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On June 12th and 1,th, last, in oompany with Dr. S. 
Warren Carey, Government GeolOgist, and Mr. H. H. Thomas, 
Engineer ot the Hydro Ueotrio Commission, I visited the 
Butlere Gorge damsi te tor the purpose ot oontinuing the 
detailed geological mapping ot the damsi te exoavations. 
The general geology ot the area already has been desoribed 
in previous reports, so that I need reter only to the 
speoifio problem ot the fraoture pattern and related 
teatures in so tar as they have a bearing on the safety 
and effectivene~s ot the ~ro~osed d~. 

The foundation ot the Butlers Gorge dam oonsists of 
maSSive, oompaot and sound rook (dolerite) interrupted at 
irregular intervals bY fraotures, whioh are partly open, 
partly tilled with olav or oaloite and zeoliiio material, 
and tor a part of their length with the valls in olose 
oontaot. ~lthough the toundation rook is essentially a 
dense, non-porous one, it has some permeability due to the 
~genoy of the extensive system of fraotures. It is the 
number of kinds and spaoing of the openings in the generally 
interoonneoting systaas of fraotures that is the subjeot 
ot this study. 

The study ot the fraoture systems ot the dolerite 
within the area of the dam exoavations is too restrioted 
to give a oomplete interpretation of the struotlu'e ot the 
igneous mass, and the absenoe of observable flo" struotures 
in the rook prevents a oorreot orientation ot the three 
primary systems of fraotures reoognised, beoause their 
true position is determined by angular relations to flow 
lines. For the purpose of this report, the thr 'e system_ 
reoognised are reterred to the following typesl-

(1) diagonal joints 
(2) longitudinal jOints 
(,) flat lying jOints 

The diagonal joints are planes that torm angles ot 
approximately 45 degrees with the probable trend ot the 
flow line. ot the two oonjugate syst ... s, the one with a 
meridional trend and an easterly dip appears likely to be 
100al1y suPBresse4, while the other with a general strike 
ot north 30 east and a north-westerlY dip appears to be 
strongly developed. 

It is possible that the latter may be more rightly 
terMed inward-dipping marginal jOints and, although some 
of them show evidence ot displaoement, suggest that the 
upward lengthening ot the rook ma.ss during intrusion was 
not great and that the marginal jOints suffioed for the 
necessary adjustments. 

The longitudinal jointj are staep planes that strike 
parallel to the trend of the flow lines and probably are 
represented here ~ three sets ot nearly vertioal joints 
strikeing north 10 east, north 150 west and north 46° 
west respeotively. 

The system of fiat-lying joints is most probably 
one of tension jOints, but some may be due to extoliation 
at the surtaoe. 

The fault whioh traversesothe dam-site near the lett 
bank ~butment strikes north 52 east and dips north wast 
at 85 I the rook between adjaoent fraoture planes exhibits 
looalised diSintegration, being ohloritised and impregnated 
with iron oxides. It flakes easily parallel to the jOints, 
resembling a deoomposed f'ohistose rook • 
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There are two subsidiar,r seta of jOints developed 

contemporaneously with the faulting. 
(1) the platy struotures due to seoond~ry 

she,aring parallel to the fault. 
(2) and at least, one of the two sets of conjugate 

feather joints usually developed alonG faults 
in igneous rooks. 

In oonsidering the general stability or load-bearing 
abili ty of the foundation rock, it is necessary to know 
its general crushing strength. ~he International 
Oritioal Tables, New York, Yolo 2, 1927, indioate's that 
the average oompressive strength of dolerite, under a 
lateral pressure of one atmosphere is 1800-2700 kilograms 
per square oentimetre. Under high all sided pressure, 
the eame material would have a much grea tar oompressi ve 
strength. It is apparent then that aQJ failure of the 
rook will be due to oertain struotural features suoh as 
fissuring and faulting rather than to defioient crushing 
strength of the foundation rook. 

The study of the fraoture pattern has shown that 
there are no olay seams of Butticient magnitude to 
affeot seriously the stability of the dam foundations. 
As the three direotions of m~ weakness in the major 
jObnting Bysdema are south ~ west at ~ elevation oto 
45 south 20 we.t at an e~evat1on at 19 • and south 8 
west at an elevation of 22 , it is apparent that the 
direotion of the ~ajor thrusts at the dam are most 
advantageously plaoed. 

Some special treatment may be necessary in the oase 
of a few of the clay seams and I would suggest that some 
attempt be made to rlJlllove the olay from the larger seams 
by jetting before ".rOuting. 

