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The site is loested on the Praser River sbout 1 mile
below the upstreanm end of the 3} mile long Orand Canyon. Agcess
1s by riverboat or winter logging road from Simelair Mills, &
sawmill located on the right bank of the Fraser River sbout 9
miles downstrean from the site. Sinelsir ¥Mills is resched by
dirt yosd from Hansard, a distance of about 11 miles, the route
necessitating crossing the Fraser River by ferry near Hansard.
The Cansdian National Railway runs parallel ¢o the river 3 miles
northeast of the site. From Janusry to March, 1961, seven drill
holes totallimg 1,135 feet were put down at the site to test
foundation eonditions for 2 dam of an approximate head of 100
feet. Only about 100 feet of this drilliing was done in over-
burden. In addition, eight shallow test pits were put down on
the left bank downstream from the proposed centreline and four
short hand
channel northesst of the site. This report summarizes the data
obtained from the drilling, the test pit digging, and from
geclogleal mapping of the site.

The drill hole locations end test pite are shown on
the accompanying geclegieal nlan (Fig. 1) and the formatlons
encountered in the drill holes snéd the results of pumping tests
on the sceompanying sections (Fig. 2). Detailed logs of in~
dividual holes have been submitted separately to the Praser
River Poard and do not accompany this report.

auger holes put down seross an cld, infilled river
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The geclogy of the Orsnd Canyon was mapped by J. W,
mmon of the Department of Mines in 1955 and is included in

s larger report submitted to the Provineial Government Water
Rights Braneh in April, 1956. Coples of this report are on
file with the Fraser River Board. Also, what is now known
about the compler pre-glaecizl, glaclal, and post-glacial history
and consequently drainage history of the Fraser and Melregor
Rivers in this general aree has been discussed by the writer
in three reports submitted to the Fraser River Beard In
Hovember, 1959, May, 1960, snd June, 1961, The reader is re~
ferred to the above four reports for a deseription of the

reglonal geology of this area.
() ¢

The roecks exposed along the Orand Canyon eunsist of a
series of metamerphosed Lowey Cambrian sedlments which ave similar
in general to rocks exposed in the lower eanyon of the MeGregor
Biver and at the Olsson Creek site. They lie on the south limb
of an east-west trending snticline whieh peossibly plunges gently
vestward, and form an apparently conformeble succession, the
oldest rocks beling exposed st the downstream end of the canyon.
Within the map-area (Fig. 1) the rocks strike approximately east-
west and dip from 39 degrees to £5 degrees south or upstrean,
They form the canyon walls and extend, on the left bank to an
elevation of almost 2,200 feet and, on the right bank, to an
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elevation of shout 2,180 feet, Within the msp-ares they consist
of & complex sequenece of interbedded limestone, argillite, and
guartzite with all gradations between. Limestome greastly pre-
dominates., The limestone 1s generally medium grey in colour,
varies frem thin bedded to messive, ocvcurs in beds from less
than an inch to many feet in thickness, snd is locally snkeritie
and/or pyritic. Loeally it is argillacecus and grades through
limy srgillite to argillite. Argillite members are generally
much thinney than limestone members, are locally guite fissile,
and weather to a2 corrugated surface. Nassive to thin-bedded,
generally fine~grained quartzite members renging in thickness
from a few inches to seversl feet ccour interbedded with the
limestone and srglllite. The lack of correlation of the quartzite
menmbers between even relatively alea#ly spaced drill heles sugpests
that they are gemerally lentieular in shepe. The quartaite grades
inte sandy argillite locally and some limegtone beds contalin sand
graing. Por a detailed description of the shove complex rock
types, the reader is referred to logs of individual arill holes.

' 411 of the above rocks are cut by joints and faults and
are locally folded, HoCammon mapped three jolnt sets cutiing the
r#eka forming the canyen. FHowever, wlthin the map-area only one
major set, striking about north-south and dipping steeply east to
vertical, was cbserved slthough highly irregular jointing is
present within certain smsll sress. The Joints are spaced from
about 1 ineh to over 2 foot apart, are generally much more c¢losely
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spseed in the brittle gquartzite than in the other rock types,
and where encountered in drill holes are elther ¢lean or ave
cvated with 2 thin film of caleite or limonite. The combination
of relatively closely spaced joints, espeelally in the quartzite
members,; and the weak, thinly bedded charucter of some of the
menbers has vesulted in relstively fine talus azlong the river
banks loecally within the mep-ares. MHinute gash veinlets filled
with white erystaliine caleite and minor white guartsz slso cut
these rocks loeally.

