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the site it legated on the Fraser Hiver about 1 mile 
below the upstream esi of the 31 aile long Grand Canyon. Aceess 
is by riverboai or winter logging road from Sine lair Mills, a 
sawill located on the right bank of the Fraser Biver about 9 
mile® downstream from the site. Biaxial* Mills is reached by 
dirt road fre« Hansard, a distance of about 11 miles, the route 
necessitating ©rousing the Fraser River by ferry ne&r Hansard. 
The Canadian latic&ai Hallway runs parallel to the river 3 miles 
northeast of the site. From January to $areh, 1961, seven drill 
holes totalling 1,135 f**t were put flown at the site to test 
foundation conditions for a dam of an approximate head of 100 
feet. Only abo&t 100 feet of this drilling' was done in ever-
burden. In addition, eight shallow teat pits were put down on 
the left bank downstreaja from the proposed centreline and four 
short hand auger Holes put ton aoross an old, infilled river 
channel northeast of fee site, fhis report summarises the data 
obtained from the drilling, the test pit digging, and from 
geological mapping of the site* 

t!he drill hole legations and test pits are shown on 
the accompanying geological plan. (Fig. 1) and the formations 
encountered in the drill holes and the results of pumping tests 
on the accompanying seotions (Fig. 2). detailed logs of in* 
dividual holes have been submitted separately to the Fraser 
liver Board and do not accompany this report. 



The geology of the Grand canyon was mapped by $* W* 
KeCaitmon of the Department of Mines in 1955 ana i s included in 
a larger report submitted to the Provincial 0ove:mment Water 
Bights Branch In April, 1956* Copies of th is report are on 
f i l e with the Fraser Mirer Board, Also, what i s now taown 
about the complex pre-glaela l , g lac ia l , and post-glacial history 
and consequently drainage history of the Fraser BM McGregor 
Blvers in th i s general area has bean discusses by the writer 
In three reports submitted to the Fraser Mwer Board in 
lowmber, 195$, May, I960, ana June, 19^1. fhe reader la r e ­
ferred to the above fomr reports for a. description of the 
regional geology of th i s area* 

IH JMtoRJJ Mm ffiMtttl 

fhe roc&s exposed along the §rand Canyon consist of a 
series of jaatavorpheaad Lower Cambrian sedlsaents which are similar 
In general to rooks exposed in the lower canyon of the McGregor 
Eiver and at the Olsson Creek site, fhey lie on the south ll©b 
of an east«-«rest trending anticline which possibly plunges gently 
westward, an$ form an apparently eonforsable succession, the 
oldest rooks feeing exposed at the downstream end of the canyon* 
Within the nep~axea (Fig* 1) the rooks strike approximately east-
west and dip from 35 degrees to 6-5 degrees south or ups treats* 
Ttmy form the canyon walls and extend, on the left hank, to an 
elevation of almost a,20® feet and, on the right bank, to an 
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elevation of about 2*1§€ feet* Within the sap-area they consist 
of a complex sequence of interbedded limestone, argillite* ana 
quart El te with all gradations IttwuHj limestone greatly pre* 
dominates. The limestone Is generally medium gm$ in colour, 
varies from thin bedded to massive, occurs in beds from less 
than an Inch t© aany ftwt in thickness, an€ is loyally anlEerltle 
&nd/or pyritlc* locally it is argillaceous and graces through 
liny argillite to argil lite* Argil lite members are generally 
much thinner than limestone members, are locally quite fissile* 
and weather to a. corrugated surface* Mass lire t© thl&*»hedded* 
generally fine-grained quartsite members ranging in thickness 
from a few inches to several feet occur interbedded with the 
limestone and argillite. The lack of correlation of the tiuart&lte 
members between even .relatively closely spaced drill holes suggests 
that they are generally lenticular in shape* the qu&rt&lte grades 
into sandy argillite locally and' some limestone beds contain sand 
grains. For a detailed description of the ©hove complex rock 
types, the reader is referred to logs of individual drill holes. 