Regarding the advisability of covering any portion 
of the foundation rook with a blanket of ooncrete immed­
iately aft'3r excavation to prevent eroBion or decompos­
ition ot rook or olay seams, I am of the opinion that, 
with the e,oaption of the faulted zone in Blook A which 
requires speoial treatment, and the area in the old 
river bed, near the inlet pipes, whioh requires probably 
another ten teet ot exoanting to-reaoh unweathered rook 
there is no need to blanket with ooncrete, as the rate 
ot weathering of the dolerite is extremely slow and no 
observable ohange in the rook oould be noted in the interval 
between final exoavatior, and oOlllll1enoement of actual 
oonstruotion of the dam. 

All rooks are somewhat permeable and loss of water 
is inevitable trom any reservoir which abuts on rook 
masses lying above the pre-ez1st1ng water table. But as 
pointed out above, the only possibility at leakage 0'L 
water under the dam and/er throU8h the abutments is 
throush localised porod ty by means of the interoonneot­
ing syatems ot fraotures. 'l'he l'IIajori ty at the tractures 
have a general meridional trend and oonse-quently cross 
right under the ~am into the reservoir baSin, but the 
oover of glacial material on the upstream side will 
etfeotively seal the greater proportion ot those that 
re'1oh the surfaoe. However, as the main etfect of the 
jOints w1ll be piping, this could be entirely removed 
by an effeotive curtain ot p;rout under the heel of the 
struoture. 

'l'he problem of shear, in particular, depends upon 
the relationship of the moment of th~st on one hand to 
the friotional resistan~e of the possible shear surface 
on the oth~r this resistanoe being determined by the 
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nature ot these surtaces and their atcitude or 
inolination vith reterence to direction ot shear toroe. 
'!he study ot the fraoture pe.ttern has shown that there 
are no fraotures so ai tua ted aa to promote shearing 
movement by sl1cting. '!he ver,y nature of the fraotures 
also militates against a~ auoh possible movement in that 
they vary oOl'18iderably along individual fraotures, some­
times being partly open, partJ.y filled with clay or 
caloite and 8e01itio material and tor a part with the 
walls in oloee oontact. 

Regarding the tault, vhioh orosses under Blook A of 
the lett abu_ent, the evidenoe of striae and slicken­
slides indioates that the general movement has been hori­
zontal in the direotion ot the fault. Although the fault 
has been long inactive, there i. no endenoe of 1 ts 
stabill ty and the possib1l1 V ot reneweel movement along 
the fault oannOt be overlooked enUrel.T. This is one of 
the hidden faotors, the fUll. efteot ot whioh oannot be 
predicted, even after oaretuJ. geologio study. 

'!he chance of reneweel movement upon this fault is 
extremely remote, but as the possibility ot earth move­
ment has to be considered, due allowance must be made in 

the design. 

In the utter of looal treatment of the exoavation 
on the fault ao~ all that is neoessa17 is to piok out 
only the veathe rook, in the shattered aone, for a 
few feet and back f.1ll with conorete. The downstream 
side of the excavation will not require any turther 
exoavation. 

Oonoern1ng the weathered aone in the river bed, in 
the vicinity of the intake pipes, it is reoommended that 
the exoavation be deepened to at least ten feet in this 
area in order to p:et below the weathered rook in the old 
river bed. At the time of ~ inspeotion, the deepest 
exoavation vas no gre<lter than three feet 'lelOW the old 
river bed. I am of the opinion that. with the deepening 
of the exoavation in this area, sound unweathered rook 
wil~ be obtained. 

In a memorandum dated 22nd June, 1945, from the 
Ohief' 01'911 Bng1neer of the Hydro E~eotrio Co_ission, 
per Mr. H. H. !hom .. atten1l1on vas drawn to a posGible 
leakage of water from the reservoir basin below the out­
let ot Lake Rutus. It vall eusgeeteel that the leakage 
m~ be due to absorptlon into or passage under the button 
grass plalne, but I do not think that aD,7 appreoiable 
quantity ot water Gould be diverted from the river in 
thia marmer. It vas auggesfleel fUrther that there was a 
poaslble lealrqe underground either to the Derwen1l or to 
the River Gordon. In order to asoertain if limestone 
beds do oocur in thia are. it will be neoessary to examine 
the r8Hl'ftir basin be~re .:qt. e.aing an opinion as to 
the possible lIGuroe ot leakage. I think it dee1rable 
that the queation of po.aible leakage trom the reservoir 
bas1n ahould be 1nveat1gate4. 

Department ot Minea, 
17th De.-mber. 1945 
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