1200 . Feet
Coarse - grained  dacrte 3 ~ —=-  Pipeline = = ———
A , , , 300 N
Medlum-gramed -hyolite S o  Road Sd—— e 00 Melres
. Fine grained tuff e=ae  Track
, 00 "
/\’\/'L o e [yt position apFroximaTe
i \gOO
- ‘ ;
) PIERCES CREEK \\ T
FORESTRY sETrLEMENT\v ~ ,
/

Gy
7o -

- —a
- - - -

p .
Lo vopis /
~~~¥5~ Cro e
LT P - & “PUMPING
LYY VY VYV VYV VVVVYVYYVVY STATION
VVVVVVVV VRV YTy - T o)
8 \\‘ ,/ \500
w0 Wit ~ e
g / L &
- // .7 2
/ —’1000 /,r
/ — /’/
—’—\h_\,____,—————\—_/ 7’ (’(9
e ¢
- 7 Q,Q“
/’/ ?\
,/
//’
/I

Bureav  of  Mineral  Resovrces, Geology —and — Geophysics, Februvary 1968 l 70 occompany  Record 1975 /103 155/ RIE]I012




Lt RE SR T -+

~$-

A

L T = ITI P S - ¥

AND SEISMIC SURVEY |

S fmwoh i
= I I - B - |

| 1300 e Ti: oS A (¢ToJ RO 59 ) 2- 55l N it
so 1 tweiot cbwor | s o | o
sso0}: L 4b0oiTT Tfmgoa | oo |. o fozmen| coooioo cfmoeo Pt | seons | fosseo o fiTmomsid
Rl ISR ) St SRRSO RR DY SSURSR SR (Y] NG SSP i - S S (-

NS SRS S

SO0 TN SR SN0 TN O S S0

s s B S B i Lo OSSR [JC s o V.1 e S T N s

— T i ; - T T

i@ﬁ;’.ﬁﬂ%{‘%zﬁ%ﬁé’m ..~ “fooe Juigo- fooo| 1200 oo - | 9007 -

- w ZND e S~ P . 5 .- - et PN ‘.. N . " [RETSE G

B o e L i Ll L S R BNE s Bt hes

oo v - [9800.5100 [2000(5200 f 7500 |

| JAC DEPTRS To 3R] . T T 1T
R i SEFSMIC - *{RVEQ{‘&Q?} P . ¥ 22 15 AR [5 R

4.-.JAY. . SEISMIC_YELOCITIESE . .
1 OF -FRD- LEYER(FfHfser ¥ -

%7 St IR BRI 2 Su L 30l ]

29 10 . ‘ .
12800 f;.v'v,, T "]3[0.07 j,ffb'r'O'Q'_ Sy T yteten ) sy oy Sl g100- 1 TR0y L T Ro00 .

| INTERPRETIVE CROSS|SECTION | | | | 1=

i e TS T

S G — SR I —

‘,_Caﬂ?r S SE . L
‘??fyfr. DTN ’ B

i S
TUUTTRECURVER SECKIGN Y

R SPIANS SN i +_¢.- O

; AT
TTEE T

LR :F—}

VU SN

A R HEFEET .

ESUEROUREN

MAPPING‘“:“ 1 —**

+

e B SRR 1 S . j: Th SR s GramTe and gmn“fu; ﬁod

, Fogrse oHuvml “ Md** - : ~ - m.~paarlg MM" o

grayeI ' v gramfc Tsoit + i S ——Lcopse Il’uylul : cm' el 270 D10

EERER , L r)d is;:kék .
Irregumr_w gmm‘\‘lc soif” gmcfzs uﬁfo i AR 17 M S giff’; 1 Very xrxeguluz~ S S '“ T S B %A SR PR A A e
et T o7 feat T Weeqolayr T T g LD Mesthy T i >8’ FeeT . I oTT Réer T T T T

T Bxgﬂgbhwﬁafﬁercd Woelt T LT S S T T V.ﬂoc{tcm of. Eiﬁﬁ.mnk Sl Qﬁﬁj M'TXM feet | rreg | ‘l . SESSRERNES I U SUE

SOUU o ——.—‘-——————4—.— CNNSY Sy

.y a, e : N N S i bbb e
HE i M N
me } s - + H T S
I - P . Pt Lo ol
S G e s bty
. M(EQJL - M SRR N S
! H . .

