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weuld you state your name, address, and occupation,
please.
Roy H. 3lunden, Geologist
Urban Environmental Engineering of Coastal Geology
2045 E. Broadway
Vancouver, B.Z.
Canada VS5NIWS
My statement of gualifications is on recozd in :his
croceeding.
what documents have you reviewed in preparation for
your testimony?

: P 5 5 - -
I have reviewed the reports contained in the Rezort of

Geologic Investications in 1978-1979 concerning investi-

cation 0of deformed Pleistocene sediments. Included was
a report by Dr. Don T, tasterbrook, dated April 3, 13979.

I have also had a general discussion with Dz. Fred

1, Jr. of the U.S. Geological Survey. \&2
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&+ What conclusions nave ycu reacned?

Two specific areas of celormes ?leistocene sedimerts

-
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considered in the ceports, neitaer cf which have Ceen
studied in the field oy the writer Of the two areas

referred to in the Bechtel Inc. rescrts on.y the Cavanaugh

RPoad exposures were subiected to sub-surfa-2 investigation

ard are here considereé in the fcllcwing arnalrsis. This
ara.ysis is concerned with the expsac:aticns, finfings and
ntersretation of the invescicaticr Zindinss oy Cr. Easterbrceok

and Bechtel Inc.

Review of Lake Cavanauch Rcas
Auger=Kcle Investicz:ion

The purpose of tne sub-surface lnvest.gazio~ conducted
Sy Beczhtel Inc., was to determine t e causes o the cefccma-
tion cf Pleistocene sediments otsecvable i~ rcasd cuts along
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z2-ranauch Road., Trese del

O

~ents 2

line, the Gillizar Cresk fau.t, has ceer s:udied oy
the U.S. Geological Scrvey (J.5.G.8. who sresumac.y lccated
ané reported the occurrence of the S:zformed materials.
¢ description of t:he area of investigzaticn :y the

C.85.G.8. and by Cr. Easzerbroc« incicates :the tresence of a
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+ill =orainal ridge t> zhe wes:, ars trans.erse 2 the

<82 =0 the east by lacust:oine dez:csits Zolcdesd into
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anticline-synclire deformations. Along the inner flank of
tne western anticline, ~ultiple faults were observed. 1In
addition, Zlame structures were present in the syncline and
inner £lar. of t-e eastern anticline. An auger hole investi-
gation coriucted o the U.S.G.S. suggested there might be a

displacenment of uncderlying glacial deposits on the order of

-ne a:raren: inten: of the Bechtel Inc. investigation,

3 sugcest:é oy :ne dat:z presented, was to determine the

ccnzinuizy ¢ the sud-surface glacial deposits and, by
-~ferencs, the pra2gence or absence of faulting associated

with the CG.llicar Creex lineation.

. Ezsterdroc< ascribes the surface morainal ridge a
Jasnon aze anc tr2 lacustrine deposits as being of cimilar
recessiona. Vashch ace. In the same report, however, Dr.
ies twc sub-surface glacial sequences

vser ho.zs, the lowermost of which he alse
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"2Corary Vashon age without citing
-saconal s.gpor:ing evidence.

Witnis che a.¢er hcle logs of Bechtel Inc. (report
dated Decer2sr 29, 1978), the lowermost till of Dr. Easterbrcok
w&s visual.y reccirnized and generally described as "Till

ct .. -grayv Zizmicton, dernse to very dense." Standard

SECESTARLON el ulss indicate that after an initial
sensczation ¢f six inches, hammer blows required to drive
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the split spoon sampler a further twelve inches (N-value)
varied tetween

N = 21 5 l00*
The mean N-value was 62 blcws per foot which tends to
confirm the field attribution.