All of the above rocks are cut by joints and faults ax& 

are locally folded. MeCaraon mapped three joint seta cutting the 
rocks forming the canyon. However*, within the map-area only one 
major set, striking about north-south and dipping steeply east to 
vertical, was observed although highly irregular jointing is 
present within certain small areas, the joints are spaced from 
about 1 inch to over a foot apart, are generally ®ueh more closely 
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spaced in the brittle {gô rtslt* than la the other rock types, 
and where eneountered in drill holes are either clean or are 
coated with a thin film of ealcite ©r lissonite. the combination 
of relatively closely spaced joints, especially In the quartalte 
«e&bersf and the weak, thinly h#i4e^ character of some of the 
members has resulted In relatively fine talus along the river 
banks locally within the map-area* Minute gash veinlets filled 
with white crystalline ealcite and minor white quarts also cut 
these rocks locally* 

Faults of various widths and. attitudes cut the rocks. 
tasediateiy downstream fro® the high canyon walls in the map-
area* linestone breccia consisting of angular grey limestone 
fragments tightly eetaented by white coarsely crystalline ealcite 
is exposed on both banks near river level, Xmedlately down-
stream fro® the most northerly exposure of this material on the 
right fysmkt fissile, black Ximf arglllite Is exposed along the 
river| this latter formation underlies the main iisqr formation 
*xp®m& in the map-area. Immediately to the north of the ®a,p~ 
area on the left bank, a vertical northwest trending fault scarp 
occurs, the breeeiated liasestone apparently lies along a major 
fault none separating the two formations, this fault sone 
appears to be wid^r on the right bank and on Figure- 1 is shown 
between two fault lines. Upstream fmm the major fault several 
m*? small faults are visible along the canyon walls and most of 
the drill holes encountered a few generally very small faults* 
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With the exception of a fault of unknown at t i tude encountered 
for a length of about 6 feet in on* d r i l l hole, th® clayey gouge 
sones of the faults seldom exceed an inch ©r so in width anA 
there i s l i t t l e braeeiation of Hit wallroefc near f au l t s . 

Within the map-area, a very faw w a l l dragfolds were 
**en in the rocks forming the canyon vails* However, liflBttff&ately 
north of the map-area, larger, more ©pen folds are exposed in the 
underlying limy a rg i l l l t e s* Vary minute folds ware observed l a 
d r i l l core In a few places* 

S i l t s and sands, locally containing minor clay or 
gravel,. for® a game ral ly thin w-natr over bedrock on tjta right 
bank within th* siap-area (jejg Sections A-A'1 »nd I**B% Fig* 2)* 
Similar fine-grained sediments ware encountered overlying gravel 
in tes t p i t s put down on the le f t b&nk about 30$ f«*t downstream 
from the proposed centrel ine, are exposed in road outs immediately 
to the east of the s i t e , and form out banks, locally up to about 
§0 feet high, along the r iver for many miles upstream ami down-
stream frM the site* these sediments were deposited into the 
large post-glacial lake which centred around Prince George and 
which extended for many ssiles southeastward aloiag the Boefey 
Mottataln trench. 

Br i l l hoi® 3, put down ©n the lef t hmk ®n the proposed 
centreline about 100 feet above river level,, encountered a complex 
glacial t i l l composed mainly of sandy clay from the collar to a 
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depth of about 51 f««i inhere it overlies bedrosk. The till is 
blue-grey la colour* ir«?ry dense* M l eigfet pumping tests done 
in it indicate that It is essentially impervious. Brown 9 generally 
silty clay till was encountered up to an elevation of about 2,080 
feet in three of the seven test pits put down on the left bank 
downstream from the proposed centreline. In H H test pits, a 
thin layer of gravel lies between the till and the overlying 
glacial lake sediasats; this gravel possibly was feraied by the 
rewriting of the till by running water* H i shaded area on 
Figure 1 roughly indicates where this gravel is exposed on the 
ground surfa.ee. Glacial till Is also exposed along the left hmsk 

near river level imidlately upstream f 3?om the site and probably 
also underlies the deeply gullied hillside Immediately upstream 
from drill hole 3 (jit *lg» S$* 

Keeeat river alluvlua consisting .mainly of revoked 
glacial lake silts and sands overlies bedrock in the present 
rivsr channel at the site and forms bars in the river upstream 
and downstream from the site. The fears are locally capped by 
a thin veneer of coarse, ̂ el!-rom,ded grave1. Drill hole 2, 
put down in the river about 80 feet fro® the left bank m& i§0 
feet downstream from the proposed centreline (jftft Section C-G% 
fig. 2) encountered 16 feet of loose, fine sand overlying bedrock. 
It is expected that the river alluvium is probably somewhat 
shallower at the proposed centreline (ggft Section &*&*$ Fig. Z) 

than in the vicinity of drill hole 2 or in the deep pool which 

http://surfa.ee
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was detected by river so^mdlngs a few hundred feet downstream 
from the centrel ine. 