T 1 ! -:IEQS-E Th B Pf:—’ ;
Righly! -‘ i" ‘Wreh ”*quh}y .Meoll'zzéﬂ -

- Modegately. froTr o

| o bighly ldath T T ‘*‘mgmyjo, cmp{ghf\y ,mm

S SO UGV SR U UV SO S S e e et

I
Tresh;

pron o o

bt

Bl

N S s

4+
SO

+

b
g S

b

L URREQR SR PG T S SEE A SO

e
4

it e

s 300 Memf [N SN [SSUREY AU S EIR - - :
- g I ICRC R e s < - R R N LI RS DN Lol e
- R e i e e i e e o ; s
i ! T
. - . - i il ]
g R B - S ST - :
‘ Lo - o O R 1 ; , i
E : e ; S ; : ; — : : ' S
1 B - WL THPSENVIORNESNE U PSSRSOV SR S ; SO SO S W ; . H s - S S - ] JEVRSIRUY SIVISIH IS SUU— RS e S S
: : : : i : R : Lo : e : : H ;
) S e e e e T T T e Y VI U O : LA SN I } i i N L JRT T NPT WU B e e Rt JIEEE Sk R ettty S 1 4t




e R Ee s TR E R R e M B O R e St Do B FESTeelt IRRITS ~ |PLATE® —l
: | _ || | AUGERING|AND SEISMIC SURVEY |
' ““ﬁ ,&:}W"&”ﬁ - 70 | awmosol— 1 s O 35 Spoeol oo 33 : v [ S ‘ SR E- R S 0 T S P O S SR SN 4] oo 3 S R - 77 N P A © S S
L I : I I I I | I I I I I 1 EE— _ 1 ] I ] I I I I

, m:,i"(":/’,’f; 200 | woa | upd woof soo | oo 1000 1100 1200 1300 k00 woo -l woo. | 1zoo 1900 | 800 |zooo] -moor | .mao  ionoea oo qop oo [ 800 b00 | 500 00 o0 )
I ecmme tvongreety] 30| Lsa ofoiow f s p 20 ] 23 33 -8 10 40 1 34 20 ol w0 2b 0 | #3 |30 ko |0 [ 36 LTTle0 | Foo b7 30| 35 b5 T T § e
Cor 2y coven(et fond 5900 «700 | 26p0 - lwovo | 2900 2400 3000 3000 3400 | 700 5000 w300 | 3500 | w000 sloo | 4000 | qgpp | k500 | EgO | o 2400 ed00]4700 | 3200 400  [3600|3100 9700 Casoo )
E;;.;‘L‘Eﬁi;,}ﬁ(i;‘%,j:i ot e e e | o o 9 12 | ST 20 |0 | | il b e o e w2 8 12 | 18 0 | o
: ‘;‘,,f‘,ﬁ”’fﬂyf;?g;if S ns0a ] _ssoo |looo0| 7400 7100 5200 “ 5200 | 12800 19100 | lero0) b o700 | sTO0 v [ TH00| 8000 700~ |s300] b900 “lgovo | L

T por son
Lofwearuermng | | sl b | qte slightly wealf
Ilsvare oF roek | oo e ] Granite bighly weatf

feet

COmP]CtE_IJ' Wevamerecl_ R shgh‘f“\l T’O Hﬁhly SXSHFI‘}} 'T-D

- ' e | TP ' | TP TP RT3 R TN R SRS | Rl SRR te - 4. TR R £ 4 | B IR 1. -
1 ’ B ' ' Cotter ' IR =¥, 7 SR & SRR SAS: SN SO WRNURSRRI SR S ' : o - : Cofter | Coffer 1} ~ &
o o SION F RO et SRS SN SRR S/ SR IR B L lRiver } River ThITT
SRS S M SN S i s S 2 S AR S 8 SO W N
T A T o X | | l 0 S L
SO Spres | L IND . SESTIUISS RSSres B -
JiiRock oR Very. poorly” sorfed ] Soil tzL;ﬁ Soil % | Guarkite idfruded Cramits -} Parphury of dacific [Qefe. [ o o & Qarteite | A7 ot JRledT Shadetiag and Silstene wuith | Seil &| SE.EGS | o, ) Soil & |Semklone &Sifistone | Soil &f  Allovial | 5f o 0 A
| SDILTYPE | coarse. alluvial gravel | seree [ scree | by granile . ‘ | compesition e sist]  TUTEE & verEte ol TR gl nveqular | laiinatiaas | | scree firveg tamsl I scree fieregular laminotions| scree | - graver 2] VT Y
e R » % % S - o T "*: - : ) N T . T v o > ' 1 " RN . oo T :%‘ "“‘?"""‘ 1 T ‘“ e - —:,.AA ,‘ ,,’ - -':7" o ) o } ) : ‘ 4‘."‘7 . o “ :‘";m« » ,‘» i o
. DEPTH >8fect . L k[é; 8 feet|  leveguiar T >§ feet T -4 feet 5 [-2 feet 0-7 feet | 23 geet | |zt {25 S kgt [T st | bsgfeer | SFet > fect | | keetT Ll

o
. S AL oo bt sl e b ) srghtty o) L osligey [ IRCET IR 1| §
Shightly fo moderdfely weathered .| § Slightly weathered ° ) - -+ SI‘QMB e ‘me;“gtlﬁer{d:; R SRR ..__I.A.ﬂ.wc.q;{?ergd' | | mo;g}:fcj\erga B 51|

+

mad. weathered  pweath] modera‘kelj weathered

11 = g g o o M o o |9 i [ O AT - TR ISt ERRURTNS B R~ g
] 'CHRINAGE o 3 I o S = 9 19 TH S S~ R T . o B
': - - E % 2 g— ) _ g M S d‘ d‘ a l m 1 4 -l- ih 9 3 A : i 1 . .$ M;N 0 ) M e ) A A ) ~ 3 2 i 'y A l% - ~~». .