In contrast, Dr. Easterbrook also identified an upper
till which in no instance is reported to have been recognized
as such in the field. ©Cr. Easterbrook would appear to have
established the existence of the upper till according to the
jumping action of the auger bit when gravel and boulders
were encountered at an approximately common depth within a
bedded silty sand sequence. General auger hole log descrip-
tions for this 'upper till' are "Silty Sand: blue-gray,
variruisly sorted, scattered gravel and cobbles throughout"
occasionally with bedded materials. Logged drilling indica-
tions (i.e. the jumping action of the rods) for the same
horizon range from small gravel to small boulders. Reported

stangar

Penetration values fall between

Q

N=282s& 937
The mean N-value was 27 blows per foot, less than nalf that
of the recognized lower till. The two highest V-values,
viz: N = 80 (AH #19) and N = 97 (AH #12) are reported from
gravel zones and are therefore spuriously high.
Or. Easterbook in his analysis of the sui-surface

cenditions places considerable stress upon the existence of

-
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the "upper till™ to demonstrate that tectonic faulting was
not the cause of the soil deformations. The auger-hole logs,
in contrast, would suggest that, rather than an irregular till
acrizon v - to three meters in thickness, the "upper till" is
the fortuitous assemblage of grcvel seams and small boulcers
in a bedded silty sand assemblage. Unless Dr. Easterbrook
cased his identification of the "upper till" upon data not
reperted in the cuoted sources, it must be concluded that
e existence I the "upper till" is unproven.

The continuity of the basal till horizon would appear
tc have Dbeen confirmed within the limitations of the investi-~
gations. from the data presented, it must be concluded that
ary single, large displacement of this horizon, suggested by

trhe 7.5.G.8., has been shown to be nonexistent. In contrast,

ncwever, tre assertion by Dr. Easterbrook that the faulted

ard deformed sedinents do not persist tc significant depths
telcw road level due to the presence of the "upper till"
cannst De sutstantiated from the investigation findings.

The sud-surface investigation also has neither proven
nor disproven the existence of recent post-glacial faulting
wizhin the Lake Cavanaugh Road investigation area. Both Dr.
fasterdrook and Becatel Inc. would appear to have assumed
tnat any recent fault activity would involve the glacial
cegesics ir easily identifiable vertical dislocations, as

Y 3uggested by the U.S.G.S. Such reasoning woulid
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impl that tre absence of édramatic evidence ¢f recog-
nizasle dislccaticsr would nullify any sostulated recent
faulzing along the 3illigan Creek lineation. The form and
metha¢é of zhe inves:izaticn confirms that only dramatic
evidence was soug~t. Indeed, using the augering methods
adopted, this was the cnly evidence that could have been

idenzified.

)

saternary fau.ting rezorted near Lake Cushman,
washinston Wilsor et al. 19279) do cffer the dramatic
uplifts of ur to eizh: metres. Examination of the publiz..ec
phot:craphs ¢f test trenches excavated across those faul:s

y beer investigatel using core drilling
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they would srokbadly not have been recognized. In the

phot>graph 'Ficure 2, A p. 237, loc. cit.) an approximatel:

3=1/2 met.e faulced uzlift, had that been core drilled,

el o Tyi2

nd cataclastic roek
T - ™3y

S e v Jieriec tuf?

with corinc Ekreaxs, =2ven haé the lower till seen recovered,

(18]

the ~ost proktable interpretation of such a lcg weculd have
been a regu.ar till deposi:, containing large boulders,
cver.ving & giuckeres rock surface. In a soil formatior

-

pcsed of silty sanés and tills, suc: as a.ong Lake
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cavara.gh Roasi, sush alternating materials wculd not be

idenzifjied zs evicarce of faulting.
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I centrast, slip faulting with surface ruptiring

2zsociataé wish the California Galway Lake earth3uaxe (HILIL

s BE2ezy, 1977) vieléeé shear planes which would 2e unrecoc-
nizatls ir any augering investigation. Similarly, Iin the ab-
serce :f information other than the results of drilling in-
vestigations, such shear planes would be interpreted as scil
filesires resulting from dessication, even if advarced sa~p~
Lins sichrnicues were used.

c

itical review of the investigation reports ci
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ate. Irs. for the Lake Cavanaugh Road Aucer-hol2 stud’ of
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w28 Pleistocene sediments has neither confirraé ncr
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€ a teczenic crigin for the features obsesrved. The
iz ¢f the augerin rocess adopted would be urlikelw %o
g 3P = :

€ uneguivecable evidence of even dramatic faul:zing.
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s5.m..acly, the auger-hole investigation has yielcded iasulffi
i2nt gvidence <0 confirm or disprove alternative origins

22 2ae featuzes observed.
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