(i) aatoat 
The three drill holes put down In the river (§j& 

Sections M M M l €~£% Fig* 2) indicate a considerable variance 
in the water conducting properties of the rock underlying the 
river bed In this immediate area. Brill hole 1 and the tapper 
half of the angle hole 7» drilled sear the right bank m& under 
the right part ©f the river channel respectively, recorded 
generally high water losses* during punning testa, apparently 
nal&ly through open joints, whereas drill hole i. and the lower 
section of drill hole ff drilled near the central and left part 
of the river channel, recorded n© to low water leases during 
jptt&plng tests« Although several snail faults and one relatively 
wide fault (drill hole ?, -252 feet to -258 feet) were encountered 
in these holes, the faults are apparently mainly filled with clay 
gouge and d© not &ppmr to offer open channels for the passage of 
water. So cavernous areas were detected in any of the liny rocks 
penetrated by these holes. 

Except for sections of .rock penetrated by drill hole 3, 
put down on the left bank., the three holes drilled into the pro­
posed. abutment areas (see drill holes 3, V, and 5, Section A-A*, 
Fig. 2) recorded no or, locally over short sections, low water 
losses during pumping tests although relatively severely fractured 
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rock and a few small faults were encountered locally. la the 
river holes girt in the abutment holts drill runs tended to be 
shorter and cor® recoveries much love? in the sort brittle, 
badly fractured quartaite members* Is all three abutment holes 
the tipper sections showed no water losses during pumping tests. 
However, drill hole 6, drilled on the right bank about 250 feet 
upstream from the proposed centreline, recorded mpdaattely high 
water losses in Its upper 70 feet, although over 92 per cent of 
the core was recovered is relatively long drill runs. MB in the 
river holes, so cavernous areas were detected in the limy rooks 
©f the abutments. 

from the drilling done at the sit® and from an examin­
ation of the canyon walls it appears that these rocks are of 
sufficient structural competence to support a concrete gravity 
dam of the height proposed* One of their more unfavourable 
structural properties as far as strength is concerned is the 
presence of the thin, often somewhat fissile argillite partings 
between the other members of the formation but, as the formation 
dips at moderately steep angles up stream., weaimess along these 
partings is not considered particularly important. However, it 
is probable that a certain amount of consolidation grouting of 
the rocks will be necessary under the dam, especially in areas 
©f intense fracturing such, as encountered a@ar surface in drill 
hole !• Sue t© the considerable variation In the intensity of 
fracturing within the foundation area, the area! extent of this 



type of grouting eaaaot he aeeur&tely determined with the la-
formation presently at hand* the depth of the primary grout 
eurt&in required wider the heel ©r oore wall of the da* is also 
difficult to prediet hut the drilling dam to date suggests that 
it may n@#d ©aly he shallow la t&e ehutneats hut possibly about 
70 to 80 feet d^^p toi&r the river section* 

It is not expeeted that tunnelling la these rocks would 
offer any particular difficulty although M M support, especially 
la the more brittle, highly fractured areas, will be required 
during driving* Power tunnels would probably have to be lined at 
this site*. 

(**) anils 
fhe chief problem associated with the soils at the sit© 

is the depth and extent of the glacial till la the left abutsieat 
area* the bedrock surface is approximately 70 feat lower than, the 
proposed daa crest at drill hole 3 (see Section A-A1, Fig* 2) 
and apjsears t© slope toward the river at about 7 degrees below 
horizontal la this lomedlate area. k steep cliff composed of the 
s&sse formation as that exposed at the site occur* about 2,000 
feet northwest of drill hole 3- Until farther pre-coastruetion 
drilling Is doae ©a the flat isnedlately above sad to tha west of 
drill hole 3, It must he assumed that the bedrock surface under 
this flat is at the saute general elevation as eaeount«ed la drill 
hole 3 or rises very gradually to the base of the cliff stationed 
above* k& previously stated, till was encountered ia several of 
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the t e s t pit* put down about 300 feet downstream fros d r i l l hoi© 
3 and Is exposed upstream from d r i l l holt 3* indicating that i t 
i s of relat ively wide extent in th i s area* the t i l l i s of very 
high shear strength &ad essential ly incompressible and the fotanding 
on i t of an abutment of an ea r t h - f i l l dam or of an e a r t h - f i l l 
section connected to a concrete structure would probably offer no 
problems ae regards s tab i l i ty or seepage. 

the surface elevation of the t i l l west of d r i l l hole 3 
under the f l a t i s not faown, and the thin , no doubt permeable 
t ravel deposit overlying, t i l l and underlying glacial ia&e sedifnents 
exposed downstream from d r i l l hole 3 below the proposed E.W.L. of 
2,120 feet may extend at the same general elevation southwest 
around d r i l l hole 3 fcHtfl the reservoir . If th i s la so, f i l l ing 
of the reservoir would cause seepage to flow through th is gravel 
and emerge flowing over t i l l and bedrock in the shaded area shown 
on Figure 1. Ivan if the above condition does ex i s t , which Is not 
too l ike ly , i t i s not considered serious as the gravel bed involved 
appears to be very thin and could probably be readily treated l^y 
miner blanketing in the reservoir . Nevertheless, i t i s a matter 
which must be Investigated i>rlor to construction. 