SR SUTHNN CEGE o SIS So i SIDEINNIIN St SOGTE SR SIS SENDUSUNISDE SRS SNSRI (D S LI J A I I :
ot SR EER CLREEN - B S : - L . . , . T N (SO S SR R T | RN IR AL IS _ T .
- : M 3 I T - ido 3 50 gdo 1200 Feet S . e see . Platps 7% - :
— — 1t vt ot 7w - @ 0 0 oo 200 | 3oo Metbes | . Coop e e s s b e Tl T -
L . Bureau ) of  Minerol. Resources,|Geolagy ~crd Geophysies,| February. 1968 SRR SRR S - by s ol acdpmpany. Redord 19734l ( } I55/R1b] 1914

YITIVACE BKllI2H WVYDE ) ' » ' YITIVACE BEILIZH WVYDE
QYW HSILIdE IDNVITIVY JAYiA HSILLI¥E IDNVITTY



R | N T o . ) . o e . R . Y AU S SOOI UM SNSRI SISUN OO SO U OGNS S,

S S D A A U R S L LI pU Ry PR SR B T b - .- - .

........

- . o - Ve e v e S
—— e Lo , e e e e e . PR . R L i . DU

T e S CNIUUSID VU SRS sun U

e . ’

b e e e s .- e . - e

P e e S R T R T T T eI Ce e T e e s L o S e
B . + ' '“‘ o .' o | | A o V o :,j ' ) ) L . B S ::'va; ;
i “RA-;;* Y. DEFTHS OF 30. 20 .20 o8l 20 b 33 L led 'Z?U:::_;_‘LL_T ey ore Ty 20 o zo 10} ozo . 20 -0 | .27 TR Y R 20 4T 20 , 2-.Q__,.-:'.'_:7:".;.' :sz.fﬁfl'::: RUSTUIE SRR & PR I R

-—svser worEs (feety : :
- I T 1 I I ’ [ ] ] ‘ 1 T ] I I I T ; ]
’:.::.h Kﬁm#{ﬁ&t}?g 1000 1200 1400 DIROQ Y T YT e L BLQ,?Q;;-_“;RQ@;‘.,;_;I\HDOL..: YT 2000 . 1400 2300.f 900 11300 | oo 1300 1200 1300 1800 11oa . . 1200 90Q 20400 | v 0Q T

T e ven | 25 | 47 ] o Cwo Yoo ol e cpownlisorpocws o oo30s | 40 ] b5 s5.] 75 | ss 50 0 | &3 37 | %7 T S-S k=T S S §

e e Ay e R (s ey 5100 5300 5300 Cowmeos ) bimmo ) zdowsrgoos)c w700 | 485007 | 5900) 53001 8000 §5800 {5000 | 3600 5900 | . 5500 kb0o 5200 | BI00 | 700 | 30O 4900777
7m0 3 ool s es b w2 37 - 38 37 kel 30. 30 -2 R - S R

[ | | | 1 |

g0~ “moo- - woo fcwean ]
REE T TS Raste T Y SEUs o Sesedl TIIREEEE | SR
zuepp i oo - fzeo0s frzeo0n ] SRRt
R TS - # S T Sy DANRIE. SN | S

. ‘.f"g‘\ED,;s”,,L*fs;}‘;g,f(’}ﬂgﬂ I3 7 5 CoRgT T w0 U 32Tl

TV AV SEISMIC VELOCITIES

o o SR, aver(et/secy 6500 | 11700 100 Cro7p0C L fol.oo0 o0 |omkoo | BopoT {2300 fiim2o0. | iz700 | lksoojizzoo § - |isoo | ssoo .| 11800 13700 10100 9500 13300 10200 | “&700 | 11300 SRS S T 107007 {8000 1| 2700 Lff T
B B4 IR S S P TP TP TR TR E R Se b e
— A PP 5%
- & %
E ;
- _ )| 1 i 5
| 7ROCK OR . Sandstone. | .. . | Voo Frheet¥)T L Sandstone Sandstone | o[Silicenvqd Sandst ~Jsst] Siliceous shale | Sandetone |2 Bandsl] o e e e ISandst [, [Sandst |
o P psacTyrE | Sandsone and shale - | 2endsfone [PorphyrylSandstade t o prd-— - Sandstone L chale [P | ond shale [ shale |k shale | Shale C lsh| v sondstone | and shcle |2 fshad Clay <oll and. Ktree (slopewash) —— - Shale —  Jp cpte P o char ||
1 DEPTH N I U Bttt 55-S8 0T RN | | L I B S SNl IDIRDE ISR 45 B