Faults of various widths and attitudes cut the rocks.
Inmediately downstream from the high canyon walls in the map-
ares, limestone brecels consisting of angular grey limestone
fraguents tightly cemented by white coarsely crystalline caleite
iz exposed on both banke neer yiver level. Immediately doun-
stream from the most northerly exposure of this material on the
right bank, Tissile, black limy argillite is exposed aleng the
river; this lstier formstion underlies the main limy formation
exposed in the map-area. Immedistely to the north of the map-
area on the left bank, 2 vertical porthwest trending fault secarp
oeeurs. The brecclated limestone appsrently lies along e msjor
fault zone separating the two formatiens, This fault zone
appears te be wider on the right benk snd on Figure 1 is shown
between two fault lines. Upstream from the mejor fault several
very saall faults are visible along the canyon wells and most of
the drill holes encountered a few generally very small faults,.
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With the exception of & fault of unknown attitude encountered
for a length of sbout 6 feet in one drill hole, the clayey gouge
gones of the faults seldom exceed an inch or sc¢ in width snd
there is little breccilastion of the wallroek near faults.

Within the map-sresa, & very few small dragfolds were
seen in the rocks forming the canyon walle. However, lmmediately
nerth of the mep-aree, larger, more open folds are exposed in the
underlying limy srgiliites. Very minute folds were observed in
drill core in & few places.

{(11) %

| Silts and sends, loeslly eontaining miner elay or
m#ﬁ; form » generally thin veneer cver bedroek on the right
bank within the map-srea (geg Sections A-A' snd B-B', Fig. 2).
Similay fine-greined sediments were encountered overlying gravel
in test pite put down on the left bank about 300 feet downstrean
_ from the propused centreline, are exposed in rosd euts immediately
to the east of the site, and form cut banks, loeally up to about
5&'1”“% high, along the river for mx miles upstrean and downe
stream from the site. These sediments were deposited into the
large post-glaciel lake which centred around Prince Ceorge and
whieh extended for many mlles southeastward slong the Foeky
Mountain Trench, ‘

Prill hole 3, put down on the left bank on the proposed
centreline sbout 100 feet above river level, encountered a complex
glaeial till composed mainly of sendy clay from the eollar to a
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depth of sbout 51 feet where it overlies bedrock. The till is
blue-grey in ecolour, very dense, znd eight pumplng tests done
in it indicate that it is essentlally impervious, Brown, generally
si&ty elay till was encountered up to an elevation of about 2,080
fest in three of the seven test pits put down on the left bank
downstresm from the proposed centreline. In the test pits, a
thin layer of gravel lies between the till and the overlying
glacial lake sediments; this gravel possibly was formed by the
reworking of the till by running water, The shaded area on
Figure 1 roughly indlcstes where this gravel 18 exposed on the
surfece. Glaeial %11l is also exposed along the left bank
near river level immedistely upstream from the site andé probably
also underiles the deeply gullied hillside immediately upastveam
from drill hole 3 (gge Pig. 1),

Recent river slluvium consisting mainly of reworked
glagial lake 2ilts and sands overlies bedrock in the present
river channel st the site and forms bars in the river upstresm
and downstream from the site. The bars are locally capped by

gm £ e '_.