Prior to Pleistocene time, the Fraser Elver flowed in 
a channel to the northeast of the present Grand Canyon, fhls 
pre-glacial channel, between where i t meets the present r iver 
upstream end downstream f.-om the canyon, i s about 12 miles long. 
I t i s now infi l led with glacial and post-glacial sediments and i t s 



aurfaat i s gaaarally f l a t &&d §mwgtf* A topographic smrray was 
naa tor a X*&ct& «f about Xy600 faat H f M tha apparently Xovtaat 
saddle on th is awaopy surface to c&eak If nay point of th i s saddle 
area was beXo%r tfea proposed H»tl»L# of 2,120 feat* ftia Xamat 
point ma fcmad to be 2,123 feet (?Xaa Ho. f~XXX~2? prepared by 
the Federal i M M U l ^atarReeowraea draneh does not aaeompany 
tbia report) and tht grotaad to slope gently siortfe aai south tram 
th i s eeddle* la view i f t h i s , a low dykt wXXX probably fa&ve to fee 
constructed across th is saddle to allow sufficient freebo&rd 
against wave action wdthia the reservoir* Four short hm& auger 
holas were put doim across th i s saddle to teat foundation con­
di t ions for such a tyka* Glacial lake s i l t®, sixty sand* and 
pema&ble clean stand overlain by about 3 feet of organic top eoil* 
n»ta penetrated to i deptb of & feet» Soft, wry weak aM com-
praselble s i l t with, low pX&atiolty generally underlies tha top so i l 
for an average depth of about 7 feat a t the alta* I t may prove 
economic to s t r i p off th i s s i l t layer in order to eatabXleh a more 
steeply eloping f i l l on the ttrmt underlying. sands. &eetmlng a 
augkxlin» reservoir H.W.L.* of 2*120 feet , seepage paths frogs the 
reservoir tmdtr th i s f i l l wil l ba vary long and aigaificaat seepage 
Xosaes or tlffipfflBi excess aeep&gc pressures are not l ikely to 
develop l a thia area. 

Mo gravel deposits of sufficient siae or quality to provide 
relat ively large {foaatitias of concrete a£~--»&ta were detected 
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either W the writer or ̂  J. W. MoCaaision la the general site 
area or for masy ».il«* upstream or dowastream along the river # 
However9 the most probable sources of gravel would fee fro© burled 
deltas built out into the long lake which occupied this area la 
early post-glacial tiae* laitlal prospecting, using ha&d augers, 
weald possibly be- most profitable alor.g the sides of the mala 
valley la areas where present streams, aiasy of which also existed 
ia early post-glacial time, eater the ma.!a valley* € learn sa&d, 
suitable for the fiaer fractioa of eoaerete aggregate or for 
filters could be obtained ia the area to be dyked, or probably 
aiiy where between It aad the site* 

The glacial till exposed oa the left baak aear the 
proposed eeatreliae would be aa excellent, readily available 
source of Impervious core material. It ia mry dease, probably 
well graded, aad apparently eoatsias very few large boulders. 

karge quantities of limestone talus, probably of 
sufficient quality for rock-fill or rip-rap, occur along the base 
of the steep cliffs about one-half mile northwest aad oae-half 
aile aortheaat ©f the site. If isore resistant rock is required, 
the quarts!te forming the canyon walls about oae-half alle up­
stream frosa the site could be quarried, this <f.usrtsite occurs la 
§-iaeb to 2-foot thick beds separated hf thin, sheared, soft aad 
crumbly argillite laterbeds* the argillite would need be wasted 
if the rock were used la a rock-fill, which would necessitate sose 
for® of sorting of the quarried material, test blasting of this 



* 13 «• 
foraatlea wrnUL feaire to M e trvi td ©mt prl®r to oj>enl&$ a quarty 
l a i t to *#® If tfea a r g l l l i t e woali reMi l^ separate from tlio 
quartsito* 