| oETsoIL oS Feet Co | IS feet T Rect |l el by} (071 feel | 02 feel |12 fed Fee | | b feet e I kot s S s S| ISR ) T O 12
o] ] weATHERING | Stightly. o |Mod. te | SIGRT Fo.mod T |T . Slightly .. | Slightly fo|Mod. to | Moderately . [Slightly-modpl - Mod. | 51 wea'h[Sh to Slightly o | CSlightly Jstto | Sughtly
1o |stATE oF RocK Moderalely  weathered fmod.weath. Prighyweathf *Cweathered U} weathered  |mod. westhhglywedhf  weathered | weath. Ju] Slightly o moseraiely weadhered [ 0 i 106t hod w maderafely  weathered |- " weathered mod.w. | weathered || .
1.1 “CHEINIGE = S = R e S EL S SRR - IR 7 g 2 3 g 3 S i o SRR |
p S ~H — -y . . SUR . : IR ™ S R . «H sz i W i . R — ,_ X ) R .N N . : R [P ;;'( ﬁ
) CTITIT BSI S NS RS A L0 SR R D N S S R Tefereike st Plafes | lIITIlliImTLIloIT - e S
DR S o o st oois e et gt ol 200 |- 300 Melyes DI SER SR S SIS R :
Buread of . Miner§l ~Resouetes] Tevlogy ~dpid ~Geophysiys, Febiriary (1968 . S A S | S 1. . To accpmpony Redord ‘/975;5*0,5‘?: SR (O S B I 8 4::Y =111 Laatre S W
SIS RSHTES (SIREEEPE SIS (s abin i SHSEFRERS SN ol SN | o e s LSS Jesio SRS SUSSPIESS (NSO S Stt SIS (N iarts i PSR SURSRSPR ISR '




b R T T T T T e |

BE| WATER MAIN - [CHAINAGE. B S e R

AUGERING AND SEISMIC SURVEY | | | | | |

AV, DEPTHS OF I'b v oot s '3 12 2:0 13 T ) - SRR i R A 21 ¢ BESRORRTEY INSR/ Y » AR IR £~ IDS b SRR AN b1

RUGER HOLES (feel)
1 i 1 i L i . 1 1 1 1 1 1 N 1 1 1 1 i i 1

. SElSMIC vELoCcTEel 1200 noo | moo. | =tzeop {1700 | 2300 | 1900° . [i7o0.| 1500 1000 1700 ] omoo ) 1500 2000 | 1200 |1k00 {700 | 1g0a fiioort | o wgos T zT00m {2200 | 2000 [1800
Ay, gePTHs 1o 3N 5.0 s | 27| o lsst3s | s0 | ss 140 b-0 ) 38 5-0 40 b3 95 | 45 | w0 | w7 U7 CUEQITILES | 85 kS kO
AV SEISMIC VELOCITIES 5500 5400 | 3B00 | 4200]S5b00 [ 3k00 | &k0O | = 5700 8900 | 5700 2500 300 | 5600 4000 8400 | 10100 |4800 {5000 [ ¥900 | B8O k2007 TJ7RDO |5200 {4200 50001

OF 2ND. LAYER(ft [sec)

Reiome taveatoe) 3% | o | 3ol b3 32 )} e | | 3 2b 28 2b 20 3 sl ool i3s3

o 3R> Laver (e 12300 | Baoo | 10300:fggO0 | - |agoo | gqi00 |. 9100 | 11600 12100 7200 | 10800 - |esoo | usoo  [izea | oo | oo TEo | g000 [5700 (2200

t+ INTERPRETIVE N SR EEE O ISRty EEPn e crieees I LN

2b00 1 [EETS R S

2400

- 2200 |

2000 R N
,,,,,,, o “ i “ Z.\L:*_.._.. RO SR U

P TR S SR

UMDV WU EEPE SITORIREY SN SUNIRIE S . e

(RPN SPVE gV SOOI DU UUR N S U U R R IEIE TR e SN

jo

ol b L ] lmentiwpen] | )

R Sandst. | 3
Sandstone. ‘and shale T L] ance

“{&shale

. ROCK OR
""" SOiL TYPE

¥
[
+

"Sandstone “GandsTone

 Sandstane " apdTTT@aA T T T

Chept
g
©
b
Q
e ]

om

"o
3
jo 3]

by
ol
o
™~

Sandsfope] . Shale’ .