& thin veneer of coarse, w¢ll-roucded gravel. Drill hole 2,

put down in the river sbout 80 feet from the left bank and 150
feet downstream from the proposed centreline (gse Seetion C-C',
FPig. 2) encountered 16 feet of lovse, {ine sand overlying bedrock.
It is expected that the river alluvium is probably somewhst
shallower at the proposed gentreline (gee Section A-A', Fig. 2)
than in the vielnity of drill hole 2 or in the desp pool vwhiech
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- was detected by river soundings s few hundred feet downstream
from the centreline.
(8)

Sections A-A' and C-0', Plg. 2) indicate s considersble variance
in the water conducting properties of the rook underlying the
river bed in this immediate ares. Drlll hole 1 and the usper
half of the angle hole 7, drilled near the right bank and under
the right pert of the river channel respectively, recorded
generally high water losses during pumping tasﬁa, apparently
mainly through open joints, wheress drill hele 2 and the lowver
section of drill hole 7, drilled near the gentral and left part
of the river channel, recorded no to low water losses during
pumping tests. Although several small faults and one relatively
wide fault (drill hele 7, -2%52 feet to -258 feet) were encountered
in these holes, the faults are apparently mainly filled with clay
gouge and do not sppear to offer open channels for the pagsage of

water. No eavernous aress were detected in any of the limy rocks
penetrated by these holes.

Except for sections of roek penetrated by drill hole 3,
put down on the left bank, the three holes drilled into the pro-
posed abutment aress (geg drill holes 3, M, and 5, Section A-A',
Fig. 2) recorded no or, locally cver short sections, low water
losses during pumping tests although relatively severely fractured
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rock and & few smell faults were encountered locally. In the
river holes snd in the abutment holes drill runs tended to be
shorter and core recoveries much lower in the more brittle,
badly fraetured quartzite mewbers. In all three sbutment holes
the upper sections showed no water losses during pumping $gsta.
However, drill hole 6, drilled on the right bank sbout 250 feet
upstrean from the proposed centreline, recorded moderately high
water losses in its upper 70 feet, although over 92 per cent of
the core was recovered in relatively long drill runs. A48 in the
river holes, no ceverncus aress were detected in the limy rocks
of the sbutments.

From the ¢riliing done at the site and from an examine
ation of the canyon walls it appears that these rocks are of
#ﬂtfiainnt structural competence to support a concrele gravity
dem of the height propesed. Ome of thelr more unfavourable
structural properties as far as strength iz coneeyned is the
presence of the thin, often somewhat fissile srgillite partings
between the cther members of the formation but, ss the formstion
dips at moderately steep sngles upstream, weskness aigng the se
partings i3 not considered particularly impertant., Howewver, it
is probable that & certain amount of consolidation grouting of
the rocks will be necessary under the dam, especially in areas
of intense fracturing suech as encourtered near surfsce in drill
hole 1. Due to the comsiderable variation in the intensity of
fraeturing within the foundation area, the areal extent of this
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type of grouting canunot be sccurately determined with the in-
formation presently at band., The depth of the primary grout
gurtain required under the heel or core wall of the dam iz also
d4fficult to prediet but the drilling donme to date suggests that
it may need only be shallow in the sbutments but possibly about
to 80 feet deep under the river section. _

It is not expected that tumnelliing in these rocks would
offer any particular difficulty although some supzort, especlally
in the more brittle, highly fractured aveas, will be required
during driving. Power tunnels would probably have to be lined at
this site.

(I Solls |

The chief problem assoclated with the solls at the site
is the depth and extent of the gleeial %11l in the left sbutment
area. The bedrock surface is approximately 70 feet lower than the
proposed dsm erest at drill hole 3 (gge Seetlon A-i', Fig. 2)
and appears to slops toward the river at about 7 degrees below
horizontal in this immediate area. 4 steep ¢liff compeosed of the
same formation as that exposed at the site occurs about 2,000
feet northwest of deill hole 3. Until further pre-construction
dpilling 1is done on the flat immedistely above snd to the west of
drill hole 3, it muet be assumed that the bedrock surfsce under
this flat 1s at the same general elevation as encountered in drill
hole 3 or rises very gradually to the base of the ¢liff mentioned
above. As previously stated, till was encountered in several of
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the test pits put down zbout 300 feet downstream from drill hole

3 and is exposzed upstresm from drill hole 3, indicating that it

is of relatively wide extent in this ares. The till 1z of very
high shear strength and essentially incoupressible and the founding
on it of an sbutment of an earth~-fill dam or of an earth-fill
section connected to & concrete structure would ymhaﬁy effer no
gmmm a5 regavrds stability or seepage.