Scree
Scree
Shale

Sandst | -

Shiale’

S |sandstorie | Shale

O UG OO S SRS S

PR o JE =T -3 S SRS LQ ~ 13 feet ‘{-'f 70 . 13 feet

- G

- - DEFLH C-Zfeet. Tl InIITIoTTorTIITTOO

S JOFCSoL T

S NEZ et ol

oot Y weatdgeing | Shightly Cfe Tl T oroTooee s o onoco o T slightly fo o | )i wmnghty e Ll LT
L JSTATE OF ROCK | moderately | weathered T T}l TIUTIIITL H%ﬁgﬁﬂy wenThisred T o med. wedthered. | Jmddeiatély Twetthived | fwed] T T L I

.- T . - e e em o - - - .. B s o PR ,-,.7....;,,_4_.\ S N Y SRR - _A;,\ B S S g i B Y - ——T;:—_—: P . b - . e s . [— P N .o c .. - 0 P - N _., .
LTI L) U CHAINACE . S Zl :ij?%: S B g‘ §l AR S S ;%: b o g gt o
e e B R e . . - : - i e i ke SR | H Mo e ST St Rt S - - ...y [Se R - I~ . - s .
T : LE DRSNS SRRt SR SRS SUUSNRRS SIS | Note: | For referdnce ‘see plaiezt‘l:f; SR SRR
: S SENDREIoNE SIS S ‘ | - Foldsl shodn 'in ciass T fEctipd  §FE PJAEEAT _dnlyt"

O DI R s (i) SN RSN SIS S DGR S St SIUIEIG SIS SN B 3 } ic! jelEEAT d
SR SURNUDINE SRS IS OIS ) I R0 T TRET T T T T e 11 Tchanges” of . strike “and  ¢Hanges T id  directien  of

e e e B NP PGHUNS (S S NS SPONUM N (SN OIS G- Y

) TRt g 199 - 200 ] 300 Mefres 0l , , o I SRS .
| of | Minerd! Resources Geology gnd ~ Geophlsies, Februdry 1968 |- | - To . adcompany Record  1975)/103 ‘ S Sube




SRS S ; : L v =5 + : — B2 1B - A : WA N :
AUGE RING AND s ; ch suwev « |

[weperms or | 03 vzl s o o o e T s T e 2o oo |28 | 200 B To Rl A o N P2 TRt IR S B S S RS R 5
] ] . N | I I - ; 1 1 1 I . T I : 1 ; I 1 1 I ——1 T 1 ] I ] ]
oo meoseteme veemed - figoo | - | 200 | isoo” | casoor ficil cfirzooo | szfozzi:i::ii”.lzoo..,? 7100 fospoo b= b b Tiwoo o f 700 | Do | C1keo . 210000 fT 7 2300 k0o | 2000 f 500 koo T coas00 0 1000
I e e e |0 ] 0 T28 | oL | eSS T obTrmeT o oTEOr LSS | ooso foso Loet | ol 28l 10 w5 [ w0l 37 G - ST S e S R - A R~ S 50

Tav-sersme-veiocied lasoo teioo|  sio0 | wzoor | mooo [ fssoo ,,‘:7'5,:1007 - _jmnao ‘9000 | s700 | boOO| 3800, | 700 3000 | 3400 | 43007 | esoo v f4700 | 5300 1100 | wwo 1 | cwmboor |- | Y g9go

S B L abuiisi o [ v
‘ g Yo RNENEN ST M ENDIA RS b AR WS -(+ R MGG DU SIS SN iU IR SN 1SN (USRS (2 S AR [N (N: 1 AN SESURO oo M 1 KUY (RS- 1 Mt e+ SIS Suusvne’ 7 et SOANIUN MRS v | Sl KA N i

- AY_DEPTHS. 70 3R0.] . . B R R B
I B EYITYVISSEE T Y707 IS N 1 (. S—— ot

o o e S tevenieiied 29001 | 11200 8400." | 8000 |.. © | .10go0 -} @00 ficvioopoc . pweo | - | e300 © |20oo} 7700 | 15300 | T [sk00 | 1mooo T 1Teb0O | 1330q I | 10300

[ N, s s e e A,,;,,,~1”,,,_,_ B T TTE . SN

e e = . PO VRS S T e

— INTERPRETIVE-'CROSS: SECTION———

S R S 1 -SSR NI SR (U SRR 1 -1 R S F e TR} TP . : V L

Sa2eo0 § v ooy

"ICJ&VED SECTHPN ] 4‘6—— .} . . CurveD JSECTION . - B ST . : , B E
R - - o ' B B B R D e R A S : . WINSLRDE
200 - - . - 1 o SUUN R I e o : : , : FAULT
SRR 5 o] I R > -~ R . o = S .
) - o ;_A ; : L EEE v“ - - Zane; of ' 3 ‘ :/}/‘: |
R . ghearing. and \ ; 1’202
2000 N contintted o |
s e Cfolding  p T 1 DI S B I

e mencd mgeeng | | | ||
Clsondst]

Sandstone  and shale ScmdsT e
, ... I shale

Sandstone |-

SandsTone % shqle Sandd‘ . SR |
and . shale.

T [Bandst. ot edndetane :&ﬁafd’( ST

TROCK OR }  Sandstone [Soil &] Siliceous "%Sha]e,sands“['dne ;
. shale] " "} ond shale

~SOIL TYPE | and shale = [sctee and shale

Sandst
Sd'nejls’t

Siliceous shale "~ | "Siliceous shale ond sandsfone ' Siliceous chale "~ |Dacite

Sctee

Sandstone “and shale

Sandgl
L
s :
B
~
g
&

-3 feer . , b-b feet I-3 feet F:j : B -3 feet v o I35 feet].

pePTH | o ]oe
oF sort o T T et

Slfg")‘“\\; . Sllshﬂ\j +o. ,mQ.AeFTﬂfC{_y
weath.  weathered very weath | weathered mod. wedthlweath,

re 2 2 2 4 i3 o 3 Il L t 4 ' - 8 a 'l i 4 i 1 4 A L A
.

1| WERTHERING | Moderately | |Slightly fo moderately | S P - e T , vod. 1o IModeratel s 1o 1w
, Sightly F derately  weathered Slightly + . 3 Y
1 1STATE OF ROCK | ‘weathered | 1 weathered >ignty To moderdiely  wealerec ghtly to moderately wedthered .} Moderafely weathered

3758
LDPO
5000
5127
Moo
1000
1200
2000

2000

_8M0D

S L CHAINGGE

41331
£000
0
. |1QM00

SoopiTopllinooop ocrrioifemmvoTpooiiionop o oo ipoooriiipoooo 1 SCALE | . o U | " Note: |@ _For refedence see. Plate §

i U P BSETRS AU IR SR ‘I'_’:'IEQD;Q_ e &0 80 1200 . Feet e o I ' . SIS @ Except dt Th. IMZ00 | folds shown| in cross seftion

Yooy iy - 29 1eo 200 | 300 Melpes S ' [ - I S L s‘f?&& Ami ',‘ch‘a"n”gés:.'.f.inﬁ direction ” of = pipeline.

ffffff bl Bl of Mineal Resourchs, Geology|and - Geopllsics, Febrdory imse-| L | 1 L | P afomuy eord. /"97 pos | | . | 1 ssaspoy ||

B F— T v G APV SUu S SOOI 8 RN e -

o~

U S S SSRRANN SR S SN FO e e o : :
b — ; - : . E . - [N S . E F g e e . . [ S

VITIVACE BEILIRH WYDE VITIVACE BEILIZH WVYDE
JAVIH HSiL1id8 IDNVITIY JAYW HSLLI¥E IDNVITTVY

T




DT T

EEu _F,‘WE* —+— 1

fopre r—-.v‘~4. + -

S S O . [N TEO PR VO ; R R N
e e O . . TR I , RENISE NESNE e e SR S
. . . | - - . U, 11 . gpas ne GETEIE S¥ 1§ - H I .