The surface elevaiion of the %111 west of drill hele 3
under the flat 1s not known, snd the thin, mo doudt permesble
gravel deposit overlyinmg till and underlying glacisl lake sediments
exposed downstream from drill hole 3 below the proposed H.W.L. of
25120 feet may extend at the same general elevation southwest
around drill hole 3 into the reservoir. If this is so, filling
of the reservolr would csuse seepage to flow through this gravel
and emerge flowing over %11l and bedrock in the shaded urea shown
on Figure 1, Even if the sbove eonditlon does exist, which 1s not
too likely, it is not considered seriocus ss the gravel bed ilnvelved
appears to be very thin and could probably be readily ireated by
minor blanketing in the reserveir. WNevertheless, it is & matter
which must be investigated prior to construction.

Prior to Pleistocene time, the Fraser River [lowed in
a2 channel to the mrmmﬁ of the present Grand Canyon., This
pre-glacial channel, between where it meets the present river
upstream and downstresm from the eanyon, is about 12 mlles long.
It is now infilled with glacial snd post-glacial sediments and 1ts
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surface is generally flat and swampy. A topographic survey was
run for 2 length of sbout 1,600 feet across the apparently lowest
saddle on this swvaupy surfuce to cheek if any point of this aaﬁél&
area was below the proposed H.W.L. of 2,120 feet. The lovest
point was found to be 2,123 feet (Plam No. F-1l1l-2, prepared by
the Fed-ral ﬁ@vgxﬂmank Weter Rescurees Branch does not aceompany
this report) and the ground to slope gently north and south from
this ssddle. In view of this, & low dyke will probably have to be
ecnstructed scross this saddle te allow sufficlent freebosrd
asgainst wave setion within the reservoir. Four short hand suger
holes were put down acress this saddle to test foundstion econ-
ditions for sueh a dyke. Olacial lake silts, silty sand, and
permesble eleasn sand overlain by szbout 3 feet of organic top sell,
were penetrated to a depth of 24 feet. Soft, very weak snd come
pressible silt with low plastielity generslly underiies the top seil
for an aversge depth of about 7 feet at the site. It may prove
econonic to strip off this silt layer in order to establish & more
steeply sloping £111 on the fimer underlying sends. Assuming s
aximum reservolr H.W.L. of 2,120 feet, seepoge paths from the
resevvely under this £111 will be very long and significant seepage
losses oy dangerous excess seepage preassures are not likely to
develop in this area.
(€) Construction Materisls

Ho gravel deposits of sufficient size or guality to provide
relatively large guantities of concrete ap~~-rate vers detected
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glther by the writer or by J. W. MeCammon in the general site
avea vr for many miles upstream or downstreanm along the river.
However, the most probable sources of gravel would be from burled
deltas huilt out into the long lake whieh oecupled this area in
early post-glaclsl time. Initial prospeeting, using hand augers,
would possibly be most profitable along the sides of the main
valley in sreas vhere present streams, many of whigh also existed
in early post~glacial time, enter the ma'n valley. Clean sand,
sultable for the finer fraction of concrete aggregate or for
filters could be obtained in the area to be dyked, or probably
anyvhere between 1t and the site.

' The glaeial till exposed on the left bank near the
proposed centreline would be an excellent, readily available
source of impervious core msterial. It is very dense, probably
well graded, snd spoarently contains very few large boulders.

~ large quantities of limestone talus, probably of

sufficient ¢uality for roeck~fill or riperap, cecur slong the base
of the steep ¢liffs sbout one~half mile northwest and one-half
mile northeast of the site. If more resistent rvoek is reguired,
the gquartzite forming the canyon walls about one-hslf mile up-
stream from the site eculd be guarried. This cusrtzite cceurs in
é-ineh to 2-foot thick beds separated by thin, sheared, soft and
¢erumbly argiilite interbeds. The argillite would need be wasted
if the rock were used in 2 rock~fill, which would necessitate some
form of sorting of the quarried material, Test blasting of this



formation would have to be carried out pricr to opening 2 querry
in it to see if the argillite would readily separate from the
gquartzite.
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