3 d g b + H ? B R
P IS Y T IV TN T\
JR LA A R g ety
i

L . - - - ‘” 1 :
1 : : | : FFFFF ' R SIS SN S P ” 5 -
1 [ ; B SRR : S = | - -
T T T 1 | | 1 & [ =1 1 e EEEEE L ]
B EEE e e ety ENEEE ol Fo A IR IR ERREREREY IR RUNEE RN O AR EENERRH NNNREUR EETERPS AUGERWG AND SEISMiC SURVEY | R SRR Y IR Eerrerers: o ,‘-af-iéz;f«-:-fifzf-izz‘-.;zs:iz:e;—:;i_'_;53_15-5_;:;; ‘
B . Ty ey o , RS SR SRS S : , : . moshit) o - .
2o . | e P R | B . e A I I R e e T I L e e oo 32 | e oo s oo rzo T b o0 T 20 RS 20 |70 | 70 | to | w0 lam| so | 5o ] 37 o

| AV DEPTHS ~gF = et S M B SRtihel AR o AARERRRREE NN 2 - B 26 lvo o o wes b w0 L s T 30l Al A
AUBER HOLESC C I.A LR I g ZZ B 1 20 .. 728 ! ' : o : L v il : | . - — v - ] l : ‘ l
l - . {0} 7 vt g0 0 prwmooitoori]l. o o0 T o LuYrzoo ) oo o nzoo o fiooo | 700 1300 b amgmo kT T300 CURDO TRTIITTN0QIT I U300 T T25000 1 3100 3300 1200 13100

o] e sessme veoos coTicooorooobzpoo coofr2zoe 0 koo b0O |
' ’ ’ LTS o3 w3 | 3T |40 | 7SN S St B S £ S AP o AU RO (B 50 bs | o[BS ]i07

1100 F - wog - 12200 | 5900 | 1800 l700
1 so-t 60 |80 lico 130 |70

S OF SoIL LRVER{ f/see . 83

S R T - T L) e b g g 75 R 53 5-0 <5 , o | 35 b3 YL 34 1

T ) ) | sas"rc LnyER(fee‘a I . B T TR T X | V V . _ i S - - 1 = ' e » - ‘ h ‘ l ‘ .
e e e e e — T e | 1 ssoo - l9700 | sr00 l@s00 ‘ 8700 o790 | BI00 §OUC 4900 .0 ) B900° ) T RDOO | 7000 0500 }®DOQ ) 8700 | .- ] | 700 | ¥T00 [0 ] 7600 | 8500 8100

S o AV SEISHIE VELOCTIES - I I N

S JoF - 2D LAYER(t/sec) - R ~]--bgoo " | kS0 | . .} 7300 12400 ‘ ’ ) — ) - I T T 1 T 1T T r -

- — 1. ]av. pePTHS. 10 2RO .. .. . — . . .. o o b - T ) N ‘ 4 Y B D IR AR i oo RO SR SN ISR T 19 o 20 i ; R, R SURURNE | B x A AR S d 852 .26 3b T30 ] %2 ) CIARC ST 3B.
" [av. SEISMIC VELOCITIE] . RS B - - o - : . “Yoqr00 | N T 7400 ST o lnigeo .} ’ “|9800Q | 10100 B S ;”]'_0_70,0 - ? -4 . 18500 .~ 16000 - 10000 20000 IS3D0 113900 ... . ..} L1700 71I3%00 | 12600 7). 77 5200 . .

| | Jor -z .ansn(ﬁ./se:i R R ' T T T - -~ ; —-
T s Nt 1 |7 [ | INIERPREIIVE CROSS|SECTION O I N I [ S A B B N B e

S - - ‘ Prerces T : : , SR : PR - ERM E— : - : S8 TR ' e SIS S St

B L2200 4 \___ RN B o e e e e R B e ni ,, 1 Tr | B o U GO SO STttt DTS SN SRR | TP: T_;ZZJ i 4
e - "4 ‘ ) ) vvvv b\ . . v vl v v v MVVV—*“\%—’/“ .- 1 - - ke - - et
2400 VA V.V V.V vV v v v YV V. V V VvV V. V. V

DN S S N U S ""gurrumb/a’gee

T 7 TV VYV V VMYV Y VY VIV T T VVVIVIR e VYA VY b e 0 e
SRR S T o o River

VVVVVVVVVVVV

V.V
o vvvvaV“‘*\ﬁH
F-\.__h_ﬁ__
1 v V,,VvVvavvvv VVNVYV vvvw TV T

1800 |
' vVvy

=

— —1b20 , — — T , — T R B s : TRV VVVVVV‘/;M}W i

B e I N e | T B B 'JﬁENCH MAPP||NG | ] B -

fee o p - ROCK OR- ) e Geite 7T ITTI T | Altovial " Dactic sl . Fm:sr:':;i © " Dacite ,If"’ Ll _,jau?e_ e e " Dacite ol Dacite

soil S 173 Ity o PET:
t 1 peptE -t o oot
g S 5 11 RN | o | - ‘ ' » _ i
— T T T - It - | Moderdtely 36 h.gmy S e S eatali SRS S o , , D i s S R IR
; ) ~ﬁ9deru1'el_;; mguﬂmted'” T R SR slightly 1o highly weaThered : Slightly  to modﬂm’fely waaﬂina S DTS T ) Sl ghtly: :P,p moc et-aTeL,l veo:fﬂdp-ﬁ

SRR SR RS "-*”"N HamTzU ‘fa f}i‘ghf‘y‘f ‘weathered . o C“"’Pl‘mﬂ ‘weathered weathered: T DI I oo Hoede T T T TV v T ‘ SR | I Ty TR A e

B EERRRRERRN Suas SRR o A SR '"wleLnnE
e R RRNNLL Lt

- DauTe 1. Alluvial . Dacile

o “ b Sl vl L5

Soil i

v SR Bllvial sein ‘ Dacite Tl

b e . . . e ;:.L: e , _ e R ) . - s IS 1 3-4 feet of | °°

 >gfeet . . . L L ITILUTILITL mkfeetCLLTTTIL O o} very irregular otk fet Qoo | o8 Feet | Tk feet [T LB feet |

" alluvial. gravel e

,*‘]—5 nf Vosggeet: | street | 1ok Feet

».8 feat
g
\r
W

UV . AU A I . e e . e

-

1Med +6 T
Jhighly weath.

.

U0 PV S S0 SR N S |

R aiean - pESEEEEEEE . B

. . - e . . PR . .o ll1 [N [ SNSRI IS 8 -
P i b, i A ek L 4 4 H " - e 3 s e
v

4000
4228

; g,,_ﬁ,vlj A,v;,_.@,vq,u.'j SRR R
i £ * RERENS o : [

i
Q
2000

ioMmad |

4000
T
BQQq
HMOD
[
|
i M
200
|2xdz
320040
392
000
z
-
1
{
!
0
1000

SRR R B ' : - b e sCARE - f T , RSORSO A e —— "7'-“? =2 T E: P SR - N -
R SERTIIEE: IR E ol ke b sk s __“_~~)?Q, Fest. L. ... - SRRt SOSERRS RS ) ey T“ﬁ;m unsnane IR EERh A - -fe-

ORI T QU e e e e e .. . . PR SN .f/ S N B |°o . e - : . 'oo - ’oo 300 Me?libes iA - : : »¢ :-‘. SUDRUUDR S SO SRROR SR

. Bued of Minefal Resourchs, Geolgy and _Geopysics, Rebrpery 1968 I

: EERCRRR saer e’y m,oony Record /97&'//'0&_;.«; B U ii‘“;'i"‘:".h;q‘;ﬁ":”:

o ; . P =
i e 2 b R R U . e e - — g - L T '?’"':*"5--‘?-:‘-‘_-' S R R B Ce R S P U AR S . e e . ; : » e e
e e e I . o o L R i . . - - - . B sl e g T R At EEEE B Rt aicin Shltebrate o st h I Eh paatedina it e MEERUIUILES IRECEE St s ettty SIS R e - - B e T S . - R . . - SR U SO —.._.._.-_:—l R . Gk bl R et . R — et - bt = T T EESES
- — VYITIVMACE BEili2H WVDE YITIVACE

:g{’leJMHCQEI IBIgL“'-IzﬁHNt’{Iz'?VE FAWLI UCIIING IRV ITTW sAVLI 13e8



	Front Cover

	Title Page

	Table of Contents (i)

	Table of Contents (ii)

	Summary

	Introduction

	Geology 

	Stratigraphy

	Structure


	Engineering Geology

	Bibliography

	Figure

	Figure 1


	Plates

	Plate 1

	Plate 2

	Plate 3

	Plate 4

	Plate 5

	Plate 6

	Plate 7

	Plate 8

	Plate 9

	Plate 10

	Plate 11

	Plate 12





